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About iLRN 2021 

 
The 7th International Conference of the Immersive Learning Research Network (iLRN 2021) is an 
innovative and interactive virtual gathering for a strengthening global network of researchers and 
practitioners collaborating to develop the scientific, technical, and applied potential of immersive 
learning. It is the premier scholarly event focusing on advances in the use of virtual reality (VR), 
augmented reality (AR), mixed reality (MR), and other extended reality (XR) technologies to 
support learners across the full span of learning—from K-12 through higher education to work-
based, informal, and lifelong learning contexts.  
 
Following the success of iLRN 2020, our first fully online and in-VR conference, this year’s 
conference was once again based on the iLRN Virtual Campus, powered by ©Virbela, but with a 
range of activities taking place on various other XR simulation, gaming, and other platforms. 
Scholars and professionals working from informal and formal education settings as well as those 
representing diverse industry sectors are invited to participate in the conference, where they may 
share their research findings, experiences, and insights; network and establish partnerships to 
envision and shape the future of XR and immersive technologies for learning; and contribute to the 
emerging scholarly knowledge base on how these technologies can be used to create experiences 
that educate, engage, and excite learners. 
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Contact 

• Inquiries regarding the iLRN 2021 conference should be directed to the Conference 
Secretariat at conference@immersivelrn.org   

• Inquiries regarding these proceedings should be sent to publications@immersivelrn.org   

• General inquiries about iLRN may be sent to info@immersivelrn.org   
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Conference Theme 

Transcend: Accelerating Learning Engagement in XR across 
Time, Place, and Imagination 

 
 
Transcendence is perhaps life’s highest calling. During times of difficulty such as the one facing humanity 
now with the global Pandemic, we are called to be resolute in surviving, sure, but also to go beyond and help 
others, to use what’s available to us now in ways that will help us go far beyond what we’ve done before. 
Envisioning what’s possible under truly challenging circumstances is a high calling for educators: the 
creation of a future where all may prosper. Transcendence is also inherent in the ultimate role of Science, 
itself, proven by History in enabling us over time to see what it is true and to leverage our knowledge for the 
betterment of humankind and the world. Transcendence is work but it’s also leveraged by vision and hope 
– the source of which is often found throughout the Arts and Humanities – in design, illustration, music, 
performance, and inspirational events coordination.  
 
At iLRN 2021, we call on the many kinds of experts involved in Immersive Learning to envision how we 
might use these powerful new XR tools and the emergent knowledge of How People Learn to transform 
learning, working, play, and our communities. We call on the experts of these disciplines to envision ways 
of working together to better engage in our work in ways befitting the world we live in – and the world we 
could build together with vision, integrity, and collaborative discipline.  
 
Transcendence is about SEEING things that we could not see before. Showing students a vision of the cosmos 
– or the micro-worlds of life living in a drop of rainwater; of displaying the invisible but nevertheless 
powerful connections between complex and abstract realities at work in the modern world. Making 
consequences tangible and impacts visible through augmented and virtual reality may provide humanity 
with whole new sets of powerful ways to give people the perspective and capacity to make better decisions 
and navigate the complex interconnected modern world.  
 
We are all pulled toward envisioning a better world. After a dark Winter, the Spring. Help iLRN play a role 
in helping shine a light toward ways we might go beyond our past and create in the future something new 
and full of possibilities for tomorrow’s learners.  
 
Join the community at iLRN 2021 and help us envision and create the future. TRANSCEND. 
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Abstract—One of the first academic conferences in head-

mounted display (HMD)-based Social Virtual Reality (SocialVR) 

was realized. The conference aims to support knowledge 

acquisition and informal exchange regarding the technology 

SocialVR itself and the use of Virtual and Augmented Reality 

technologies (VR/AR) in vocational education. The paper presents 

results of an explorative study of 75 conference participants. 

Results indicate that SocialVR is generally suited to host an 

academic conference. In some areas, it seems inferior or equivalent 

to other digital formats or face-to-face events. In other areas, it 

offers added value. Further research is needed to take advantage 

of these positive effects. 

Index Terms—virtual reality, SocialVR, academic conference, 

AltspaceVR, evaluation, social presence 

I. MOTIVATION 

Virtual Reality (VR) technologies are increasingly promoted 
as a promising tool in training settings [1], [2], product 
development [3] and entertainment sector [4]. Furthermore, VR 
becomes more and more interesting as an instrument for research 
studies [5]. In other areas (e.g., academic conferences) the 
technology is still rarely used.  

Researchers’ activities within academic conferences are 
generally considered to be highly relevant for knowledge 
production. So far, this relevance has been contrasted by a 
considerable research deficit. Few empirical works focus on the 
role of conferences in science [6]. The exploration of 
conferencing in virtual space is yet to come. Several benefits of 
attending an academic conference virtually are noteworthy, e.g., 
reducing associated travel and time costs, carbon footprint. 
Therefore, the purpose of our study is (1) to present results of 
one of the first - to the best of authors knowledge - academic 
conferences, that took place entirely in virtual space and (2) to 
derive media-didactic design recommendations for the 
organization of virtual conferences. We conducted an 
investigative study that provided initial insights into academic 
conferences in Social Virtual Reality (SocialVR). Follow-up 
studies need to verify these. 

In SocialVR, people do not meet at a physical location but 
use a VR multi-user environment. The term SocialVR covers a 
growing number of multi-user VR applications in which users 
interact in a virtual world via VR head-mounted displays 
(HMDs) [7]. Interactions range from simple voice or text chat 
communications to collaborative 3D content creation. Users 
may be physically distributed globally but feel the phenomenon 

of social presence. The term describes the level of awareness of 
the co-presence of another human, being or intelligence as well 
as the feeling that one has some level of access or insight into 
the other’s intentional, cognitive, or affective states [8]. Through 
social presence the users experience an immediate proximity to 
each other [9], gain insights into multiple perspectives and are 
highly motivated to participate in an exchange - like in classic 
meetings in physical reality.  

It is worth mentioning that the Covid 19 pandemic was at the 
same time as the conference. The pandemic requires a 
substantial change to the traditional approach how to design 
conferences in science. It has been recommended to reduce 
exposure by avoiding large gatherings. This has led to the 
cancellation of numerous conferences worldwide. Similar 
recommendations may be necessary for future pandemics as 
well. Due to the current situation, it is important to develop 
design recommendations for academic conferences in SocialVR 
(1) to reduce exposure while maintaining high-quality academic 
conferences during pandemics such as Covid 19 and (2) to 
exploit the added value of this technology for conferences in 
general. 

This paper has two primary objectives. On the one hand, 
opportunities and challenges of using SocialVR as a medium for 
academic conferences will be presented based on a specific case 
study. On the other hand, the general applicability of the medium 
for this application area will be evaluated and discussed. 
Therefore, the following structure is used. First, a brief overview 
of the conference itself and its organization will be given. 
Afterwards, the evaluation is described and discussed. The paper 
concludes with a summary. 

II. SOCIALVR CONFERENCE  

The conference topic was about VR and Augmented Reality 
(AR) technologies in vocational education 
(VRARBB@SocialVR). The SocialVR conference [10] was 
funded by the German Federal Ministry of Education and 
Research. It took place in November and December 2020 and 
was developed in collaboration between two German 
universities from different disciplines, namely computational 
and educational sciences. The online platform AltSpaceVR [11] 
by Microsoft Corporation was used to host the conference.  

Participants have been represented by an avatar that could be 
personalized. Fig. 1 shows some of the conference participants 
with their avatars. They have a comic-like appearance for 
performance reasons. Interactions with each other are primarily 
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via voice chat, using spatial audio, so that the direction and 
distance of the speakers is represented by the volume and 
direction of the sound.  

 

Fig. 1. Conference participants as comic-styled avatars. 

In addition, some gestures (depending on the VR headset 
being used) are supported – e.g., head and hand movements as 
well as certain finger gestures. Emoticons can also be used, 
which ascend above the avatars (e.g., hearts in Fig. 1). 

The basic conference structure was based on a discussion-
oriented conference format instead of a submission-driven style. 
It is oriented towards typical academic conferences and 
workshops in German-speaking countries in order to ensure 
comparability in the context of the evaluation. The use of a 
medium such SocialVR required some fundamental conceptual 
adjustments compared with real-world academic conferences. 

First, the use of screens and even more so of VR headsets 
over a period of several hours is exceedingly fatiguing. 
Therefore, the SocialVR conference was designed for a 
maximum of two hours per day and a maximum of six hours per 
week. In order to still be able to comprehensively discuss the 
conference topic, the conference period was set to six weeks. 

Second, to meet the challenge of keeping participants in 
contact over six weeks and motivating them to attend the 
conference, an accompanying online tool (Discord [12]) was 
used. Here, the participants were able to discuss between the 
sessions, establish and maintain contacts, and also take 
advantage of technical support.  

Third, participation with a commercially available VR 
headset was strongly recommended. It was also important to be 
able to participate via a desktop application for Windows and 
Mac. In addition, the participants should not encounter any 
additional financial costs as a result of attending the conference. 
These factors influenced the choice of the SocialVR platform, 
which fell on AltspaceVR. 

A. Rooms 

The conference program consisted of session formats that 
differed in both, form (e.g., keynotes, workshops, 

demonstrations) and content (e.g., infrastructure, preparation of 
teachers and learners). The rooms varied between sessions.  

Traditional conference session formats, such as presentations 
and keynotes, were implemented. The lecture hall was the most 
used room during the conference (see Fig. 2). This room is a 
classic hall designed for frontal presentations. There is a clear 
area separation between presenters (stage) and audience. 

 The possible presentation methods and tools have been 
individually arranged with the presenters. However, it became 
apparent that the unfamiliar medium with its technical 
possibilities and limitations did not yet offer much inspiration 
regarding new forms of presentation. Except for the sporadic 
display of 3D models, most of the lecturers used classic slides 
and their presentations are followed by a discussion. 

 

Fig. 2. Lecture Hall. 

Formal input, however, is only one part of academic 
conferences. According to research findings, the informal 
activities of researchers (e.g., networking) at academic 
conferences are particularly relevant for knowledge sharing [13]. 
Therefore, when designing the rooms, care was taken to create 
scenarios that enable social exchange between participants. The 
common room was used especially for discussions after the 
sessions but also for meetings between events (see Fig. 3). The 
most important feature is that there are no limited areas and 
attendees can move freely. 

As a result, discussion groups formed at different corners of the 
room. Furthermore, a few entertaining offers (e.g., basketball 

 

 

stage area audience area

presentation slides

lectern
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hoop and balls, box with snowballs, selfie wall) were added. 
These offerings were often used. A gallery and a board with 
current information (e.g., next events) established the connection 
to the conference.  

 

Fig. 3. Common Room. 

Another room for a project and provider presentation is 
shown in Fig. 4. It represents a valley framed in mountains, in 
which projects could be presented at different locations with 
posters, videos and/or 3D models. A central signpost guided the 
arriving participants to the individual project presentations. In 
total, there were three identical project rooms that could be 
navigated between with a teleporter. 

In addition to these rooms dedicated to specific session 
formats, there were special sessions for which variations of the 
rooms were used. For example, a variation of the lecture hall 
room without rows of seats was chosen for the presentation and 
discussion of a community project. This created a more relaxed 
atmosphere compared to a classic, frontal session. Another 
session was an evening social event, for which a nighttime 
version of the common room was used. All participants were 
from the European time zone. 

B. General Impressions 

The following data are impressions made in advance or 
during the conference and are not part of the evaluation. 114 
interested persons, mainly from research and higher education 
sectors, registered for the conference. Unfortunately, actual 
participation numbers decreased as the conference progressed. 

Furthermore, a majority of the participants experienced 
technical problems. Two of the most encountered problems were 
audio interferences due to limited network bandwidth and the 

low-quality personal equipment of participants as well as login 
problems (cause unknown). 

 

Fig. 4.  Room for project and provider presentations. 

Positively remarkable was that the participants repeatedly 
appreciated the very personal and stimulating atmosphere. In 
individual conversations, this was ascribed both to the playful 
visualization within AltspaceVR and to the feeling of having a 
particularly social presence. However, it probably also played a 
role that most of the participants had not had any on-site contact 
with larger groups of colleagues for a long time due to Covid 19 
lockdowns and now very much valued this experience. 

It was also noticeable that even people who had not had 
much experience with VR very quickly showed VR-appropriate 
body language. With most of the headsets used, only head 
movements (via the headset) and hand gestures (via the VR 
controllers) were sensed and applied to the avatar. This resulted 
in these gestures becoming very important to guide verbal 
explanations. This possibility was intuitively used in a 
comprehensive way even by VR novices after a few minutes. 

III. EVALUATION 

This section will discuss challenges and strategies to address 
them for planning academic conferences in SocialVR. In this 
regard, the aim of the explorative study was to sufficiently 
evaluate the elaborated conference format and to identify 
opportunities for improvement to be able to consider them in the 
conception and realization of future SocialVR conferences. 
Therefore, the study tries to answer the following guiding 
research questions (RQs): 

 

entertaining offers

gallery

current information
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• RQ1: Is SocialVR generally suitable for academic 
conferences? 

• RQ2: What are the advantages and disadvantages of an 
academic conference in SocialVR?  

• RQ3: How can academic conferences be prepared to 
support learning and networking? 

• RQ4: What kinds of hardware do the participants use for 
participation? 

• RQ5: Why did many of the registered participants not 
attend the conference? 

In the following, the methods for the study are presented 
before the results of the evaluation are described. Afterwards, 
the results are discussed - in relation to the guiding questions. 

A. Methods 

Within the study, the conception of an academic conference 
in SocialVR is evaluated. The survey was realized via 
Limesurvey and took about 10 to 15 minutes. Participation was 
voluntary. The survey consisted of demographic information as 
well as closed and open questions to evaluate the selected 
formats and contents. The results of the survey include various 
descriptive statistics. In addition, free-text responses were 
analyzed using qualitative content analysis methods. Categories 
were developed inductively [14], [15]. In some places, reference 
is made to quotes from participants. Due to missing values, the 
sample size varies between the variables. 

B. Results 

A total of 75 of the 114 registered persons took part in the 
survey. The average age is 38 years (range: 25 to 58 years). 36% 
of the participants are female, 55% male. For 61% it was the first 
SocialVR conference. 24% stated that they had already gained 
experience with SocialVR. While at the beginning often more 
than 50% of the respondents were present at the sessions, this 
drops to 25% in some cases at the end. Fig. 5 illustrates 
participants' motivations for attending the conference. The 
authors pre-defined various reasons for participation, from 
which participants could select one or more.  

 

 

Fig. 3. Participants' motivations for attending the conference. 

When asked about the benefits of attending an academic 
conference in SocialVR, 55% saw added value in social 

interaction with others, 43% in content-related input from the 
presentations, 56% in interacting with a scientific community, 
68% in trying out new possibilities, and 67% in gaining new 
experiences. In the free text responses on benefits (N=60), 
various positive expressions were found, which could be 
assigned to the categories of interpersonal interaction (24 
mentions), social presence (14 mentions), immersion (12 
mentions) and working with 3D models (10 mentions). One 
participant wrote "[...] it integrates social interaction 
opportunities, increases participant focus through immersion, 
and will technically evolve over the next few years."  

According to these results, social interaction seems to be 
experienced differently and possibly superior to other virtual 
conferencing tools. In this context, the design of the common 
room (see Fig. 3) was perceived by 59% to be the most suitable 
for interpersonal exchange. The lecture hall was rated as suitable 
for communication by only 9%.  

The participants were also asked in a free-text task about 
disadvantages of an academic conference in VR (N=60). The 
uncomfortable feeling of wearing a headset (17 mentions), cost 
and effort associated with the technology (14 mentions), limited 
facial expressions (20 mentions) and the lack of the possibility 
to take notes (10 mentions) were named.  However, the need for 
a stable internet connection (8 mentions) was also criticized. In 
this context, some participants reported technical hurdles (13% 
yes, 36% partly).  

In the run-up to the conference, participants were already 
asked, which kind of hardware they will use for participation. 
Two thirds announced they would attend the conference with a 
headset. This could be confirmed within the evaluation (see Fig. 
6). Multiple responses were possible. Added up, 76% stated that 
they had participated in the conference via a headset. We assume 
that a decent portion of the participants have opted for a mixed 
approach by following some sessions via headset and others via 
desktop application.  

 

Fig. 4. Participation depending on kind of technology. 

As said, participation numbers decreased as the conference 
progressed. That is why the participants were asked in a free-text 
task why they chose not to attend certain sessions (N=76). Two 
thirds (51 mentions) named time constraints and overlap with 
other commitments as reasons. In advance of the conference, the 
organizing team decided to spread the sessions over several 
weeks. There were no more than two to three sessions per week 
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to keep screen time and the associated workload low. 
Nevertheless, mainly time-related reasons seem to have 
hampered participation.  

Furthermore, the participants were asked about their 
subjective assessment of the suitability of SocialVR for 
academic conferences using a 5-point Likert scale (1 = "not 
suitable at all", 5 = "highly suitable"). The average assessment 
was 3.98 (SD = .67). Frequency distribution is illustrated in 
Figure 6. No one chose the answer option "not suitable at all". 

 

Fig. 5. Suitability of SocialVR for academic conferences. 

Regarding the suitability of SocialVR for academic 
conferences, one participant wrote "I found the idea of doing a 
conference in VR fascinating from the beginning. I am excited 
by the technology and it was a new experience every time [...]." 
Another participant emphasized the advantages for "[...] Social 
togetherness. Personal networking [...]". Other strengths of the 
format are seen in the "exchange, which felt [...] very authentic," 
in an "informal atmosphere [...]," in "low contact barrier[s]," 
and in a "strengthening of concentration and attention."  

Participants were asked which room they favored during the 
conference. 41% liked the lecture hall best 25% preferred the 
common room and other 23% favored the room of project and 
provider presentations. Furthermore, they were asked which 
room they thought was most suitable for social exchange. Only 
9% think the lecture hall is appropriate, while 59% consider the 
common room conducive to interaction. Another 21% think the 
room of project and provider presentations is suitable for social 
exchange.  

For follow-up conferences in SocialVR, the participants 
would like to "make better use of the advantages and 
peculiarities of the medium and use them more" to stand out 
from other video conferencing tools (e.g., Zoom). They request 
"more interaction, 3D elements, a different world than the 
lecture hall environment [...]." Overall, 65% of participants 
disclose wanting to participate in more SocialVR events. 1% 
have no interest and 9% have partial interest. 

IV. DISCUSSION 

Results point to opportunities and challenges that an 
academic conference in SocialVR brings with it. Regarding the 
central questions, the following statements can be made. 

A. RQ1: Suitability of SocialVR for Academic Conferences 

It can be stated that this conference format offers certain 
advantages, especially in times of the Covid 19 pandemic, when 
people cannot meet face to face as usual. There is a consensus 
among the participants that SocialVR seems to be suitable for 
academic conferences. More than half of the participants are 
interested in participating in future conferences.  

B. RQ2 & 3: Advantages and Disadvantages of SocialVR 

Conferences 

Advantages are seen in the increased facial expressions and 
gestures compared to other digital tools. Nevertheless, it was 
demanded that facial expressions as well as gestures in SocialVR 
should still be expanded. Moreover, using 3D models offers 
completely new possibilities for academic conferences. Artifacts 
that are otherwise unavailable can be viewed from different 
perspectives and distances (e.g., an animated 3D model of the 
solar system hovering in the lecture hall). Scientists anywhere in 
the world can view and discuss it simultaneously. Entertaining 
offers (e.g., playing basketball) allows to make academic 
conferences more exciting and offers new possibilities for social 
events besides the actual conference. 

Though, disadvantages arise due to poorer resolution and the 
uncomfortable feel of the headsets. In addition, for more than 
half of the participants it was the first conference in SocialVR. 
As this was already suspected in the run-up to the conference, 
tutorials for the use of AltspaceVR were made available as PDFs 
and videos before the start of the conference. It is likely that 
technical hurdles (e.g., error-prone setup, need for a stable 
internet connection) will decrease over time, that wearing a 
headset becomes more comfortable, and that the expertise of 
participants will increase. Regarding this, one participant wrote 
"In 20 years we will laugh about this. For today, it was great." 

C. Preparation to Support Learning and Networking 

The design of the rooms seems to be important for learning 
and communication. Rooms, such as lecture halls, face forward 
towards the stage and the presenters. The focus is on the content 
However, these rooms are spatially restricted. Other rooms with 
greater freedom of movement are more likely to allow 
interactions between participants and are therefore rated higher. 
As in the real world, rules of behavior and conversation seem to 
apply in SocialVR. Few would dare to speak aloud during a 
lecture, while for example an entrance hall encourages 
interpersonal exchange. To maximize engagement, interactive 
scenarios are recommended. 

Moreover, during the planning of an academic conference in 
SocialVR, prior knowledge of the participants must be 
considered to enable adaptive learning. Knowledge regarding 
the VR technology itself must also be captured to initiate support 
activities (e.g., exploratory session) and adjust screen times. 
Overtaxing participants, whether by the content or by the 
technology, inhibits learning processes and interpersonal 
exchange. 

D. RQ4: User Behaviour Regarding Technology 

Surprisingly, a significant majority participated in the 
conference via a headset. Such a technically equipped audience 
had not been expected in advance of the conference. The authors 
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conclude that the VR-related scientific community is well 
prepared for SocialVR conferences and is motivated to 
participate in such events in the future. 

E. RQ5: Low Attendance Quote 

Two reasons for declining attendance in particular can be 
assumed here. One is the additional workload in the academic 
area due to the switch to purely online teaching.  The other was 
the year-end workload in the business sector. Follow-up 
conferences should respect typical academic conference periods. 
This was not possible due to the strictly time-limited project 
funding in 2020. 

Overall, the evaluation indicates that an academic conference 
in SocialVR offers various advantages. In some areas, it seems 
inferior or equivalent to other digital formats or face-to-face 
events. A 1:1 transfer of a speech planned for a face-to-face 
event, which includes integrating the presentation slides to a 
screen in the 3D room, cannot open any added value. In other 
areas, using SocialVR is profitable.  

Travel costs and associated expenses are eliminated. This 
opens a chance for participants with extended travel distances 
and legal, health or other travel restrictions to easily participate 
in the academic exchange. Thus, participation is also possible for 
financially weak interested persons. 

Furthermore, spatial boundaries can be removed. Rooms can 
be designed according to the content. Content can be illustrated 
via 3D artifacts. Spaces can be adapted to enable and support 
different forms of collaboration. Whether and to what extent 
SocialVR is suitable for future academic conferences seems to 
depend on many factors (e.g., topic, conference formats, target 
group).  

A conference, as in the present case, that also deals 
thematically with VR/AR seems predestined, since it can be 
assumed that the participants are intrinsically motivated to deal 
with the technology. In addition, 60% participated out of interest 
in the technology. This cannot be assumed for other conferences 
with different participants. Incentives must be created, and the 
technology must be well explained to avoid effects such as 
reactance and to increase acceptance of the technology.  

To conclude, the added value compared to other formats, 
whether in presence or digital, can only be determined in 
individual cases.  

V. CONCLUSION 

SocialVR offers a previously rarely used potential for the 
hosting of academic conferences. This paper describes the 
realization of one of the first academic conferences in SocialVR. 
In particular, the impressions of the conference participants were 
collected and evaluated with regard to the applicability of the 
SocialVR medium for a conference context. 

Following up on this research, this pilot study has two major 
contributions: First, academic conferences in SocialVR are 

possible and ratings are promising. Second, there is a need to 
conduct further research on academic conferences in SocialVR. 
Based on the results of our study, follow-up studies need to use 
SocialVR at other conferences. Different providers (e.g., Mozilla 
Hubs, Tricat Spaces), different disciplines (e.g., computer 
science, education), and different target groups (e.g., technically 
inexperienced vs. experienced) should be investigated. Some 
research is still required to determine under which conditions the 
use of SocialVR offers added value for conferences in science. 

The artifacts arising from the conference (e.g., AltspaceVR 
tutorials, slides, a keynote recording, posters of the project 
presentations) are available on the conference website [10] in 
German language. 
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Abstract—Questionnaires are important instruments to gather
information from people in a wide range of application scenarios,
such as analyzing the responses for evaluations, collecting prefer-
ences, or retrieving self-estimations in learning settings. However,
based on the setting and design of a questionnaire participating
can be boring or frustrating and consequently have a negative
impact on results or disengage users. Literature reports negative
findings in immersive simulations and learning games, where
assessment and questionnaires are provided outside the learning
experience. In this paper, we introduce an approach to integrate
questionnaires into a game environment. Thereby, we want to
provide learners with an engaging way to answer questions.
To encourage them in participating, they receive rewards for
completing questions. We performed two evaluations, an A/B
study with 22 participants and an evaluation with 14 experts
in subject-related fields. We could show that learners are more
engaged in the in-game questionnaire and integrated questions
make them more likely to respond. We could also identify
strategies to obtain more reliable responses such as asking
questions right after a task or including gamification elements.
Findings can contribute to design more engaging applications
or learning environments where evaluation and feedback have
significance for both educators and learners.

Index Terms—in-game survey, gamification, game-based learn-
ing

I. INTRODUCTION

Feedback and evaluation have a major impact on all
sorts of application scenarios, and focusing on education in
particular it is key to be considered in student’s learning
process. Receiving feedback from students not only allows
to collect and support their preferences for interacting with
the application but it is also a valuable source for educators
to support students in their learning process. Focusing on
the learning process, feedback can address various aspects,
such as indicating a lack of understanding in a specific task
or expressing high-level difficulties. Receiving feedback can
be done both orally or written. When dealing with more
complex feedback or with a large number of students written
feedback is more feasible. Written feedback has another major
advantage over oral feedback, it can be anonymous which
makes it more reliable. To simplify the task of conducting
surveys and analyze the results different tools can be used.
There is a large number of tools which fits these requirements
such as LimeSurvey (https://www.limesurvey.org/),
Google Forms (http://forms.google.com/), or Qualtrics

(https://www.qualtrics.com/). These tools are often used when
asking specific questions in between or after certain tasks.

In previous studies related to learning achievements, en-
gagement, or usability aspects we encountered that conducting
surveys can be demotivating for pupils and students. Partici-
pants often feel forced to answer questions which led to biased
answers. In particular, in immersive simulations or virtual
lab settings and learning games, students get disengaged and
interrupted in their learning flow completing questions and
tasks outside the learning environments.

In this paper, we are introducing an approach to conduct
surveys integrated into the game environment sCool [1]. sCool
is a serious game for teaching computational thinking and
coding. It is developed within a cooperation between Graz
University of Technology and Westminster University for
Review. To improve the video game and the teaching content
different evaluations (usability, learning progress, motivation,
etc.) have been conducted. The aim of this project is to make
the task of evaluation and assessment more engaging and
less disruptive. We therefore want to answer three defined
research objectives: RO1: Are integrated questionnaires more
engaging for students when playing games? RO2: Do in-
game questionnaires disturb a learner’s game-flow or his or
her feeling of presence in the game? RO3: Do in-game
questionnaires lead to a different NASA-TLX [2] (Task Load
Index) measured usability? In order to answer these research
objectives the main contributions of our work are:

• Developing an in-game questionnaire covering the most
common types of questions.

• Comparing in-game with external questionnaires in an
evaluation with 22 participants.

• Conducting a survey with 14 experts of various scientific
fields to receive heterogeneous feedback on different
aspects.

In this paper, we will first introduce some related work
in the area of (integrated) questionnaires in learning games.
Afterwards, we will describe the implementation of the in-
game questionnaires, followed by a section in which we
describe an evaluation of the newly functionality. In this
section, we will describe the settings and instruments, the
participants of the study as well as the procedure. Finally,
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we will present and discuss the results and will end this paper
with a conclusion and future work.

II. RELATED WORK

In serious games, collecting students’ information is key to
adjust the learning and gaming flow accordingly, and might
include information about emotions, learning preferences,
learning effectiveness and performance. There are different
approaches such as analyzing user data collected automatically
by the system, or analyzing the feedback from participants.
Bellotti et al. [3] discuss ways to determine skills and learning
outcome retrieved by serious games, also including in-game
assessment approaches. In-game approaches to assess player
performance or engagement can provide detailed material
and are a big desire to reduce limitations in other default
approaches [4].
In learning settings, gamification is used as well, such as gam-
ified questionnaires. The term gamification has been becoming
more popular over the last few years, in which video games
have started to play an enormously influential role and are
even used more and more often to provide learning content in
form of serious games. Deterding et al. [5] have introduced a
well-known definition of this term as ”the use of game design
elements in non-game contexts” and state, that gamification is
rather referred to games than playing. This definition is based
on three components, which have to be differentiated:

• Gamefulness
• Gameful interaction
• Gameful design

In this context gamefulness is related to the quality, gameful
interaction are the components providing this quality and
gameful design can especially in serious games be seen as
the game elements [5].
A serious game with an integrated, gamified questionnaire
is LenguaDrive [6], which is a racing game to learn other
languages. In the game, learners collect items in form of
translations of a given word in native language. They have
to switch lanes on a road to select these items. An integrated
questionnaire should help to evaluate the game-play and is
implemented in two ways: an overlaying questionnaire screen
and a game element called emotion road, in which learners
switch to another road and like collecting items, answer
questions by switching lanes and also confirm the answer
afterward. To find out the best speed of the car (to give learners
enough time to decide and answer), a pre-study has been
conducted. In an evaluation with both of the game’s question-
naire types, participants were assigned to one of two groups
and played the game including answering questions. These
involved questions about distractions, natural movements, and
immersive activities of the participants while playing the game.
Results showed, that a higher experience of presence than
interrupting the gameplay was the case for the group using
the emotion road.
To improve the user experience and engagement in (online)
surveys Harms et al. [7] are proposing a way to use gam-
ification of surveys. In a case study, two designers applied

the gamification process on a sports-based online survey
for teenagers. The main goal was to involve several mini-
games and allow participants to explore different survey areas
openly. Furthermore, they wanted the users to accompany an
avatar through this survey and could earn coins by answering
questions, which could then be redeemed in a shop. Results of
this case study showed a positive outcome of the practical use-
fulness of this approach by retrieving more positive feedback
and the fact, that users spent more time in a gamified version
of the survey. Surprisingly, the gamified version retrieved a
slightly lower response rate.

III. DESIGNING AND IMPLEMENTING IN-GAME
QUESTIONNAIRES

Previous experiences of low return rates and uncompleted
answer sets of evaluations in the context of sCool motivated
us to integrate questionnaire features into the learning game.
In order to make the task of answering questionnaires more
engaging and to increase the number of responses, we defined
some requirements for our serious game environment.
The sCool environment is developed in a flexible client-server
architecture with a REST API in between. Educators can
design a whole course in the web application and all content
is provided to the client as game experiences both for desktop
and mobile devices (further technical details can be found at
Kojic et al. [8] or Steinmaurer [9]).
Based on the overall design of sCool, the requirements for the
questionnaire features are defined as follows:

• Enable teachers and course designers to create the ques-
tionnaires in sCool’s web application.

• Support for most commonly used types of questions
(single-choice, multiple-choice, binary answers, Likert
scale, open-ended questions)

• High flexibility in the appearance of questions (after
tasks, concepts, end of the game, etc.)

• Rewards for participation such as items or additional
equipment within the game environment.

• Create templates for certain standard questionnaires (such
as usability, difficulties, etc.)

• Storing the player’s answers and related data (timestamp,
question skipped, etc.) within the server’s database.

• Basic data analyzing within the tool (mean, standard
deviation, diagrams, etc.) and data export for further
analysis by an external tool.

Since the learning tool does not only involve the game itself,
but also the web platform for educators, the implementation
of the integrated questionnaires was developed in two parts:
The server and web application for creating the questionnaires
by educators, and the integration into the game experience for
the students. The current database schema had to be extended
by three tables: Questionnaires, Questions and Answers. Ad-
ditionally, two modules of the ASP.NET web application were
updated. The admin web backend, in which educators are
able to create courses and tasks for the game, was extended
by functionality for creating questionnaires and the API for
communication between server and game was modified.
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Fig. 1. Educators can create several questionnaires within one course. The
backend provides educators with basic functionality such as modifying or
deleting questionnaires. It is also possible to define general rules for the whole
questionnaire that are inherited for all questions.

Fig. 2. One or more questions are assigned to a single questionnaire. Each
question can have a specific type (Likert scale, multiple-choice, etc.) Since
some questionnaires require a defined order, educators can define it.

On the web platform, users are able to create several
questionnaires per course, including again several questions.
Fig. 1 shows questionnaires created for one course over the
web platform. As shown in Fig. 2 a single questionnaire
contains several questions. There is also the possibility to mark
a questionnaire as public and let other educators duplicate this
questionnaire to their own course.

When creating questions, users are able to define its title,
select the type of question (open question, Likert scale, single-
choice or multiple-choice), labels for answers, and moment of
appearance while playing the game. In order to add gami-
fication aspects, users are able to set rewards for answering
questions, which learners can earn credits to buy special items.
Fig. 3 shows all information that is relevant when creating
a questionnaire. Besides editing and deleting questionnaires,
users are also able to statistically evaluate given answers in an
extra view. This should enable educators to get some insights
into the evaluation results and this should be a starting point
for further data analysis.

In the video game sCool, a module for interaction with
the questionnaires was implemented. The view of a single
question was added in form of a full-screen pop-up, shown if a
certain action is triggered. As presented in Fig. 4 the question
is using the game’s user interface to integrate the module into
the game-flow. The appearance of a question (or a series of
questions) depends on the educator’s configuration in the web
application. This is possible when starting a new course, as
well as after successfully passing different tasks in the game.
Learners are always able to skip questions and re-answer them

Fig. 3. Different settings can be selected for a corresponding question. Besides
general information such as the questionnaire’s name and category, more
specific options can be chosen.

Fig. 4. The questions and the labels are displayed in full-screen size within the
video game. Depending on the category of the question is displayed differently
in the game. The screen also shows the value of a specific question (upper
right corner).

at a late moment. For this purpose, a menu item was added
in the course overview, which lets the user answer skipped
questions. If a user plays the same task multiple times, the
questionnaire will only be shown, if the user has not answered
it before.

In the top right corner of the question pop-up, a coin and
the number of rewards is displayed, which he or she can earn
by answering single questions. These special rewards can then
be used to buy items in the in-game store. For questions that
are more valuable, it is also possible to unlock certain items,
that just can be acquired by answering questions.

IV. EVALUATION

Two different studies were conducted, in order to evaluate
the new implemented in-game questionnaires and to be able
to answer all defined research questions: an A/B-testing user
study and an expert study.

A. Settings and Instruments

In order to evaluate the integrated questionnaires in sCool
an A/B-testing user study has been conducted. In this study,
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participants were automatically assigned to one of two groups,
where each group played two rounds of the game, each round
with one of both approaches including i) in-game question-
naires, and ii) external questionnaires. The in-game question-
naire was evaluated using the video game’s survey module.
For the external questionnaires, the LimeSurvey tool was
used. Furthermore, interactions with the game were recorded
anonymously for analyzing purposes. This data includes the
learning rates of the learner’s attempts and success rates per
task.

Table I shows questions that all participants of the A/B user
study received. Group A answered these questions within the
video game and group B answered them in the external tool.
Table II shows the questions of the final questionnaire that
were answered using LimeSurvey at the end of the evaluation
activity. In addition to the game-specific questions, learners
were asked to fill out a NASA-TLX [2] survey, to measure
their workload using the type of questionnaire. These NASA-
TLX questionnaires were shown to the player as integrated
game elements, as well as an external questionnaire. This
survey involves six Likert scale questions in a range from
1-10 regarding different perspectives of the learners:

• Mental activity
• Physical activity
• Time pressure
• Frustration
• Performance
• Effort
In order to extend the perspectives on in-game question-

naires, a second evaluation was conducted. Therefore, experts
from different fields participated in an additional study. They
were asked to answer questions related to various aspects of
in-game questionnaires (see Table V). Therefore, the experts
filled out general questions about environments for conducting
questionnaires in educational contexts. After these initial ques-
tions they watched two videos, the first video introduced our
approach of answering questions using the sCool video game
and the second one was about answering the same questions
using LimeSurvey. As a third activity, the experts respond on
a Likert scale and provide open-ended feedback about these
two approaches. In contrast to the participants of the A/B-
testing study, all expert users answered the questions using
the LimeSurvey tool.

B. Participants

We primarily asked computer science students from Graz
University of Technology to participate in the user study. The
video game’s purpose is to learn basic concepts in coding, and
computer science students can mainly focus on the game’s
environment and questionnaire module instead of solving
tasks. However, we also wanted to include opinions on novice
programmers and therefore asked some non-experienced
students to participate in this A/B study. In total 22 students
took part in this evaluation. The participants were equally
assigned to both testing groups.

Fig. 5. This Figure shows the expert’s fields. 8 out of 14 do have professional
experience in teaching and computer science. 7 are in the field of game
development. 6 experts are working in pedagogy and 2 are working in the
area of psychology.

The second evaluation was conducted with experts of rele-
vant fields to cover the interdisciplinary aspects. Fig. 5 shows
the research fields of the experts, whereby multiple selections
were possible. In total 14 experts took part in the evaluation.
The majority of them (10 out of 14 people) obtain a Ph.D. in
one of their selected fields, the other experts have a Master’s
Degree. The range of professional experience is between 2 to
35 years, the mean is 17.53 years (SD=9.69).

C. Procedure

In regards to the A/B testing group A started with the in-
game questionnaires in the first round and used the external
questionnaire in the second one. Group B played the same
order of tasks and answered the same questions, but started
with the external questionnaires and used the in-game ques-
tionnaires later.

Each round of the game included one concept-learning task1

and two practical tasks (6 tasks in total per participant) and
a questionnaire at the beginning of the round, one after the
concept-learning task and one after the second practical task.
The integrated approach included three questionnaires: one at
the start of the round, one after the concept-learning task, and
one after the practical task, whereas the external questionnaire
was only used after a whole round in order to keep the player’s
game-flow high.

After playing both rounds of the game, the participants
were asked to fill out a final questionnaire involving three
Likert scale questions about the personal preference of ques-
tionnaires, the level of difficulty, and the level of disruption
of the game-flow. Additionally, two text fields for thoughts,
opinions, and possible problems were given. See Table II for
the included questions.

1The serious game divides tasks into concept-learning and practical tasks.
In concept-learning tasks, learners acquire new knowledge in an explorative
way while practical tasks focus on applying these concepts in an engaging
programming environment. More information regarding the video game and
game types can be found in the related paper [1].
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TABLE I
QUESTIONS AFTER IN-GAME TASKS.

Question Category
How old are you? Single-choice
How would you rate your programming skills? Single-choice
How difficult was the concept-learning task? Likert scale
The code editor is easy to use. Likert scale
What type of student are you? Single-choice
Have you ever played an educational game be-
fore?

Yes/No

Did you pass the concept-learning task at first
try?

Yes/No

The practical tasks descriptions are easy to un-
derstand

Likert scale

TABLE II
QUESTIONS OF FINAL QUESTIONNAIRE.

Question Category
Please enter your username Open Question
Which type of questionnaire did you like more? Single-choice
Which type of questionnaire was easier to use? Likert scale
Which type of questionnaire delivered a better
game-play?

Likert scale

Please explain your ratings Text-area
Were there any problems with the in-game ques-
tionnaire?

Text-area

The expert’s filled out a questionnaire covering 12 items
in two phases. In the first phase (before the videos), the
participants answered three open-ended questions regarding
the advantages and disadvantages when conducting a ques-
tionnaire in the same environment and about reasons why
participants do not complete surveys. In addition, three Likert
scale questions were asked, covering the impact on a person’s
flow (#1), the accuracy of answers (#2), and participation
rate (#3). In phase two (after the videos) the participants
were asked to elaborate advantages and disadvantages of our
approach compared to an external tool. These open-ended
questions were accompanied by Likert scale items related to
gamification and user experience in the in-game environment.

V. RESULTS AND DISCUSSION

A. User’s Evaluation

Overall 26 people started with the study, but just 22 partic-
ipants solved all tasks and answered the final questionnaire
and thus completed the whole evaluation. Since the study
was conducted as an unsupervised online study, it cannot be
exactly reasoned, why some participants did not finish the
study, but in debriefings with a small number of participants,
it was recorded that some of them forgot or over-read the
instructions or simply did not get back to the instructions page
after finishing the second round of the game. Since the final
questionnaire was on the externally used tool, regarding RO1
(engagement in answering questions) a higher participation
rate in using the in-game approach for the final questionnaire
is only a matter of conjecture.

When evaluating the success rates of the learner’s tasks,
some slight differences in the approaches can be discovered.
Therefore, the in-game and the external method of both groups

TABLE III
NASA-TLX RESULTS FROM GROUP A.

Scales In-game (Mean) External (Mean)
Mental activity 2.71 3.55
Physical activity 3.14 2.18
Time pressure 2.00 2.82
Frustration 7.64 4.27
Performance 8.43 7.45
Effort 2.43 3,55

TABLE IV
NASA-TLX RESULTS FROM GROUP B.

Scales In-game (Mean) External (Mean)
Mental activity 2.42 5.23
Physical activity 2.00 3.00
Time pressure 2.42 2.46
Frustration 3.33 6.23
Performance 7.67 4.46
Effort 2.08 6.00

were separately evaluated. The in-game questionnaires showed
an overall success rate of 98.48% and an average of 1.92
attempts per task. On the other side, when using external
questionnaires the success rate is at 95.45% and had 2.23
attempts per task. These results show a slightly (but not
significant) improved performance of the learners when using
the in-game approach and regarding RO2 could therefore be
interpreted as a slightly better game flow with this approach.

Regarding the participation in answering questions, the
results almost showed no difference. While retrieving (al-
most) 100% level of answering questions in the in-game
questionnaires (with the exception of one single question
not answered by a single player), the external approach also
retrieved a 100% participation rate for group B, but only
92.85% for group A. This means, that participants did not use
the external questionnaires more likely after one round with
in-game questionnaires and thus the integrated questionnaire
seems to be more engaging (RO1).

Table III shows the results (mean) of the given answers
about workload regarding answering questions of group A
and Table IV shows the results of group B. To answer RO3,
from these results it can be observed that both groups stated
very similar feelings about mental activity and time pressure,
which show a (slightly) higher workload when using external
questionnaires. Both groups also shared the same opinion
on performance and effort, which show a higher feeling of
performance in using in-game questionnaires and a higher
effort in using an external questionnaire tool. The only results
which differ between the two groups are physical activity and
frustration.

The final questionnaire, which both groups were asked to fill
out on the external tool, showed a clear tendency to in-game
questionnaires. Participants could select on a range from 1 (=
in-game approach) to 10 (= external approach), i) which type
of questionnaire they liked more, ii) which one was easier to
use and iii) which one is delivering a better game-play. The
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TABLE V
QUESTIONS, MEAN AND STANDARD DEVIATION FOR EXPERT’S

EVALUATION.

ID Statement M (SD)
#1 Asking questions within the same environment has a

positive impact on the person’s flow.
2.21 (0.69)

#2 Asking questions right after a certain task increases
the accuracy of the answers.

1.93 (1.21)

#3 The participation rate increases when asking questions
within the same tool.

2.21 (0.69)

#4 Using gamification elements such as additional items,
additional levels, or bonus points increase the partici-
pation rate.

1.57 (0.94)

#5 The diversity of participants is influenced by different
gamer/learner types (such as achievers, or learner’s that
perform mainly well).

2.21 (0.80)

#6 Rewards have an influence on the validity of the
answers.

2.14 (1.09)

#7 The consistency of answers is different when compar-
ing an in-game to an external approach.

1.71 (0.73)

#8 Within gaming environments learner’s are more likely
to answer questions.

1.64 (0.93)

results show a mean of 2.73 regarding the learner’s preference
of the questionnaire, a mean of 3.23 regarding the simplicity,
and a mean of 3.45 regarding game-play. Learners were also
able to use text fields to give feedback. Most of the answers
covered the same opinions like:

• ”I don´t really see a point to why not put those ques-
tionnaire in the game. It might take the user’s attention
from the ’playing’ part of the game to a more ’why/what
did I do’ to answer the next question which seems to be
more fitting for this type of game.”

• ”It just feels easier and more natural to do the question-
naire during or within the game so your thought process
continues and is not interrupted by switching from the
game to an external questionnaire.”

• ”Navigating to another website, in order to do a question-
naire is a bit cumbersome and interrupts the game-play.”.

Examples of negative opinions are:
• ”The UI elements overlapped each other from time to

time”
• ”gameplay is interrupted by having in-game question-

naires”

B. Expert’s Evaluation

The experts identified different advantages and disadvan-
tages in the in-game approach. A central benefit is the ability
to ask questions right after a certain task within the same
system. By doing so, users get less distracted and stay engaged
in the game environment: ”Breaking them up like this makes
it easier to complete, more enjoyable and less fatiguing.”

Adding gamification elements such as rewards can increase
the participation rate. Users get the feeling of providing more
valuable answers by assigning rewards to answers. The experts
also argue that gamification elements have the additional
benefit of increasing the participation rate (M=1.57, SD=0.69).
They are little concerned that rewards do have an influence
on the validity of the provided answers (M=2.14, SD=1.09).

Nevertheless, some experts think that too many questions can
lead to a behavior where learners tend to answer questions just
to receive rewards.

Another important aspect is the user’s flow while being
engaged in the game. The experts predominantly see a positive
impact on the flow (M=2.21, SD=0.69). Since the questions
can be asked right after a task the answers get more veritable.
However, when asking questions between in-game tasks too
often, this can also be perceived as distracting. Especially
when answering serious questions the user needs full mental
capabilities, which will probably be not the case within the
game environment. Due to the less formal context of the game,
especially aspects related to learning or the environment can
lead to good results.

To get a better understanding of reasons to not participate
in surveys, we collected the responses of the experts and
categorized them:

• Previous Experience: Prior experiences have a major
impact on future participation in surveys. If participants
have experienced that their opinion is relevant they are
more likely to do evaluations again. When having a
positive experience with a previous survey a person is
more willing to participate.

• Time Constraints: People tend to avoid participation
or complete surveys when having time constraints. This
could be on the one hand related to a long survey with
many items or on the other hand to limited time resources
(for example when answering questions within class).

• Privacy Concerns: Evaluations do have a negative con-
notation in regards to privacy. Participants are feared of
possible consequences and answers can be biased to some
opinions. Privacy concerns can be negatively strengthened
when there is a possible link between a person and its
data (such as the same environment, identifiers, etc.)

• Motivational Aspects: The participant’s personal in-
volvement in a certain topic is important for attending
a survey. They want to see a purpose in a survey and its
importance. The contribution should feel useful.

• Personal Aspects: The decision to participate in a study
can also be influenced by subjective factors such as
acceptance of a topic, or the usability of the tool. People
might also feel that they do not have a strong opinion
related to the topic or do not have enough expertise.

VI. CONCLUSION AND FUTURE WORK

In this paper, we have presented an approach to conduct
surveys in a serious game environment. Due to the diverse
expertise of the expert evaluation, we were able to identify
advantages and disadvantages in our in-game survey approach.
Additionally, the results of the user evaluation showed, like
in the evaluation of the learning game LenguaDrive [6],
more engagement and less effort in solving tasks and
answering questions. Integrating a survey into a game
environment can increase the player’s flow, especially when
answering questions related to the tasks. In contrast to [7]
which retrieved a slightly lower response rate, in our study
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we obtained a slightly higher response rate with in-game
questionnaires. Both learners and experts argue that using the
same environment simplifies the evaluation.

Gamification. Combining questionnaires with gamification
can increase the participation rate and the reliability of
answers. In a game-based system elements such as rewards,
bonus points, etc. can be a motivation for learners. Instead
of rewards gamification could be used in the other direction,
for example, to prevent users from losing points for wrong
answers.

Engagement. The evaluations showed that the game
experience stays high, when not getting distracted by
changing to a different tool. Integrating surveys into the user
interface of the game also makes the questions appear as part
of the system.

Security and Privacy. To get meaningful results a trustful
environment is necessary where users feel safe. In both
evaluations, the participants respond that privacy and security
are important to get honest answers. On the one hand,
environments, where users might be identified, have a
disadvantage in confidence. On the other hand, using the
same environment for answering questions can also increase
the trust of security because no third-party software is used.

Future Work. The evaluation is limited to a low number
of participants. We plan to conduct further research with a
broader group of students. Based on the feedback of some
participants we also plan to make some improvements to the
design of the in-game questionnaires to improve readability on
mobile devices. We also want to extend gamification aspects
and include more elements such as additional levels or game
types as a reward. It would also be very interesting to discover,
which times are suited best for showing questions to the
players in order to not disturb their game-flow.
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Abstract—Augmented Reality (AR) is a powerful tool for 

supporting students’ learning processes, but sound research 

findings regarding the systematic evaluation of AR-enhanced 

teaching and learning processes are scarce especially with regards 

to literacy attainment. Hence, against the background of a 

systematic literature review the evaluation approach in the 

European H2020 ARETE project is introduced. The effects of 

Augmented Reality (AR) on fourth to sixth grade primary school 

students’ literacy skills acquisition are assessed. The evaluation 

approach has been designed systematically to respond to 

important research desiderata such as the development of 

multimethod and multi-perspective evaluation approaches 

combining different target groups and measurements. The aim of 

this paper is the design clarification and the provision of the 

research desideratum of evaluation design and metrics that are 

suitable for systematically assessing students’ literacy attainment 

when utilising AR. 

Index Terms—augmented reality, interactive systems, literacy 

attainment, evaluation design, international research 

I. INTRODUCTION: RESEARCH ON AR IN EDUCATION AND FOR 

LITERACY ATTAINMENT 

Augmented Reality (AR) is an innovative tool for teaching 
and learning processes. If applied in a meaningful way, it has the 
potential to support and enhance students’ learning [1]. Yet, a 
lot has to be learnt about conditions, requirements and barriers 
for applying AR in educational contexts. Research is only 
beginning to assess what this means for educational practice, 
and sound multi-perspective and multimethod evaluation 
approaches from an educational viewpoint are scarce. 

The European research and innovation project ARETE 
address this research desideratum and systematically assesses 
the impact AR can have in educational contexts. One of the 
central research interests relates to the impact of AR on literacy 
attainment for students who are underachieving in standardized 
literacy tests. To evaluate this impact of AR on literacy 
attainment, a pilot study will be conducted in the ARETE project 

to apply an AR-based literacy training with 240 English-
speaking European 4th to 6th grade student participants.  

In the following sections, the evaluation methodology for 
this pilot study will be introduced. Based on a systematic 
literature review, the state of the art in this context will be 
summarized. Against this background, the evaluation approach 
will be described in response to the following research question. 

“Which evaluation design and metrics are suitable for 
systematically assessing students’ literacy attainment under use 
of Augmented Reality?” 

II. THE EVALUATION OF CURRENT AR SYSTEMS FOR 

EDUCATION 

The very first Augmented Reality interface was created by 
Sutherland [2] in 1965 and used as a training device for pilots. 
Since then, AR technologies have rapidly drawn interest and 
have become increasingly popular in education over the last 
decade. Educational programs have been employing more and 
more multimedia tools, interactive technology, and applications 
in recent years to enhance teaching. The advancements in 
information and communication technologies allow teachers to 
monitor the learning activity of students, to support teaching and 
learning processes and to enhance learning achievements [3].  

While AR has been researched for more than 50 years, it 
began to be evaluated properly just in recent years. According to 
the findings of Dünser et al. [4], only around 8% of AR-related 
papers use a formal evaluation system in their work. One reason 
could be the lack of an appropriate standardised method to 
evaluate the AR. According to Swan and Gabbard’s [5] findings, 
the very first user-based experiment in AR was conducted in 
1995 [6], which analysed the impact of looking through AR 
display design on depth perception. Within the initial attempts 
to assess the impact of AR in education, Bach and Scapin [7] 
explored difficulties with the evolution of AR systems. They 
noted the lack of usability assessment specially designed for 
evaluating AR systems. Bach and Scapin found three general 
categories from other domains that can be utilised for evaluating 
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AR interventions, which are 1) Questionnaires and interviews, 
2) Inspection methods, and 3) User testing. 

Duenser and Seichter [8] tried to fill this gap by combining 
user-centred design principles with the demand for AR. They 
attempted to bring together some notable user-centred design 
standards with the requirements of AR systems to describe 
challenges that AR interface researchers should consider. 
Duenser et al. [4] identified a survey for user evaluation 
techniques in AR. The user evaluation is classified into five 
categories: 

1) Objective measurements: By utilizing statistical 
analysis of the measured task completion times and 
accuracy/error rates. 

2) Subjective measurements: Using questionnaires and 
subjective user ratings. 

3) Qualitative analysis: Studied with a formal type of 
interview and user observation. 

4) Usability evaluation techniques: Studies with 
employing interface usability evaluations such as heuristic 
evaluation, expert-based evaluation, and task analysis. 

5) Informal evaluations: studies include informal user 
observations or informal collection of users’ feedback. 

There are few articles that formally evaluate the use of AR 
applications applied for education. Cen and Ruta [9] used a 
quantitative evaluation in their work. They introduced an 
educational mobile system based on AR to help students learn 
chemistry. By conducting a formal assessment quiz along with 
the feedback from a survey, the impact of their system on 45 
students in an 11th-grade chemistry class was evaluated. In the 
context of the development of Guidelines for Educational 
Evaluation of Augmented Reality Tools, the importance of 
using multimethod for assessment in study design was discussed 
[10], [11]. The following highlights are crucial in this context: 

• Although single experiments are conducted in fields 
such as physics or chemistry that produces enough and clear 
data, the complexity and dynamics of human behaviour provide 
limitations and a narrow view of the details. 

• Distinctive belief in a method may be biased or 
misleading the researcher’s image of a particular reality 
investigation. 

The ARETE evaluation approach responds to these 
desiderata identified and combines different instruments in 
accordance with the methodologies suggested, as will be 
described in the following section. As noted initially, the focus 
of this research is on the acquisition of literacy skills in the 
English language. Hence, it is important to clarify respective 
terminology first and to look at the state of the art with regards 
to Augmented Reality and literacy attainment. 

III. AUGMENTED REALITY FOR LITERACY ATTAINMENT 

It is estimated that 25% to 32% of the general population are 
underperforming in reading and / or spelling tasks and fail to 
respond to multi-component literacy interventions [12], [13]. 
Furthermore, Elliott and Grigorenko [14] cite many studies 
estimating that dyslexia affects between 5 and 20% of the 

population, depending on the diagnostic criteria applied. For the 
context of the ARETE project, the focus is on students who are 
performing on the continuum between dyslexia and reading 
spelling delays and disorders. Within the research described in 
this paper, the DSM-5 definition [15] is utilised, which is the 
most widely accepted nomenclature used by clinicians and 
researchers for the classification of mental health disorders.  A 
Specific Learning Difficulty / Dyslexia is “a type of 
neurodevelopmental disorder that impedes a person’s ability to 
learn and use specific academic skills, such as reading, writing 
and arithmetic, which serve as the foundation for most other 
academic learning” [16]. With such large numbers affected, 
confusion exists concerning a diagnosis and selection of 
appropriate remedial pedagogy or methodology that should be 
employed, which is also perplexing. The re-emergence of the 
‘Science of Reading’ pedagogy and the prospect for innovative 
intervention options becoming available via EdTech [17] will 
enhance education and should have a major impact for making 
decisions regarding effective intervention for those with literacy 
difficulties.  

The recent usages of smartphones, tablets and apps have 
demonstrated that new technologies have effective features to 
enrich learning environments resulting in the majority of school 
aged students preferring digital learning [18]. Although there are 
a plethora of computer based literacy programmes available, 
there is a dearth of research demonstrating the efficacy of many 
[19]. Alqahtani [19] reviewed 45 studies which utilised 30 
technology-based literacy interventions (39 studies used 
computers or laptops and 6 used tablet / iPads). 41 out of 45 
studies found a positive effect of using technology to improve 
reading skills. None of the programmes researched utilised AR 
for literacy intervention. In addition little could be found in the 
way of academic reviews, specifically looking at the use of ‘state 
of the art’ AR for English literacy intervention, so it is difficult 
to tease out an accurate picture of the concerns, trends and 
trajectories across this specialised area of educational 
technology. 

IV. EVALUATION DESIGN 

Within the ARETE project, the focus of pilot 1 is to enhance 
both the teaching and learning of English language literacy skills 
for children ranging from 9 to 12 years of age across 40 classes 
in four European countries, where English is either the primary 
language or the ‘lingua franca’ of the educational setting. In the 
pilot intervention, students will work with the existing 
WordsWorthLearning literacy programme that is delivered in an 
interactive and AR-enhanced app.  

The WordsWorthLearning markerless AR App, for use on 
iOS and Android tablets, is a complete Learning Management 
System (LMS) for literacy. It is an evidence based hierarchal 
literacy programme with a focus on phonemic awareness and 
phonological development, morphological awareness, 
vocabulary enrichment, reading comprehension and reading 
fluency. Its pedagogical design stresses the importance of 
explicit and systematic teaching of decoding (reading) and 
encoding (spelling), which are the foundations for literacy 
development. The AR elements introduced throughout the seven 
levels of the programme reinforce the concepts and rules being 
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taught in an innovative and engaging manner, to enhance the 
learning process for Primary school children. 

Within the intervention, the ARETE evaluation approach 
aims for a comprehensive perspective and combines multiple 
viewpoints to answer the following research question: “How 
does AR impact on students’ literacy attainment?” 

The overall evaluation approach for ARETE pilot 1 builds 
on experiences and findings from the European AHA project, 
where an AR-based intervention was implemented to improve 
reading and spelling skills for children diagnosed with ADHD 
[20], [21]. It addresses three groups of stakeholders targeted in 
the collection of data. These three groups are students, parents, 
and teachers. In accordance with recent studies ([4], [10] and 
[11]), a multimethod approach has been developed synergizing 
objective and subjective measurements and qualitative analysis.   

A. Students 

1) Metrics 
It is known from relevant literature that students’ literacy 

attainment also depends on the medium used, and that AR as a 
tool has the potential to support students’ academic outcomes 
[22]–[24]. Hence, students’ reading, and spelling abilities will 
be analysed by standardized measures in pre- and post-
intervention testing to identify a potential impact of the AR-
enhanced intervention, using intervention and control group. An 
additional scale will be added to collect information on student 
motivation. Student literacy attainment will be assessed by two 
standardised measures, which are Neale Analysis of Reading 
Ability (NARA II) and the Vernon Graded Word Spelling Test. 

NARA II is a standardised test of English reading accuracy, 
reading comprehension and reading rate, providing standard 
scores, and reading age equivalents for students up to 12 years. 
Testing takes approx. 20 min for one teacher and one student 
[25]. The test provides standardized scores for the three 
dimensions of reading accuracy, reading comprehension, and 
reading rate. Test participants read out stories while the teacher 
counts reading errors, records the reading rate for each passage 
and asks comprehension questions. A reading accuracy score is 
derived from the number of reading errors, and a comprehension 
score from the number of comprehension questions answered 
correctly [26]. Reliability coefficients are indicated as .89 for 
accuracy, .82 for comprehension and .66 for reading rate [25], 
[27]. 

Vernon Graded Word Spelling Test is a standardised test 
designed to assess spelling attainment and progress from age 
range 5 to 18+ years [28]. Testing takes 5 to 20 minutes and is 
administered by a teacher to either one student or a group of 
students [21]. In the test, students need to spell up to 40 words 
of increasing difficulty, with the instructor reading out the words 
and presenting them in a sentence context. The reliability 
coefficient of this test has been calculated as .86 [29], [30]. 

In addition to reading and spelling abilities, the ARETE 
evaluation also assesses students’ motivation, which plays an 
important role in the context of student academic achievement 
[31] and has been proven to be a predictor for performance also 
in reading contexts [32]. The Intrinsic Motivation Inventory 
(IMI), which students will complete additionally, is a well-
established and validated multidimensional tool that allows to 

assess the students’ motivational perceptions during the 
intervention phase through a Likert scale [33], [34]. The survey 
used in ARETE is an excerpt from the original scale and will 
take approximately 5 to 10 minutes for students to complete. 
Such an application of IMI is in accordance with related 
literature and has been performed before also in the context of 
Augmented Reality applications [35], [36].  

2) Sample 
The pilot study research approach employs a pre- and post-

test design. The total target number of student participants is 
240, who are assigned to an intervention group and a control 
group class wise. This assignment is randomized. The 
intervention group works with the Wordsworthlearning AR app 
while the control group proceeds with their regular literacy 
training. Inclusion into the sample is based on a teacher’s 
recommendation. Students need to meet the following criteria to 
be qualified for the study:  

• Aged 9 to 12 

• 4th to 6th grader in elementary school 

• English as their first language or lingua franca 

• Residing in Ireland, UK, Malta or Cyprus, or from an 
international school in Europe where English is the main 
language in use  

• Average I.Q. 

• Underachieving in school standardized literacy tests (< 
25th percentile rank) 

• Must have a designated teacher or Special Needs 
Assistant (SNA) to deliver the intervention 

• Must have suitable devices and broadband 

• Significant hearing or visual impairments were defined 
as exclusion criteria. 

B. Parents 

      1) Metrics 
Due to the prevalence of co-morbid diagnoses (e.g. 

Developmental Co-ordination Disorders, Attention Deficit 
Hyperactivity Disorders, Developmental Language Disorders, 
Autism Spectrum Disorders, visual and / or auditory perceptual 
difficulties) often observed with the cohort of interest for 
ARETE [14], an understanding of comorbidity is important. 
This is due to the fact that the presence of any additional disorder 
may affect the presentation and severity of the clinical picture 
requiring specific interventions, along with how they may relate 
to technology and more specifically AR features. In order to 
understand how these students’ comorbidities, impact 
their responses to intervention, the parents of all the student 
participants, along with a control group of children without 
literacy difficulties, will be requested to complete an online 
‘ProfilED’ case history form. The aim is to identify features 
typical of students with neurodiversities as opposed to those 
deemed neurotypical and to develop better defined phenotypes 
to enhance understanding of AR and its impact, be it positive or 
negative on this cohort of participants.  
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 The case history form works from a multi-disciplinary 
perspective to provide information relating to Speech & 
Language Therapy, Occupational Therapy, Psychology and 
Academic (School) performance. The data collected include 
early and current history and identify areas of strength and 
difficulty of clinical interest to these multi-disciplines to help 
with assessment & intervention recommendations. It takes 
approximately 20 min to complete [21]. 

2) Sample 
 In total, 360 parent participants will be asked to fill in the 
ARETE ‘ProfilED’ case history form as one pre-intervention 
online questionnaire. The research approach includes 120 
parents from the intervention group, another 120 parents from 
the control group and an additional 120 parents for the specific 
case history control group described above.  

Intervention and control group parents are automatically 
included based on their children’s qualification for the study. 
The children of parents in the additional case history control 
group are not part of either intervention or control group. As 
opposed to study participants, these children do not show 
reading or spelling difficulties. 

C. Teachers 

      1) Metrics 
Teachers have been identified as impactful stakeholders in 

the advancement of students’ literacy attainment. Their attitudes 
and beliefs towards digital media, their educational 
implementation and their knowledge and related digital 
competencies are key to a successful integration of any medium 
into classroom practice [37], [38]. Hence, it is vital to explore 
teachers’ perspectives to contextualize students’ results. The 
testing approach for teachers employs specific teacher surveys 
that take approx. 10 min for the pre-testing and approximately 
30 min for the post testing to complete. These surveys have been 
developed to identify intervention and control group settings and 
pedagogical implications of the AR application in educational 
contexts. They will collect data on the following questions: 

• How do the teachers implement the app into their 
teaching? 

• How do teachers evaluate the apps? 

• Which aspects of AR apps do teachers consider a 
valuable addition to their common teaching and learning 
approaches? 

• What are the factors that hinder or facilitate a successful 
implementation? 

• How does the AR implementation impact on students’ 
motivation and classroom engagement? 

Teacher coordinator interviews will build upon these 
surveys and utilize the advantages of an interview situation, such 
as the chance to investigate and discuss relevant facets in greater 
depth and to extract rich data from a qualitative content analysis 
[39], [40]. There will be two teacher coordinator interviews with 
a duration of approximately 1 hour each. They serve to discuss 
questions related to mobile app implementation and student 
motivation, classroom engagement, and knowledge gain in 
depth. 

2) Sample 
Teachers’ viewpoints are researched in a pre- and post-test 

design as well. 40 teachers will be included, split into 
intervention group and control group randomly together with 
their students participating in the study. The teacher sample is a 
self-selecting sample as teachers respond to an open call and 
volunteer to participate. Qualification depends on the following 
criteria: 

• Teaching one or several qualified students in literacy 
attainment. 

• Residing in Ireland, UK, Malta or Cyprus, or teaching at 
an international school in Europe where English is the 
main language in use. 

• Willing to participate in the intervention actively. 

• Availability of suitable devices and broadband. 

2 out of the 40 teachers additionally function as teacher 
coordinators: they link research and project team with teachers, 
are the points of contact for teachers in need of assistance and 
facilitate teachers’ collaboration and exchange. 

V. DISCUSSION 

The evaluation approach introduced has been designed to 
respond to the desiderata expressed in related literature, such as 
a lack of sound evaluations of educational AR-applications in 
general and AR-applications with a focus on literacy attainment 
in particular. As the literature review revealed, it is 
recommended to combine different perspectives and methods 
for assessing the success of AR-enhanced interventions.  

Against this background, measures have been taken to 
achieve comparability aiming to retrieve meaningful results in 
the ARETE project pilot evaluation. The focus applied through 
the different research strands is broad in order to achieve insights 
not only into the improvement of literacy learning over the 
intervention period, but also into pedagogical implications, 
teaching and learning scenarios for the app application, and 
further relevant qualitative data vital for comprehending and 
contextualizing outcomes. 

It should be noted that certain limitations apply for the 
research approach introduced. Centrally, the samples are self-
selecting samples and may thus not be representative of the 
European population of teachers and students with literacy 
problems. Hence, it will be important to carefully consider and 
assess the generalizability and validity of results. 

The overall ARETE research approach with its design and 

metrics aims to provide meaningful results for the measurement 

of student success in AR-enhanced literacy learning settings, 

which will not only present new research findings but also help 

shape policy recommendations and advance the European 

perspective and knowledge foundation of innovative teaching 

and learning approaches. 
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Abstract—Conventional methods such as questionnaires and 

scales to evaluate learners’ learning immersion are influenced by 

individuals’ subjective factors. The non-synchronism between the 

learning state and after-learning investigation also reduces the 

accuracy. We propose a new method to evaluate learners’ learning 

immersion based on electroencephalogram (EEG) and support 

vector machine (SVM). We construct 2 learning scenarios to 

induce immersive senses: VR video learning for high-level 

immersion and online English word learning for low-level 

immersion. To distinguish two immersion levels, students' EEGs 

are collected. After entering their attention score, relaxation score, 

the synchronization rate between the 2 scores, high alpha and low 

beta wave into SVM model, the precision accuracy reaches 

87.80%. Taken the classified results and the participants’ self-

reports together, we find VR devices can create a more immersive 

environment which improves learners’ learning effect. Our 

findings provide evidence supporting the feasibility of predicting 

learning immersion levels by physiological recordings.  

Index Terms—flow theory, immersive learning, VR, EEG, 

SVM 

I. INTRODUCTION  

Flow theory, also known as immersion theory, was first 
proposed by Mihaly Csikszentmihalyi in 1975 [1] and has been 
widely applied to evaluate human beings’ engagement in various 
naturalistic scenarios, for instance: working, gaming, painting, 
and, etc. Flow theory refers to a positive psychological state that 
typically occurs when a person perceives a balance between the 
challenges associated with a situation and their ability and skills 
to meet the demands of the challenge and accomplish[2]. 
Researchers have developed a series of scale tools to evaluate 
human beings’ immersive levels. Privette has proposed Privette 
experience questionnaire (PEQ) [3] in 1984 and Jackson and 
Marsh have made the flow state scale (FSS) in 1996[4], which 
are both used to evaluate the level of immersive experience of 
athletes in sports activities. In Karen’s interview [1], 
Csikszentmihalyi mentioned that Hitachi (a Japanese company) 
had studied the changes of physiological signals when 
immersive experience occurred while working. The researchers 
in Hitachi asked the workers to wear a necklace with metal tags 
in to measure workers’ pulse rate (PR), blood pressure and 
movement (how much you move) and then observed whether 
these physiological signals converted before and after the 
happening of immersion. The results showed that when 
immersive experience happened, some signals did change: the 

workers’ breathing became slower and more regular, their pulse 
rate slowed down due to a zygomatic major muscle. 

 In addition to the application of flow theory in sports and 
work, theory informing practice in a positive and practical 
manner is of great value to educators [1]. For learners, learning 
immersion refers to a mental state of task orientation, cognitive 
efficiency and emotional pleasure when students concentrate on 
learning tasks. Because learning immersive experience can also 
be regarded as a flow state, it may be related to some 
physiological signals.   

In recent years, there is an increasing number of studies on 
evaluating a certain index based on EEG [5]. The SJTU emotion 
EEG dataset (SEED) [6] provided by BCMI Laboratory of 
Shanghai Jiaotong University is used to classify emotions by 
three types which are induced through a series of selected movie 
clips: pleasure, calm and sadness. In Sweeney Aoife’ study [7], 
they have found that it is feasible to use dry-EEG to profile 
cognition in Parkinson’s disease and can differentially 
discriminate between cognitively normal and cognitively 
impaired Parkinson’s disease patients at an early stage. Chin-
Feng Lai [8] measures four different types of physiological 
signals of human body: EEG, respiration, galvanic skin reaction 
(GSR) and electromyography (EMG), which are used to explore 
the relationship between individual emotional state and creative 
thinking. What’s more, EEG is mainly used in seven research 
topics in education: reading context, presentation patterns of 
learning materials, interactive behaviour, edutainment, e-
learning, motor skill acquisition, and promoting learning 
performance with EEG and is mainly used to evaluate attention 
and meditation of participants [9]. For example, in Mehmet 
Tabakcıoğlu’s study [10], EEG is used in measuring the 
meditation level of students in the physics course.  

With the fast development of technology, extended reality 
(XR) technologies, such as Virtual Reality (VR), augmented 
reality (AR) and mixed reality (MR) can create a good sense of 
immersion [11]. The application of flow theory in the field of 
sports has attracted increasing attention for both psychologists 
and educational researchers. Immersive virtual reality (IVR) 
simulations for education have been found to increase affective 
outcomes compared to traditional media [12]. With the 
development of the wisdom classroom, an increasing number of 
VR devices are being used to improve the traditional learning 
environment. In this research, we collect college students’ EEG 
signals to evaluate their learning immersion levels with the aid 
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of a machine learning method: support vector machine (SVM) 
and the volunteer participants will give a feedback about their 
immersive feeling in VR and traditional learning environment. 

II. BACKGROUND 

A. Electroencephalogram (EEG) 

Many human emotional activities, such as feeling, thinking 
and acting, can’t be separated from the control of the brain. 
These activities are closely related to the state and function of 
the brain at every moment. When the brain is active, EEG is the 
current produced outside the cells of cerebral cortex, which is 
caused by the potential difference between the cell groups of the 
cerebral cortex. It reflects the changes of electric waves 
produced in the brain, and is the overall reflection of the 
electrophysiological activities of brain nerve cells on the surface 
of cerebral cortex or scalp [13].  

In this experiment, BrainLink headband presented in Fig. 1 
is used to collect participants’ EEG signals. BrainLink is easy to 
wear and can be wirelessly connected to devices such as mobile 
phones and computers via Bluetooth 4.0. Through this 
headband, we can find out the state of our brain, such as whether 
we are focused, nervous, relaxed or tired.  

The EEGs are measured from people’s left frontal lobe with 
values between ± 300 μ V in time domain, and the attention 
score, relaxation score and the synchronization rate between the 
attention score and relaxation score, high alpha wave and low 
beta wave can be uploaded to the computer. The two wave bands 
related to the focused state are presented in Table I.  

 

 

Fig. 1. BrainLink headband. 

TABLE I.  EEG WAVE BANDS RELATED TO CONCENTRATION 

Item 
Frequency band 

(Hz)  
Characterization 

high alpha wave 10-12 
Relax and focus, which is the best 

state of thinking and learning. 

low beta wave 13-17 
A more focused state, the mind 

begins to focus on one thing. 

III. METHOD 

A. Support Vector Machine 

Support vector machine (SVM) is a data classification 
model based on the supervised machine learning method and 
the statistical learning theory [14], [15]. The fundamental model 
of SVM is a linear classifier that can maximize the interval in 
the feature space and hyperplane refers to the decision boundary 
of SVM. When training and optimizing SVM model, we want 
to find the closest points to the dividing hyperplane to maximize 
the distance between the features and the hyperplane. If the data 
can’t be linearly separable in the original space, a kernel 
function will be applied to map the data from the original space 
to a high-dimensional space, constructing the optimal 
separation hyperplane in the high-dimensional feature space so 
as to separate the non-linear data which couldn’t be easily 
divided in the original plane space.  

In this study, the radial basis function (RBF) [16] is selected 
according to the dimensions of the EEG features and the size of 
our dataset. When training our learning immersion assessment 
model, k-fold cross-validation method is used to adjust and 
optimize the parameters to maximize the precision of the 
training model [17]. K-fold cross-validation is used to divide the 
original dataset into k subsets, and take one subset as the test set, 
so the training set is the rest (k-1) subsets, then the training starts. 
The average value of the classification rate obtained by k times 
is calculated as the true classification rate of the model. After the 
optimal parameters are found, the model is retrained on the 
whole training set, and the performance of the model is finally 
evaluated using the independent test set. The procedure is shown 
in Fig.2. While training SVM model, “cv (cross-validation)” is 
the most important element. 

For appraising the model, four evaluation indexes named 
FN, FP, TN and TP are defined in Table Ⅱ. For example, if the 
label is positive, its precision means that the correct prediction 
is positive, accounting for the proportion of all predictions that 
are positive. The definition formula is: 

 precision =
TP

TP+FP
,                          (1) 

recall means that it is correctly predicted to be positive, 
accounting for the proportion of all the actual positive samples: 

 𝑟𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
,                          (2) 

f1-score means the harmonic average of precision and recall, 
which is a measure of test accuracy. Its definition formula is: 

 f1 score = 2 ∗
precision∗recall

precision+recall
=

2∗TP

2∗TP+FP+FN
 .         (3) 

TABLE II.  DEFINATION OF FN/FP/TN/TP 

 N（Negative，0） P（Positive，1） 

F（False，0） 

FN/00 

predicted result: N 

actual result: P 

FP/01 

predicted result: P 

actual result: N 

T（True，1） 

TN/10 

predicted result: N 

actual result: N 

TP/11 

predicted result: P 

actual result: P 
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Fig. 2. The procedure of a k-fold cross-validation method (k=10). 

B. Participants 

In this study, according to the size of data and the features 
required by SVM, we choose nine volunteer participants (four 
males and five females, 20-22 years old, college students from 
Beijing Normal University, scores of CET-6 are below 500) to 
collect EEGs. Each student receives one VR video learning and 
one online English word learning. At the end of each 
experiment, ten to fifteen minutes' rest will be taken. All the 
participants were provided with paper-back informed consent 
and signed before collecting EEGs. 

C. The Experiment Procedure 

In the study, two naturalistic learning scenes with different 
immersive senses are constructed in our laboratory: VR learning 
environment (using Pico Neo2 VR glasses shown in Fig. 3) and 
online learning environment. After the first-round selection by 
antecedent subjects, VR learning materials are interesting, 
mostly about science fictions and landscapes, while the online 
learning material is about English words, which is boring and 
obscure to the participants. In addition to the differences in the 
two learning environments, the discrepancies of the learning 
materials also make the differences between the high and low 
learning immersion levels bigger. 

Before the start of learning, the participants are asked to read 
1 to 5 questions related to the learning materials (need to be 
answered after experiment); during the learning, their EEGs are 
collected; at the end they answer 3 questions to test their learning 
effect: (1) how long you think time has passed, (2) how many 
questions you could recall during learning, and (3) how you are 
feeling now: relaxed, calm or bored. The first question is to test 
whether the subjects are aware of the passage of time, which is 
an important factor in the sense of immersion according to flow 
theory; the second and the third questions are testing their 
learning effects. The whole  procedure is shown as Fig. 4. 

Five features are extracted from EEGs: attention score, 
relaxation score, the synchronization rate between the attention 
score and relaxation score, high alpha brain wave and low beta  
brain wave. The data types of these features are presented in 
Table III. The dataset is split into 4344 samples by 1 second. 
Label “1” represents samples on high immersion, which 
corresponds to the signals collected during VR video learning; 
label “2” represents samples on low immersion, corresponding 
to the signals collected during online learning. 

 

Fig. 3. Pico Neo2 VR device. 

 

Fig. 4. Experiment procedure. 

TABLE III.  FEATURE TYPE 

Item 
Attention score Synchronization 

rate of attention, 

relaxation scores 

High alpha wave 

Relaxation score Low beta wave 

Type Integer number a Integer number a 
Energy spectral 

density b 
a. Range from 1 to 100; 

b. Also the signal amplitude in frequency domain. 

The training set which contains 3475 samples and the testing 
set which contains 869 samples are divided according to the 
proportion of eight to two.  

IV. EXPERIMENT RESULTS 

Five features mentioned in the previous section will be 
entered the SVM with RBF to verify whether EEG is suitable 
to evaluate students’ learning immersion levels, and if EEG is 
related to students’ learning immersion, whether there is a 
proper model to dichotomize learning immersion. While 
training SVM model, “cv” is an important parameter as 
mentioned in Section Ⅲ, 8 groups in Table IⅤ shows the results 
with cv ranging from 3 to 10, the model evaluation indexes and 
the training time are recorded. 

According to Table IⅤ and Fig. 5, when cv is 5, SVM model 
performs the best prediction accuracy rate of 87.80%, followed 
by 87.46% with a difference of 0.34%. As for the training time, 
with the increase of the parameter value, the training time 
increases almost linearly according to Fig.6. 

21



 

 

TABLE IV.  MODEL EVALUATION INDEX 

Item Model Precision 
Label “1” Label “2” 

Precision Recall F1-score Precision Recall F1-score 

cv=3 0.866513 0.86 0.88 0.87 0.87 0.85 0.86 

cv=4 0.853855 0.87 0.85 0.86 0.83 0.85 0.84 

cv=5 0.878021a 0.86 0.90c 0.88d 0.90e 0.86 0.88g 

cv=6 0.874568 0.87 0.88 0.88d 0.88 0.87f 0.87 

cv=7 0.872267 0.88b 0.89 0.88d 0.87 0.85 0.86 

cv=8 0.859609 0.84 0.90c 0.87 0.88 0.82 0.85 

cv=9 0.871116 0.88b 0.88 0.88d 0.85 0.86 0.86 

cv=10 0.857307 0.86 0.86 0.86 0.85 0.85 0.85 

a. When cv=5, the highest model prediction accuracy rate reaches 87.80%; 

b. c. d. Other best indexes of Label “1”; 

e. f. g. Other best indexes of Label “2”. 

 

Fig. 5. Model Evaluation Indexes. The above seven evaluation indexes are all in the form of percentage.

 

Fig. 6. Training time with different cv values.
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As mentioned above, before the end of the experiment, the 
subjects were required to answer three small questions related to 
their learning effect. The subjects said that when they were 
learning in a VR environment, they had little perception of time 
passing and were in a calm or relaxed mood; while when they 
were learning the slightly boring online English word video, they 
felt the time passing, hoping to finish the learning quickly and 
there would be a slight sense of agitation, which affected the 
effect of answering questions. 

Taken participants’ after-learning questionnaires together, 
VR devices can create a sense of immersion and learners would 
like to keep the interest in learning. Learners could remember 
well about the previous questions and feel little sense about the 
time passing. While when learning in traditional environment, 
learners are hard to focus on the obscure English words. The 
results show that VR learning can create a sense of high 
immersion which can be distinguished from the immersion that 
comes with traditional online learning with the help of EEG 
signals. 

V. CONCLUSIONS 

Compared to the traditional methods of learning immersion 
evaluation, in the present study we have proposed a novel 
solution to evaluate learning immersion: by analyzing the EEG 
recordings of learners during learning, we could build a machine 
learning model which could accurately and appropriately 
evaluate their learning immersion levels: high or low. The results 
have shown that when attention score, relaxation score, the 
synchronization rate between the attention score and relaxation 
score, high alpha brain wave and low beta brain wave were used 
as the input of SVM classification model with RBF, where cv 
was five, two levels of learning immersion could be evaluated 
with an accuracy of 87.80%.  

Our findings have provided evidence supporting the 
feasibility of predicting students’ learning immersion levels by 
their physiological recordings. In addition to EEGs, whether 
other physiological signals (such as eye movement signals, GRS 
and EMG) could be applied to evaluate students’ learning 
immersion levels remains to be studied. Besides machine 
learning methods, other deep learning methods, such as CNN, 
RNN can also be used to train to evaluate learners’ learning 
immersion. 
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Abstract—ICT (information and communications technology) 

evaluation in education is a key step in measuring the development 

level of education informatization. At present, the statistical data 

of evaluation process mainly be transmitted in the form of static 

chart files. How to grasp the overall evaluation status of each 

evaluation area in real time and understand the latest progress 

and bottlenecks of evaluation work is an urgent problem. This 

work-in-progress paper proposes a real-time monitoring system 

for ICT evaluation process in education based on CesiumJS 3D 

visualization, which can provide multi-modal 3D visualization for 

dynamic evaluation process data and further support knowledge 

mining.  

Index Terms—ICT evaluation process in education, real-time 

monitoring, 3D visualization, CesiumJS 

I. INTRODUCTION  

ICT evaluation in education is a key step to measure the 
development level of education informatization and guarantee 
its construction quality. The current ICT evaluation work in 
education mainly adopts the form of issuing electronic 
questionnaires to collect related survey data, and then 
comprehensively evaluates the education informatization 
development level of the region/school and the information 
literacy of teachers and students. The evaluation work usually 
covers a wide range of regions and involves a large number of 
participating schools, teachers and students. How to effectively 
supervise the orderly advance of the evaluation work is a huge 
challenge. At present, the statistical data of evaluation process 
can be transmitted to the local education management 
departments from evaluation agency in the form of static chart 
files through traditional channels such as email, so that the local 
education management department can keep abreast of the latest 

evaluation progress. As an important basis for evaluation 
schedule management, the current management model of 
evaluation process data in the forms of file transfer cannot meet 
the needs of dynamic information updates and intuitive 
understanding of the evaluation process. Considering the long 
execution cycle and large time span of ICT evaluation task in 
education, how to grasp the overall evaluation status of each 
evaluation area in real time, understand the latest progress and 
bottlenecks of evaluation work, and then dynamically adjust 
evaluation management strategies and coordinate the allocation 
of evaluation resources is an urgent problem that needs to be 
solved. 

The visualization of the ICT evaluation data in education can 
use multi-modal visualization forms to manifest the evaluation 
process from different visual dimensions, so as to conduct more 
in-depth analysis of the evaluation result. Currently, the 
visualization of the ICT evaluation data in education mainly uses 
diversified charts to intuitively display the evaluation results. 
For example, many research used radar statistical charts to 
analyze the development level of education informatization and 
teacher literacy [1]-[3]. Generally speaking, the current 
visualization forms of ICT evaluation data in education is simple 
and cannot support dynamic data management due to weak 
update ability and insufficient interactivity. In recent years, real-
time data analysis and three-dimensional (3D) visualization 
have played important roles in the field of big data, providing 
important technical means for the high-performance interactive 
processing and visual analysis of big data [4], [5]. As an 
important part of big data in education, enriching the 3D 
visualization mode of ICT evaluation data in education will 
facilitate the ICT construction in education [6]. CesiumJS is an 
open source JavaScript library for 3D earth and maps. It can be 
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used to create interactive web applications for dynamic 
geographic scenes combined with field data to enhance the 
authenticity and dynamics of the visualization of the field data, 
as well as facilitate visual simulation analysis and intelligent 
decision-making. Therefore, this paper proposes a real-time 
monitoring system for ICT evaluation process in education 
based on CesiumJS 3D visualization platform. The system can 
support the dynamic management of the evaluation process data 
on the forms of multi-modal 3D visualization, and further 
support knowledge mining for the scientific development of 
regional education informatization. 

II. ARCHITECTURE DESIGN OF THE SYSTEM 

The real-time monitoring system for ICT evaluation process 
in education realizes the organic integration and efficient 
management of the multi-type evaluation process data such as 
evaluation completion progress of participating schools,  
evaluation completion status of participating teachers/students 
and evaluation indexes of the analysis results. The overall 
structure of the real-time monitoring system for ICT evaluation 
process in education compose three parts: evaluation data 
management layer, evaluation application management layer, 
and evaluation visual analysis layer. As shown in Fig. 1. 

Evaluation visual analysis layer

3D visualization of the 

completion progress of 

participating schools

3D visualization of the 

completion of participating 

teachers and students

3D visualization of the 

distribution of evaluation 

indexes

Evaluation application management layer

Process management of 

evaluation task

Drawing management of 

3D evaluation scenario

Visualization interactive 

operation management of 

evaluation data

Evaluation data management layer

Basic data of participating 

schools

Basic data of participating 

teachers and students

Basic data of participating 

regions

 

Fig. 1. The overall structure of the real-time monitoring system for ICT 

evaluation process in education. 

 The evaluation data management layer mainly manages the 
ICT evaluation process data in education, including basic data 
of participating schools (for example school name, school 
address, school location, completion progress etc.) , basic data 
of participating teachers/students (for example gender, age, 
belonging school, evaluation completion time, etc.), and basic 
data of participating regions. The evaluation application 
management layer mainly support capability to the application 
scenarios, including the process management of evaluation task, 
drawing management of 3D evaluation scenario, and 
visualization interactive operation management of evaluation 
data. The evaluation visual analysis layer mainly supports multi-
modal visualization of evaluation process, including the 3D 
visualization of the completion progress of participating 
schools, the 3D visualization of the completion of participating 
teachers and students and the 3D visualization of the distribution 
of evaluation indexes. 

III. RESEARCH ON KEY TECHNOLOGIES 

A. Associated Organization and Spatial Processing of 

Evaluation Process Data 

The step of associated organization and spatial processing of 
ICT evaluation process data in education is to integrate the 
related ICT evaluation process data in education, configuration 
parameters of CesiumJS-based 3D visualization object and 
regional geographic information together. The ICT evaluation 
process data in education includes the completion progress of 
the participating schools, the completion status of participating 
teachers/students, and the evaluation index score, etc. The 
configuration parameters of CesiumJS-based 3D scene 
visualization object are the data basis for constructing 3D 
evaluation entities, including data source addresses, 
visualization modes, and 3D entity styles (shape, color, size), 
etc. Regional geographic information includes the longitude and 
latitude coordinates of the school, the name of the school, and 
the area information. Mapping the evaluation process data on the 
granularity of school to the 3D scene of the evaluation area 
based on CesiumJS, can visually present the spatial distribution 
characteristics of the ICT evaluation process in education. With 
reference to the organizational structure of the evaluation data, 
its organizational form will be organized and managed in 
accordance with the JSON encoding format. 

B. Multi-modal 3D Visualization of Multi-Dimensional 

Evaluation Process Data 

The multi-modal 3D visualization of multi-dimensional ICT 
evaluation data in education is controlled by configuring the 
parameters of the color, shape, size and distribution of 3D 
entities. The color setting is to obtain the predefined specific 
color value related to the index value range. The shape and size 
settings are preprocessed according to the characteristics of the 
evaluation process data. For example, the completion progress 
of participating schools and the completion of participating 
teachers/students are represented by point object, and the 
evaluation index is represented by a cylinder object. The size of 
the point object is set to reflect the progress/number of 
questionnaires filled by teachers/students, and the cylinder 
object is set to reflect the development level of ICT in education. 
The distribution of 3D entities is mainly located by the latitude 
and longitude coordinates of the schools, and the distribution of 
the evaluation level is reflected by the height and other 
perspectives of the relevant 3D evaluation object model. 

IV. FUNCTION REALIZATION OF THE SYSTEM 

A. 3D Visualization Dynamic Management of the Completion 

Progress of Participating Schools 

The dynamic completion progress of the participating 
schools can be indicated by the color of the stereo dots 
positioning at the location of the schools. Different colors 
represent different completion progress. For example, the red 
dot represents the completion progress range from 0% to 25% 
and the green dot represents the range from 76%-100%. The red 
color generally represents the meaning of warning, and green 
represents success. So, utilizing the red dot to characterize the 
slow evaluation progress and utilizing the green dot to 
characterize the fast evaluation progress is in line with people’s 
consistent perception of color. The 3D evaluation scenario loads 
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the vector map of the evaluation area to characterize the relative 
spatial positions of participating schools by boundaries of 
administrative divisions. For supporting the efficient 3D 
rendering of the evaluation scenario, completion progress data 
belonging to different color levels are organized in different 
layer data to support batch drawing. As shown in Fig. 2. 

Fig. 2. 3D visualization of the completion progress of participating schools. 

B. 3D Visualization Real-Time Monitoring of the Completion 

of Participating Teachers And Students 

The real-time completion progress of the participating 
teachers and students can be indicated by the color, the size and 
the height of the 3D points positioning at the location of the 
schools that the teachers and students belong to. Different colors 
represent different completion volume. For example, the orange 
3D point represents the completion volume range from 0 to 100, 
the yellow 3D point represents the range from 101-300, etc. In 
addition to using color to represent the volume range, there is an 
association relationship between the radius of the 3D point and 
the completion volume, so that the size of the 3D point will 
expand according to the increase in volume. This will have a 
magnified visualization effect to the completion volume. In 
order to reflect the hierarchical relationship of different 
completion volume in 3D perspective, the larger the completion 
volume of the teachers and students, the higher the height of the 
3D point in the scene. As shown in Fig. 3. 

Fig. 3. Visualization of the completion of participating teachers and students. 

C. 3D Visualization Stereo Display of the Distribution of 

Evaluation Indexes 

The real-time evaluation analysis results can be indicated by 
the 3D cylinder positioning at the center point of the evaluation 
area. Different colors represent different value range. For 
example, the orange 3D cylinder represents the evaluation index 
range less than 60, the yellow one represents the range from 60-
75, etc. The height of the 3D cylinder will also reflect the 

evaluation index score. The higher the evaluation index score is, 
the higher the 3D cylinder is. As shown in Fig. 4. 

Fig. 4. 3D visualization of the distribution of evaluation indexes. 

V. CONCLUSION 

 ICT evaluation in education has played an important role in 
promoting the education modernization. How to master the 
overall evaluation status of each evaluation area in real time and 
understand the latest progress evaluation work is an urgent 
requirement for the intelligent management of the ICT 
evaluation tasks in education. This paper proposes a real-time 
monitoring system for ICT evaluation process in education 
based on CesiumJS 3D visualization and utilizes multi-modal 
3D visualization forms to intuitively display the dynamic 
evaluation process. The system will enrich the management 
capability for ICT evaluation process in education, and support  
stronger visual analysis capabilities for the regional education 
informatization construction in future. 
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Abstract—Existing recommendations about how to select or 

design mobile applications (apps) for learning have been heavily 

relied on customer and teacher reviews, designer descriptions, and 

educational theories. There is a lack of evaluation frameworks that 

are informed by research evidence of how different children 

interact and use apps. The first version of an evidence-based 

framework, coined as MAD learn, is presented detailing 

affordances that hinder or help children’s learning, as emerged 

from relevant studies. To encourage further studies in the field, not 

only by researchers but also designers and practitioners, a 

methodological approach to iteratively assess the affordances of 

mobile apps is also introduced. This is based on (a) visualising the 

learning design and learning components of a given app and (b) 

analysing the screen and audio recordings of children’s 

interactions with apps. The proposed approach has been tested 

with 17 children 5-6 years old who interacted with a maths app. 

The analysis captured patterns of actual usage, including time 

spent on different activities, completion rates, communication 

instances, and number and type of mistakes. Insights revealed that 

certain design affordances, including instructions, feedback, and 

help-on-demand, were differently perceived by children, in some 

cases helping to learn while, in others, hindering it.   

Index Terms—mobile apps, maths learning, children, evidence-

based framework, evaluation 

I. INTRODUCTION  

Mobile applications (apps) are increasingly used by young 
children in both formal and informal learning settings. In out-of-
school contexts in the UK, 49% of young children aged 3-4 are 
found to use a mobile device to go online and 24% own such a 
device. By the age of 11, 49% of children own their own device 
[1]. The significance of mobile technologies for learning in 
particular, is shown in governmental initiatives aiming to 
capitalise on the benefits of mobile learning. For example, in the 
UK, free access to early literacy and language apps were given 
to disadvantaged families with children aged 2 to 4, as a means 
to minimise the attainment gap. Young children were shown to 
fall behind by four months at the age of 5 and good quality 
mobile apps are expected to minimize that gap  [2].  

The assessment of the educational quality of mobile apps has 
extensively relied on reviews by qualified educators, 
organisations, customers, app developers, and researchers, 
through the use of specialised rating scales, own experiences of 
use, and existing learning and Human-Computer Interaction 
(HCI) theories [3]. In terms of the latter, a top-down approach 
has been adopted; evaluation frameworks are structured on well-
known theories such as cooperative learning, human motivation, 
and usability design [4] and suggest that good quality apps 

should support specific learning goals and promote active, 
engaged, meaningful, and socially interactive learning.  Such 
apps present features such as explicit instruction, repetitive and 
cumulative training in learning concepts, immediate feedback, 
challenge and early reward, and individualized, self-paced 
learning (self-regulation and control) (e.g., [5], [6]).  

Although the evaluation approaches can inform us about 
which apps may be good for children, they are based on the 
expertise and experiences of adults and previous understanding 
(theories) of children's interactions with information and 
communication technologies such as computers. In particular, 
they do not rely on systematic app testing (e.g., observational 
studies) with end users (in this case children) that would bring to 
the fore issues such as whether and what children learn from 
interacting with apps, whether and how educational outcomes 
align with the designers’ intentions, and which design aspects 
are challenging and potentially hindering the learning process. 
While existing frameworks are informative in terms of, for 
example, formulating and testing hypotheses, research with 
children is needed to capture interactions with mobile apps and 
inform evaluation approaches. Available studies especially 
focusing on young children are rather limited, with maths being 
a domain that has currently attracted less interest compared to 
other domains such as language literacy [3]. There is still a need 
for research that isolates and tests specific app characteristics, 
aligns theory, design and outcome measures, and assessment of 
varied cognitive and skill-based outcomes [7]. In addition, 
mobile devices warrant special examination as they present 
characteristics that distinguish them from other technology-
related research (e.g., computers). They have unique features 
such as a lightweight design, portability, relatively intuitive 
interface use, and communication features (e.g., [8]). They also 
support flexible and personalised synchronous and 
asynchronous learning, anywhere and anytime [9].  

In this paper, a technology-affordance approach [10], [11] 
has been adopted to understanding existing studies and analysing 
children’s interactions with a specific mobile app about maths.  
The first objective of this paper was to review existing studies 
about mobile apps and children and produce a first version of an 
evidence-based evaluation framework (coined as MAD learn) 
detailing affordances that can hinder or help children’s learning 
when interacting with apps. This framework should be seen as a 
starting point to informing the process of designing or choosing 
mobile apps for children. The second objective of this paper was 
to trial an approach to understanding how the design affordances 
of mobile apps may facilitate or hinder maths learning in young 
children. Technology affordances are perceived as dynamic, 
rather than static, socially shaped and co-constructed through 
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interactions between children and mobile apps (See Section II).  
The approach consisted of two stages: first, visualisations of the 
app under study were produced in order to identify and record 
its learning design affordances and how these relate to certain 
actions by the users. Second, the app was tested with 17 children 
to identify how design affordances are used or appropriated by 
end users. This was achieved through screen and audio 
recordings and analysis of 15-20-minute individual sessions 
with the app.  The mobile app under study was Moose Math.   

II. TECHNOLOGY AFFORDANCE THEORY  

Technology Affordance is a theoretical approach from the 
field of Human Computer Interaction (HCI) originally proposed 
by Gibson [10] and elaborated by Norman [12] and Kaptelinin 
and Nardi [11]. It refers to the actionable possibilities that are 
enabled or allowed by a tool or technology. Affordances can be 
‘canonical’ [13] that is the conventional and normative 
actionable possibilities of tools or technologies. For example, the 
‘canonical affordance’ of a cup is to drink liquids, and that of a 
help button in an app to be pressed and get guidance. Canonical 
affordances are appropriated by users, for example the use of a 
cup to hold pencils or throwing items on the help button to 
produce noises. Tool or technology affordances can be adjusted 
to situational needs, as defined by users. Affordances either 
enable or constrain actions, yet user choice or agency is what 
determines how the technology will be used and how canonical 
affordances, or affordances defined by technology designers, 
will be modified and repurposed in practice. Affordances are 
relative to the user and depend on their ability [14].  

In the domain of maths, the theory of affordances has been 
used to understand children’s access and use of Virtual 
Manipulatives (VM). A meta-analysis of 66 reports [15] 
identified that five inter-related affordances promote maths 
learning: (1) focused constraint – focusing student attention on 
specific aspects of the objects and mathematical processes, thus 
supporting the process of computation and abstraction, (2) 
creative  variation – allowing students to produce their own 
representations, thus encouraging experimentation and 
creativity, (3) simultaneous linking – linking the student with the 
representation by allowing interaction with graphical, abstract, 
and dynamic representations, (4) efficient precision – providing 
students with maths fidelity through precise examples and 
various copies of dynamic objects, and (5) motivation – students 
are perceiving the VM as enjoyable, engaging and interesting.  

These affordances were replicated in a follow up study [14] 
focusing explicitly on the affordances-ability relationship. 
Affordances were used in varied ways (in terms of access and 
degree of use) depending on children’s ability, while the 
children’s ability changed over time influencing their ability to 
access and the degree to which they used specific affordances. 
The context, such as characteristics of the task and perceptions 
of it as being easy or difficult, influenced affordance access. In 
the same line of work, 95 potentially helping or hindering 
affordances were identified after 100 children, 3-8 years old, 
interacted with 18 mobile apps using VM [16]. An example of a 
hindering affordance is the difficulty to drag a tiny block. An 
example of a helping affordance is the app affording (providing) 
the correct answer. Helping affordances were related to positive 
changes between pre- and post-tests whereas the same 

affordances were helping for some children and hindering for 
others.  

Similarly, Falloon [17] analysed the screen-recordings of 18 
five years old who interacted with 45 mobile apps about literacy, 
numeracy, thinking and problem solving skills and identified 
design features that (a) support learning including scaffolds, 
specific types of feedback and instructions such as apps that 
resemble the traditional teaching model of a person teaching, the 
provision of text-to-speech (automatic or as an option) 
instructions, and corrective feedback (pop-ups or dialogues),  (b) 
inhibit learning including certain types of feedback and 
instruction, game/learning imbalance, restricted content such as 
non-corrective feedback, external web-links, and pop-up 
advertisements, and (c) app-specific features that structure 
interaction such as access to settings, time limits, levelling up. 
The absence of any structure led children spend time mostly on 
the gaming elements of the apps rather than the learning ones.  

Overall, there is limited research available showing how 
children make use of mobile apps and how certain design 
features facilitate or inhibit learning. In a systematic review of 
studies with young children, Herodotou [3] summarized the 
following design features as facilitating learning: (a) the 
interactivity of mobile apps, as opposed to a video version, was 
shown to support near, yet not far transfer of learning, (b) 
narration and highlight functions related to enhanced reading 
performance, (c) open‐ended tasks, variety of representations 
and varied levels of difficulty supported refinement of maths 
ideas, (d)  extrinsic feedback was not shown to support writing 
on a mobile device, as opposed to naturally occurring feedback 
when writing on a paper, and (e) character familiarity was shown 
to have no effects on learning. 

Table 1 (see end of text) introduces a first version of the 
Mobile App Design evaluation framework for learning (MAD 
learn). MAD learn summarizes app design features that have 
shown to relate to learning. These features emerged from 
relevant research and either facilitate or hinder children’s 
learning with apps. They have been grouped in eight categories 
as follows: main figure, feedback, instructions, highlighting 
information, constraints, linking multiple representations, 
experimentation, and other features such as progression, sounds, 
and language.  

III. METHODOLOGY 

A. Sample 

 As part of the project mEvaluate funded by the British 
Academy, five schools were identified through advertisement in 
teacher association networks and were self-selected to take part 
in the project. In this paper, data presented are from one of the 
schools in which 17 children from Year 1 and Reception took 
part in the study (5-6 years old). The school presented a larger 
than the national average concentration of disadvantaged 
students (minority ethnic groups, English as an additional 
language, free school meal, children in care or adopted, and pupil 
premium). Mobile devices (tablets and iPads) were provided by 
the researchers. 
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B. Process of Data Collection  

 Participating children had eight sessions with the mobile app 
of 15-20 minutes each, across four weeks. The purpose of the 
implementation was to assess the impact of using the app on 
maths learning through pre- and post-tests. Outcomes from this 
analysis, reported in a separate publication, shown equally good 
outcomes between the control group (engaged in maths practice 
as usual) and the intervention group (using the app). In this 
paper, the first session of the implementation is analysed. This 
session was audio- and screen-recorded with support from a 
researcher, as a means to trial the proposed approach to 
analysing children’s interaction with the app and get an in-depth 
understanding of how children interacted with the app. Children 
worked individually (one device per child) with the devices. No 
guidance or help was provided by the teacher or the researcher, 
unless technical difficulties inhibited a child’s interaction with 
the app.  

C. Moose Math: The App Under Study  

Moose Math is a drill and practice app mainly targeting 
remembering/recalling of, for example, simple addition and 
subtraction tasks and counting. It mostly promotes practicing of 
already known knowledge rather than development of new 
maths skills such as unpacking the process of adding quantities 
or numbers. It is an ‘instructive app’ [18] with external game-
like rewards. At the point of writing, it is rated with 4.5/5 (iOS) 
and 4.4/5 (100,000+ installs) (Google store). Participating 
children were asked to interact with specific activities from the 
app that were deemed suitable to their age, in particular the Juice 
Mixer giving children some numbers and asking them to add the 
corresponding quantity of fruits in a mixer, Pets asking children 
to match Arabic numbers or number of dots between two pets, 
and Pets Bingo asking children to find the correct answer to a 
math sentence from a given square of numbers.  

The app was selected based on the following: (a) free maths 
apps available in both the Apple and Google stores, (b) apps not 
used in previous published work, to expand rather than replicate 
existing studies, and (c) good rated apps. After reviewing the 
design of relevant apps, existing apps could be grouped in three 
main categories: (i) math apps linked to artefacts, (ii) drill and 
practice apps with external rewards, and (iii) apps that combined 
gaming and learning elements, for example a racing maths game. 
In this paper, we present how the design affordances of apps in 
the second category may relate to learning. 

D. Analysis of Screen Recordings 

The video analysis is based on the screen and audio 
recordings of the first session during which 17 children 
interacted with the app. The screen recording captured children’s 
actions on the screen and their decision-making while interacting 
with the app. The audio recording captured children’s verbal 
interactions such as excitement, boredom, communication with 
peers, the teacher, or the researcher. Video recordings lasted for 
an average of 20 minutes (M=20, SD= 5.6). To document the 
video analysis in a systematic manner, the design affordances of 
the app were visualized following the Activity Theory 
framework for analysing serious games (Carvalho et al. 2015). 
This analysis depicted the way game and learning elements 
related to each other and achieved specific learning objectives. 
This framework helped to understand the possibilities and 

limitations of the app and informed about the affordances of the 
app, in particular the app activity sequence, instructions, help, 
and repetition of tasks.  

To document the video analysis, two data analyses rubrics 
were created. A bottom-up approach was followed to creating 
these rubrics, that is, three videos were analysed in a sequence 
noting down different types of information captured by the 
screen and the audio. The aim was to record all observable 
actions a child undertook while using the app. These categories 
were then applied to the analysis of the remaining data, and they 
were as follows: (a) an individual video and audio analysis rubric 
with the following information: activity name, level of activity, 
number of wrong attempts before completing a level, whether 
the level is completed, description of mistakes per level, 
hindering affordances, helping affordances, affordances not 
accessed at all, appropriation of affordances (i.e., unintended by 
designers uses), oral comments by the child, interaction with 
teacher and peers. (b) a synthesis rubric in which information 
from the individual video analysis rubric was combined with 
demographic information. In particular, the following were 
calculated and reported per child:  (i) performance over time as 
measured by the following variables: percentage of levels 
completed (divided by sum of levels attempted), sum of wrong 
attempts before completing a level, type of in-app mistakes.(ii) 
affordance usage as measured by number of interaction with in-
app affordances, and interaction with the teacher and peers, and 
(iii) demographics: age, gender, mobile device and usage, maths 
performance. 

IV. RESULTS 

Fig. 1 depicts a view of the design of the app under study, in 
particular the sequence of activity (all Figures can be also found 
at https://bit.ly/31XbWZV). The app presents three activities 
(‘Houses’) to choose from, i.e., Moose Juice, Pets, Lost and 
Found, each one involving one or two different set of math tasks. 
A reward (i.e., a decoration for a house) is offered prior to 
entering the activity for the first time. Instructions are given after 
selecting a task. Help is available in each task and after touching 
a purple ‘Bird’. Each task can be replayed up to three times. If 
not completed successfully, the app presents a new task. After 
completing a number of tasks, the user levels up. A reward (a 
house decoration) is offered upon completing a level.  Fig. 2 
adopted from Carvalho et al. [19] details the gaming and learning 
elements of the app under study. As shown on the table, the main 
learning elements of the app is to solve a task and receive help. 
The gaming elements relate to building and decorating a house 
and are not conceptually relevant to any of the learning elements. 
A follow-up analysis of the help the app provides (See Fig. 3) 
showed that this can either be automatic or on demand i.e., the 
child has to tab the purple ‘Bird’ to get it.  

 

Fig.1. The learning design of the Moose Math app. 
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Fig 2. The game and learning components of the Moose Math app. 

 

Fig 3. Instructions and help provided by the Moose Math app. 

A detailed analysis of the performance of each child can be 
found at https://bit.ly/39RYYBu. The affordances they did or 
did not access, communication instances, and demographic 
information (age, gender, mobile device usage, maths 
performance) is provided. In this section, an overview of this 
analysis is presented. In terms of previous usage of a mobile 
device, nine of the children had no or limited access to a mobile 
device, while eight of them had frequent or everyday use. The 
great majority of children (n=14) had an average maths 
performance, as assessed by the class teacher.  

 In relation to their interaction with the app, most of the 
children (n=10/17) had less than 100% level completion 
indicating that they could not complete at least some of the 
levels they attempted. Seven children (n=7/17) completed all 
the levels they attempted, yet most of them had one or two 
wrong attempts. Two children only had five wrong attempts 
before managing to complete all the levels successfully. The 
overall number of wrong attempts recorded when playing the 
app ranged between zero and 16. One child had no wrong 
attempts and 100% level completion – she has exceeding 
overall maths performance. One child had 16 wrong attempts 
and a low level of completion (28%). He made systematic use 
of mobile devices (5-6 days per week) at home and his 
performance was average (expected). Similar to other children 
(e.g., Number 7 and Number 11, https://bit.ly/39RYYBu), 
repeated mistakes inhibited level completion. An exploratory 
correlation analysis between demographics data and usage 
performance confirmed this observation; the only two variables 
significantly, yet negatively correlated were the number of 
mistakes made and the percentage of correct answers. The 
greater the percentage of correct answers, the less the number 
of mistakes made (r=-.787, p =.01).  Future studies with a larger 

sample should focus on examining further how certain 
demographics such as age, gender and maths ability may 
explain engagement and learning from maths apps.  

Eight children asked for help from a peer or the teacher, 
some of them more than once. These children were found to be 
uncertain about next steps and confused asking questions such 
as “What do I do if I make a mistake?”. The most commonly 
observed mistake was found in the Mouse Juice activity, when 
children added more or less fruits than needed in the mixer 
(n=12). There may be different explanations to this 
phenomenon; children may have not noticed that numbers 
indicated the amount of fruits required, have not paid attention 
to the instructions, or they did not know how to count correctly. 
Other mistakes observed were: the addition of random fruit 
quantities in the mixer, filling up all the space in the mixer with 
fruits without counting what is needed, filling up the app screen 
with dots, and deleting all given dots and drawing new ones 
from scratch. These activities could be conceived as forms of 
appropriation of the app (See Profile 2, below) [17] as children 
used the app in ways that have rather not been intended by 
designers and did not align with the purpose of the activity. In 
terms of the help button, 11 children did not use it at all, while 
they all had some or many wrong attempts, suggesting that they 
either did not notice that the purple “bird” when touched was 
offering help, or they wanted to work the answer out by 
themselves. In terms of the latter, the audio analysis showed that 
five of these children asked for help from the teacher or other 
children multiple times, indicating that they were in need for 
some help and that they had not realised that help could be 
found in the app. In terms of the children who made use of the 
help button, this was not found to be helpful in the majority of 
the cases; after accessing it multiple times, the children’s 
performance did not change, as they did not manage to find the 
correct answer or they requested further help from peers, in 
addition to accessing the help button.  

 The interaction of children with the app was further 
analysed in relation to how affordances were accessed or used 
and whether they helped or hindered learning, as evidenced in 
children’s subsequent actions and their performance in the 
activities. The analysis of children’s interactions with the app, 
as captured by the rubrics, enabled the clustering of children 
based on common characteristics, resulting in four main profiles 
of affordance use. These profiles summarise how children made 
use of the app affordances and in particular whether affordances 
helped or hindered learning. Some children could fit into more 
than one profiles (See Combination of profiles, below). These 
are depicted below with an example from each category:  

1)  Profile 1: Expected Affordance Usage. One 

representative example of this profile is a female child in 

Reception who used the Moose Juice activity. Her overall 

performance in maths was average or expected (as judged by 

the class teacher). She correctly completed 20/21 tasks, with the 

first attempt. She only did one mistake in the first task, in which 

she did not pay attention or understand the oral instructions and 

filled up the entire space of the mixer with fruits. This resulted 

in the wrong answer. She then corrected the mistake and got all 

subsequent answers correct. She did not make use of the help 

button at all and she did not seek help from peers or the teacher. 
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It could be argued that the affordances of the app facilitated or 

did not hinder in any way her performance.    

2)  Profile 2: Unexpected Affordance Usage. This profile 

refers to instances of app appropriation or use that is unintended 

by designers [17]. One representative example of this profile is 

a female child in Year 1, using the Pets activity.  She correctly 

completed 14/14 tasks, and she had two wrong attempts. One of 

the tasks asked children to match the number of dots across two 

pets. The ‘child’ pet showed three dots and the ‘parent’ pet 

showed only one dot, requesting the addition of two more dots. 

This child in her first attempt added three, instead of two dots, 

and received feedback that this is the wrong answer. In her 

second attempt, she deleted the given dot on the ‘parent’ pet and 

drew from scratch three new dots. This is the approach she 

followed in all other tasks where some dots were given, and 

children were requested to add the missing quantity. She did not 

make use of the help button (‘Bird’). At some point and after 

listening to the automated oral instructions, she requested help 

from another child in order to proceed with the task. 

3)  Profile 3: Hindering (or non-helping) Affordances. One 

representative example from this profile is a female child from 

Reception, using the Moose juice activity.  She completed 2 out 

of 8 tasks, and she had wrong attempts in 7 tasks. In the first 7 

tasks, she kept adding wrong quantities in the mixer ignoring or 

not noticing the number indication. It is noted that the number 

is flashing the first time the task is completed and that oral 

instructions point to the number. The automated oral 

instructions did not help the child modify their approach. The 

child did so only after the teacher pointed to her the number of 

fruits next to the mixer. She did not access the app help (‘Bird’) 

yet sought help from the teacher. In this case, app affordances 

including the oral instructions, the number indication and the 

help button did not help the child overcome the difficulty she 

was facing.   

4) Combination of Profiles (Profiles 2 and 3). One 

representative example of a child that fits into two profiles is a 

male child from Reception, using the Moose Juice activity. He 

had 6/21 correct tasks, and he had wrong attempts in 16 tasks. 

The five tasks he completed correctly asked for only one type 

of fruit to be added to the mixer. In all other tasks requesting to 

mix two or more types of fruits together, he was unsuccessful. 

He was repeating the following mistake: he was adding only 

one type of fruit, despite the automated oral instructions 

explaining what it should be done. He accessed the help button 

(‘Bird’) five times, yet this was not effective as he did not 

manage to find the correct answer.  At three different instances, 

he deviated from the learning objective of the activity, and 

“shoot” pieces of fruits on the ‘Bird’, often saying out loud: 

“'Fire!". Throwing pieces of fruits to the bird could be seen as a 

form of appropriation or non-expected affordance use (See 

Profile 2). 

V. DISCUSSION  

In this paper, a first version of an evidence-based affordance 
app framework, the Mobile App Design evaluation framework 

for learning (MAD learn) has been introduced. MAD learn 
presents a number of app affordances that were shown to either 
hinder or help children’s learning when interacting with 
learning apps. These affordances have been grouped in eight 
categories: main figure, feedback, instructions, highlighting 
information, constraints, linking multiple representations, 
experimentation, and other features such as progression, 
sounds, and language. MAD learn should be seen as a starting 
point for the design of educational apps that are grounded on 
evidence from research and are considering for how certain app 
features may enable or inhibit learning progress and 
achievement. The proposed features should be perceived as 
dynamic, suggesting that they may be appropriated differently 
depending on the abilities, previous experiences, age etc. of 
children. For example, a hindering feature may trigger 
persistency and contribute to the successful completion of a 
task, depending on the age of a child [20].  

To understand how children may actually perceive and 
appropriate app features, a methodology has been presented and 
trialled with 17 children. This is comprised of two steps: a) an 
analysis of the learning design and the learning elements of an 
app, thus visualising its features and qualities and b) a followed-
up empirical examination of the app and its features with 
children, which reveals how these features are appropriated by 
certain children. In this paper, the analysis of 17 screen and 
audio recording videos provided insights that explain how the 
design affordances of a maths app may facilitate or hinder 
completion of a set of maths tasks. Overall, it was revealed that 
affordances including in-app instructions, task feedback, and 
help-on-demand may not be perceived in a similar manner by 
children. In terms of oral instructions about how to complete a 
task and the task feedback (whether the task is correct or 
wrong), some children were found to ‘adhere’ to them and were 
successful in correctly completing the task in hand. Yet, other 
children did not access, did not understand, or did not pay 
attention to them and used the app in unexpected ways. In terms 
of the help-on-demand, some children did not notice or choose 
not to access the help button at all. Instead, they requested help 
from peers and the teacher in the face of difficulties. Other 
children did access the help button and received additional oral 
and visual help from the app, yet this feedback was not effective 
as it did not help them to modify their learning strategy and find 
the correct answer. 

Children’s interactions with the app were clustered into the 
following profiles: (a) Profile 1: Expected affordance usage. 
This profile refers to children who used the app as ‘expected’ or 
as ‘intended’ by designers. These children had few or no 
mistakes and completed most of the given tasks they attempted 
with no major difficulty. (b) Profile 2: Unexpected affordance 
usage.  This profile refers to children who used the app in 
unexpected ways or children who appropriated the app. 
Examples of unexpected uses are: the addition of random fruit 
quantities in the mixer, filling up all the space in the mixer with 
fruits, filling up the app screen with dots, deleting all given dots 
and drawing dots from scratch, and ‘firing’ fruits on the ‘bird’. 
These unexpected uses suggest that children may have not paid 
attention or understood the in-app oral instructions, or if they 
understood these, they sought to experiment with the app 
functionality, suggesting that children would endorse a degree 
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of flexibility in the design of apps. (c) Profile 3: Hindering (or 
non-helping) affordances. This profile refers to children who 
faced considerable challenges when completing the in-app 
tasks. The app instructions, task feedback and help-on-demand 
were less supportive of their learning as they did not scaffold 
the children in overcoming difficulties and complete the 
learning tasks. 

The app under study could be described as instructive [18]; 
it is mostly a drill and practice app, with game-like external 
rewards. Its design reflects the design of the great majority of 
learning apps available in the market (see also [21]). The 
strengths of this type of learning design is the potential to 
provide immediate feedback and automate simple skills such as 
addition of small sums through repetition (ibid). What was 
shown in this study is that one of the advantages of this app, that 
is the provision of immediate feedback, in a number of cases 
did not scaffold successfully young children, help them to 
modify their learning strategy and complete the learning tasks. 
As shown in Fig. 3, the task feedback (received after completing 
a task) is verbal and emotional in nature (e.g., Let’s try again or 
Looks delicious) or at a ‘self-level’ referring to personal 
evaluations and affect in the form of reinforcement [22]. In 
contrast, help-on-demand provides feedback at a ‘task-level’, 
that is instructions about how to proceed (ibid). These 
instructions are verbal, written, and graphical (images) (see Fig 
3). What it is suggested as the most beneficial form of feedback 
for supporting learning is elaborative feedback, that is 
explanations as to why an answer is correct or wrong, and/or 
cues and suggestions as to how to modify a response [23]. In 
Moose Math, elaborative feedback is provided in the help-on-
demand, yet not in the task feedback, suggesting that the latter 
could be enhanced by explaining to learners why an answer is 
correct or wrong. Also, the verbal, written and graphical 
provision of elaborative feedback in the help-on-demand was 
not shown to be effective in this study, suggesting that designers 
should seek to test other ways of providing elaborative feedback 
to young children. A suggestion could be the provision of visual 
clues that showcase how to move items on the screen and 
complete a task as well as verbally describing the actions 
needed for finding the correct answer. These observations 
suggest that the specific app, when used by certain children, 
should be supported by more knowledgeable others (parents, 
siblings, teachers etc) that could provide additional scaffolding 
when needed rather than used as a stand-alone app.  

In addition, the location and size of interactive elements 
such as the help-on-demand button may explain the poor 
performance of some children. It may be the case that the size 
of the help button was too small for children to notice or placed 
on the screen in a position that was not prominent enough for 
children to identify and interact with. In other instances and 
aligning with existing studies [20], children may have found it 
hard to move with precision items on the screen, resulting in 
mistakes in the learning task. It is noted that this was the first 
time children interacted with the app under study and the lack 
of familiarity or experience in using the app may explain some 
of the mistakes observed and why some features were found to 
hinder learning. As a follow-up of this study, the video 
recordings of the last session of children’s interaction with the 
app will be analysed and compared in order to identify how 

familiarity with the app may affect affordances and 
performance. 

Learning of basic maths concepts such as addition, 
subtraction and multiplication requires engagement with 
multiple representations at the concrete, representational and 
abstract level [24]. Learning has shown to be effective when it 
initiates with solving problems with concrete objects, moves to 
solving problems with representational drawing (dots, lines 
etc.) and finally solving problems without any support [25]. In 
the app under study, children progress through the app by 
completing levels. A closer inspection of the type of activities 
in these levels reveals that in, for example, the Moose Juice 
activity, there is an increase in the level of difficulty between 
Level 1 and next levels. Level 1 requests addition of one type 
of fruit in the mixer while in subsequent levels is a mixture of 
Level 1 tasks and tasks requesting addition of more than one 
type of fruits in the mixer (e.g., 2 bananas + 3 pears). Similarly, 
in the Pets activity, Level 1 requests to match the number of 
dots (graphical representation of dots) or the Arabic 
representation (e.g., 4). In subsequent levels, there is a mixture 
of Level 1 tasks and tasks that require to match the number of 
dots and their colour or some dots are given, and children are 
asked to add the missing ones. Yet, the sequence/ordering of 
tasks does not consistently progress from concrete to abstract 
tasks or from easy to difficult levels. Aligning with existing 
research on how children learn maths (e.g., [26]) lower levels 
should have been structured around graphical number 
representations only, subsequent levels should combine 
graphics with Arabic numbers and the ‘difficult’ levels should 
present tasks with numbers only, thus catering for the transition 
from representational to abstract levels. Concrete 
representations could be catered if manipulatives (real objects) 
or in-app virtual manipulatives were used alongside the app.    

VI. CONCLUSIONS 

This paper flags the need for a systematic examination of 
the design affordances of mobile apps in order to test and isolate 
the effects of different design affordances on children’s learning 
and understanding, especially when the apps are used under 
self-regulated learning conditions and with no support from 
others. In this paper, the MAD learn framework was introduced 
as a means to provide evidence-based recommendations about 
how to design apps that facilitate learning. Also, a 
methodological approach, presented and trialled with 17 
children, provided insights as to how to assess the affordances 
of apps before shared in the market. Both the MAD learn 
framework and the proposed methodological approach should 
be treated as an example of how researchers and designers could 
examine in a systematic manner the design affordances of their 
app and enable understanding of whether and how the design 
can support or hinder children’s interactions and task 
completion.  

Insights from the observational study are enriching the MAD 
learn framework in three categories: (i) Feedback – the 
provision of in-app feedback should be heavily considered as a 
critical component of app design; this study suggests that 
sufficient and elaborative feedback is needed to promote 
learning and support error recovery, (ii) Experimentation - a 
degree of design flexibility could cater for different learning 
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capabilities and meet children’s need for digital exploration, 
and (iii) Other features in relation to how children learn certain 
maths concepts. A good understanding of existing evidence 
about how children learn maths concepts (e.g., concrete to 
abstract representations to learn addition), what misconceptions 
and errors they often make when completing tasks without the 
support of technology, and what strategies should be used to 
overcome these errors should inform the design of relevant 
math apps. Issues such as the ordering or sequence of activities 
(and accompanied level of difficulty) should be informed by 
existing research evidence. 

Overall, a more rigorous approach to designing educational 
apps should be adopted. Any app that is deemed to be 
educational should be tested with children prior to its market 
release to identify how app affordances are perceived by 
different children, given their developmental competencies and 
needs. Evaluation studies with children should be incorporated 
into the lifecycle of an app development as a core component, 
and ideally managed and delivered by learning experts. As 
shown in this study, a suitable way of capturing and 
understanding children’s interaction with app affordances is the 
visualisation of its affordances accompanied by screen and 
audio recording analysis. Ideally, children’s interactions should 
be captured using mobile learning analytics algorithms, that can 
enable automatic data collection and more fine-grained 
analysis.  

TABLE I.  THE MAD LEARN FRAMEWORK 

Design 

Features 

MAD learn framework 

Facilitating 

/ Hindering 

Related 

study 
More details 

1. Main Figure 

Figure/hero 

with pause 

screen and 

timed 

questions   

Facilitating 
Falloon, 

2013 [17] 

A figure/hero communicating 

objectives before introducing 

teaching concepts, using 

examples and modelling, and 

asking prompting questions.   

Character 

familiarity  
Hindering 

Schroeder 

& 

Kirkorian, 

2016 [27] 

Character familiarity was 

shown to have no positive 

effects on learning.  

2. Feedback 

Corrective 

feedback  

  

Facilitating 
Falloon 

2013 [17] 

Pop-ups or dialogues about 

where changes should be 

made or where thinking is 

required. 

Multiple 

representati

ons of 

feedback 

Facilitating 

Moyer-

Packenha

m et al., 

2016 [16] 

Accuracy feedback in one or 

more of three ways: visual 

(e.g., pictures), auditory (e.g., 

sounds, oral praise) and 

numerical (coins and score). 

Extrinsic 

feedback on 

writing tasks  

Hindering 

Patchan & 

Puranik, 

2016[28] 

  

Extrinsic feedback was 

shown to not support writing 

on a mobile device over 

naturally occurring feedback 

when writing on a paper. 

3. Instructions 

Spoken 

instructions  
Facilitating 

Falloon, 

2013 [17] 

Instructions (or content) are 

spoken, can be replayed or 

played automatically at 

intervals or after an incorrect 

answer.  

Tutorials 

and Hints 
Facilitating 

Moyer-

Packenha

Information tutorials and 

hints that explain the activity 

Design 

Features 

MAD learn framework 

Facilitating 

/ Hindering 

Related 

study 
More details 

m et al., 

2016  [16] 
or the game features or show 

what to do next. 

 Narration  Facilitating 
Masataka, 

2014 [29] 

  

Narration related to enhanced 

reading performance.  

4. Highlighting information 

Highlighting Facilitating 
Masataka, 

2014 [29] 

  

Highlight functions related to 

enhanced reading 

performance.  

Pointing Facilitating 
Falloon 

2013 [17] 

Word highlighting and 

pointing e.g., where the app 

was reading supporting 

learning. 

  

5. Constraints 

Restricting 

certain 

interactive 

features  

Facilitating 
Falloon, 

2013 [17] 

Embedded constraints, such 

as restricting children from 

working with certain field 

e.g., playing with props, 

allows for spending 

prolonged time on such 

activities (this helps self-

management), time limits to 

playing with such activities, 

randomly guessing answers 

before time is up. 

  

 Limiting 

options 
Facilitating 

Moyer-

Packenha

m et al. 

2016; 

Moyer-

Packenha

m & 

Westensko

w, 

2013[15], 

[16] 

Focused constraint e.g., 

constraining the number of 

decimals needed to solve a 

problem helping children 

focus on what the answer 

may be  

Easy of 

moving 

objects   

Hindering  
Bullock et 

al., 2017 

[20] 

Difficulty in moving objects 

around, hindering the process 

of sense-making  

6. Linking multiple representations 

Multiple 

representati

ons  

Facilitating 

Moyer-

Packenha

m & 

Westensko

w, 

2013[15] 

Simultaneous linking e.g.,  

linking the student with the 

representation by allowing 

interaction with graphical, 

abstract, 

and dynamic representations. 

Linked 

representati

ons 

Facilitating 

Moyer-

Packenha

m et al. 

2016 [16] 

e.g., implicit magnitude link 

between the size of animals 

and the size of the numbers 

on the line, linking words 

with shapes. 

Linked 

physical 

actions  

Facilitating 

Moyer-

Packenha

m et al. 

2016[16]  

Embodied actions as part of 

the design of the app (e.g. 

asked children to trace shapes 

with their fingers) can link 

concrete/sensory 

representations with the 

symbolic or abstract ones. 

Multiple, 

precise 

examples  

Facilitating 

Moyer-

Packenha

m & 

Westensko

w, 

2013[15] 

Efficient precision – 

providing students with 

maths fidelity through precise 

examples and various copies 

of dynamic objects. 

7. Experimentation 

Opportunitie

s for 

creating 

artefacts 

Facilitating 
 Watts et 

al., 

2016[30] 

Creative variation – allowing 

students to produce their own 
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Design 

Features 

MAD learn framework 

Facilitating 

/ Hindering 

Related 

study 
More details 

representations, thus 

encouraging experimentation 

and creativity. 

Open-ended 

tasks  
Facilitating 

Watts et 

al., 

2015[30] 

Open‐ended tasks supported 

refinement of maths ideas.  

Check 

before 

responding  

Facilitating 
Falloon, 

2013[17] 

Ability to check a response 

before final submission (trial 

ideas before making a 

decision). 

  

Multiple 

attempts  
Facilitating 

Moyer-

Packenha

m et al. 

2016[16] 

Unlimited/multiple attempts 

to reach a goal allows for 

improvements in performance 

and students are less likely to 

quit. 

8. Other features 

Levelling up 

/progression 
Facilitating 

Falloon 

2013; 

Watts et 

al., 

2016[17], 

[30] 

Progressive levels providing 

scaffolded support from e.g., 

easy to complex shapes 

  

Automated 

features  
Facilitating 

Moyer-

Packenha

m et al. 

2016[16]  

Game efficiency features that 

make certain actions 

automated or easier such as 

zooming features. 

Weblinks Hindering 
Falloon, 

2013[17] 

Embedded external web links 

  

Advertiseme

nts 
Hindering 

Falloon, 

2013[17] 

Pop-up or banner 

advertisements  

  

Language Hindering 
Falloon, 

2013[17] 

Culture specific terms, nouns 

or accents.  

Sounds Hindering  
Bullock et 

al., 2017 

[20] 

Sound distractions shown to 

hinder learning. 
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Abstract—Large collections of paintings have been digitized
by museums (e.g. The Metropolitan Museum of Art, New-
York, USA) and companies such as Google. These resources can
be provided to a wide audience through virtual reality as an
instructional means to fully convey the size and the magnificence
of these paintings. Accessing these resources in an immersive
virtual environment can be beneficial to all the students who live
far away from museums. In addition, making these resources
available to a wide audience answers a current need related to
the closure of many museums, because of the Covid-19 pandemic.
This paper provides a description of a fully immersive virtual
reality museum where 1000 paintings can be accessed in two
modes: individually (one painting per room), or in galleries
(multiple paintings in a room) using procedural generation.
More importantly, the proposed application provides a means
for museums and art instructors to insert their own collections
of paintings. Such an approach aims at improving the transition
of high resolution images of paintings into art galleries in virtual
reality. The application has been deployed on the Steam platform,
is available for free, and has been evaluated positively by users,
suggesting a high interest for such an application.

Index Terms—virtual reality, art, museum, history

I. INTRODUCTION

Immersive learning technologies using virtual reality (VR)
and advanced computer applications enable realistic creations
of simulated environments [1]. VR has gained a growing
interest among educational technology practitioners thanks to
consumer grade VR headsets. As there are multiple kinds
of headsets, there are different hardware requirements and
different types of controllers. This variety puts constraints
on the functionalities of the user interface. VR gives an
opportunity for developing immersive learning approaches to
support learners across the full span of learning. Immersive
technologies represent a novel means of interaction with
the environment [2]. They represent an active approach to
learning and are intended to facilitate better, deeper learning
of competencies, which are relevant for success [3]. The
implementation of immersive learning technologies includes
many challenges in formal and informal learning [4], [5].
Immersion is defined as the subjective impression that one
is participating in a comprehensive, realistic experience [6].
Education can be enhanced by immersing the user into a digital
environment that sets the user directly with the instructional
material. Data visualization plays an important role for inter-
preting complex data [7]; it is important to allow students to
experience learning materials through different perspectives,
such as through different vantage points.

Art galleries and museums both enable people to explore
art and culture. For an art gallery, the perspective of be-
ing inside enables users’ actional immersion and motivation
through embodied, concrete learning. Furthermore, an immer-
sive learning environment can develop education experiences
through situated learning [8]. Situated learning focuses on the
relationship between learning and the social situation in which
it occurs [9]. A situated learning experience using a VR art
gallery aims at providing a realistic experience. This realistic
environment enhances transfer, defined as the application of
knowledge acquired in a given situation to another place. It
is worth noting that a high degree of immersion has some
drawbacks: it may cause a lack of awareness of both time
and the real world [10]. In such a case, the application must
include visual cues like the SteamVR Chaperone component
to signify to the user the frontier between the soft and hard
bounds of the VR interaction area.

In this paper, we propose and describe a new adaptive
art gallery in a fully immersive virtual reality environment.
This software is designed for being easily extended by non-
software engineering/VR experts, so more paintings can be
added, art galleries can be easily created by art instructors,
museum curators who wish to deploy art collections to virtual
reality. In addition, the proposed software aims at providing
an immersive learning environment for students in art history
and a tool for instructors to build the museum content. Indeed,
current VR art galleries lack the ability to modify the content
to set learning materials that are specifically aligned with the
desired learning outcomes set by the instructor [11]. An im-
mersive VR art gallery puts the user - student or other person
- in a meaningful context [12], [13]. It can be considered as
a pedagogical support for an illustration of art history.

The American Alliance of Museums states that museums
receive approximately 55 million visits each year from stu-
dents in school groups. With the Covid-19 pandemic, museums
are closed and prevent millions of students from visiting
art galleries. While it was reported that in 2012 37% of
museums were free at all times or had suggested admission
fees only; nearly all the rest offered discounts or free ad-
mission days [14]. Students typically learn about art history
through images of famous works in textbooks and multimedia
documents that are displayed on a computer screen. These
electronic visual displays suppress the perception of size,
texture, and lighting that can be experienced while viewing
the original work. To solve this change of perception, an
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immersive virtual environment can add the perception of size,
lighting, and texture.

An immersive learning application must possess a meta
aspect in the sense that it must be easy to modify the ap-
plication to add new content and allow users to customize the
content as much as possible. This is why the proposed software
simplifies the addition of new content. Instructors must be able
to add new paintings and their associated metadata, and create
compelling art galleries with rich content. A VR art gallery
was presented in [15] that could only be used with an HTC
Vive headset, with no galleries and only 15 paintings. The
system described in this paper includes 1000 paintings from
famous artists, using freely available resources, and organized
into 65 galleries (each gallery is dedicated to one or more
painters of the same art movement).

The contributions of this paper are 1) the description of a
fully immersive virtual reality museum for displaying paint-
ings individually or through galleries, 2) the analysis related
to the positioning of the paintings, and the organization of
paintings within galleries, and 3) the software development
cycle that includes user feedback over time.

The remainder of the paper is organized as follows: Related
studies in virtual reality are first presented in Section II. Then,
the system overview is provided in Section III. The data and
the evaluation are presented in Sections IV and V. The project
outcomes for art galleries, libraries, archives, and museums are
discussed in Section VI.

II. RELATED WORKS

Virtual reality has been used in education and training [16].
Immersive learning technologies are used in various fields
such as medical applications [17]–[19], engineering [20], and
chemical education [21]. VR has been used as a platform
for improving online education experiences [22]. Immersive
learning has been used for the creation of realistic simulations
for military training [23]. Virtual reality is now fully integrated
in the context of art, for the creation of 3D art using tools such
as Tiltbrush (Google), or for the short animated sequences that
place the user directly in the center of the scene. RiftArt allows
teachers to configure virtual museum rooms, with artwork
models inside (i.e. sculptures), and enhance them with multi-
modal annotation [24]. This application can be visualized on
large screens and head mounted displays. In [25], the spectator
explores an interactive visual and musical representation of
the main periods of the history of Western music through
an immersive experience. Free VR experiences containing art
galleries are available to the public; their contents are various,
including a combination of paintings and/or sculptures. With
the Google Arts & Culture app and a virtual reality headset
such as Google Cardboard, it is possible to take a virtual
tour of various museums. The Google Art Project incorpo-
rates Google’s Street View technology, enabling users to visit
museums through a 3D digital reproduction of these physical
spaces. Other VR applications include “The VR Museum
of Fine Art” by Finn Sinclair [26] that has both famous
paintings and sculptures. It is worth noting that it includes

an architecture that enhances the museum experience, with a
counter and a refreshment bar. There is also the Smithsonian
American Art Museum “Beyond The Walls” by the Smithso-
nian American Art Museum [27]. The Infinite Art Museum is
a permanent virtual reality museum and archive of art with a
collection of over 800 original paintings, illustrations, digital
art and photographs from artists around the world [28]. The
idea of virtual museums is not recent as technology [29],
[30]. However, the implementation of a fully immersive VR
environment is more recent [31]. Furthermore, VR based
environments provide great opportunities in cultural heritage
for research and communication, going beyond the educational
aspect [32], [33].

III. SYSTEM OVERVIEW

Each painting is defined by an identifier, a file name that
specifies the image location, a title, an array of authors as
a painting can have multiple authors, the art movement of
the painter(s), a date, a year, a description, a medium (e.g.
wood panel, oil on canvas), a location (the museum where the
painting is currently located), and a size (width and height
in meters). An author is defined by a first name and a last
name. For paintings, the date is often given as a string, e.g.
circa 1870, between 1650 and 1655, from 1650 to 1650,
requiring the data to be processed to obtain a representative
year (an integer) that can then be used to sort the painting
by date. In this description, we assume that all the painters
of a given painting belong to the same art movement. The
location is defined by the name of the museum where the
painting is currently located, with the city name and country.
The information related to each painting is presented on a
panel below each painting.

The curator must select and determine the location of the
paintings, while estimating the journey of the visitors through
the art galleries. Compared to a real museum, the space is
limitless (the size of the room) and there are no constraints
for the architecture of the rooms. It is possible to place as
many desired paintings in a room. It is however important
to keep in mind the loading time when switching scenes. The
curator of a virtual reality based art gallery can also determine
the default position of the user when arriving in a gallery, or
when a painting is presented in front of the viewer. The user
can be placed directly at a desired position when arriving in
a room.

To simplify the addition of new content in the application,
the system determines automatically 1) the size of the room,
2) the position of the paintings, and 3) the default position
of the user. In [15], the rooms were created automatically
based on the width and height of the painting, and the field
of view. However, it was observed that the rules could be
improved. For instance, only the horizontal field of view was
taken into account in [15]. Here, we propose to consider both
the horizontal and vertical field of view for placing the user in
the room. Humans have a slightly over 210 degree forward-
facing horizontal arc of their visual field. The vertical range
of the visual field in humans is around 150 degrees.
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Fig. 1. Schematic view of the top of the individual (top) and gallery (bottom)
scenes.

The system includes two parts (see Fig. 1). In the first part, it
is possible to browse among the set of paintings in a sequential
way (see Fig. 4). It is possible to sort the paintings by date,
painter, size, and location (in ascending and descending order).
In the second part, it is possible to browse among galleries
(see Fig. 5). Each gallery is composed of two sequences of
paintings that are displayed on two sides of the wall. The
paintings and the galleries metadata are described with the
jSON (JavaScript Object Notation) data format. jSON is a
text syntax that facilitates structured data interchange between
all programming languages, it can be easily edited by non-
experts. The structure of a painting is displayed in the Fig. 2.
The example shows a painting with two painters.

{
"id": 101,
"filename": "

vanEyck_Hubert_GhentAltarpiece.
jpg",

"title": "Ghent Altarpiece",
"author": [
{
"firstname": "Hubert",
"lastname": "van Eyck",
"nationality": "Flemish",
"date_born": "01/01/1366",
"date_died": "09/18/1426"
},
{
"firstname": "Jan",
"lastname": "van Eyck",
"nationality": "Flemish",
"date_born": "01/01/1390",
"date_died": "06/23/1441"
}
],
"movement": "Northern Rennaissance",
"date": "1432",
"year": 1432,
"description": "",
"genre": "religious",
"medium": "Oil on oak panel",
"location": "St Bavo’s Cathedral,

Ghent, Belgium",
"size_y": 3.4,
"size_x": 4.6
}

Fig. 2. Code listings for painting structure example.

The structure of a gallery is given in the Fig. 3. It includes
a description of the gallery and two arrays (ListPaintingA

{
"ListGallery": [
{
"description":"Early Renaissance",
"ListPaintingA": [ ... ],
"ListPaintingB": [ ... ]

},
{
"description": "Botticelli",
"ListPaintingA": [ ... ]
"ListPaintingB": [ ... ]

}]}

Fig. 3. Code listings for gallery structure example.

and ListPaintingB) containing the list of paintings that are
presented on each side of the room. The size of the room, the
position of the paintings, and the default position of the user
are all determined automatically so an instructor can focus on
the paintings. The size of a room containing an individual
painting is defined by (Six, Siy, Siz). The position of the
painting of size (Pw × Ph) is defined by (Px, Py, Pz) with
Px = Pw/2 + ∆x; if 1.55 − Ph/2 >= 0.75 then Py = 1.55,
Py = Ph/2+0.75; Pz = Sz with the painting against the wall.
The painting is centered at 1.55 m, unless the painting is too
large and the bottom would not allow the placement of a sign.
The default position of the user is defined by (Ux, Uy, Uz).
Ux is set so the user is in front of the painting at a distance
d defined by:

d = max((
max(Pw, 2Ph)

2
)/tan(

FOV

2
), dmin); (1)

taking into account both the width and height of the painting,
with dmin corresponding to 1 m, and FOV set to 90 degrees.
This default position aims at minimizing the use of the teleport
action in the scene. Therefore, the size of the room is set as:

Six = 2∆x + Pw (2)
Siy = Py + Ph/2 + ∆y) (3)
Siz = d + ∆z (4)

where ∆x and ∆y are both set to 1.5 m, and ∆z is set to 4 m.
These parameters were set empirically with a Valve Index that
has a 130 degrees field of view. We define the size of the
gallery by (Sgx, Sgy, Sgz). The height (Sgy) of the room is
defined as the maximum height for a painting presented in
a single room. The width (Sgz) of the room is defined the
same way as the maximum width for a painting presented in
a single room. The length of the room (Sgx) is based on the
maximum between both sides of the room where the paintings
are placed: Sgx = max(side1, side2) where

side1 = ∆x +

Ng1∑
i=1

(p(i)x + ∆x) (5)

side2 = ∆x +

Ng2∑
i=1

(p(i)x + ∆x) (6)

and ∆x is the desired space between two paintings (∆x =
1.2 m). Once the maximum side is determined, the paintings
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on the other side of the room are balanced so the space
between two paintings is identical. When a gallery is created,
the user is placed in the middle of the gallery; the user can then
move in the scene through teleportation using the thumbstick.

The present project uses the SteamVR2 plugin to allow
the application to be used by various headsets (HTC Vive,
Valve Index, Occulus Rift, Occulus Quest 2, Windows Mixed
Reality), which is a substantial improvement compared to
a previous work for the creation of a VR museum, the
application that was limited to HTC Vive headsets. Such an
approach reduces the exploitation of particular functionalities
of a controller; however it increases the number of potential
users. The user interface is defined as a point & click interface,
where the user can perform only two actions 1) orient the laser
pointer on a button and click for the selection, and 2) teleport
to other places in the scene. The controls are depicted in Fig. 6.
In addition to the teleportation, locomotion can be achieved
by clicking on a painting, the user will move directly towards
the selected painting. Moreover, clicking on the description
of a painting will bring the description directly next to the
user; this feature allows to remain far from the painting while
still being able to read the painting description that is located
underneath (see Fig. 7).

It is possible to enable/disable a magnifying glass next to
each hand, to modify the magnification level, and to change
how the magnifying glass is tilted in relation to the hand
position. This feature allows to appreciate the details of the
painting while remaining in the default position, i.e. where the
whole painting is visible in the field of view. While the quality
of the images vary across the images, some paintings provide
textual information (e.g. date, signature) that user can read.

The user interface panel for each scene (individual paintings
and art galleries) is presented in Fig. 9. The user interface
includes icons for customizing the scene (changing the color
of the painting frames, the color of the ground, and the color
of the walls). Each control has a type button or value, with its
associated font and background colors for when it is selected
and unselected. When the user teleports to other locations in
the room, the user interface is moved next to the user (the
user can determine if the user interface panel appears on the
left or the right side of the user). In addition to the navigation
options, it is possible to select and play classical music.

IV. DATA

A large number of collections are now available online,
free of cost, to be exploited by art history instructors and
educational institutions who wish to present artworks to stu-
dents. High resolution images can be obtained from various
sources, such as wikipedia where famous painters and their
main paintings are proposed. It is worth noting that the number
of paintings depends on the selected language in a wikipedia
page; multiple discrepancies were found between the informa-
tion related to the size and the years of some paintings, with
the height and width being often swapped. The selected images
come from the Google Art project or from the museums where
the paintings are displayed. For instance, the Metropolitan

Museum of Art provides open access images and metadata
of about 300 paintings. The Getty Museum provides 727
high resolution paintings through its Getty Search Gateway
(https://search.getty.edu/gateway/landing). It is worth noting
that the resolution of the paintings vary substantially across
museums; in many instances the low quality of the images
prevent their addition into a virtual reality based art gallery. For
instructional materials for art history, such as paintings from
the Renaissance, images are typically in the public domain.
Images of paintings from ancient painters are in the public
domain because 1) the work is in the public domain in its
country of origin and other countries and areas where the
copyright term is the author’s life plus 100 years or fewer;
2) the work is in the public domain in the United States
because it was published (or registered with the U.S. Copyright
Office) before January 1, 1926. 1000 paintings are present in
the application (the online version can contain more paintings
as more paintings can be easily added), it is currently the
VR art gallery with the largest number of paintings. The
distribution of the paintings is given in Fig. 10. The dates
of these paintings range from 1420 to 1942 (median=1759).
The sizes of the images on the disk are: 4.81 ± 4.40MB
(min=0.107MB, max=26.94MB). The size depends on the
source images that were found in the museum website, or
through the Google Art project. All the images are compressed
in with jpg. The average surface of the paintings is: 2.08±4.93
square meters (min=0.011, max=71.17). The average DPI of
the image 124±106. A large number of digitized images that
are available on the Internet are not suitable for virtual reality
as the resolution is too low. Upscaling images can be a solution
when the resolution is too low; approaches to upscale images
include deep learning convolutional neural networks [34], [35].

V. EVALUATION

The software has been deployed on the Steam platform
and it can be downloaded at this address [36]: https:
//store.steampowered.com/app/1511090/Great Paintings VR/.
The complete list of paintings can be found at:
https://steamcommunity.com/app/1511090/discussions/0/
2994296961838985381/. Steam is a video game digital
distribution service by Valve; Steam was launched as a
standalone software client in 2003; Steam has expanded into
an online web-based and mobile digital storefront. Steam
offers digital rights management (DRM), server hosting,
video streaming, and social networking services. In addition,
it gives the user with installation and automatic updating of
games and applications, with community features (e.g. friends
lists and groups, cloud storage, and in-game voice and chat
functionality). More importantly for the evaluation, Steam
partner provides a way to publish an application and monitor
its evolution. Users are able to give feedback in discussion
(forums), and they are able to write a review and recommend
voluntarily the application or not. The deployment on such a
platform is helpful for obtaining feedback and determining the
needs of the real users. Through a continuous development
process, the users can be directly involved in how the
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Fig. 4. Examples of the scene to browse between individual paintings (sequential access and direct access).

Fig. 5. Examples of art galleries (left: Albrecht Altdorfer and Albrecht Durer; middle: Goya; right: Caravaggio).

Fig. 6. Controls for the user interface and locomotion (left: Valve Index,
middle: Oculus Touch, right: HTC Vive).

application is developed, by suggesting additional contents
and functionalities. While Steam is a gaming platform, the
proposed software has no gaming aspects, no progression in
the content access, and is offered as a VR experience.

The evaluation is based on the number of downloads and
the ratings from people who have downloaded and used the
application. Within 80 days, the application has been acquired
by 8095 people. 2491 people have downloaded and used
the application. The average time played was 27 minutes.
The histogram representing the amount of times played is
depicted in Fig. 11. The numbers of downloads per region and
country are given in Table I and II. The downloads are mainly
shared between North America (33.9%), Europe (33.4%),
and Asia (14.4%). The reviews are 95% positive, with 39
positive reviews, 2 negative reviews (see Fig. 13). The written
reviews suggest the high interest of people for exploring

Fig. 7. Direct selection of the painting description for improving its read-
ability.

classic paintings and the need to have very high resolution
images to fully represent the original artwork. Besides the
images themselves, comments suggest the need to integrate
the paintings within a castle or a mansion, where a realistic
environment improves the immersive aspect. Among the users
that could be surveyed, the used VR headsets include Valve
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Fig. 8. Magnifying glass for observing the details of paintings.

TABLE I
DISTRIBUTION OF THE DOWNLOADS PER REGION.

Rank Region Total downloads
1 North America 846 (33.9%)
2 Western Europe 833 (33.4%)
3 Asia 361 (14.4%)
4 Russia, Ukraine, & CIS 143 (5.7%)
5 Eastern Europe 106 (4.2%)
6 Oceania 82 (3.2%)
7 Latin America 48 (1.9%)
8 Middle East 31 (1.2%)
9 South East Asia 28 (1.1%)
10 South Asia 7 (0.2%)
11 Africa 6 (0.2%)

Index, Oculus Quest 2, HTC Vive Pro, and Oculus Rift S,
stressing the need to develop applications that can be used for
multiple types of headsets.

VI. DISCUSSION AND CONCLUSION

In this paper, we have proposed a new VR art gallery
embedding 1000 famous paintings that can be accessed in two
modes: 1) each painting is presented in a room; 2) multiple

TABLE II
DISTRIBUTION OF THE DOWNLOADS PER COUNTRY.

Rank Country Total downloads
1 United States 691 (27.7%)
2 Germany 211 (8.4%)
3 United Kingdom 196 (7.8%)
4 China 196 (7.8%)
5 Canada 154 (6.1%)
6 Russian Federation 127 (5.0%)
7 France 100 (4.0%)
8 Australia 72 (2.8%)
9 Spain 72 (2.8%)

10 Korea, Republic of 71 (2.8%)
11 Japan 60 (2.4%)

paintings are presented in a room. The proposed application is
addressing an important challenge due to the global Covid-19
pandemic that prevents a wide audience to visit museums and
art galleries. There are approximately 850 million visits each
year to American museums. With the Covid-19 pandemic, mu-
seums have been closed, preventing a large audience, including
students, from visiting these museums and accessing paintings.
For instance, the Smithsonian Institution has shuttered all of
its Washington, DC-area sites, including the American Art
Museum, the National Museum of African American History
and Culture, and the National Portrait Gallery in response
to a rapidly rising number of COVID-19 cases in the area.
Museums receive approximately 55 million visits each year
from students in school groups, highlighting the consequence
of the global pandemic. It is more than the attendance for
all major league sporting events and theme parks combined
(483 million in 2011) [14]. Yet, access to museums remains a
privilege for many people, including students from minorities.
The most famous museums are in large cities, and people
living away from the cities are not able to access artworks. For
educational institutions, it is a challenge to organize trips to
museums that require a complex organization, and where most
of the time is spent traveling. Beyond the access to famous
paintings through the existing content, the key contribution
is the possibility to easily extend the collection of paintings
and the galleries contained in the application, without any
programming skills related to VR and Unity.

The development cycles of the proposed application high-
light the need of a user-centered approach, where user
comments are useful for adding functionalities such as the
magnifying glass, and to improve the navigation across the
paintings. Users can help finding bugs in the user interface.
Users comments include the need to modify the height of the
paintings, to observe the top of the paintings. Such a comment
shows that actions that are not possible in the real world
become realistic needs in virtual reality. While the content
is addressed to a wide audience, students in art and art history
will benefit greatly from the application despite its absence of
assessments. While the metadata associated with each painting
provides enough information to create quizzes related to the
association of a painting with an art movement, a painter,...
the paintings lack detailed descriptions, i.e. the economical,
political, and social context. Regions of interests should be
defined to determine the position of historical figures such
as the militia group portraits in Dutch Golden Age painting,
or details in dense paintings such as the depiction of the
blind leading the blind in Netherlandish Proverbs from Pieter
Bruegel the Elder (1559).

Further works will include the addition of more paintings
and galleries, the automatic generation of quizzes based on the
painting metadata, and translation of the program for multiple
languages. The architecture of the rooms could have a more
complex design to be similar to European museums. This
work focused on the visualization of paintings, which is not
the same as the museum experience that includes interactions
with staff, other visitors, exhibitions, interpretive materials,
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Fig. 9. User interface for the navigation (left: for the individual paintings; right: for the art galleries).

(a) DPI (b) Surface

(c) Filesize (d) Year

Fig. 10. Distribution of the 1000 paintings.

Fig. 11. Users bucketed by time played.

and program [37]. The virtual reality experience cannot replace
the real experience due to technical constraints such as the
limitations of the screen resolution in the VR headset. This
virtual museum experience enables a paradigm shift in how
users can share their experience. While there may be concerns
that virtual environments can cause social isolation, virtual
museums endeavor to enable visitors to share their experiences

Fig. 12. Evolution of the number of downloads over time.

through social media with text and shared screenshots. For
example, users on the Steam platform share screenshots with
comments about their experience.

This work stresses the need to have digitization policies that
take into account VR displays for providing high resolution
images. Finally, the application can be deployed in the class-
room in art history courses, and in university libraries, where
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Fig. 13. Voluntary reviews per day over time (80 days).

students can navigate through paintings the same way that they
navigate through a book.
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Abstract—This paper investigates three types of user interface:
VR, Gesture-based, and Tangible. We examine how user experi-
ence differs across these different technologies, and explore the
factors that underpin the differences. We conduct an empirical
study, in which we create three different interactive exhibits that
apply these technologies to deliver the same scientific content.
The study uses a mixed-method approach to measure two factors.
First, user experience is measured accorded to six dimensions of
user experience: attractiveness, perspicuity, efficiency, depend-
ability, simulation, and novelty. Second, attention holding power
is measured by playing time. The study uses semi-structured
interviews to explore the user experience and learning outcomes
afforded by each interface. Thirty-one subjects took part the
study. The results show that there are significantly different user
experiences when using different types of interface. There are
differences across five user experience dimensions; only novelty
is relatively unchanged. Differences are found primarily between
the VR and Gesture, and Tangible and Gesture conditions. No
significant difference in holding power between the three types
of interface was observed. The statistical analysis of results and
interview data from participants suggest six aspects to focus
on when choosing an alternative interface for a new interactive
exhibit: novelty, user-friendliness, precision of the input device,
task and device design, multi-modality of feedback, and quality
of text in VR.

Index Terms—virtual reality, interactive systems, user experi-
ence, human computer interaction, museum learning

I. INTRODUCTION

There are many choices of technology for creating new
interactive exhibits, which can make choosing the most ef-
fective technology challenging for exhibit designers. Different
technologies, like virtual reality (VR), interactive displays,
and tangible interfaces can deliver the same exhibit content,
but the choice of technology may have impacts on exhibit
attractiveness, user engagement, and learning outcomes. This
paper presents a study comparing how technology choice
influences these factors.

Previous work has explored how exhibit content can be
delivered using different interaction technologies. VR is an
immersive technology which provides visual and audio content

to create a presence in a virtual environment. For example,
dioramas and animal habitats are classic media that museums
could deliver using VR [1]. Although visitors may lose social
interaction while in VR, the benefit of using VR is that it gives
museums more flexibility to show a wide variety of content.
To demonstrate that VR has benefits over other technologies
for museum exhibits, this paper aims to investigate factors
that influence user experience when using a different type of
interface and factors that we should consider when choosing
technology to develop an interactive exhibit for learning in a
STEM museum.

We conduct an empirical study to compare user experience
between different types of user interface. The study chooses
three types of interface, VR, Tangible-based interface, and
Gesture-based interface, to create three different interactive
exhibits. Exhibits differ in terms of manipulating (input de-
vice) and display device, but use the same scientific content,
narrative style, action and activity. All of the exhibit designs
are based on experiential learning and make the exhibit feel
immersive by simulating the natural environment with audio
and visual. The study uses mixed method quantitative and
qualitative research, gathering data from user feedback in
a questionnaire and semi-structured interview. Analysis of
the results suggest six aspects to consider when choosing
technology to create a new interactive interface.

II. BACKGROUND

A. Benefits of Immersion for Learning in Museums

The immersion experience seems to refer to a feeling of
being in a time and place such as an historical period, animal
habitat, a geological formation, or space flight. The focus of
the immersion experience is on the experience rather than on
formal learning [1].

A relative factor which impacts on immersion experience
suggested by Bitgood [1] includes realism of the illusion, di-
mensionality, multi-sensory stimulation, meaningfulness, men-
tal imagery, and lack of interfering factors. The immersion ex-
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perience in the museum is more fun and exciting than a formal
learning experience. Learning through the exhibit designed
with a immersive experience is more memorable than a reading
only approach. Gilbert [2] interviewed museum professionals
about using the immersive approach for exhibition, finding
three main reasons. First the immersive exhibition can attract
people as their a leisure-time activity that can compete with
other business. Second, they have a good holding visitors’
attention and offer a memorable experience. Third, they deliver
the content of the exhibit effectively.

B. Interaction Styles for Museum Exhibits

Interactive exhibits in museums can be classified into two
types, hands-on interactive and interactive multi-media (IMM).
Hands-on refers to exhibits that visitors can use their body,
especially their hands, to interact with or manipulate the
physical exhibit. IMM refers to multimedia that use a computer
to control with interaction by touching the screen, push-button,
mouse, and keyboard [3].

The character of the interactive exhibit in the museum is
edutainment style, which entertains and educates visitors at
the same time. There are typically many interactive exhibits
in the same museum, with visitors free to choose to play
with the interactive exhibits, often with limited time to visit
the museum, so that interactive exhibits in museums need to
provide a stimulus to continue in the first ten seconds [4].

Interactive exhibits in museums are developed for the
museum to provide an edutainment environment. Packer [5]
stated that learning in museums is a learning experience for
fun, surrounded by a combination of discovery, exploration,
mental, stimulation, and excitement. Learning for fun has
four conditions: a sense of discovery or fascination, appeal
to multiple senses, the appearance of effortlessness, and the
availability of choice. Interactive exhibits in museums consist
of a short time playing in an interactive style in combination
with delivering knowledge content.

C. Comparing Modalities for Museum Exhibits

The hands-off exhibit does not allow visitors to touch the
object, in contrast to the hands-on exhibit allows visitors
to have an experience and obtain an understanding from
an exhibit by touching objects [3]. To promote experiential
learning or learning by doing, hands-on is an important tool
for museums. Visitors quickly understand to interact with a
physical object, as the perceive of a concrete physical object
is a cue to interact with it.

The tangible interface is simpler than other types of in-
terface. Visitors are familiar with tangible interfaces, and
interact naturally with these [6]. A tangible-based interface
allows social interaction or collaborative learning, as it can
be multiple players [7], [6]. The limitation of the tangible
object as a learning media is that it cannot display much
information, only its physical self deliver scientific content. An
advantage of technology nowadays is that a tangible interface
can be used as a system input, to activate content display more
information in digital format. Tangible-based interface benefit

from a combination of the concreteness of the physical object
and abstract digital representations to help the learner more
easily to understand new or difficult content in a more relaxed
learning environment [8], [6].

On the other hand, the gesture-based interface is a touchless
interface, mainly using the human body as an input device [9].
Users interact with the system by moving parts of the body,
especially a hand or the head. The gesture-based interface is
a natural user interface that allows people to interact with the
system the same way as they interact with the physical real
world, such as the use of their voice, their hand, and their
body [10]. Gesture-based interface is grounded on theories of
embodied cognition. The human mind is closely connected
to the sensorimotor experience, body activity influence the
human mind, so the gesture-based interface has the advantage
of enhancing body-related experience [9]. The interface allows
player understanding, by perceiving the world by their body
movement.

Virtual Reality (VR) usually uses Head-Mounted Display
(HMD) to display the 3D environment and the viewer will
wear a VR headset to have an immersive experience. Many
museums adopt VR in their museum for immersive learning,
which has benefits of immersing the learner into learning
content in a 3D virtual environment [11]. Learning with VR
increases enjoyment and concentration compared with non-
immersive video display [12]. In general, the controller is
the input device for VR. A controller is a tangible object
that makes a virtual game (action in the virtual environment)
tangible [13].

For interaction with an object in the virtual environment,
naturalness is a key factor that to improve intuitive interaction.
Naturalness occurs when physical control and virtual output
has directional concordance. Increasing natural mapping con-
trol enhance the familiarity of the player to use the system
[13], [14]. The study in [14] showed that incomplete tangible
mapping (e.g. VR controller) and realistic tangible natural
mapping has higher familiarity than kinesics natural mapping
(e.g. gesture).

It seems that VR has more positive aspect for learning
than tangible or gesture. The design feature of VR technology
provides a controller that might simulate a sense of touch
and make the system intuitive with the natural movement of
the VR controller in the virtual world. The disadvantages of
VR include the possibility of motion sickness and hygiene
concerns. In addition, VR does not typically support multiple
users, which is especially relevant for museum learning where
this limitation precludes shared experiences with other visi-
tors. This paper will compare user experience between these
interfaces and holding power that indicate encouragement of
an exhibit. The study has two hypotheses. H1: There is no
difference between the user experience quality when using a
tangible-based interface, a gestures-based interface, and a VR
interface. H2: VR has a higher holding power than the gesture-
based interface and the tangible-based interface.
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III. METHODS

A. Study design

The study chooses three alternative technologies. The focus
of the study is VR. We choose two alternative interfaces, with
differing features, to provide comparison and contrast. All the
interactive exhibit deliver the same scientific content and have
the same drag and drop activities. The chosen interfaces are
VR, Tangible and Gesture. The study use within-group study
by recruiting 30 people to join the study.

The study uses qualitative and quantitative data. The quanti-
tative data measures two factors, sufficient user experience and
holding power. The sufficient user experience is measured by
using UEQ (User Experience Questionnaire) with seven scales
on 26 questions [15]. The results are summarized into six
criteria: attractiveness, perspicuity, efficiency, dependability,
stimulation, and novelty. The holding power is measured
by the time that people play with each interactive exhibit.
Qualitative research will use a video recorded, semi-structured
interview explore issues of each interactive interface.

The experiment takes approximately 30-40 minutes. Three
of the interactive exhibit are set up inside the room before the
participant arrives. The participant signs a consent form and
answer the questions in the questionnaire, including questions
about their general background and experience with each
type of interface. Using the Latin Square, the researcher
assigns a random order to the three interactive exhibit for
the participant to play with. The participant plays with the
interactive exhibits one by one. After the participant finishes
playing with each exhibit, they are asked to complete the UEQ
and interviewed them about their experiences interacting with
each interactive exhibit. At the end of the experiment, after
they have experienced all three types of interactive exhibits,
they will be asked about their overall experience.

B. Content and Narrative Story

The scientific content of the exhibit tells a story about
biotoxin plant and animal in nature. The story includes three
poisonous mushrooms, two edible mushrooms, one normal
frog and one poisonous frog. The presentation is open explo-
ration without a mission to complete. The instruction invites
the player to explore by picking up an object and putting it on
an area that represents eat, touch and smell, and get a feedback
from the system. The touch, smell and eat areas are analogous
to what happens when humans eat, touch or smell the object.
The model of objects shows their anatomy.

The feedback of the system is multimodal feedback includ-
ing a warning colour, sound beep and action of animation.
There are 24 different animations give information by showing
the effect on a human organ, and telling the scientific name
and common name of an object. There are three different
warning colours; red means dangerous (poisonous), yellow
means should consider, and green means safe. There are two
different sound that indicate safe and dangerous things. Fig. 2
shows an example of the feedback from the interactive exhibit.

Fig. 1. Examples of interactive exhibit used in the study. a) Exhibit 1: Gesture-
based interface b) Exhibit 2: Tangible-based interface c) Exhibit 3: VR.

Fig. 2. Examples of the feedback on the interactive exhibit.

C. System design

Three types of interactive exhibit interface have a specific
technology that the researcher chose to create the systems. We
use Unity3D as the main software to develop each interface.
A detailed description of the technology used for the devel-
opment of each interface as follows:

1) Exhibit 1: Gesture-based interface: UI01-Gesture, this
interface uses Leap Motion as the input of the system and
shows feedback on a PC screen. Users can move their hand
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over the sensor and can pick up an object on the screen by
moving their hand over the object and closing their hand to
pick up the object. The user can drop the object on the target
area by opening their hand. All activities and the feedback of
the system are shown on one screen.

2) Exhibit 2: Tangible-based interface: UI02-Tangible, the
system includes two parts, a digital display and a physical
display. The digital part shows the animation and information
feedback on a PC screen. The physical part is an input of
the system along with feedback shown on the physical box.
It includes an interactive play box, the six mushroom model,
and two frog model. The interactive box developed by using
a microcontroller, including two Arduino Mega 2560 boards
and five Arduino Nano connect to RC522 RFID 13.56MHz.
module. The mushroom and frog model have a NFC tag
attached underneath. A LED is used to light up to show the
status when the user moves an object and drops it inside the
target area on the interactive play box.

3) Exhibit 3: VR-based interface: UI03-VR, the system
uses an HTC VIVE VR Headset. Users can play with the
system by using an HTC VIVE controller. Users can press
the Trigger button when they want to pick up an object in
the scene, and the user can drop an object by releasing the
Trigger button. The feedback of the system is divided into
two areas: the virtual interactive play box on the virtual table
in the virtual environment, and an animation appear in front
of the players.

IV. RESULTS

Thirty-one people participated in this study, including sev-
enteen male, thirteen female, and one other gender. Twenty-
two people have visited the Science and Technology museum
before. Eighteen have never experienced using a gesture-
based interface. Twenty-two do not have experience playing
with a tangible interface. Nineteen have experience using
VR. Twenty-one reported being unfamiliar with background
knowledge of Biotoxin in nature story.

A. Exhibit Technology and User Experience

Each item on the UEQ is transfered to a scale from -
3 to +3. The +3 means very positive and the -3 means
very negative. The authors of the UEQ [15] suggest that to
interpret the data, the mean values should be divided into
three categories: negative evaluation (values < −0.8), neutral
evaluation (values between -0.8 to 0.8), and positive evaluation
(value > 0.8).

1) Exhibit 1: Gesture: Results for user experience of
the Gesture-based interface show eleven positive evalua-
tions, the values > 0.8 include: conservative/innovative
(M = 1.68, SD = 1.14), dull/creative (M = 1.68, SD
=1.17), conventional/inventive (M = 1.58, SD = 0.96),
not understandable/understandable (M = 1.45, SD =1.92),
unattractive/attractive (M = 1.32, SD = 1.08), not interest-
ing/interesting(M = 1.29, SD= 1.32), not secure/secure (M =
1.27, SD = 1.68, N = 30), unfriendly/friendly (M = 1.06,

SD = 1.59), boring/exciting (M = 0.97, SD = 1.49), clut-
tered/organized (M = 0.87, SD = 1.67 ), inferior/valuable (M
= 0.81, SD = 1.22). The others fifteen items received a neutral
evaluation.

Fig. 3. The mean value per item of each interface and the error bars with
the standard deviation.

2) Exhibit 2: Tangible: Results for user experience of the
tangible-based interface show that almost all items received
a positive evaluation, the values > 0.8. There are only two
items with a neutral evaluation, the value between -0.8 to 0.8;
usual/leading edge (M = 0.45, SD = 1.52), and slow/fast (M
= 0.23, SD = 1.54). The top five highest mean values are for
unfriendly/friendly (M = 2.39, SD = 0.84), complicated/easy
(M = 2.23, SD = 0.88 ), difficult to learn/easy to learn (M
= 2.13 , SD = 0.96), not understandable/understandable (M
= 1.97, SD = 1.20 ), and inferior/valuable (M = 1.87, SD =
1.09).
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3) Exhibit 3: VR: Results for user experience of the VR
interface show that only one item received a neutral evaluation;
slow/fast (M = 0.74, SD = 1.59), and all other items received
positive evaluation. The top five highest mean values are un-
friendly/friendly (M = 2.35, SD = 0.71), difficult to learn/easy
to learn ( M = 2.19, SD = 0.91), cluttered/organized (M = 2.13,
SD = 1.12 ), annoying/enjoyable (M = 2.06 , SD = 1.00), and
inferior/valuable (M = 2.06 , SD = 1.03 ).

B. Factors of User Experience

The statistical results come from using the Friedman non-
parametric test followed by a post hoc analysis with Wilcoxon
signed-rank tests to analyse the different between pairs of tech-
nology. Post hoc Wilcoxon signed-rank tests were conducted
with a Bonferroni correction applied, resulting in a significance
level set by ρ < 0.017 (α = 0.05).

1) Attractiveness: There was a statistically significant dif-
ference in user experience on attractiveness depending on the
type of interactive exhibit interface, χ2 = 26.235, p = 0.000.
Median (IQR) attractiveness levels for the UI01-Gesture,
UI02-Tangible and UI03-VR interactive exhibit running test
were 0.40 (-0.40 to 1.60), 2.0 (1.40 to 2.60), and 1.75 (1.50
to 2.25), respectively. There were no significant differences
between UI03-VR and UI02-Tangible based interface running
trials (Z = -1.106, p = 0.269). However, there were signif-
icant differences between UI03-VR and UI01-Gesture-based
interface running trials (Z = -4.018, p = 0.000) and between
UI02-Tangible and UI01-Gesture-based interface running trails
(Z = -3.861, p = 0.000).

2) Perspicuity: There was a statistically significant differ-
ence in user experience on perspicuity depending on the type
of interactive exhibit interface, χ2 = 21.876, p = 0.000.
Median (IQR) perspicuity levels for the UI01-Gesture, UI02-
Tangible and UI03-VR interactive exhibit running test were
0.50 (-0.50 to 2.00), 2.25 (1.25 to 3.00), and 2.00 (1.25 to
2.75), respectively. There were significant differences between
UI03-VR and UI01-Gesture based interface running trials (Z
= -3.008, p = 0.003) and between UI02-Tangible and UI01-
Gesture based interface running trails (Z = -3.804, p = 0.000).
However, there was no significance between UI03-VR and
UI02-Tangible based interface running trials (Z = -0.385, p
= 0.700).

3) Efficiency: There was a statistically significant differ-
ence in user experience on efficiency depending on the type
of interactive exhibit interface, χ2 = 26.248, p = 0.000.
Median (IQR) efficiency levels for the UI01-Gesture, UI02-
Tangible and UI03-VR interactive exhibit running test were
0.00 (-1.00 to 0.75), 1.5 (0.75 to 1.75), and 1.50 (1.00 to
2.50), respectively. There were significant differences between
UI03-VR and UI01-Gesture based interface running trials (Z
= -4.159, p = 0.000) and between UI02-Tangible and UI01-
Gesture based interface running trails (Z = -3.996, p = 0.000).
However, there was no significance between UI03-VR and
UI02-Tangible based interface running trials (Z = -1.158, p
= 0.247).

4) Dependability: There was a statistically significant dif-
ference in user experience on dependability depending on the
type of interactive exhibit interface, χ2 = 31.113, p = 0.000.
Median (IQR) dependability levels for the UI01-Gesture,
UI02-Tangible and UI03-VR interactive exhibit running test
were 0.50 (-1.00 to 1.500), 1.50 (1.00 to 2.25), and 2.00
(1.50 to 2.75), respectively. There were significant differences
between UI03-VR and UI01-Gesture based interface running
trials (Z = -4.080, p = 0.000) and between UI02-Tangible and
UI01-Gesture based interface running trails (Z = -3.570, p =
0.000). However, there was no significance between UI03-VR
and UI02-Tangible based interface running trials (Z =-1.701,
p = 0.089).

5) Stimulation: There was a statistically significant differ-
ence in user experience on stimulation depending on the type
of interactive exhibit interface, χ2 = 30.154, p = 0.000. Post
hoc analysis with Wilcoxon signed-rank tests was conducted
with a Bonferroni correction applied, resulting in a significance
level set by p ¡ 0.017. Median (IQR) stimulation levels for the
UI01-Gesture, UI02-Tangible and UI03-VR interactive exhibit
running test were 0.75 (0.00 to 1.500), 1.50 (1.25 to 2.50), and
2.00 (1.25 to 2.75), respectively. There were significant dif-
ferences between UI03-VR and UI01-Gesture based interface
running trials (Z = -4.171, p = 0.000) and between UI02-
Tangible and UI01-Gesture based interface running trails (Z
= -3.437, p = 0.001). However, there was no significance
between UI03-VR and UI02-Tangible based interface running
trials (Z = -1.200, p = 0.230).

6) Novelty: There was not a statistically significant differ-
ence in user experience on Novelty, and it does not depend
on the type of interactive exhibit interface, χ2 = 0.475, p =
0.789. Median (IQR) novelty levels for the UI01-Gesture,
UI02-Tangible and UI03-VR interactive exhibit running test
were 1.40 (0.800 to 2.20), 1.40 (0.60 to 1.80), and 1.80 (1.2
to 2.20), respectively.

In summary, the statistical information running test of each
dimension shows us there is a difference in user experience
when using a different type of interactive exhibit interface.
There is an effect on attractiveness, perspicuity, efficiency, de-
pendability and stimulation dimensions between using UI01-
Gesture and UI02-Tangible, and in between using UI01-
Gesture and UI03-VR. However, these five dimensions show
no statistically significant difference between using UI02-
Tangible and UI03-VR. On the other hand, the Novelty di-
mension shows no effect on user experience between the three
types of interactive interface. In-depth detail of the different
experiences between each type of interactive exhibit interface
discussed in the analysis and discuss section.

C. Exhibit Technology and Holding Power

Holding power is a criteria for measure success of an exhibit
[16]. Holding power or viewing time refer to the amount of
time that visitor stop to play with exhibit, the time that visitors
receive knowledge message from the exhibit, time visitor play
with the interactive exhibit. VR is a immersive technology
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Fig. 4. Overall mean value per user experience dimension on UEQ for each
interactive exhibit, showing error bars with standard deviation.

might have holding power than other technology. The statis-
tically from this study show that there was not a statistically
significant difference in playing time which indicates holding
the power of the interactive exhibit. This does not depend the
type of interactive exhibit interface, χ2 = 3.528, p = 0.171.
Median (IQR) playing time in second for the UI01-Gesture,
UI02-Tangible and UI03-VR interactive exhibit running test
were 206.00 (131.00 to 291.00), 177.00 (139.00 to 214.00),
and 180.00 (143.00 to 240.00), respectively.

V. ANALYSIS AND DISCUSSION

The study design within-group study that a participant will
repeat play with the same content on three different exhibit
interfaces, so to access learning will use user experience
feedback from ten people who assigned to play with each
exhibit at the first order. The statistics show that it is different
in user experience between VR and Gesture, and Tangible and
Gesture, but no difference between VR and tangible on at-
tractiveness, perspicuity, efficiency, dependability, stimulation.
The novelty does not affect user experience in three different
interfaces. All type of interface in this participant reported that
they feel immersive like in the forest with sound background
and forest scene. In-depth detail of user experience feedback
will be discussed in this section.

A. Key Features

Across all three exhibits, participants gave positive feedback
on the visuals and animations. It was fun and friendly. Almost
all participants stated that the sound background is immersive
across three exhibits. It makes them feel like they are on a
walk in the forest.

The novelty was not statistically significant in the UEQ
comparison, but participants talked about how new input
techniques could be interesting. However, in VR four of the
participants said they liked using the controller to pick up the
object, and in gesture-based three of the participants mention
they liked to see their hand on the screen and play with
their hand. For museum exhibits, understanding the trade-offs
between unfamiliar and familiar input techniques is important
for user experience.

B. Interaction Challenges

Almost all participants stated that tangible-based interface
and VR were easy to use. Picking up and dropping an object
enjoyable using the system. On other hand, most of them said
the gesture-based interface was difficult to move an object. We
found that the sensor often did not detect the player’s hand,
makng it difficult for them to reach an object in a virtual scene
and causing annoyance to use the system. One participant said,
“. . . my hand is hurt...” The consequence of difficulty is that
the player stops interacting with the exhibit.

Corresponding statistical results show that perspicuity,
efficiency, and dependability varied significantly between
tangible-based and gesture-based , and between VR and ges-
ture, with no difference between tangible interface and VR. To
explain this we refer to Task-Technology Fit (TTF) [17]. The
basic TTF model involves task characteristics and technology
characteristics. Good matching between the characteristic of
a task and the functionalities of technology will have a good
performance that impacts to achieve a task. Each technology
has a distinct characteristic [18]. In this study, Leap motion
can perform the task (drag and drop an object), but with poor
performance [19].

C. Learning Outcomes

All participants who interacted with tangible-based interface
and VR learner some scientific knowledge from the exhibit.
Examples of knowledge obtained from the exhibit include
scientific names, identification of edible mushroom, nutritional
value of mushrooms, how to distinguish between good or bad
mushrooms, different types of mushrooms, and frogs we can
eat and cannot eat and touch.

In contrast, only four people clearly stated that they learned
some scientific content from the gesture-based interface. Oth-
ers suggested they learned something from the interactive
exhibit. Some common sentences about learning; “. . . don’t
eat the frog. . . ”, “. . . different type of mushroom and their
effect. . . ”, and “...mushroom can harm me...”.

A reason participants did not learn from the gesture-based
exhibit might be the difficulty to pick up the object. They
payed more attention to how to play with the interactive
exhibit, how to move and pick up an object, and familiarize
themselves with the technology. One participant said, “. . . it
quite confuse. . . movement of my hand try to pick up the
mushroom, I am not quite sure is it the right direction or not,. . .
try to move my hand around the table. . . ”. Another participant
said, “ the system is new for me...I didn’t pay attention to the
instruction, because I try to familiarize myself to the system
first. . . ”.

When designing an interactive exhibit for the STEM mu-
seum, the main aim is to deliver learning content. The results
from this study indicate that pragmatic quality (efficiency, per-
spicuity, dependability) affect learning outcome. The difficulty
and low efficiency of the system resist reaching the learning
content of an interactive exhibit and reduces the chance to
learn all content of the learning media.
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D. System Feedback

After participants report they get some knowledge from the
system, we investigate what feedback best delivers information
to participants. The system design has multimodal feedback
for the learner, which is a combination of three feedback
modalities: visual animation, visual colour, and audio. Half
of the participants reported that they learn from animation.
Two participants reported on exhibit 2-tangible they learn
from the coloured lights. Two participants reported on exhibit
3-VR they learned from audio. Other participants learned
from a combination of two modalities; animation and colour,
animation and sound, colour and sound. One participant stated
that the colour (red, yellow, green) told them first and then
the animation explained more in detail. The results show
that learning occurs via all modalities of feedback, which
corresponds to learners having various learning preference.

It has been found that bimodal feedback improves the
learning experience and help the user continuously inter-
act with the system effectively when other modality unable
perform [20]. STEM museum environment can some time
be loud from crowed visitors so using auditory feedback
might not be effective in this situation. The feedback is most
successful when occurring at the appropriate time, is related
to the exhibit, and have meaning [21]. More consideration
on the benefit of multimodal feedback of the system include
observation that animation is effecive at explaining how the bio
toxin harm human organs, sound and colour help the learner
quickly indicate that it is dangerous mushroom or frog.

However, some participants confused the meaning of the
feedback. The feedback system used an analogy technique
to present information, with three different meanings. Some
participants report that they were confused with the animation
when the system showed yellow feedback. The participants
actually interpreter the opposite meaning (dangerous/safe), but
were unclear which feedback using analogy should consider
the learner might misunderstand the content.

E. Recommendations for Design

Some of the participants suggested adding more informa-
tion, the details about mushrooms and frogs. Some of the
participants mentioned the quality of text must improve. Many
participants stated the text information display in VR is not
clear for them to read. Design exhibit for VR should consider
the quality of text display in VR environment, it seems to
deliver content via text inappropriate for learning through VR,
especially using VR as an interactive exhibit in the museum.
A VR headset used for various users with different sight, must
allow for each user. In a museum settings, we cannot confirm
the adjustment and fit to each user.

An advantage of the 3D object for STEM learning is per-
ceived reality and detail of the object. From video recording,
we found that many participants pay attention to the mushroom
and frog models using either tangible-based interface or VR.
A recommendation for the tangible-based interface is to make
the model surface have more of a sense of touch a real texture.
In VR, participant are able to hold the model and rotate it to

see the detail on all sides. A recommendation for VR is to
enhance the 3D model to be more realistic for learning.

F. Six aspects for choosing interface

To use the results from this study to explain or suggested
a choice of technology between VR and alternative, specific
design action for VR, we will discuss six aspects:

1) Novelty: it is an attractive feature for each interactive
exhibit. The results show no difference between the
interfaces. We can imply from the interview data that
most of the participants have never seen in the museum
or in their daily life before. The interfaces were quite
new for them. If the interface is not usually used in their
daily life, the user will feel that exhibit is new for them.

2) User-friendliness: Tangible and VR technologies were
found to same experience in this study. The majority
of participants mentioned that easy to interact with
the exhibits in both case. In contrast, the Gesture is
quite difficult to play with and distracted player pay
less attention to the content. Our results suggestion
from choosing a technology should consider the ease
of interacting with the system.

3) Precision of the input device: this factor is quite impor-
tant. The input system with poor precision has a large
effect on user experience. If the system is annoying to
use, then they will stop playing. The problem of input
precision comes from the precision of the input devices
and the skill of the software developer.

4) Task and device design: design interaction for the system
should consider the way people interact with the system
suite when designing the input device. Action should
be related to characters of input devices. Based on the
experiment, some participants mentioned that the Leap
motion device was inappropriate for use with the actions
in this experiment (drag and drop the small object). It
affects the system, making it difficult to use. One button
and one action make people quickly understand and easy
to interact with the system.

5) Multi-modality of feedback: the result from the exper-
iment found that design feedback with multiple types
of feedback do not make players confused, but each
channel of the feedback (sound, colour, animation) help
players better understand the content in a different ways.

6) Quality of text in VR: many participants mentioned
that it was difficult to read the sentences in the VR
environment, especially short sighted people. The use
of VR as an exhibit should consider the quality of the
text.

VI. CONCLUSION

This study focused on three different types of interface
including Gesture-based, Tangible-based, and VR to develop
three different interactive exhibits, with each delivering the
same scientific content and narrative style. The experiment had
two hypothesises: H1-there is no difference between the user
experience quality when using the gesture-based interface,
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tangible-based interface, and VR interface, and H2-VR has
a higher holding power than the gestures-based interface and
tangible-based interface.

The study used a mixed-method approach, collecting both
quantitative and qualitative data. The quantitative study mea-
sured user experience with a UEQ which comprised six dimen-
sions of user experience: attractiveness, perspicuity, efficiency,
dependability, stimulation, and novelty. Holding power was
measured by the amount of time that players play with each
exhibit. The qualitative study used semi-structured interviews
after the participant had experienced each exhibit in order
to gather detailed user feedback and to explored the issues
associated with each exhibit. Thirty-one participants took part
in the experiment.

The statistical results were derived using the Friedman
non-parametric test followed by a Post hoc analysis with
Wilcoxon signed-rank tests, conducted with a Bonferroni
correction applied. This resulted in a significance level set at
ρ < 0.017(α = 0.05) to analyse the difference between each
pair of technologies (for example, VR versus Tangible). The
results show that there is a significantly different experience
when using different types of technology. User experience
is shown to be influenced by attractiveness, perspicuity, ef-
ficiency, dependability and stimulation dimension. There are
differences between using Gesture and Tangible interfaces, and
between using Gesture and VR interfaces. On the other hand,
the novelty dimension was shown to produce no significant
difference between any of the technologies tested. No sta-
tistically significant difference in playing time was observed
between the conditions, which indicates the holding power
of the interactive exhibit does not depend on the type of
interactive exhibit interface.

Analysis of the results suggests six aspects to consider when
choosing an alternative technology for creating a new interac-
tive exhibit. These are: novelty, user friendliness, precision of
the input device, task and device design, multi-modality of
feedback, and quality of text in VR. These six aspects can be
used as guidelines for choosing an appropriate technology to
create an interactive exhibit for museum learning, comparing
VR with other available technologies.
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Abstract—This paper describes a learning activity using 

Augmented Reality (AR) which seeks to take advantage of the 

potential for learning about history and culture through 

exploration. This is represented by a garden in a university 

campus that affords visitors a scaffolded experience comprising a 

game-driven narrative in which visitors to the garden may assume 

the roles of different protagonists. In addition, we also sought to 

design a paper-based board-game for visitors who are not yet able 

to visit the garden in person. Both aspects of the learning activity 

– namely, the game-driven narratives in the actual garden as well 

as in the board-game equivalent – were piloted in December 2020. 

The study suggests that a combination of Augmented Reality, 

storyline and role-play could increase the probability of 

encounters with spontaneous elements in learners’ local 

environments that encourage learning. 

Index Terms—board game, augmented reality, 360-degree 

photo, outdoor learning, informal learning 

I. INTRODUCTION AND BACKGROUND 

This paper describes a design a game-based learning 
environment around a garden at a university campus. The garden 
was built in the 1950s and spans nine hectares. It was recently 
re-opened after a renovation lasting about three years. It is 
situated within the campus of the Nanyang Technological 
University in Singapore. The renovated garden features clusters 
of floral species along the water course of a rain-garden – the 
latter is a bioretention facility designed to treat polluted 
stormwater run-off, by using plants and differentiated layers of 
soil to increase infiltration of water which would otherwise pond 
on the surface. As for the clusters of floral species, they are 
accompanied by text-based signboards which describe the 
significance of the various species to the heritage of the Chinese 
diaspora in Southeast Asia, in cultural terms such as medicinal 
use, use in textiles, and so on. 

The garden was re-opened to the campus community and to 
members of the general public in early February 2020. Because 
of the onset of the COVID-19 pandemic, not many have had the 
opportunity to visit the garden and to learn the histories behind 
its floral exhibits. The authors responsible for this paper were 
therefore interested to explore the extent to which a communally 
shared environmental resource – of ecological, geographical and 
historical worth – might still be enjoyed and explored during a 
socio-cultural milieu of limited access and safe-distancing.  

II. REVIEW OF LITERATURE 

A. Outdoor Learning and Game-Based Learning 

The value of outdoor learning has been well documented. 
Research on outdoor learning has largely come from studies 
from geography education [1]-[5]. In geography education, 
fieldwork serves a vital way in developing geographical 
understanding of the world [6]-[9].  Geographic and cultural 
illiteracy has been linked to a lack of meaningfulness in the 
learning process [10]. Reference [11] have observed that outdoor 
learning, if well-designed and rigorously implemented and 
followed up, can allow students to acquire the knowledge and 
skills beyond what they would normally gain from classrooms 
in which explicit and didactic teaching dominate. 

Game playing inherently involves the taking of roles. As [12] 
has argued, role playing and role taking hold the key to players 
developing a sense of identity. Within the game, the blended 
character comprises a conflation of the player’s own talk and 
actions with the intrinsic capabilities of the in-game character, 
constrained in what actions it is able to perform by virtue of how 
it was programmed. Reflection on the experiences of the 
externalized, in-game other provides the basis for students to 
develop an understanding of themselves as the generalized other. 
This understanding develops as students reflect on and reflect 
back the consequences arising from actions taken by the 
externalized other in the game world on themselves. This 
process of reflection is facilitated through dialogic interplay in 
the social context of the classroom. Writing a decade before Gee, 
[13] had already made a compelling case that “when we step 
through the screen into virtual communities, we reconstruct our 
identities on the other side of the looking glass. This 
reconstruction is our cultural work in progress” [13]. In the 
game-based learning environment that is the focus of this paper, 
the looking glass that players are invited to step through takes 
them through the pages of history to the characters of a doctor, 
artist, and farmer from the 1960s. This period of history is of 
particular significance to the university within which the garden 
is situated because the university was founded in 1955. 
Following the events in East Asia after the Second World War, 
the Chinese diaspora in Southeast Asia supported the founding 
of the Nanyang University. Setting the game characters within 
this time period thus affords potentially rich historical and 
cultural tapestries to be woven by present-day protagonists. 
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B. Augmented Reality and Learning 

The renovated Yunnan Garden itself forms a rich backdrop 
to the storied cultural tapestries potentially at play. The plan 
view of the garden reveals a series of trails in geometric patterns 
– this design element is drawn from those of traditional Chinese 
gardens. These trails align well with affording the semi-
structured narratives of a board-game. The design decision was 
made to use Augmented Reality in order that this palimpsest of 
tapestries might be introduced to the learners in a more 
scaffolded manner. Augmented Reality overlays digital 
information onto the real environment around us [14]. Construal 
level theory and its related concept of psychological distance are 
useful in explaining how individuals conceive of an event 
beyond one’s direct experience, such as an experience mediated 
by technology. Psychological distance refers to the sense of 
distance we have from a target object, person, or environment 
[15]. The theory proposes that the closer we feel to the target (i.e. 
low psychological distance), the more concretely we can picture 
the target (i.e. low construal) [16]. Augmented Reality would 
help to increase psychological closeness to the historical and 
cultural narratives implicit in the garden, thereby affording 
players with a more grounded context of learning.  

III. DESIGN OF INTERVENTION 

The present authorial team decided to design a learning 
activity using Augmented Reality (AR) which sought to take 
advantage of the implicit potential for learning about history and 
culture which the Yunnan Garden represents, so as to afford 
visitors a scaffolded experience as they explore the garden. This 
scaffolded experience comprises a game-driven narrative in 
which visitors to the garden may assume the roles of different 
protagonists.  

In the context of visitors to the actual site of the garden, 
game-play through this activity took the form of the players 
exploring the trails on quests aligned with their respective 
character roles. They play the game using a location-aware (via 
GPS) app on their handhelds / smartphones, which presents them 
with game challenges and clues based on their location within 
the garden. An example of such a quest might be – in the role of 
the doctor – to learn about herbs which might be used as soothing 
balms. 

In addition, we also sought to design a paper-based board-
game for visitors who are not yet able to visit the garden in 
person. For those times during which visits to the Yunnan 
Garden may neither be possible nor practicable, in the parallel 
context of players of the board-game-based iteration of the 
activity, they would participate in similar quests, scanning 
Augmented Reality codes on cards drawn in the course of game-
play; players would need to decide if and how to use the 
information from the cards to advance their progress in the game. 
The layout of the board-game approximately mimics that of the 
actual garden, and Augmented Reality is used to complement 
game-play by providing the player(s) with supplemental 
information as they advance through the game.  

Both versions followed similar narrative contexts, 
educational material and utilised the same character roles, the 
last of which encourages collaboration by providing the grounds 
for positive interdependence amongst the players. Meanwhile, 

one notable difference lies in the use of a board game medium 
for the intersection of Augmented Reality and explorative 
learning in the paper-based game, that is otherwise directly 
combined in the on-site version.  

A. Design of the At-Site Experience 

The game was designed using a web-based AR game 
creation tool, TaleBlazer (www.taleblazer.org/) developed by 
the Scheller Teacher Education Program (STEP) lab at the 
Massachusetts Institute of Technology. It was then played using 
the mobile application version of the platform. 

The mobile application was designed to complement the 
players’ real journey in the garden, providing a playful and 
informative aspect to their physical exploration. 

The game was designed to have co-operative attributes, 
affording participants a choice of characters to play. It included 
optional tasks which players could only complete 
collaboratively. The on-site game can thus be played alone or 
with other people with its optional co-operative multiplayer 
content. Fig. 1 depicts one such example of a task, namely to 
identify and dispose of an in-game flower which does not belong 
in the Orchid Garden. 

 

Fig. 1. Screenshots depicting identification of local flora at-site. 

The game map uses the satellite view of the garden, using 
icons to mark out specific trails. Once certain tasks were 
completed, the next trail would be unlocked. 

Compared to the board game version, the use of Item Cards 
(ICs) – essentially the flora collected in the game by the players 
– played a more prominent role in the at-site version of the game. 

B. Design of the Board Game 

Compared to the on-site version, this game was made more 
complex as we sought to maximise the possibilities of 
experiential and collaborative learning in a board game, with the 
recommended number of players being two to four. Players 
select one of four characters to play as in the game, namely a 
Hawker, Farmer, Doctor or Artist. The game involves a tokens 
system, in which Science, History and Art tokens would be 
collected by the players in order to fulfill their Personal Goal 
Cards (PGCs). PGCs are unique aims that each player needs to 
complete– by rolling a dice three times, the players determine 
the number of Science, History and Art tokens they need to 
return home and endeavour to reach these goals. These tokens 
can be collected through successfully completing Challenge 
Cards (CCs) and attempting Conversation Cards (CoCs). They 
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provide competitiveness to the game, though players can still 
decide if they wish to involve this aspect. There is also the larger, 
collective aim of filling an ‘Energy Bar’ with ten ‘Energizers’, 
obtained from completing Challenge Cards. Item Cards are 
present in the game and can be used to complete certain 
Challenges. 

Certain trails from the Yunnan Garden were photographed to 
set the scene for the game. There are a total of six scenes, with 
several Information Cards (InCs) and Challenge Cards in them. 
For each scene, players each have one to three turns (depending 
on the number of players). They would use these turns to select 
either Information Cards or Challenge Cards and read or attempt 
these cards once uncovered. They can choose to share the 
information or attempt their Challenges with other players. At 
times, certain Information Cards and Challenge Cards have 
Conversation Cards that follow them. Players are not allowed to 
show others the cards that they pull, rather, any information they 
wish to convey should be spoken, to enhance the interactiveness 
of the game. Players can show the Conversation Cards to the 
relevant parties involved in the conversations, though they need 
to be read aloud.  

The tokens are shaped as triangles, pentagons and hexagons 
to represent Science, Art and History respectively. A yellow 
circle represents one Energizer, to be placed onto a yellow bar to 
track the players’ progress at filling it. Scenes are split into four 
parts, each called Scene Card 1 to 4, to better categorise the Item 
Cards and Challenge Cards. The layout of the board game is 
depicted in Fig. 2. 

 

Fig. 2. Layout of the board game. 

In order for all the characters to return home, the Energy Bar 
has to be filled with at least ten Energizers by the last scene, 
along with the Personal Goal Cards. Otherwise, only those who 
have filled their Personal Goal Card requirements can travel 
back. If this has not been accomplished, the entire team fails. 
Players can replay the game to try to win, uncovering different 
Information Cards, Challenge Cards and using their newfound 
knowledge to obtain sufficient tokens and Energizers in time, 
thus undergoing a form of experiential learning. 

This version involves a solely co-operative gameplay that 
facilitates a totally simulated exploration of the Garden, 
furthering the idea of the jigsaw teaching technique by 
supporting interdependent play. 

C. Design of the AR Aspects of the Game 

The at-site version of the game (played using the mobile 
application TaleBlazer) and the board game use different AR 

technologies to suit the needs of the respective learning 
experiences. 

The TaleBlazer mobile application uses GPS to track the 
players’ locations within the garden. As players explore the 
garden, the app pops up notifications with new game content 
(such as quests or clues) whenever they move close to particular 
locations (such as trails or pavilions). Certain quests require 
players to pick up items from one area and place them down in 
another area. When a player places an item (using the app 
interface), the app then checks the distance between the player’s 
location (where they placed the item) and the goal area (which 
had been pre-designated by the authors using the web-based 
TaleBlazer game creation tool). 

In contrast, Google Expeditions was used for the AR aspect 
of the board game. 360-degree photos were taken of specific 
spots in the garden and inserted into the programme. Along with 
some other textual resources, these were made digitally 
accessible via QR codes on some of the Information Cards and 
Challenge Cards. By referring to the related cards, players could 
enjoy a highly visual, educational and explorative experience 
away from the garden. 

IV. METHODOLOGY 

This study was conducted under the auspices of a year-long 
internship attachment programme by the Nanyang 
Technological University for high school students in Singapore. 
Both aspects of the learning activity – namely, the game-driven 
narratives in the actual garden as well as in the board-game 
equivalent – were piloted in December 2020. 

In order to have a clearer idea of the participants’ experience 
with games, their responses to “Would you consider yourself a 
gamer, or someone who enjoys playing games regularly (e.g. 
board games, video games, physical games etc)?” and “What 
kind of games do you enjoy playing?” were sought. Apart from 
one participant – Participant A, respondents answered the former 
question in the affirmative. The most popular types of video 
games received five votes: Action-Adventure, Adventure, 
Roleplay, Strategy and Puzzle. For board games, Mystery / 
Secret Identity was the most popular with four votes. 

Because of the constraints on social interaction prevailing 
through 2020, participants were invited on the basis of 
convenience. Three male undergraduates from the university 
participated in the at-site game within Yunnan Garden itself, 
while four female Grade Eleven students from a local high 
school played the board game at a location remote from the 
university campus. The at-site game was piloted once, over a 
duration of an hour. The board game was piloted over two 
sessions, two days’ apart. The first session was 90 minutes in 
duration, and the subsequent session was an hour in duration. 
The board game was iterated to add more Conversation Cards, 
and character descriptions were added with the intention of 
helping participants feel more invested in their respective roles.  

The intent of the study reported in the present paper was 
therefore purely to pilot the approach and its associated 
technologies and materials. The non-representative nature of the 
participants dictated a qualitative research methodology, and the 
views of participants were solicited through online forms.  
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V. FINDINGS 

The players were able to grasp the concept of the game 
relatively quickly, however, it took them slightly longer to adjust 
to the game mechanics (with respect to the board game, the 
participants were more familiar with the game in the second 
session, remembering the contents of the cards that they had 
played, though the second session was carried out two days after 
the first. The Conversation Cards were especially memorable to 
them). 

The first few questions of the survey represented an attempt 
to profile the dispositions of the participants towards exploration 
in general. Thus, one question was “Do you like to explore new 
places?”, which was answered by all participants in the 
affirmative. The next question was “What are some issues and / 
or limitations you face when you explore new places?” The most 
frequent response was ‘Remembering very little information 
about the place despite reading the information boards’, selected 
by half of the participants. This was closely followed by a tie 
between ‘Only having a surface-level understanding of the 
place’ and ‘Having nowhere to rest during your exploration’, 
with four votes each.  The third most selected option was 
‘Navigation difficulties’. The subsequent question was “How 
have you attempted to overcome these issues and / or 
limitations?” The participants’ responses to this question is 
tabulated in Fig. 3. 

 
Fig. 3. Responses to “How have you attempted to overcome these issues and / 

or limitations you face when you explore new places?” 

From the top to the bottom bar, the response options are: 
‘Reading up on the place (history, etc) before exploring it’, 
‘Planning your journey through the new place’ and ‘I do not 
attempt to overcome these issues / limitations, I simply bear with 
them’. Most respondents chose the last option, followed closely 
by the second. The last option seems to reinforce the need for 
some kind of interactive and memorable stimulation to aid these 
participants to appreciate and engage in richer knowledge 
acquisition.  

Finally, participants’ views were sought on the actual 
experience of gameplay – be it at-site within the Yunnan Garden, 
or, off-site with the board game. Participants were asked “After 
playing the game, do you feel like you know the Yunnan Garden 
and / or NTU better?”, to which they all answered in the 
affirmative. To the question “Would you rather play this game 
to learn more about a new place, or read information boards 
about the place, assuming you have no time constraints?”, most 
respondents apart from Participant B expressed a preference to 
play the game. 

To the question “How do you feel about using this activity 
that you have just undertaken today as a means to learn more 
about a place?”, there was an overall positive reception to both 
versions of the game. The on-site version was described as an 
interactive option for learning about a place, “memorable” and 
“immersive”, framed well using a storyline. The board game 
version was said to be “a very comprehensive way to direct [one] 
around the garden”, “entertaining” and inclusive, as one 
respondent wrote it would be preferred over a physical walk-
through for those with eczema. Notably, Participant A – who had 
expressed a general dislike of card games – found the game 
“dynamic and engaging, despite its heavy use of cards”. 

The last question participants were asked was “With 1 being 
the lowest and 10 being the highest, how fun did you find the 
game you played today?”. To this, the three respondents who 
played the on-site version of the game answered with an average 
of about 7.3. Participants for the board version answered with an 
average of 8, then 9, for the first and second rounds of playing 
respectively. Based on such anecdotal evidence, it would 
therefore appear that the board game version may have a slightly 
higher appeal to players than the on-site version. A participant 
wrote that the hot weather on the day of playing the on-site 
version made him feel like rushing through it instead of taking 
his time to fully explore the game and the garden. Furthermore, 
another participant commented that the interface could be 
somewhat counter-intuitive. For the board game, the players 
were more engaged with the storyline and game features. 
However, from field notes taken during gameplay of the board 
game, the Item Cards were considerably overlooked in the first 
round. Despite this, their gameplay experience remained 
smooth-sailing and enjoyable. The board game participants 
greatly enjoyed the collaborative aspect of the game, the 
character roles and the Conversation Cards. They also 
appreciated the storyline, the challenges and the interdisciplinary 
way of learning. 

VI. DISCUSSION 

The limitations of the responses to the survey described in 
the preceding section are acknowledged and no attempt at 
generalizability from this pilot is imputed in this paper. Were 
prevailing protocols for social interaction more permissive, a 
robust study would have been designed and conducted. 

Further, the then-current iteration of the on-site version 
suffered from having too many notifications and having 
technical issues, namely challenges being presented to 
participants when trying to exit the former, and nothing 
happening after dropping Item Cards. A participant suggested it 
could be better for the game to focus more on the plants grown 
on-site instead of on the information boards as well. For the 
board game, participants felt that there were insufficient 
opportunities to explore the entirety of the gardens (e.g. through 
the challenges); they also felt that there was reliance on 
guesswork to respond to Challenge Cards (due to the lack of a 
direct incentive to look at the Information Cards), and they 
reported finding difficulty in attaining Item Cards. 

The preceding caveats notwithstanding, the results do 
suggest potential in the gamification of communal spaces for 
educational purposes. Ludic resources of learning with AR and 
board games can be effectively developed in such areas. One 
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prominent feature of such resources would be the incorporation 
of a storyline and roleplaying, both of which were present in the 
backbone of the two versions of the game, and of which the 
participants appeared to be most captivated by. The roleplaying 
aspect was underlined with the Conversation Cards, which 
participants found to be fun and interactive features of the game. 
Thus, interactiveness should be intrinsic to the game. Notably, 
the elements of storyline and roleplay are also present in 
numerous popular content-heavy or complex games, such as 
T.I.M.E. Stories, Pandemic and Risk. With the use of AR, the 
players could strongly immerse themselves in the learning 
environment. AR was also able to sharpen the educational aims 
of the games; for instance, in the on-site version, the presence 
of flora was highlighted to the players, who had to consciously 
collect or drop it, conducting an action that placed them 
between the real and virtual space. In the board game version, 
QR codes linked participants to 360-degree views of specific 
spots in the garden, enabling them to absorb information in 
hyper-reality, namely interacting with a reproduction of a real 
garden digitally within a roleplaying board game. While the 
games were conceived from educational content in the Yunnan 
Garden, learning was sustained through the gamified 
environments created.  

We then consider the effect of the learning setting in the 
implementation of both forms of gameplay and the method of 
Augmented Reality in such contexts. Both versions enable 
players to simultaneously engage in a virtual and physical 
space, providing a flexible, safe space for players to experiment 
and learn in their environment. This close interaction provides 
a hermeneutic form of learning that potentially enables more 
dynamic methods of knowledge acquisition in players, 
encouraging our investigation into the field of game-based 
learning. In the on-site gameplay, Augmented Reality acts as a 
form of functional augmentation of the landscape. This 
transforms the garden into an educational playground that 
encourages a kinaesthetic form of learning. On the other hand, 
the paper-based game uses Augmented Reality to centre on a 
more academic form of learning, as demonstrated through the 
labelling of real plants and objects. This appeals to visual 
learners and possibly students who prefer an actively social 
environment for learning due to its highly interactive, 
interpersonal nature.  

VII. CONCLUDING REMARKS 

The study suggests that using a combination of Augmented 
Reality, storyline and role-play, along with an overall 
interactive gameplay nature could increase the probability of 
encounters with spontaneous elements that encourage learning, 
essentially enabling game-based worlds and immersive 
environments that incorporate these features to be ludic 
resources for learning. 

Further developments in design could involve the addition 

of Augmented Reality elements that show 3D models of objects 

required for current tasks in both versions. Moreover, this 

technology could also be utilised to design animated tasks that 

could add to visual appeal and / or task complexity and engage 

players further in the process of learning. In the area of future 

research plans, including detailed analyses of learning 

processes and outcomes into future evaluations could be 

valuable to research on the effects of similar gameplay. 

Moreover, a larger sample size of players from diverse groups 

could be useful in observing any differences in stimulation from 

such games, enabling educational communities and game 

developers to create games tailored to any specific education 

trends in various consumers. 
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Abstract—A common challenge for adopting virtual reality 

(VR) in education is that limited VR devices are often shared 

among a large group of students. Consequently, there are two 

types of VR learners: Performers who acquire virtual learning 

experience through direct engagement in VR and observers who 

acquire such experience vicariously through observation. To 

explore the influence of learner type on VR learning, this study 

conducted a quasi-experiment with 53 elementary school students 

to examine the difference in VR learning experiences between the 

performers and the observers. The study results supported the 

observed VR learning experience as an adequate alternative to 

direct VR engagement as the observers demonstrated overall 

comparable learning patterns in reflection, emotion, engagement, 

and social interaction during the post-VR debriefing, except for 

the behaviors of recall and interpretation. The research findings 

can shed light on the issues of accessibility and equity in VR-based 

instruction and inform the design and implementation of large-

scale VR educational programs.  

Index Terms—virtual reality, direct experiential learning, 

vicarious observational learning, equity, accessibility  

I. INTRODUCTION  

Virtual reality (VR) is defined as “computer-generated 
environments that simulate the physical presence of people, 
objects, and realistic sensory experiences” [1]. Through high-
fidelity simulation and multisensory interaction, VR programs 
can engage users in a fully immersive virtual experience featured 
by mediated presence, situated cognition, and embodied 
empathy [2]–[4]. The unique affordances of VR, especially those 
enabled by head-mounted displays (HMDs) and sophisticated 
tracking systems, have brought new opportunities to commercial 
industries such as gaming, advertisement, interior design, and 
healthcare [5]. Moreover, educators have seen the potential of 
VR in enhancing teaching and learning, and have identified 
various benefits associated with VR usage in education, such as 
longer time-on-task, increased motivation, deeper engagement, 
improved learning performance, and higher enjoyment [6]–[8].  

However, despite its great educational potential, VR 
interventions have failed to gain widespread and sustainable 
adoption in education [9]. The lack of accessibility to VR 
devices is a major barrier to its large-scale implementation in 
everyday classrooms. Accessibility is often understood as 

ensuring that learners with disabilities are not deprived of access 
to instructional content and activities. A more generic definition 
of accessibility in relation to educational technology expands its 
scope to all learners, and focuses on equitable access to 
technological resources for all during the learning process [10]. 
While the cost of commercial VR products (e.g., Oculus Rift, 
HTC Vive) has been decreasing yearly, it is still beyond the 
affordability of most schools to grant students individual access 
to a personal device. As a result, it is common practice in 
education that two or three VR devices were shared among a 
large group of students [11], [12]. Consequently, only a few 
students can engage with the VR programs directly and acquire 
first-hand VR learning experience, the majority might obtain 
such experience vicariously through the observation of other 
students’ performance in VR.  

The concurrence of both direct and vicarious VR learning 
experience can boost digital inclusion for learning and thus 
provides a feasible solution to the accessibility issue facing most 
schools. However, a critical question regarding educational 
equity remains to be answered: Is vicarious VR learning 
experience equitable to direct VR learning experience? To 
answer this question, this study employed a quasi-experimental 
design to systematically compare the differences in learning 
between the two types of students: those who performed directly 
in a VR learning program and those who participated vicariously 
by observation.  

More specifically, the following four research questions 
guided our comparison between direct and vicarious VR 
learning experience: 

1) Is there a difference in the students’ reflective behaviours?   

2) Is there a difference in various emotions experienced by 
the students? 

3) Is there a difference in the students’ learning engagement? 

4) Is there a difference in the students’ social learning 
patterns? 
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II. METHOD 

A. Participants 

The participants were 53 second and third graders (29 males 
and 24 females) in an elementary school in China, who were 
randomly divided into 11 groups. Each group had two types of 
learners: the performers (direct experiential learners, n=11) and 
the observers (vicarious observational learners, n=42). The 
performers were chosen by volunteering or by selecting the first 
student on the name list if no one volunteered. Each group 
comprised five members (one performer and four observers), 
with the exception of last group with only three members (one 
performer and two observers). All participants and their parents 
signed the informed consent forms. 

B. The VR Intervention 

The VR intervention was created using Unity 3D and Oculus 
Rift software development kit to teach students basic pedestrian 
knowledge and skills. It contained three challenges: (1) crossing 
a street to meet a virtual friend; (2) crossing a street when the 
green pedestrian light starts flashing (indicates the pedestrian 
light is going to turn red); (3) crossing a street at the green 
pedestrian light while a school bus is backing to the crosswalk. 
To correctly finish those challenges, the participants need to 
make a series of correct pedestrian decisions such as walking 
instead of dashing, using the zebra-crossing, crossing at green 
light, waiting with green light flashing, checking for traffic while 
crossing, waiting for moving vehicles. 

C. Research Procedure 

The general process of VR-based instruction is shown in 
Fig. 1. Before participation, the performers were informed 
about the correct ways to interact with the VR intervention. 
Then, the performers engaged in the VR intervention directly to 
complete the three challenges. This session lasted about 2 to 4 
minutes, and the observers were watching the virtual 
performance demonstrated on a laptop screen concurrently 
during the session. 

 
 

 

 

 

 

 

Fig. 1. The process of the VR-based instruction. (a) The VR performance 

session, (b) the post-VR debriefing session. 

The debriefing session started right after the VR 
performance session and included five phases: (1) recalling the 
pedestrian performance and decision making in VR; (2) 
reflection on and interpretation of the virtual performance; (3) 
generating possible solutions to problems and speculating 
consequences; (4) correcting misconceptions about traffic rules 
and knowledge; (5) presenting new traffic scenarios to promote 
knowledge transfer. Debriefing time for each group ranged 
from 7 to 16 minutes in general. After debriefing, the observers 
received compensatory VR experience in other stations. Both 

the VR performance session and debriefing session were video 
recorded, and were later coded for analysis. To further 
investigate the changes of engagement and interaction with 
time, we sliced the video recording of each debriefing session 
into five sections, corresponding to its five main phases. 

D. Coding Protocol 

To answer the four research questions, there were four main 
categories of coding: behavior, emotion, engagement, and 
interaction, as shown in Table 1. Those four categories derived 
from the social learning theory proposed by Bandura and 
Jeffery that emphasizes the reflective, attitudinal, motivational, 
and social aspects of observational learning [13]. Particularly, 
the theoretical framework of reflective thinking proposed by 
Rodgers [14] was used to classify the participants’ reflective 
behaviors into seven types to evaluate the cognitive process of 
students’ observation. Emotion codes included positive and 
negative feelings expressed by the facial expressions or tones. 
Engagement was the overall evaluation of the participants’ 
mental involvement. Interaction codes depicted the mode, type, 
direction, and initiation of social interactions. Except for the 
engagement code that is ordinal, all other codes are nominal, 
quantified by the frequency of occurrence. 

TABLE I.  THE MAIN CODING PROTOCOL USED IN THIS STUDY 

Categories Codes 

Reflective 

Behavior 
• recall, interpretation, prior knowledge reference, 

problem-analysis, decision-making, question, peer-

evaluation 

Emotion • Positive: joy, pride, exited, gratitude, surprise 

• Negative: shy, bored, doubt, frustrated, anger, anxiety 

Engagement • High (3), medium (2), low (1) 

Interaction • Mode: verbal interaction, non-verbal interaction 

• Direction: single-way/double way-interaction 

• Type: performer & teacher, performer & observer, 

observer & teacher, observer & observer 

• Initiation: performer/teacher/observer initiated 

 
The coding of the debriefing sessions was done by the four 

authors using the coding protocol. The discrepancy in coding 
were resolved through weekly discussions. Fig. 2. shows a 
coding example of a debriefing segment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. A coding example of a debriefing segment. 

E. Data Analysis 

There are two major types of data analysis approaches. The 
first type is descriptive analysis. The plotted results were used 
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to describe the overall learning patterns and their trending 
changes during the debriefing session. The second type is non-
parametric test. Since the quantified coding results were mostly 
nominal and ordinal data and non-normally distributed, a series 
of non-parametric tests were conducted to examine the 
difference in reflective behavior, emotion, and overall 
engagement between VR performers and VR observers during 
the debriefing session. All statistical analyses were performed 
using IBM SPSS software (version 21). 

It is worth noted that, to ensure meaningful comparison 
between the performers and the observers, the statistical 
averages rather than total sum should be used in comparison 
since the observers in each group outnumbered the performer 
by four times. Additionally, the length of the actual debriefing 
session varied among different groups, which can also distort 
the statistical results. As a result, when making comparisons, 
we calculated and used the per capita per minute data, so that 
the cofounding factors of uneven number and time can be 
minimized. 

III. RESULTS 

A. Differences in Students’ Reflective Behaviors 

As shown in Fig. 3., the results of non-parametric test 
indicated significant differences in the behavior of recall 
(MD=1.167, p=0.000, Cohen’s d=2.27) and interpretation 
(MD=0.168, p=0.000, Cohen’s d=1.29) between the performers 
and the observers. The performers showed more frequent 
behaviors of recall and interpretation than the observers. 
Moreover, the results revealed no significant differences in 
other types of behaviors. However, Fig. 3. shows that, except 
for the behavior of peer evaluation, the performers outmatched 
the observers in the other reflective behaviors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Differences in reflective behaviors between the performers and the 
observers (per capita and minute). [MD: mean difference; d: Cohen’s d; 

***p<0.001.] 

B. Differences in Various Emotions Experienced by the 

Students 

Fig. 4. demonstrates various emotions shown by students 
during the process of debriefing. In terms of positive emotions, 
the most common emotion was joy. Among them, the observers 
showed more joy than the performers (MD=-0.197). In contrast, 
the performers tended to show more pride (MD=0.036) and 
excitement (MD=0.014). Regarding negative emotions, the 
most frequent emotions were shyness, boredom, and doubt. The 

performers tended to show more shyness (MD=0.085), whereas 
the observers tended to show more boredom (MD=-0.097) and 
doubt (MD=-0.006). Additionally, there were only a few 
frustration, anger and anxiety emotions. However, the non-
parametric test results indicated the differences in emotions 
between the performers and the observers were not statistically 
significant. 

 

 

 

 

 

 

 

 

 

Fig. 4. Emotion counts on different types of students (per capita and minute). 

[MD: mean difference.] 

C. Differences in Students’ Learning Engagement 

Fig. 5. depicts the overall trend of students’ engagement in 
different sections of debriefing, ratings varying from 2.5 to 3. It 
can be seen that the performers received higher engagement 
evaluation in all five sections than the observers. However, the 
non-parametric test results showed statistically no significant 
difference except for during the section 3. The difference in 
engagement level between the two groups was the largest in the 
middle section of the debriefing. 

The engagement of the performers reached its peak in 
section 2 and declined slightly in following sections. Contrarily, 
the engagement of the performers has seen a noticeable increase 
in the last section before a continuous decline. For the 
performers, they just disengaged from the immersive virtual 
environment and required certain time of adjustment and 
preparation for the new learning activity, debriefing. Therefore, 
they might still adjust to the face-to-face context both 
cognitively and affectively in the very beginning. The 
performers’ fading engagement since section 2 might be due to 
the fact that the debriefed VR performance was déjà vu to them, 
and their interests faded away, leading to decreased engagement 
in following sections.  

Regarding the observers, section 1 and 2 of debriefing 
engaged them in the activities of reflection and interpretation 
for VR learning performance, their initial engagement was 
lower due to the vicarious nature of the observed learning 
experience. The continuous decline of engagement during 
section 3 and 4 might be the natural result of deficient attention 
span. The slight increase in the last section was likely due to the 
nature of its debriefing activities, as they were not limited to the 
specific tasks in VR and included more general questions for 
knowledge transfer. Therefore, the potential negative influence 
of vicarious VR learning experience was minimized in this 
section.   
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Fig. 5. Overall evaluation on engagement in each section (per capita and 

section). [MD: mean difference; *p<0.05.] 

D. Differences in Students’ Social Interaction Patterns 

As seen in Fig. 6a and 6b, verbal and double-way 
interactions were the most common forms of interactions in the 
debriefing session. However, they experienced a steady decline 
overtime, while non-verbal and single-way interactions 
remained at low level.  

Additionally, we counted the four types of interactions 
among the performers, the observers, and the teacher in 
different sections (see Fig. 6c). It can be seen that there were 
more teacher-student interactions. Interestingly, we found that 
the observers showed more interactions with the teacher than 
the performers. Lastly, we tallied the number of initiated 
interactions in the debriefing process (see Fig. 6d). It can be 
seen that the behavior of the teacher decreased over time, while 
the overall behaviors of both the performers and the observers 
remained at low level. Most of the interactions were initiated by 
the teacher, followed by the observers and the performers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Social interaction patterns in five sections of the post-VR debriefing. 

IV. DISCUSSIONS AND CONCLUSION 

In general, the study results suggested while there were 
differences between the performers and the observers in VR-
based instruction, the differences tended to be statistically 
insignificant. Moreover, the differences were bi-directional 

rather than one directional, revealing learning advantages for 
both types of students. For instance, the performers were 
associated with more reflective behaviors and higher 
engagement during the post-VR debriefing session, but the 
observers outmatched the performers in terms of desirable 
emotions and social interactions during the learning process. 
Therefore, we argued that although the observers did not engage 
with the VR intervention directly and acquired VR experience 
indirectly through observation, they can still benefit from such 
vicarious experience in post-VR debriefing.  

The examination of the differences between the performers 
and the observers revealed several interesting findings. First, we 
noticed the performers exhibited significantly higher recall and 
interpretation behaviors during the debriefing session, 
suggesting importance of hands-on experience in promoting 
lower-order thinking skills. This finding is consistent with the 
theoretical assumptions of embodied cognition that associate 
performing actions with situated cognition [15], [16]. Another 
possible reason is that the teacher inclined to rely on the 
performers to recall and interpret the virtual experience 
assuming they were the best candidates. How observers would 
react to the tasks of recall and interpretation is yet to be 
investigated.  

Second, the performers and the observers suffered from 
different types of negative emotion during the post-VR 
debriefing session. The performers exhibited more instances of 
shyness and the observers more instances of boredom. The 
performers have been the centered of attention during the VR 
performance session as their every move was being watched by 
their peers and the teacher. As a result, the VR learning process 
became more stressful for them and they might be reluctant to 
express their opinions and true feelings under the emotional 
pressure and discomfort. This might also explain why the 
observers demonstrated more joyful emotion than the 
performers. On the other hand, the observers were more likely 
to get bored during the debriefing for possibly two reasons: 
First, the lack of direct VR experience has made the ensuing 
discussion less relevant for the observers. Second, without 
constant attention from the teacher and the peers, it was easy for 
certain observers to become lurkers in debriefing and get 
disengaged from the social discourse, which is known to 
positively affect learning motivation and emotional engagement 
[17]. 

Lastly, it is to our surprise to find that the observers were 
more socially active than the performers during the post-VR 
debriefing session, as evidenced in more interactions with the 
teacher and initiations of social interaction. One possible 
explanation is that, during the VR performance session, the 
performers were fully immersed in VR and focused on 
immediate tasks, and thus had little opportunities for 
conceptualization and reflection. Contrarily, the observers 
cognitively engaged in the learning tasks in VR from a 
differentiated perspective as a spectator, which allowed for 
more socio-cognitive activities such as critical commentary, 
group discussion, and meaning construction. As a result, the 
observers were in a slightly better position to participate the 
post-VR debriefing activities such as problem diagnosis, 
solution testing, and peer evaluation, leading to slightly more 
active social interactions. This finding supports Hoover et al.’s 
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[18] argument that vicarious observation precedes direct 
experiential learning in promoting learning performance. 
Additionally, research findings regarding video modelling also 
confirmed the efficacy of observation for improving students’ 
writing skills [19], [20]. However, none of those studies were 
conducted in primary school settings. 

A. Implications 

The findings of the present study had several implications 
for designing and implementing VR-based instruction. First, it 
is feasible to teach a large group of students with limited VR 
equipment and produce comparable learning experience. 
Students can acquire virtual experience through observation, 
which allow them to participate in and benefit from the post-
VR debriefing session. Second, the performers might be the 
disadvantaged group under circumstances and thus deserve our 
special attention. Procedures need to be taken to alleviate the 
anxiety and discomfort experienced by the performers due to 
public performance. We suggest choosing performers who are 
extraverted, adventurous, high-achieving, and passionate about 
VR learning. Lastly, proper facilitating strategies should be 
taken to further assure the equity of learning for both the 
performers and the observers. For instance, the debriefing 
activities such as recall and interpretation can be equally 
distributed to the two groups of students, and there should be a 
short break between the VR performance session and the 
debriefing session so that the performers would be better 
prepared both psychologically and physically. Additionally, it 
is feasible to propose VR collaborative learning models to 
satisfies the experience of full participation. 

B. Limitations and Future Research 

There are three limitations of the present study. First, the 
sample size in this study was relatively small (N=53) with 
unequal distribution of the performers and the observers. 
Consequently, the statistical results were likely to suffer from 
type II error. Second, this study focused on students’ learning 
behaviors and learning experience in VR-based instruction, but 
lacked empirical data regarding their VR learning outcomes, 
such as knowledge test scores or performance evaluation. Third, 
the study results were based on a one-time intervention in a rural 
elementary school in China, and might be inapplicable to long-
term VR intervention or with different student population. 
Future research can address these limitations by conducting 
longitudinal studies in various school sites with substantially 
larger sample size. It is also desirable to compare the VR 
learning outcomes between urban and rural student populations 
as results might yield novel findings regarding educational 
equity and its influencing factors in the VR learning settings.  
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Abstract—This paper reports on a fully inclusive co-design 

process of an informal VR science game intended to be accessible 

to a broad range of learners. The co-design embraces the ‘nothing 

about us without’ us movement by ensuring that stakeholder 

voices have a prominent role throughout the design process. In the 

project described in this paper, professional designers and 

researchers work with a team of neurodiverse stakeholders as peer 

members of the design team. The design process is described, and 

the findings based on feedback from all co-design participants is 

reported. Recommendations for others in the field are provided to 

help guide those interested in implementing an effective and 

inclusive co-design process. 

Index Terms—co-design, neurodiverse, autism  

I. INTRODUCTION 

This paper reports on the co-design of a STEM-based Virtual 
Reality (VR) game, for home and informal learning settings, 
designed with neurodiverse students to ensure that it will be 
accessible to a broad audience of learners. This work is informed 
by the D4D framework [1], where stakeholders have a voice in 
the design process. The D4D framework is extended in this 
project to include stakeholders as equal partners in the design 
process. In this model, stakeholders are not only given an 
opportunity to share their voices but are empowered to have 
equal control over the design. 

II. NOTHING ABOUT US WITHOUT US 

Historically, the development of supports and interventions 
for neurodiverse learners and students with disabilities has been 
driven by parents and other well-meaning advocates rather than 
the individuals themselves [2]. These efforts have resulted in 
some benefits to individuals with disabilities. Unfortunately, 
while these advocates have been well-intentioned, their 
perspectives have not always aligned with the perspectives and 
goals of the population they claim to represent. For example, 
many parents and other advocates tend to adopt a medical deficit 
model, often focusing on finding a “cure,” as has historically 
been the case with deaf and autistic children [3]. However, self-
advocates within the deaf and autism communities largely reject 

this deficit model and see themselves as differently abled and in 
need of acceptance and equal access [4]. 

A new paradigm has emerged in recent years that has reclassified 
cognitive disabilities as neurodiversity [5]. The neurodiversity 
movement rejects the notion that individuals with neurology 
outside the norm have a pathology that requires treatment. The 
term neurodiversity, here, refers to an individual who may 
qualify for or be labeled by the medical community with a 
diagnosis of Attention Deficit Hyperactivity Disorder (ADHD), 
Autism Spectrum Disorder (ASD), a Learning Disability, a 
psychological disorder, or similar. Within the neurodiversity 
movement, a message of “nothing about us without us” has 
emerged as a central core [6]. 

III. PARTICIPATORY DESIGN AND CO-DESIGN 

A. Non-Inclusive Design 

While not necessarily a deliberate design choice, many 
designers of educational content do not directly include the 
voices of marginalized stakeholders on their teams. This can 
range from designers of educational content who don’t see 
marginalized populations as part of their focus to those relying 
on scholars and parents to speak on behalf of the population. 
Designers may not see meeting the needs of a special population 
as their responsibility, instead relegating it to special educators. 
Research shows that even with the use of accommodations, 
content that is not specifically designed to meet the needs of 
students at the margins often remains inaccessible to them [7]. 

B. Participatory Design 

Many designers have realized the value of bringing in the 
voice of the populations they aim to serve both from a social 
justice perspective [8] and from an improved design perspective 
[9]. This has taken the form of participatory design [10]. While 
the term can refer to a broad range of different models, 
participatory design often refers to a process that very explicitly 
builds in mechanisms for stakeholders to provide feedback to the 
designers. This can occur through focus groups and joint design 
sessions. Stakeholders, however, are not generally seen as a core 
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part of the design team [11], and while they do inform and guide 
the design process, they are not an integral part of forming and 
shaping the interventions themselves. 

C. Co-Design 

Full co-design, as described in this paper, takes the 
participatory design model a step further and ensures that 
stakeholders have equal (or greater) say in the design process, 
both participating as core members of the design team 
throughout the process and constituting at least half the 
membership of the design team. The goal of this model is not 
only to have stakeholders inform the process, but to empower 
them to shape it from its very inception. This process is a 
symbiotic one whereby designers impart their expertise in design 
to interested stakeholders to allow their growth in this area, while 
learning from them how best to support and serve the target 
population. This plays the dual role of informing interventions 
with the needs of the core stakeholders in mind while at the same 
time providing valuable training and opportunities to 
populations that are often not afforded these types of learning 
opportunities. Co-design serves its population both through the 
final product and through the design process itself. 

IV. MISSION TO EUROPA PRIME 

The authors are part of a project entitled UniVRsal Access: 
Broadening Participation in Informal STEM Learning through 
Virtual Reality, funded by NSF AISL 2005447, to design, 
develop, and research an inclusive and innovative STEM-
learning virtual reality (VR) game for teenagers and adults, 
Mission to Europa Prime. The game is a science mystery game 
consisting of several science and logic themed puzzles and 
challenges set in an abandoned space station on Jupiter’s moon 
Europa. The game is being designed through a co-design process 
that includes neurodiverse learners as designers, developers, and 
testers. Our co-design team includes students at Landmark 
College, a post-secondary institute that exclusively serves 
neurodiverse learners, to design story elements, puzzles, 
experiences, and user interfaces for the game. This co-design 
process will continue throughout the project as we test content 
in iterative rapid-design cycles and a pilot efficacy study.  

Grounded in previous research, the project focuses on three 
areas of support: (1) Sensory Control, (2) Guided Attention, and 
(3) Social Anxiety Scaffolding. 

1) Supports for Sensory Control: Because neurodiverse 
learners may at times experience sensory integration difficulties, 
the project has focused on ways to allow players to control the 
sound and visual interfaces, providing them with agency over 
their environment. 

2) Supports for Guided Attention: The co-design team is 
tasked with understanding what visual “clutter” may be 
distracting and how to highlight salient features in ways that 
support guided attention while not ruining the playfulness of the 
game. 

3) Supports for Social Anxiety Scaffolding: The game 
includes a communication subtheme with a non-sentient alien 
entity with a form of communication not found on earth. For 
example, the entity may signal danger or mark its territory using 
radiation or a spectrum of light invisible humans. This aspect of 

the game will set a theme for better understanding of 
miscommunication and striving to find ways to understand an 
entity even when its communication form is completely foreign 
to the player. 

V. METHODS 

A. Co-Design Model 

Guided by the D4D framework [1] extended to empower co-
designers to have equal voice in the design process, this project 
brought together designers and researchers, some of whom are 
neurodiverse, with neurodiverse students. All team members 
participated fully in the decision-making process and are 
included in all design sessions. This included a weekly all team 
meeting along with a second meeting for smaller teams working 
on individual design elements. See Fig. 1. for an example of the 
work produced by this process. Furthermore, the professional 
team members are careful to ensure the voices of the student co-
designers are given equal space and the learners are empowered 
to take ownership of their roles. 

 

 
Fig 1. The top two images emerged from the co-design process and the bottom 

two images are concept art created by the project’s development partner based 

on the co-design images and concepts. 

The co-design process employed by this project focuses on 
the following: 

1) consideration of key aspects of the game, the STEM 
puzzles, user interface (UI) and user experience (UX) elements, 
as well as emergent design ideas and concerns regarding 
sensory, attention, and social considerations;  

2) preparation of design documents, mockups, and elements 
for rapid testing and next steps;  

3) development of segments of puzzles and interfaces; 

4) testing with a broad range of players, with a high 
percentage of neurodiverse learners.  

B. Participants 

This initial phase of the project focused on the co-design 
process that included a team of 3 undergraduate neurodiverse 
students at Landmark College and 4 designers and developers 
from TERC, some of whom are neurodiverse as well. All co-
design team members are authors on this paper. 
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C. Procedure 

All co-design team members were surveyed about their 
participation on the project, their level of inclusion in the 
decision-making process, and the merits and pitfalls of the co-
design process. A summary of that survey is presented below. 
Note that while this manuscript reports on a preliminary self-
report of the co-design process, the project includes an 
independent evaluation team that will provide a full evaluation 
of the process at the conclusion of the project. 

VI. FINDINGS 

Below is a summary of the feedback provided by all 
members of the co-design team in response to a series of 
questions probing their experience in this process. Participant 
names and initials are not used to ensure anonymity given that 
all are co-authors on this paper. It is worth noting that this project 
was conceived prior to the beginning of the COVID-19 
pandemic but began after widespread travel and gathering 
restrictions had been implemented. 

How have you found the co-design process? Has it been helpful 
or valuable to you personally? 

All co-design team members found personal value and 
growth as part of their participation in this process. Many, 
however, also expressed that a significant investment of time and 
effort was needed to set up the team, learn how to manage 
dynamics, and find ways to effectively share ideas. Examples of 
expressions of personal growth and value gained included: 

P4: “On a personal level, I enjoy working with a team that 
has diverse perspectives and value the growth that it offers.” 

P5: “It has also been really valuable to feel like a peer in the 
process…” 

P7: “...one of our very best brainstorming sessions — and 
indeed, one of the best I’ve been involved with more 
broadly — coming on our last session before the end of our 
first semester working together.” 

Whereas some examples of the area of challenge and 
frustration expressed included: 

P2: “...it is sometimes a risk to share your ideas in front of 
others.” 

P7: “...the whole point is to let all the members of the co-
design team be part of determining both the destination and 
the path to get there. And yes, that’s as inefficient and time 
consuming as it sounds.” 

What parts of the process did you enjoy or worked well for you? 

Every single member of the co-design time named 
brainstorming and idea generation as the most enjoyable and 
effective aspect of the co-design process. Participants expressed 
that the exchange of ideas and the diverse perspectives resulted 
in a more effective, interesting, and diverse idea generation 
process. 

P2: “It has been interesting to see all the new ideas that have 
come out of it and how each of them have grown. Throwing 
something into the mix and then watching it morph into 
something new is rewarding.” 

P3: “I enjoy the brainstorming in small team(s) to generate 
ideas then trying to build on them in between sessions. 
Especially when we identified the best way to leverage our 
individual strengths” 

P5: “The part of the process that I enjoyed the most is 
bouncing ideas around and seeing where they go.” 

What parts of the process can be improved or are not working 
for you? 

As with so many other aspects of our collective lives, the 
response to the COVID-19 pandemic had a significant and 
largely negative impact on the early work of this project. While 
the team did, eventually, find ways to make the best of remote 
collaboration, most of the team expressed some level of 
frustration with the online nature of the process. The interesting 
thing about the impact is that the team had to adjust perceptions 
and communicate differently… in many ways a metaphor for the 
challenges of neurodiversity. 

P6: “...it’s unfortunate that we couldn’t get access to the 
[prototype VR game] demo due to the COVID-19 
pandemic.” 

P7: “COVID disrupted a lot, with one of the biggest impacts 
on this project so far being the ways the team could and 
couldn’t come together.” 

Others expressed difficulty coordinating meeting times, 
finding ways to add visual supports in online meetings, and 
orienting all team members to the process. 

P2: “I would have liked to have seen some collaborative 
visual representation of the brainstorming process.” 

P3: “...time available always seemed to be challenging.” 

P4: “It can also take significantly more time and effort to 
bring in neurodiverse team members who may lack the 
skills and self-confidence to participate fully in the 
process.” 

Do you think there is an advantage to co-design rather than just 
asking you for feedback in a focus group or survey? If so, what 
is it? 

All members of the design team expressed that they found 
the co-design process allowed for a significantly different 
process than a more traditional approach. Team members 
believe that full involvement of stakeholders as designers allows 
for a greater understanding of the design challenges by all team 
members. Team members also stated that the process allowed 
them to identify challenges they would not otherwise have 
anticipated and to more deeply think about solutions to the 
challenges that arose during design. 

P4: “The co-designers engage with the content to enough 
depth to be able to truly grapple with the most difficult 
design challenges facing a project and to offer solutions to 
them.” 

P5: “The effectiveness of the co-design model is in the 
difference between having hands on experience versus short 
term perception.” 
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P7: “Creating something and then asking for feedback is a 
lot faster, easier, and cheaper; however, the final product 
will not be what it should be.” 

An additional benefit expressed by some of the team was in 
the opportunity afforded to the student team members for 
training and experience they would not have otherwise had. 

P1: “The codesign process has been valuable to me 
personally by giving me an opportunity to help work on a 
VR game since it is something that I am very intrigued about 
and want to learn more about.” 

P4: “The process can foster skills and interest in a new and 
more diverse design workforce by opening up opportunities 
and providing training to neurodiverse students…” 

P6: “The co-design allows students to be a part of the study 
whereas a focus group just collects data through surveys.” 

How do you think having the three co-design students on the 
team improves or changes the work versus if we had designed 
things without their input? 

The main theme that emerged in response to this question 
was the value of fully including the diverse perspectives of the 
stakeholders in the design process. 

P1: “...you have people looking at the project in a different 
lens…” 

P4: “...working closely with neurodiverse co-designers has 
allowed the other members of the team to develop greater 
understanding and empathy for the challenges faced.” 

P5: “As a person with a learning difference diagnosis I see 
this as a very important aspect to the design… Having 
access to this type of insight allows for the crafting of 
experiences that are enjoyable by all.” 

P6: “...improves the work by having students with different 
points of view offer ideas and constructive criticism...” 

How would you advise other people to recruit neurodiverse 
students to co-design with them? 

Team members strongly voiced a need for more designers to 
use a similar approach and to reach out to and include the 
community they aim to design for. Their advice focused on 
being open and direct with the target community and in treating 
them as valued partners and domain experts. 

P4: “...I would strongly advise others to consider this as part 
of their work... reach out to them as a valued community of 
domain experts…” 

P5: “I would say be as straight forward with your 
communication as possible. We recognize that things are 
different for us…” 

P6: “...the best way to have the game be available and ready 
for everyone is to have the input from gamers that have 
LD’s [Learning Differences/Disabilities].” 

P7: “Do it. Involving this perspective is more than 
important, it’s vital for broadening access... you are 
relinquishing some of your control. Co-design, by its very 

nature, means more voices at the table, voices you have—
and want—to listen to.” 

What are some of the problems that other researchers need to 
look out for and avoid? 

Some of the pitfalls and issues that participants warned about 
included finding ways to truly include neurodiverse participants 
as partners and ensuring the process is fully accessible to them. 
All team members need to take the time and space necessary to 
make sure they do not fall back on habits of communication and 
interaction that may work for a neurotypical audience but are not 
accessible to a neurodiverse population. In addition, some 
members warned against using co-design as a way to “check off” 
a diversity checkbox without truly valuing the input of all team 
members. 

P1: “...be able to be accessible for a broad amount of 
people.” 

P2: “Avoiding ‘checkbox based recruitment’...” 

P5: “...organization and timeliness is a common problem. 
Do not alter your requirements or workloads to compensate 
for the person unless needed.” 

P7: “Treat the neurodiverse members of the co-design team 
as full team members, not just representatives of their 
neurodiversity.” 

How do you think this process helps make a VR game that works 
well for a broader group of learners? 

Comments highlighted how the specific sensory, attention, 
and social needs of neurodiverse learners allows for intentional 
improvements in these areas that are of benefit to all potential 
VR users. 

P1: “...[team members] with different backgrounds help 
with filling in the gaps for the broader group…” 

P3: “It’s always best to have your target audience provide 
input sooner rather than later… it’s also helpful to hear what 
bias and or expectations co-designers bring to the game.” 

P4: “Bringing ideas and perspectives from a diverse range 
of designers can only serve to make this technology more 
accessible and comfortable to the range of potential users at 
large.” 

How can we improve the process? 

Some general suggestions for improving this process 
included bringing in more students, allocating more time to the 
process, and finding additional ways to work together (which 
was limited due to the COVID-19 pandemic). 

P3: “... find more time for us to work together.” 

P5: “Continue to integrate neurodiverse perspectives… we 
do have the understanding of what [neurodiversity] can be 
like.” 

P4: “...finding ways to bring in co-designers without leading 
them, to provide enough structure to support them without 
silencing their own voices.” 

64



P7: “...additional steps early in the process for the new 
members... offer additional templates and scaffolds... 
working on ways to be doing more testing, gathering more 
input, expanding the participant research, etc.” 

VII. RECOMMENDATIONS 

The following recommendations are based on the entire 
team’s feedback and experience. This process requires time, 
some upfront effort, and good communication and flexibility. 
However, all team members wholeheartedly endorsed the 
process, and all found significant growth opportunities as 
designers that will not only inform this process but will influence 
future work as well. To be success, a team should go into this 
process with the following: 

1) Embrace the co-design process and empower your 
stakeholders to take ownership of it. It is very easy for 
experienced designers to drive this process in the name of 
efficiency. However, the benefits of co-design cannot be realized 
unless stakeholders are given the time and space to participate 
fully. 

2) Put significant time and effort upfront to build the 
team’s social connections. Many stakeholders need to develop 
a level of comfort and develop a social connection with their 
team in order to feel comfortable honestly providing their 
feedback. 

3) Consider alternate modes of communication and 
interaction. A team should look for processes that are effective 
for all team members, particularly those less familiar with the 
design process itself. It can be helpful to consider a range of 
communication options including visual aids, video/audio 
recordings, physical models and mockups, etc. 

4) Be open, honest, respectful, and humble in your 
interactions with all team members. While this point may 
seem obvious, it all too often is missing. You may find that those 
with more experience talk down to some team members, or you 
may find that some team members avoid talking about sensitive 
topics such as race or disability. This team’s experience has been 
that as long as one approaches all team members with respect, 
avoids creating a power differential, and is open, team members 
are happy to discuss sensitive topics with fellow team members. 

5) Ensure this process meets all team member’s needs. 
For this to be a truly equal co-design process, the process and 
outcomes should meet the needs of all team members. That 
means that the design itself cannot be the only focus of the 
process or the only outcome. The team should offer 
opportunities for learning and growth to participating 
stakeholders. They will be more likely to embrace and fully 
participate in the process. 

VIII. CONCLUSIONS 

There are many participatory design and co-design models 
out there, however the authors believe that the process employed 
here is different than that typically used by most designers. This 
process is more time consuming for a design team than merely 
soliciting feedback through surveys and focus groups. However, 
one cannot hope to get a similar level of feedback from a short 
interaction as one would from having stakeholders fully 

immersed in the process and its design challenges. Despite the 
cost in time and effort, there was universal support for this 
process among all team members both in terms of the outcomes 
of the process and in terms of the growth of each individual team 
member as designers. 
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Abstract—This work-in-progress article describes a virtual 

reality (VR) app to assist in reading texts in an immersive 

environment. While reading is an essential part of learning, 

approximately 10 percent of students are estimated to have 

reading difficulties. Digital tools, such as Text-To-Speech (TTS), 

eye tracking, and VR, have successfully helped such students with 

reading. Full Concentration Reader, presented in this article, 

integrates these technologies to maximize their benefits. The 

software design, implementations, and preliminary experimental 

results about the effect of eye tracking-based reading guides on 

reading speed are described. 

Index Terms—virtual reality, eye tracking, immersive learning, 

reading disorder, assistive technology 

I. INTRODUCTION  

Reading texts is one of the fundamental activities in learning, 
and reading disorders, i.e. difficulties in reading comprehension, 
constitute a significant part of learning difficulties. It has been 
estimated that 5%~15% of school-aged children have learning 
disorders, and 70%~80% of them meet the criteria for reading 
disorders [1], suggesting that nearly 10% of schoolchildren 
suffer from difficulties in reading. 

One of the most common forms of reading difficulties is 
dyslexia. Dyslexic children are known to have problems in 
phonological processing, i.e., to have trouble with the 
conversion between written texts and sounds [2]. Moreover, they 
are also known to have difficulties in processing visual 
information of texts, essential for decoding words. Those with 
dyslexia have been found to have various abnormalities in the 
visual processing of texts, such as skipping lines and mistaking 
the order of characters in a word [3]. This suggests that reading 
is not only a linguistic task but also a visual task, and supporting 
deficits in both types of functions, based on their severities of an 
individual, is crucial for effective interventions. 

To help students with reading, a number of digital aids have 
been proposed and practiced. Text-to-Speech (TTS) technology 
is the most common assistive technology for dyslexic children  
[4]. Since dyslexic children have difficulties associating letters 
with sounds, TTS can help them digest texts written on paper or 
screen by reading them aloud. A meta-analysis by Wood et al. 
[5] indicated that TTS tools have a positive impact on reading 
comprehension assessments. 

Since dyslexia is associated with impaired visual processing 
of texts, e-books with customizable text display settings can be 
of great help. For example, presenting texts in shorter lines with 
more spacing and highlights can improve reading 

comprehension and speed [6]. On the other hand, eye tracking 
can be used to evaluate readers for deficits in the visual 
processing of texts. The eye movements of people with dyslexia 
have characteristics that differ from normal readers, such as 
abnormalities in fixations and saccades, and show more frequent 
regressions when reading texts.  These characteristics can be 
used for screening dyslexics or distinguishing them from other 
psychiatric disorders, such as ADHD, which can also impact 
abilities in reading. It has been shown that patients with "pure" 
dyslexia and those with dyslexia and ADHD have different 
patterns in the numbers and durations of fixations [7]. 

In addition to these technologies mentioned above, Virtual 
Reality (VR) may be used as an indirect way to assist reading. 
One of the benefits of using VR is to provide readers with visual 
aids to facilitate the construction of situation models, i.e., mental 
representations of a state of affairs described in texts so that they 
can better understand the narratives. Another benefit of using 
VR for reading is to prevent external stimuli from distracting the 
readers (ADHD patients, in particular) and keep them to stay 
focused on the activity. VR has been used for cognitive 
rehabilitation for ADHD patients, and a recent meta-analysis has 
found that such treatment is effective for sustained attention [8]. 

While these three modalities of technologies, i.e., Text-to-
Speech, eye tracking, and VR, have been used for assisted 
reading independently from each other, recent technological 
advances in cloud computing and head-mounted display (HMD) 
manufacturing now have made it possible to integrate these 
technologies into a single platform. In this article, I introduce my 
preliminary attempt for such integration. The newly developed 
system, called Full Concentration Reader, allows users to view 
texts in an HMD and read them in an immersive environment 
silently or with audio assistance using TTS. Moreover, eye 
tracking, integrated into the HMD, is used to track eye 
movement and indicate the text the reader is currently reading. I 
expect this system can be useful for schools to help students with 
a wide range of reading difficulties, including those with visual 
impairments. 

II. RELATED WORKS 

As mentioned above, TTS technologies have been used 
widely for assisting patients with reading disorders, and they can 
be used with various visual aids. Most major operating systems, 
such as Microsoft Windows and Apple Mac OS, have options 
for accessibility features for reading disorders, such as TTS and 
text display customizations. Some TTS-enabled software, such 
as Voice Dream Weaver, also have text highlighting 
synchronized with TTS. Ikeshita et al. [9] have found that such 
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text highlighting of texts can enhance the effect of Text-to-
Speech among dyslexic readers. It has also been shown that 
"poor" readers, who have a shorter fixation on texts, can increase 
fixation time significantly by highlighting words one by one at 
the speed of normal reading [10].  

Eye tracking can also be used for assisting reading along with 
these technologies. Sibelt et al. [11] developed the Reading 
Assistant, an interactive reading system that is activated by 
gazing. It follows users' eye motions and gives visual feedback 
(word highlighting after a certain duration of gazing), followed 
by TTS feedback as they read texts. Chen et al. [12] also 
developed a similar gaze activated interactive reading system, 
but they used the gaze mainly to blur paragraphs outside the view 
focus so that the reader can give more attention to the current 
reading position.  They have found that the gaze-assisted group 
showed better reading comprehension of a certain type of text (a 
Q&A style) than the control (mouse-assisted) group. They also 
reported that the former group was more likely to go back and 
read paragraphs multiple times and therefore takes longer to read 
than the latter group. This may suggest that interactive reading 
with eye tracking may encourage more in-depth and more 
careful reading. 

The application of VR technologies for reading assistance is 
not as common as other assistive technologies described above. 
Daly [13] used VR to let learners experience real-world 
locations from the reading materials and investigated how their 
mental representation of the story altered, as assessed from their 
drawings. They found that the drawings after VR experience 
were more accurate and detailed, indicating better acquisition of 
situation models of the story. Pianzola et al. [14], on the other 
hand, examined how reading a chapter in VR, compared to in 
print, affects the perception of the story. They found that the VR 
group showed more intention to read and empathy with 
characters,  as well as transportation, i.e., feeling of being in the 
fictional world. Since the background image they used in VR 
was not directly linked to the story the subjects read, a textual 
(as opposed to graphic) representation of a story may be 
sufficient to make users in VR immerse themselves into the 
story. While neither of these two studies directly demonstrated 
the beneficial effects of VR for reading disorders, it may help 
increase their motivation to read, which is known to be lower in 
those with reading disorders than their peers, and encourage 
them to comprehend the story. 

III. DESIGN AND IMPREMENTATION 

A. Design 

The most distinct feature of Full Concentration Reader (Fig. 
1) is the eye tracking-based reading guide where all the 
displayed texts are initially hidden by breakable "mask" panels, 
which can be  removed by gazing at them. Since the user can 
only remove the mask that covers the next segment of text to 
read, they must read the texts without skipping and focus on the 
next segment to continue. This feature demands more 
concentration on gazing than aforementioned Chen’s system 
which hid texts outside the gaze like the proposed method but 
did not prohibit skipping. The revealed texts can be read aloud 
by TTS. Once all the masks are removed, the next page will be 
displayed with refreshed masks. 

 

Fig. 1.  Full Concentration Reader in vertical (left) and horizontal (right) 

writing. 

B. Imprementation 

Full Concentration Reader is used with Pico Neo2 Eye, a 
6DoF HMD with built-in eye tracking. The software was 
developed using Unity and Pico Unity SDK and VIVE Input 
Utilities with minor customizations to implement button and 
laser pointers in Pico's VR environment. According to the 
manufacturer's specification, the frequency of eye tracking is 
90Hz, gaze angles are 25° (left, right, and down) and 20° (up), 
and the ideal accuracy for eye rotation is 0.5 degrees. In the VR 
environment, the gaze raycast hit point is displayed as a green 
spot. The virtual environment is surrounded by a 360° image of 
a Japanese-style dojo. 

The texts to be displayed in VR is provided by a text file. The 
player is asked to prepare a file with texts in either English or 
Japanese and save it with ".zen" extension in a specified folder 
in the HMD. When the app starts, all the files with ".zen" 
extension in the specified folder are automatically loaded, and 
the player is prompted to choose the file to read in either vertical 
(for Japanese text. Commonly used for novels) or horizontal 
writing (for English or Japanese text) display format.  

The text display area is the width of 0.9 unit and the height 
of 1.2 unit for horizontal writing and the width of 1.6 unit and 
the height of 0.9 unit for vertical writing. In the default settings, 
the area is divided into 4 (horizontal) * 20 (vertical) sections for 
horizontal writing or by 20 (horizontal) * 4 (vertical) sections for 
vertical writing, though it can be adjusted if needed. Each section 
is covered by a black mask, which can be broken by an eye gaze 
raycast.  The position of the display area can be moved vertically 
and horizontally in the VR space using the right joystick, while 
the rotation of the area can be adjusted using the left joystick. 
The control panel shows the status of eye tracking, the current 
page, and the buttons to move between pages and to start TTS. 
TTS is provided by Google Cloud Text-to-Speech 

IV. EVALUATION 

A. Procedure 

To characterize how the masks affect reading speeds, a self-
experiment was designed. In this experiment, the subject, with 
normal reading ability, read passages with or without masks 
(+Mask and -Mask, for short), and the durations to read passages 
were recorded. Two passages, each with 3000 (-19 ~ +24) 
characters long, were taken from two Japanese novels unfamiliar 
for the subject: One is The Intuition of Haruhi Suzumiya by 
Nagaru Tanigawa (Haruhi for short), a recently published "light 
novel," and the other is I Am A Cat by Soseki Natsume (Cat for 
short), an older novel published in 1905 with a more traditional 
style of writing. The recording was performed for both vertical 
and horizontal writings. The order of recording was Vertical/-
Mask, Vertical/+Mask, Horizontal/-Mask, Horizontal/+Mask, 
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and this was repeated in the reverse order and for both novels. 
The two recordings (i.e., the forward and reverse orders) for each 
condition were averaged, and the ratio of the reading time of 
+Mask condition to that of -Mask condition was calculated.  

TABLE I.  INFLUENCE OF MASKS AND WRITING DIRECTIONS  
ON READING SPEEDS  

Books 
Durations of reading (in seconds) 

Vertical Horizontal 

 
-Mask +Mask 

+Mask 

/-Mask 
-Mask +Mask 

+Mask 

/-Mask 

Haruhi 179 238 1.33 159 239 1.50 

Cat 211 317 1.50 202 286 1.41 

B. Experimental Results and Discussion 

The durations of readings (in seconds) are shown in Table I. 
Overall, the reading speeds were faster than common reading 
speed for Japanese (~300 secs for 3000 chars). In all conditions, 
reading times were significantly longer in the +Mask condition 
than in the -Mask condition. This was probably because the 
+Mask condition requires more precise control of gazing than 
the -Mask condition, which may encourage the reader to read the 
texts with more attention. It should also be taken into account 
that in the +Mask condition, the number of texts to read in each 
gazing was limited by the size of the mask (corresponds to 7.5 
Japanese characters), and it may have affected the reading speed. 
However, the saccade span for Japanese characters is known to 
be around 8 characters or less [15], which is not larger the size 
of the mask. Therefore, the limitation by the mask size is 
unlikely to be the primary cause of the delay.  

In this experiment, reading in Vertical and Cat conditions 
were generally longer than in Horizontal and Haruhi conditions, 
respectively, but their effects on the mask conditions were 
inconsistent. Since Cat text had quite a few older and unfamiliar 
expressions, it is expected to take longer to read than newer and 
more casual Haruhi. And reading in general is known to be 
harder in the vertical direction than in the horizontal direction, 
and this was also observed in this experiment. Therefore, it was 
initially hypothesized that the reader would have to stop and 
gaze carefully even without the masks and the effect of masking 
might have been reduced, but the data did not support this 
hypothesis. To observe such an effect, more complex texts or 
texts in foreign languages may be required. Moreover, since the 
experimental subject had normal reading abilities, it is yet to be 
determined if the observations can be reproduced in those with 
the reading difficulties. 

V. CONCLUSION 

In this article, I introduced Full Concentration Reader, an 
immersive reading assistance app with eye tracking and TTS. 
This app is intended to bring the beneficial effects of VR, eye 
tracking, and TTS together and give an environment for students 
struggling with reading where they can absorb themselves into 
the story with improved attention. The simple self-experiment 
suggested that this app helps to read the texts more carefully, but 
it needs to be examined further with more subjects, including 
both those with and without reading disorders. Moreover, it 
should also be tested if this app improves the learning outcomes 

of readings, such as the understanding of the story and the 
retention of the contents. As for the improvement of the app, the 
synchronization of masks and TTS, i.e., read the texts aloud as 
the mask is removed, may be beneficial for dyslexic readers. 
Eventually, the app will be published on the Pico app site and 
made available for the general public to help as many struggling 
readers as possible. 
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Abstract—According to the World Health Organization, there
are more than one billion people with moderate or severe distance
vision impairment or blindness worldwide in 2020. Due to recent
COVID-19 safety measures, online events have moved to online
platforms in order to maintain physical distancing. The transition
towards online gatherings have shown gaps associated with
technology and internet access, along with lacking accessibility,
which has resulted in reactive responses to improve usability
by adding captioning, compatibility with screen readers, and
image captioning to cite some examples. However, traditional
video conference lacks immersion and presence otherwise found
in virtual reality (VR), for example Mozilla Hubs, Engage VR,
AltspaceVR, and Virbela amongst others. Although these services
and consumer-level hardware are becoming ubiquitous, there are
still accessibility challenges to be met when designing VR expe-
riences. In this work-in-progress paper we explore the design of
an inclusive web-based VR application that simulates registering
at a virtual conference and navigating to a presentation room.
Our preliminary study focused on usability and engagement by
inviting participants to experience the demo eyes closed. Our
preliminary results show the audio cues were helpful to navigate
the environment without visual feedback.

Index Terms—navigation, spatial audio, virtual reality, visual
impairment

I. INTRODUCTION

The World Health Organization (WHO) estimated in 2020
that more than one billion people around the world have
a near or distance vision impairment [1]. While technolog-
ical efforts continue to take place to improve accessibility
in communication platforms (e.g., Google Meet, Zoom, and
Microsoft Teams amongst others) by including captioning
and screen reader compatibility, there is still much to do.
For example, [2] developed a system that extracts non-visual
perception of visual conversation cues to inform participants
with context often extracted from visual observation. However,
these traditional video call tools lack immersion and presence
otherwise found in virtual reality (VR) [3].

VR enables interactions with a computer-generated world
through the senses (i.e., sight, hearing, and touch, with recent

advances in taste and olfactory feedback) [4]. Consumer-
level VR equipment can provide spatial audio, head, and
hand tracking, along with connectivity to cloud services that
provide access to artificial intelligence, networking and social
experiences. As a result, using the VR’s sensors and actuators
allow to provide immersion and presence to vision impaired
users by providing audio and haptic stimuli in controlled and
simulated environments [5].

Currently, VR is being adopted to create innovative ap-
proaches and solutions to provide accessibility associated with
improving and maintaining body balance [6], rehabilitation
[7], and virtual worlds accessibility for users with low vision
[8]. Furthermore, VR enables exploration through multimodal
cues in simulated environments [9], that can be used to
simulate sight loss conditions to improve responsiveness and
familiarity with unknown environments [10]. Additionally,
empathy and awareness can also be booted by exposing care
givers and relatives to low vision, deafness, or cognitive and
psychomotor simulated conditions [11].

This paper presents the development of an accessible tool to
assist the navigation of a virtual environment (VE) employing
audio cues only to register in a virtual conference employing
non-immersive VR (NIVR). Our goal is to better understand
the development limitations and opportunities VR presents
for inclusive virtual conferencing navigation relying solely on
audio cues. Our preliminary assessment focused on capturing
usability and engagement perceptions.

II. MATERIAL AND METHODS

Different development platforms including, Amazon Sume-
rian, Mozilla Hubs Spoke, and Unity with WebGL, WebVR,
and standalone build development were explored for creating
the virtual registration experience.. Amazon Sumerian offers a
web-based VR authoring platform to create user-friendly VR
experiences. While promising at first, we encountered issues
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associated with avatar movement, interactions and camera con-
trol problems, which at the time of writing this paper lacked
documentation to be properly solved. Next, we explored Hubs
by Mozilla, which is a fully integrated web-based platform
with built-in VR support. While Mozilla Hubs does not require
any additional programming, if needed, the open source code
editing is limited due to how it was designed, which hinders
the addition of interactions and metrics capture. Finally, we
decided to employ the Unity Game Engine, as it allows us
to control the environment, audio sources, and to collect in-
experience metrics to understand how a user navigates the
environment.

The first step in the development consisted of creating a
grey-boxed area for pick and place interactions using mouse
and keyboard controls. A reticle was added to inform users
when the picking tool hovered over the target object, in addi-
tion to visual and audio cues to indicate when the object can be
picked. Next, audio cues were added to notify wall collisions
to help the users to familiarize with their surroundings for as
long as the collision takes place.

Once the base interactions and audio cues were set up,
we focused on implementing the conference registration and
navigation process. The registration requires the user approach
the registration area, to pick up the registration pass, and
bring it to the registration desk by following the audio cues
accompanied by voice clips providing the related instructions
(see Fig. 1a from the spawning location point of view, and see
Fig. 1b).

(a) Registration area. (b) Registration pass placement.

Fig. 1: Registration room.

After completing the registration process, the conference’s
room doors open, and a voice clip invites the user to follow the
audio cues to find their seat as shown in Fig. 2. The guiding
audio cues act as way points so that the user can navigate
to the following location after reaching one. Upon reaching
their seat, users can remain seated or leave by following the
way points. However, while in the room, if a user wants to
pose a question to a presenter, a different set of audio cues is
activated for reaching the microphone, which concludes the
user interactions. In addition to the audio cues, spotlights
were also placed to help those with low vision to obtain
complementary sensory information (the spotlights can be seen
in Fig. 2).

A. Demo Analysis

The System Usability Scale (SUS) [12] was chosen to
measure the usability perception during the navitation. SUS

Fig. 2: Sequence for entering the conference room and finding
a seat.

uses 10 questions in a 5-point Likert Scale and it provides a
score out of 100, where a result of 68/100 is considered usable.
Additionally, we measured engagement employing the Game
Engagement Questionnaire (GEQ) [13], which pairs responses
from 14 questions to define the perceived “Competence”, “Im-
mersion”, “Flow”, “Tension”, “Challenge”, “Negative Affect”,
and “Positive Affect”.

III. PRELIMINARY RESULTS

Three participants without visual impairments volunteered.
The SUS scores for the non-immersive VR environment were
80/100, 75/100 and 82.5/100, and 87.5/100, 97.5/100 and
80/100 for the immersive VR environment. The GEQ results
for the VR and non-immersive VR are presented in Fig. 3.

Fig. 3: Immersive and non-immersive VR GEQ results.
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IV. DISCUSSION

A common issue the participants faced was upon picking
up the pass for registration in both immersive and non-
immersive modes as they would first not notice the audio
cue that notifies them the object can be picked up. This
occurred as a result of overlapping ambiance. Furthermore,
when dropped, the registration pass was very difficult to pick
up again. A suggestion was given to make it so once picking
up the registration pass it can’t be dropped until it touches
the registration desk. This made participants wary to drop
the object at the registration desk at the risk of having to
find it again and pick it up. Another comment made was that
participants did not realize initially that the guiding sounds to
find the seat and microphone were acting as way points, one
participants said “I feel like I am passing it”, but thinking back
they realized it may have been way points. It is still important
to take note that this is was a common interpretation of the
way point guide sounds. A common issue with the mouse and
keyboard controls was after registering and beginning to really
use the binaural audio to interpret where they are headed was
that they would often end up constantly looking directly up
or down. This was because when using mouse and keyboard
there was no way of telling where the were looking in the
vertical axis (up or down). A solution to this could be to make
the binaural audio also be heard above and below the user to
provide and even better experience.

In terms of usability and engagement, the test session only
had three participants thus giving limited results. However, it is
worth noting that all participants found the experience usable,
however, the SUS scores where higher with the immersive
VR version. We believe this the result of the user interactions
differences between mouse/keyboard and VR controllers. For
example, motion in non-immersive VR requires moving the
mouse for camera orientation in combination with the arrow
keys for walking, while in immersive VR camera orientation
is achieved by rotating the head to the desired direction, and
using a thumb stick to control walk speed. For example,
Participant 1 had a far less enjoyable experience as well
as a more difficult time with the mouse and keyboard sce-
nario. Regarding engagement, the VR experience had lower
scores in “Tension”, “Challenge”, and “Negative Affect”), thus
indicating that the experience was perceived as immersive
and enjoyable to use. The non-immersive VR had similar to
the immersive VR results with lower scores associated with
“Tension”, “Challenge”, and “Negative Affect”.

V. CONCLUSION

This paper presented an immersive and non-immersive
VR experience for assisting users to approach a registration
desk and a conference room in VR, and analyzed usability
and engagement perceptions reported by the participants in
our preliminary study. While our results are limited due the
small participant sample, first impressions and feedback are
promising into better understand the interactions workflow
and opportunities presented by audio only navigation. We
can conclude that our participants felt the immersive VR

experience to more usable and this can be attributed to the
immersiveness caused by the spatial audio speakers on the
Oculus Quest VR headset and smoother control of camera
rotations with the headset in contrast to camera operation
through keystrokes and headphones used in non-immersive
VR.

Future work will focus on adding multi-user support, screen
captioning and screen readability to pilot test a virtual gath-
ering and gather a large participant sample. Additionally,
we will implement in-VR metrics to understand how users
are performing tasks in terms of time to completion, task
completion and user interface interactions.
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A. Farné, and F. Pavani, “Reaching to sounds in virtual reality: A
multisensory-motor approach to promote adaptation to altered auditory
cues,” Neuropsychologia, vol. 149, p. 107665, 2020.

[6] S. M. S. Ferdous, “Improve accessibility of virtual and augmented reality
for people with balance impairments,” in 2017 IEEE Virtual Reality
(VR). IEEE, 2017, pp. 421–422.

[7] Y. Lin, J. Breugelmans, M. Iversen, and D. Schmidt, “An adaptive inter-
face design (aid) for enhanced computer accessibility and rehabilitation,”
International Journal of Human-Computer Studies, vol. 98, pp. 14–23,
2017.

[8] Y. Zhao, E. Cutrell, C. Holz, M. R. Morris, E. Ofek, and A. D. Wilson,
“Seeingvr: A set of tools to make virtual reality more accessible to
people with low vision,” in Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems, 2019, pp. 1–14.

[9] D. Massiceti, S. L. Hicks, and J. J. van Rheede, “Stereosonic vision:
Exploring visual-to-auditory sensory substitution mappings in an im-
mersive virtual reality navigation paradigm,” PloS One, vol. 13, no. 7,
p. e0199389, 2018.
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Abstract—Recent research suggests that students feel discon-
nected in distance educational environments. There is an imme-
diate and sustained need for innovative approaches that provide
personalized and interactive instruction, digital equity, and scale-
up remote teaching. Shared, collaborative virtual spaces, such as
Mozilla Hubs, can provide new learning modalities for educators
and students, especially during the pandemic. We describe our
experience with using Mozilla Hubs in formal and informal
educational settings. We conducted several user studies to collect
qualitative feedback from the participants. These studies include
an educator workshop, a girl scout meeting, and a class gathering.
The findings provide an insight how practical, useful, and
entertaining such virtual spaces are to the participants.

Index Terms—extended reality, e-participation, socialization,
user engagement, authentic interaction, equity

I. INTRODUCTION

Educators’ and students’ tasks and activities traditionally are
directly performed in the word, a three-dimensional physical
environment. That is especially the case for experiential learn-
ing and learning in laboratory and practical settings. With the
onset of COVID-19, educators must find ways to teach that
are flexible and can be used when a school shuts temporarily
or social distancing does not allow for physical meetings.
With distance learning, performing such tasks and activities
is challenging.

Recent research suggests that students feel disconnected
in distance educational environments. In October 2020 a
petition“Reduce the Workload for LOCO students” was signed
by 11,000 students from a Northern Virginia school district,
Loudoun County [1]. The students felt disconnected being
in front of a computer for hours. Addressing students’ pro-
fessional needs is challenging due to limited resources for
technology upgrades and content creation and delivery.

There is an immediate and sustained need for an innovative,
flexible, and forward-looking ‘eco-system’ of technology-
based learning tools and services that allows personalized
and interactive instruction, digital equity, and scale-up remote

teaching. As institutions are unable to offer a ‘whole student’
education experience (e.g., package of academic, learning,
emotional, and personal care support) due to COVID-19, there
is now an urgent need to utilize innovative and dedicated
solutions that can offer comprehensive and tailored support
services. This is so that they can stay on track with their
academic programs and retain a sense of connectivity to their
schools. Therefore, distance learning interactions should be
carried out in a realistic environment. Education institutions
ranging from K-12 to colleges and universities are in search of
alternative and cost-effective tools and applications to support
their teachers, who are now teaching online.

Extended Reality (XR) based products and solutions are
poised to transform all aspects of education and training, to
including experiential learning, case analyses, problem solv-
ing, hands-on demonstrations, virtual lab activities, teamwork,
and assessment [2], [3]. Immersive experiences can also focus
on social experiences, engagement, and collaboration through
representational fidelity and interactivity [4]. Examples include
Mozilla Hubs and Virbela, which provide virtual worlds for
immersive online events, meetings, and classes, and others.
The global market of XR in education and training or Im-
mersive Learning Technology was $1 billion in 2019 with
projections to reach between $2 and $10 billion by 2026 [5].

There are ongoing efforts to promote international collab-
oration of developers, educators, and research professionals
to develop the scientific, technical, and applied potential of
immersive learning as well as to promote standardization.
Some universities are directly partnering with companies to
provide new solutions.

In this paper we describe our experience with using Mozilla
Hubs in formal and informal settings to provide new learning
options for educators and students. We began testing with
Mozilla Hubs in Fall 2020. The idea was to provide educators
and students with a more immersive environment than two-
dimensional clients like Zoom and Teams, while retaining the
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accessibility component by it working in most browsers. We
provided training, customization of rooms and avatars, and
hosting of our own Hubs server providing some premium
features and controls with Hubs Cloud.

We conducted three user studies for the purposes of identi-
fying technical issues and gathering qualitative feedback from
the participants. These studies include an educator workshop,
a girl scout meeting, and a class gathering. These findings
provide us with an overall idea of how practical, useful, and
entertaining Hubs rooms appear to users.

II. RELATED WORK

There have been numerous studies on the incorporation
of desktop virtual reality environments with student learning.
Even a decade ago, XR and immersive learning wer working
its way into curricula [6]–[8]. Today, we see it becoming more
common in education [9], [10]. However, immersive learning
is not just about technology, there are many other factors.

Dengel and Mägdefrau [11] proposed the educational frame-
work for immersive learning (EFiL) where presence (the
subjective feeling of “being there”) was identified as the
central criterion influencing immersive learning. Preence is
influenced by objective (immersion) and subjective (motiva-
tional, cognitive, and the emotional) factors.

Virtual reality is not only growing in popularity but also
in accessibility. With the recent increase in the number of
households with access to broadband internet connections [12]
and the increasing affordability of quality virtual reality equip-
ment [13], there is growing opportunity for the use of virtual
reality in online education and more generally as a tool for
communication and interaction [14]–[16].

A. User Satisfaction

Qualitative feedback from many studies indicate users enjoy
learning in virtual reality, and have optimism about its future
in education and as a medium of interaction [17]–[21]. A
virtual reality project by Pietroszek and Lin [22] gave students
the opportunity to attend a classroom setting virtually with a
virtual reality headset. The instructor’s voice and movements
were replicated in the students’ virtual reality space. Users felt
more immersed in the virtual environment, saying it was more
interesting than a voice call or video conference.

Another study [20] found that participants’ ratings of the
difficulties of performing different tasks in desktop virtual
reality were correlated to the difficulty of the task itself,
implying a small technology barrier, i.e., participants’ ease of
use feedback was not significantly dependent on ease of use
of the technology itself.

B. Prior Experience

Studies have shown that virtual reality technology can
be leveraged in e-communication by both experienced and
inexperienced users [20], [23]. However, studies have shown
a difference in comfortableness with virtual reality technolo-
gies and technologies in general between older and younger
participants.

A study performed by Schubert, Hartwig, Müller, Groh,
and Pannasc [24] found that younger users showed better
visual acuity in virtual reality spaces than older users. Nguyen,
Wüuest, and Kunz found that young adults (19–23) were more
familiar with a virtual reality environment than older adults
(ages 65–77) and thus performed better on assigned tasks in a
virtual environment [25]. Another study [26] found that sixth
and seventh grade age students still preferred simple, easy-
to-use controls in virtual reality over more complicated ones,
demonstrating the importance of good design regardless of
age. Older adults generally had self-described worse experi-
ences in virtual reality than younger adults [27].

For the better user experience in virtual reality, Porwol and
Ojo recommend virtual reality participation training prior to
events [23].

C. Avatars

Another factor of the user experience in virtual reality
environments are avatars. Studies have shown that users enjoy
and appreciate avatars in virtual reality spaces [20], [21], [26],
[28].

In a study performed by Baker et al. [21] the majority of
users aged 70–81 created realistic avatars to reflect themselves
in the virtual space. The same study also found that some of
those users desired more from avatars and thought they lacked
personality. Freeman, Zamanifard, Maloney, and Adkin [28]
found that “being yourself” was one of the most important
considerations for users when creating or choosing avatars to
use in virtual reality.

III. USER STUDY DESIGN

We describe our experience with using Mozilla Hubs rooms
in formal and informal settings to provide new learning options
for educators and students. We began testing with Mozilla
Hubs in Fall 2020 as a collaboration between academia
(Virginia Tech) and industry (CLS STEM+). CLS STEM+ is
an educational technology and service company. Established
in 2019, the company develops STEM education focusing on
emerging technologies and job skills, supporting learners and
educators in innovative and accessible ways.

We first identified some general guidelines to consider
when using a virtual shared space, including: easy access
for educators and participants; minimal to no costs; no spe-
cial or expensive equipment required (e.g., headsets, expen-
sive computers); no software installations required due to
Public School Technology Limitations/locked down student
computers; accessible on laptops and mobile devices; and
rapid development resources for creating the virtual spaces.
In other words, it is important to support justifiably good
network services, accessibility on many different browsers and
computers, and an easy-to-use interface and controls. Based on
these guidelines, we selected Mozilla Hubs.

The virtual spaces, Hubs rooms, were developed specifically
with performance in mind. An example of how we applied
this principal is that, as recommended by the Mozilla Hubs
website, we limited the number of participants allowed in a

73



room so that no more than 24 users could be in a room at once.
The tests were carried out in the same room that included
a custom made GLB model with 2 2048x2048 materials
and only one combined mesh that included the terrain and
any features. Text bubbles were added into the room for
instructions for users to follow and two audio sources were
added to make the room more immersive, making the total
object count above 20. There is no recommended maximum
number of objects but creators are encouraged to be aware of
the effects too many objects may have on performance.

We see Hubs rooms as an immersive and convincing
replication of a classroom environment that can effectively
support virtual class activities, such as completion of material
in different applications, taking an online assessment, doing
online homework, and completing online activities that must
be completed on a different site.

We modeled two physical spaces, a park and a replication of
an actual classroom. Both spaces were modeled to provide a
good venue to present. Presentations include, videos, images,
slides, screen shares and webcam feed. Users can spatially
manipulate presentations or use a media frame that automat-
ically rotates, scales and positions a presentation to default
dimensions. Users can right click and hold on presentations
to view them in full screen if they have trouble viewing them,
or access the presentation from the media tab to view for an
extended duration of time without holding the right mouse
button down.

Prior to conducting user studies we identified procedures
needed to create safe learning spaces for participants, in partic-
ular minors, due to the various age groups. Such procedures in-
clude Media Release, COPPA research, Code of Conduct, and
Terms & Conditions. We created the administrative process
including user registration, access to Hubs, access to technical
support, and access to additional information for using Hubs
rooms. The provided tools and resources include instructions,
learning stations within the “Getting Started” room, “Getting
Started with Hubs” supplementary documentation, registration
forms, post surveys, contextual help (checklists, prompts, tips),
and a website.

IV. USER STUDIES

We conducted three user studies to collect qualitative feed-
back from the participants. These studies include an educator
workshop, a girl scout meeting, and a class gathering.

A. Educator Workshop

The educator workshop was held over a period of several
days. Educators were invited to join the space, where they
were lectured in a classroom like environment. Feedback
from educators was generally positive, while it appeared that
the participants not familiar with general navigation controls
struggled in the beginning and some throughout the meeting.

B. Girl Scout Meeting

The objective of this study was to have an online substitute
to a live in person girl scout troop meeting, which were

Fig. 1. Girl Scouts in the Hubs room discussing ideas for charity activities.

Fig. 2. A presentation in the Hubs room.

cancelled due to the COVID-19 pandemic. The motivation
was to help a local Girl Scout Troop that was unable to meet
physically due to the pandemic restrictions. This became our
first and youngest community group which consisted of middle
school participants. Due to the ages of this group, parental
permissions were required during the registration process.
This group allowed the development team to observe how
younger groups would interact within Hubs rooms, as well
as to perform usability and load tests.

Fig. 3. An example of drawings in the Hubs room.

The participants spent the first 30 minutes of the event
navigating in the Hubs room (Fig. 1). They followed feature
instructions placed throughout the environment.

After trying different features and interacting with other
participants, their troop leader held the meeting (Fig. 2). Their
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discussions included a follow up to Girl Scout cookie sales
from the previous month, a vote on which charity would
receive their troop’s donation, and planning for the next troop
meeting. Despite some technical lags due to load issues from
creating too many 3D objects (a pond full of 3D ducks) and
lots of drawings (the participants’ favorite Hubs room activity,
shown in Fig. 3) the meeting was successful.

The girl scout meeting consisted of fourteen girl scouts
(ages 8–11) and a troop leader, in addition to a few CLS
STEM+ moderators. When the girl scouts first arrived, they
appeared to at first be shy, but as more entered they began
to explore the environment, an outdoor park with a river and
waterfall.

The girls appeared to be comfortable with controls. When
the troop leader initiated the meeting at a staged area, she faced
some difficulty with controls, specifically sharing the camera
and moving it to the correct location, size, and rotation.

C. Class Gathering

We reached out to find a receptive public school educator
to partner in using Hubs rooms for class meetings. We were
introduced to the program instructor in charge of Information
Technology at a specialized career development high school
in Northern Virginia, Arlington County. Thirteen high school
students (ages 16–18) and one instructor participated in the
study. This program allows students to earn college level
course credits in computer science through dual enrollment.

Before meeting, the educator provided the context for what
he hoped to get out of the study. He explained:

The main concern I had about taking the meeting,
which was that this would be yet another contributor
to my already overextended workload. This has been
the most stressful year in my 29 years of teaching,
and I am at the point where if I am asked to do one
more thing, I’m going to have a breakdown. You
assured me that “we want to help you”, which was
a great stress reliever.

It was necessary to understand the educator’s point of view
in using new technologies. The Hubs room experience would
need to meld with the educator’s curriculum and not create
an additional burden of time and energy. We made every
effort to listen and respond to the class needs and develop
the experience based on these parameters.

The classes that gathered in Hubs rooms were computer
science classes at an Arlington County Public school. The first
class began like the girl scout experience, users didn’t do much
until other users joined, and then they went off exploring.
Students could create objects and draw before class started.

The objective was to establish an alternative classroom
meeting space for distance learning during the pandemic. The
educator’s main requirement is that it is easy to implement
and no additional burden to the class. The study sessions were
hosted during their scheduled class times to see if Hubs rooms
were a viable option to support their learning goals.

When class started, two moderators explained the controls
for several tasks. Students generally picked up on the controls

Fig. 4. A presentation in the Hubs classroom.

Fig. 5. Another presentation in the Hubs classroom.

Fig. 6. Two users with custom avatars from ReadyPlayerMe [29].

quickly. Students ended up learning on their own even more
controls than what they were explicitly taught.

The first sessions were held in the “Getting Started” Hubs
room which provided feature instructions throughout the Hubs
room so participants can get comfortable using the technology
(Fig. 4). Subsequent sessions were held during student class
times for presentation use (Fig. 5).

The Hubs room space for the presentations was designed
to represent a physical classroom space with desks, chairs,
and a main presentation area. Working as teams, the students
are assigned to present different chapters on Android mobile
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development to their classmates. This includes sharing screens,
presenting slides, sharing website URLs linked to in class ex-
ercises, and displaying an integrated development environment
for mobile programming. Each student designed a custom
avatar (Fig. 6).

Some technical difficulties with loading and lag issues,
audio, and object placement occurred during initial sessions.
These issues were addressed by simplifying Hubs room fea-
tures for sharing content.

This was done by turning off drawing and object creation
permissions during presentations, turning off the positional
audio feature so audio quality and volume is optimized for
all users, and media frames are used to automatically display
presentation media with correct placement and sizing within
the Hubs room (time saver). The students are enthusiastic
about the room environment and want to continue meeting
in the immersive reality classrooms.

V. FINDINGS

Many of Hubs’ features were, on average, at least “OK” to
use, and generally “fairly easy” (Fig. 7). Importantly, audio,
chat, and microphone features were all, on average, very easy
for participants to use — as these are features necessary
for any communication-related application to have. Interac-
tive features, specifically interacting and communicating in
and navigation throughout the room, appear, on average, to
be between “fairly easy” and “very easy,” indicating Hubs
provides a sufficiently use-able 3D virtual environment for
users to interact in.

Data shown in Fig. 8 suggests Hubs is a sufficiently
accessible application. Accessing the website and entering
the Hubs room appear to be sufficiently easy for users to
access, demonstrating that browser-based solutions like Hubs
are viable mediums of accessing 3D virtual environments. This
is further supported by Hubs being accessible to participants
using school computers. Naming and choosing avatars ap-
peared to be the most difficult task for users, though the data
shows this was still “fairly easy” for users to accomplish.

Similar to previous studies, we found that almost all users
were enthusiastic about the use of Hubs room. Fig. 7 shows
the ease of use for audio, microphone, navigation, chat,
drawing, text objects, sharing files, accessing & exploring
content, interacting/communicating, camera, and presenting.
Fig. 8 shows ease of access to Hubs rooms.

In general, the younger participants picked up on controls
much easier and faster than older participants. They also were
encouraged to explore more features not explicitly taught to
them.

Older participants, however, appeared to do the opposite.
For example, one participant did not try to learn how to
navigate more efficiently, instead choosing to walk facing only
one direction and turning only if absolutely necessary.

Younger participants appeared especially comfortable with
navigation, which can likely be attributed to background
knowledge playing computer games requiring similar naviga-
tion controls, as a few participants noted. Two thirds of the

Fig. 7. Using Hubs room features.

Fig. 8. Hubs room accessibility.

participants indicated they played video games at least a few
times a week (Fig. 9) [30].

We further wanted to identify both advantages and disad-
vantages of using Hubs rooms. We first asked What do you
like about Hubs?.
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Fig. 9. Participants’ gaming experience.

The feedback from the educator illustrates some of the
positive experiences with the Hubs room.

They are faster at picking this up than I am and they
can teach me and one another. . . You are empowered
[using Hubs room] . . . makes me want to come back
. . . cool to have a face. . . I had a 3D moment when
a student walked to the presentation board in the
3D space as if really in a classroom and not just
on Zoom. . . Customized avatars beat the streaming
camera because it is more like the experience of
being in a classroom. . .

Similarly, students commented:

I like the many presentation features. . . I like the
“physical place” feeling of it. . . It was very interac-
tive. . . i liked looking around the class. . . I liked how
you could personalize avatars, so people can see
what you look like, and you can see others. . . Feels
more like a classroom. . . It was better than zoom and
much more fun than an ordinary call. . .

However, for the continuous use, it is important to have
well-defined goals and planned activities. The educator stated;

I have a keen interest in exploring this as a teaching
/ learning space, and would like to have more clearly
defined goals in this context next time I use this tech
with my students.

We then asked What you do not like about Hubs?. The
answers helped us identify and address several challenges that
the participants encountered:

• I think it needs a microphone that the teacher can give to
a presenter, because it is sometimes hard to hear someone
when they are at the front of the room, and individually
raising and lowering peoples volume will get annoying
when multiple people are presenting. . . Something I would
like to see added is a “presentation square,” which would
be a place on the ground that makes whoever stands on
it speak universally, for presenters or the teacher.
This has been addressed by turning off positional audio
(audio mode feature) during presentations.

• I think the method of sharing screens for presentations
is a bit difficult to use, but I don’t have any specific
recommendations for improvement. . .
This has been addressed by using the media frames
feature.

• The audio is crunchy sounding. And my school laptop’s
fan starts being really loud. . . Priority speaker option for
presenters. . .
This has been addressed by turning off positional audio
(audio mode feature) during presentations.

• The lag makes it hard to move around and do things. . .
This has been addressed by removing unnecessary objects
within the Hubs room and turning off features for creating
objects during presentations.

• Watching a presentation can be cumbersome. . .
This has been addressed by using the Objects menu to
view presentations easier vs. using the right mouse button
and holding it down to view.

• Sharing things is annoying and the spatial audio makes
things hard to hear. . .
This has been addressed by turning off positional audio
(audio mode feature) during presentations and adding
media frames.

Additional comment include:
The only thing I didn’t like was how cartoonish it

felt. One recommendation I would have is to intro-
duce a more realistic workspace but I understand
that may be resource intensive. . . The frame rate it
pretty low, so to make it more usable maybe give an
option to reduce the resolution. Also, increasing the
amount of inactivity time before being kicked out.
I’ve been listening or having conversation and been
kicked out for not moving, at least I think that’s why
I was kicked out.

This demonstrates the need for a careful balancing of the
graphics quality while preserving interactivity (frame rate) to
account for differences in network connectivity and computer
hardware.

A. Lessons Learned
Our findings and lessons learned can be summarized as

follows:
• Design a reliable meeting space:

– Resources: Keep the number of 3D objects in the
Hubs room at a minimum.

– Privacy Settings: Use invite only links and have the
room available only when an educator or moderator
is present.

• Plan and prepare for a successful session:
– Preparation: Meet with the educator before the first

class session so they are comfortable teaching in
Hubs rooms.

– Agenda: Create and share a session agenda.
– Presentations: Held at the beginning of the session.

The longer participants were in the space, lag issues
occurred requiring users to refresh their browser.
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• Getting used to the environment takes time:
– Initial Use: Create “Getting Started” room with de-

tailed instructions for participants to learn controls,
navigation, and Hubs presentation features.

– Training: With subsequent visits, all participants,
both the class and CLS STEM+ found new and
efficient ways in using Hubs and its features.

• Simplify Hubs features for sharing content:
– Audio: Turn off positional audio feature so audio

quality and volume is optimal for all users.
– Video: Use media frames should to automatically

display presentation media with correct placement
and sizing within the Hubs room (time saver).

– URLs: Share URLs using the chat box to create
website objects for other participants to access. For
example a student posted a link to a live quiz during
their presentation and displayed the quiz results in
real time using their shared screen.

• Educators preferred the use of personalized avatars with
movement rather than avatars and streaming video from
personal camera when presenting:

– Experience: Interactivity in the space was more nat-
ural and mirrored activities in a physical classroom.

– Bandwidth: Using avatars required less bandwidth
than camera view during presentations.

• The participants found the environment exciting and want
to continue using it for their class meetings.

VI. DISCUSSION

The qualitative feedback from this study in addition to our
own observations suggest that Hubs Rooms served as satis-
factory alternatives to both in-person and 2D virtual learning
environments. The feedback can be categorized into several
sections.

A. Immersion

Feedback from both studies suggests users felt immersed in
the environment, supported by user quotes like “I had a 3D
moment when a student walked to the presentation board,”
“I like the physical place feeling of it. . . ” and “Feels more
like a classroom.” Additionally, results indicate moderately
high levels of comfort using Hubs, reducing the burden of
technological barriers and, as we suspect, allowing for users
to gain more from the experience (Fig. 7). However, feedback
like “I didn’t like how cartoonish it felt. . . ” indicate visual
barriers to immersion, similar to results by Baker et al. [21].

B. Accomplishment

Perhaps the most important finding from this study was
that both the Girl Scouts and the class sessions were able to
complete their assigned tasks in the 3D virtual learning envi-
ronment. The girl scouts successfully voted on the charity they
wished to donate to and planned a future meeting. The students
from the ACC classes were able to successfully present in
the 3D virtual learning space and engage in meaningful class
discussions.

C. Satisfaction

Feedback also suggests users were satisfied with their
experience in Hubs, a 3D virtual reality space, a finding that
is in alignment with previous studies [17]–[21]. User quotes,
such as “[it] makes me want to come back. . . ” and “. . . [it was]
much more fun than an ordinary call,” justify this conclusion.
On the other hand, user quotes such as “lag makes it hard to
move around. . . ” and “I think the method of sharing screens
for presentations is a bit difficult to use. . . ” indicate some of
the shortcomings of Hubs’ controls.

Though many of these complaints were addressed, including
the use of “media frames” to auto-format presentations and the
heuristic of disallowing users from creating drawings before
and during presentation to prevent lag, the solutions were
not immediately available to beginners, likely affecting their
satisfaction with their experience.

D. Accessibility

An important aspect of desktop virtual reality, specifically
web browser applications, is accessibility. As gathered from
the study, the only apparent limitation of web-based 3D virtual
learning environments is lag after prolonged usage, though we
were able to reduce this effect by periodically deleting created
objects and drawings and limiting the number of presenters
(users sharing their screens or webcams). Results clearly
indicate Hubs is an accessible application regarding website
accessibility, entering the virtual room and even the more
complicated task of picking and choosing avatars (Fig. 8).

VII. CONCLUSION

We presented our experience and findings with using
Mozilla Hubs in formal and informal educational settings. The
qualitative feedback collected in three user studies (an educator
workshop, a girl scout meeting, and a class gathering) provided
an insight how practical, useful, and entertaining virtual spaces
such as Hubs rooms are to participants, both educators and
students.

The findings indicate that the platform provided more in-
teractivity, increased user engagement and socialization, addi-
tional collaborative tool/resource for educators, hallway con-
versations, authentic interactions, and fun experience, similar
to gaming. We will continue to focus on user centered design
and develop Hubs rooms with broader use in other subject
areas and with support for larger events. Users appeared to
enjoy the experience of engaging in a 3D virtual learning
environment in this study, with users reporting “. . . it was better
than Zoom and much more fun than an ordinary call . . . ” and
“I like the ‘physical place’ feel to it . . . ”

The instructor of the ACC classes also mentioned “I have
a keen interest in exploring this as a teaching / learning space
. . . ” indicating his satisfaction with using Hubs as a virtual
learning environment. For instructors that are new to Hubs,
obstacles such as difficulty sharing media and spatial audio
that were mentioned in user feedback should be explained by
experienced users before official class sessions start, an idea
also suggested by Porwol and Ojo [23].
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Future work would take a deeper look at specific variables
that were not extensively analyzed in this study, including
user motivation, cognition, and social and emotional behaviors
in 3D virtual learning environments compared to in-person
and 2D learning environments. Additionally, future studies in
this area should be performed with a wider variety of age
groups, as this study was performed with mostly children and
teenagers.
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[27] A. Plechatá, V. Sahula, D. Fayette, and I. Fajnerová, “Age-related
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Abstract—Challenges stemming from change processes such as 

the climate crisis are ubiquitous. To address these challenges, 

highly skilled specialists are needed. However, engineering courses 

show a decrease in enrolment numbers and high drop-out rates. 

Furthermore, engineering students represent a rather 

homogeneous group. Since diverse groups are more innovative and 

effective in addressing future problems, it is desirable to increase 

not only the quantity but also the diversity of enrolments. 

Therefore, the project Learn&Play utilises a game-based 

instruction to raise interest in engineering amongst a diverse group 

of people. To examine the effects of the game regarding content-

specific and activity-based motivation, attitude, the self-concept of 

ability and cognition as well as differences in contrast to 

conventional instructions and gender, a study in a mixed-design 

was conducted. A main effect of cognition and an interaction effect 

for cognition and gender as well as the self-concept of ability and 

gender could be detected. Furthermore, recorded gameplay 

sessions gave useful insights into the engagement process as well as 

influential effects.  

Index Terms—engineering, motivation, game-based learning, 

instructional design, evaluation 

I. INTRODUCTION  

To fight current challenges such as climate change and social 
injustices a diverse and educated citizenship is needed. Besides 
radical rethinking and action-taking, innovative technical ideas 
are required. Specialised staff, for instance, is necessary to 
address the shift to renewable energy sources and structural 
changes in former mining regions. However, in Germany 
enrolment numbers in engineering courses are declining and 
engineering study programmes are facing high drop-out rates, 
mainly due to the degree of abstraction of the content in the first 
semester and the learning challenges this involves [1]. 
Furthermore, the percentage of female engineering students in 
some study programmes is still under ten percent [2]. Therefore, 
the need for more demographically balanced work forces is 
rising [3], [4]. After all, diversity enables innovative thoughts 
and an integration of all parts of society [5].  

The Learn&Play Project aims at increasing interest in 
engineering and easing the transition from secondary to higher 
education by utilizing a game-based learning (GBL) approach. 
The resulting serious game re:construction introduces players to 
the basics of engineering mechanics in a tangible hands-on style 

while following a gender-neutral design. Thereby, the project 
hopes to raise motivation for a more flexible and continuous 
engagement with the abstract content. 

II. RELATED LITERATURE 

Motivational variables (e.g. content-specific and activity-
based motivation, attitude) and the self-concept of ability are 
particularly meaningful factors in the prediction of study choices 
[6]. Motivated people are more likely to develop volition to plan 
and perform an action [7]. To motivate players for a specific 
performance, game mechanics are designed to individually 
address the different play reasons [8]. This can be achieved by 
the inclusion of relevance, rewards, narration or music. 
Anyaegbu, Ting and Li [9] conducted a study where students 
played Mungoville, an interactive learning tool, in which a 
Flamingo guides the learners through mini games while covering 
English vocabulary in a playful way. After five weeks of playing 
the game in addition to the regular weekly class, the students 
stated to be more motivated. Furthermore, interest and 
engagement in the class were raised. Most motivating to the 
students were the possibility to make mistakes and the freedom 
of choice.  

 Attitude describes a tendency towards the evaluation of 
objects, persons or behaviour in a continuum from positive to 
negative [10]. Similar to motivation, attitude can lead to different 
behaviour [11]. Thus, attitude influences thinking, emotion and 
behavioural intentions. Serious games seek to change the 
attitude of players through a particular learning experience [12]. 
Games in the health sector or ecological games are prominent 
examples. Haruna and colleagues [13] conducted a study, where 
they compared the results of a traditional scenario with game-
based learning and gamified teaching regarding attitude towards 
sexual health education, among other variables. 120 students 
from a secondary school in Dar Es Salaam, Tanzania, 
participated in either one of the three scenarios. The traditional 
teaching group learned something about sexual heath through 
class discussion, group buzzing and individual assignments 
based on the school’s curriculum. For the GBL group, the 
content was disseminated via storytelling and interactive 
activities such as quizzes. In the gamification group, students 
used the learning management system Moodle. Exercises were 
accompanied by badges, leader boards and a point system. 
Finally, students rated their affective and cognitive attitude 
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towards the respective learning scenario. The affective attitude 
refers to the emotions towards the teaching scenario and 
cognitive attitude refers to the used information and facts. Both, 
the GBL and the gamification scenario were rated higher in 
affective and cognitive attitude in comparison to the traditional 
teaching method. Furthermore, motivation, knowledge and 
engagement were higher for the GBL and gamification scenario.   

The self-concept of ability describes the concept of one’s self 
in a special field [14]. It is formed through context-dependant 
negative and positive experiences [15]. To avoid negative 
experiences and a possible personal attribution to one’s self-
concept, games can use multi-tier feedback algorithms [16]. The 
serious game Serena Supergreen draws on an interactive 
tutoring feedback model, which includes “feedback at task 
level” as well as “summative progress feedback at competence 
level” [16]. The former contains visual feedback in the game 
environment, self-talk by the avatar and feedback from non-
player characters (NPCs). The latter contains several stages that 
follow the progress of the player starting with a self-assessment. 
After solving different tasks, the initial competencies evolve 
along the respective results. An in-game messenger service and 
NPCs communicate the new results. A study evaluated the effect 
of the game on the self-concept of technical ability by a pre-post 
comparison. The repeated measure ANOVA reveals no 
differences of the students’ judgments regarding the general self-
concept of technical abilities. However, perceived technical 
competences were found to be higher.      

Games are also used to raise cognition and support the 
construction of mental models [8]. Games can support cognitive 
engagement through the presentation of knowledge in 
meaningful contexts or by giving relevant information at the 
right time in the right amount. The serious game Meister-Power 
is accompanied by additional learning content, which offers 
critical and appropriately prepared information [17]. A pre-post 
comparison of the mental model of the players shows an 
approximation of the mental model of the players to an expert.    

GBL can be used to facilitate the delivery of learning content 
that requires high numbers of repetition or is abstract and 
complex [18]. Furthermore, several examples show positive 
effects on motivation, attitude, the self-concept of ability and 
cognition [9], [13], [16], [17]. Therefore, the project Learn&Play 
aims at raising interest, motivation and the self-concept of ability 
in engineering, especially among girls, by adopting a game-
based learning approach. Nevertheless, GBL shows 
contradictory results regarding game genres or different game 
and learning mechanics [19].  

III. RESEARCH DESIGN AND METHOD 

To examine the effects and differences between a 
conventional and a game-based approach and gender regarding 
motivational variables, the self-concept of ability and cognition, 
a study was conducted following a mixed-design approach. To 
gain more qualitative insights into the playing process itself, 
video data was recorded.  

A. Participants and design 

42 students (Mage = 15.81 years, SD = .46; 24 girls, 18 boys) 
from three different classes of the same grammar school in 
Germany participated, of which 22 students were in the control 

group (CG) and 20 students in the experimental group (EG). 
Participants of the CG attended an introductory lecture on 
technical engineering, whereas the EG played the serious game 
re:construction. The study took place during a regular physics 
class.  

B. Material 

The introduction to technical engineering was realised as a 
30-minute lecture including three mathematical exercises. The 
slides of the presentation (Fig. 1) were composed of different 
texts and pictures for each of the following topics: introduction 
to triangles, general triangles, right-angled triangles and basics 
of technical engineering such as force, rigid body and degree of 
freedom. The content, style and form of the presentation was 
designed in accordance with typical preparatory and first 
semester units in technical engineering, which mainly feature 
mathematical task demonstrations. 

 

Fig. 1. Presentation slide of the introductory lecture. 

In the prototype of the point-and-click adventure 
re:construction (version 0.4 (13)), players become part of a 
community which tries to save the world from further 
catastrophes. To do so, players are asked to solve mechanical 
problems, either by drawing or calculating along a standardized 
process.  

The game starts with an introduction to the overall story, 
followed by the option to create one’s own avatar. Afterwards, 
players assign their character name and choose an NPC, who 
serves as a mentor and gives instructions to the player. Upon 
entering the game world, players get a quick introduction to the 
game mechanics while embarking on their first mission 
(onboarding). These missions consist of mathematical and 
physical tasks that are divided into several steps: identifying 
needed information, choosing a solution path, entering the 
information into the path and submitting the solution after it has 
been automatically calculated. The process of identifying needed 
information is performed via a dialog between the player and an 
NPC, from which information can be dragged and dropped into 
an inventory (Fig. 2).  

When all of the required information is selected, the player 
can enter an engine room (Fig. 3) where the calculation takes 
place. In the next step, the player drags and drops the variable to 
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be calculated into the engine. Correspondingly, different 
solution paths are presented. Once a path is selected, the player 
can enter the information gathered before. The engine then 
computes a solution, which the player needs to submit in order 
to finish the task.  

 

Fig. 2. Screenshot of the information selection. 

 

Fig. 3. Screenshot of the engine room. 

Upon completion, further tasks are presented. In addition, the 
players can watch short videos including single-choice learning 
questions, in which the different topics are explained. They can 
also look up mechanical engineering terms and concepts in the 
glossary. Players gain points and advance in the game by 
answering the single-choice learning questions in the videos and 
through solving the mathematical problems in the engine room. 
At the time of the study, the prototype contained three 
mathematical tasks and five learning videos including 15 
questions. Topics ranged from force, general and right-angled 
triangles to vectors and Newton’s first law of motion. The 
serious game was designed along the foundations of game-based 
learning [8]. This model aims at fostering affective, behavioural, 
cognitive and social/cultural engagement by addressing learning 
game design elements such as knowledge, incentivisation, 
learning mechanics and narration via psychological variables 
(goal orientation, meaningful interactions, observational 
learning or emotional design). Nevertheless, at the core of a 
serious game is an ongoing cycle of challenging the player, 
inciting him or her to respond to the challenges and providing 
feedback on these actions. In re:construction, this cycle is 
modelled along a problem-based approach to learning that seeks 
to connect the abstract content with everyday life objects and 
phenomena.   

C. Measures 

Attitude was described by the single item “How important 
are mechanics to you?” (cf. [20]). Content-specific (e.g. “I think 
mechanics are a boring subject.”) and activity-based motivation 
(e.g. “It is fun to engage with mechanics”) were conducted by 

three items, each adapted from the Expectancy-Value-Form of 
Domain-specific Learning Motivation Questionnaire (EWF-
LM) (cronbach’s αActivity-based_pre = .85, cronbach’s αActivity-based_pre 

= .85) [21]. The self-concept of ability was conducted by four 
items adapted from the “Self-concept of ability of physics” 
(cronbach’s αSelf-concept of ability _pre = .62) [22]. A five-point Likert 
scale was used to assess the items of attitude, motivation and the 
self-concept of ability, rating from “not important” to “very 
important”. Concept maps were used to show the mental model 
of a specific domain (in this case, the basics of mechanical 
engineering) [22], [23]. To do so, a blank page was accompanied 
by the task to write down words or concepts connected to the 
field of mechanics. Furthermore, the words were supposed to be 
joined up and commented upon. For the analysis, the number of 
different concepts given in the pre- and post-maps were counted. 
For the post testing, a new concept map had to be completed. 
Videos were analysed according to the cognitive walkthrough 
method [29] following these questions: Does the player try and 
achieve the intended outcome? Does the player notice the 
consequences of his or her action? Does the player connect the 
intended action with the outcome and does the player connect 
the intended outcome and progress with his or her own 
behaviour? Furthermore, the EG was asked in an open format 
what they liked and disliked about the game as well as wishes 
and suggestions. The lecture, the game and the questionnaire 
were presented in German. 

D. Procedure 

The participants were randomly divided into one of the two 
groups. Before testing commenced, they filled out a pre-test 
which included demographical variables such as gender, age and 
first language as well as variables regarding attitude, content-
specific and activity-based motivation and the self-concept of 
ability. Furthermore, they were asked to draw a concept map of 
their current knowledge of mechanics (see Fig. 4).  

The experimental group was asked to play re:construction for 
30 minutes via an app installed on provided smartphones. The 
software (game screen recorder) used to screencast the 
gameplay was turned on before handing out the devices to the 
participants. 

 

Fig. 4. Procedure and variables used in the study. 

The control group listened instead to the introductory lecture. 
Following the interventions, the participants filled out a post-
questionnaire containing the same items as the pre-test. The 
experimental group was additionally asked to give feedback on 
the game. To gain further insights, their gameplay was recorded 
by either using the Game Screen Recorder for Android or the 
integrated screen recording of iOS.  
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IV. RESULTS 

Mixed factorial ANOVAs were conducted for attitude, 
motivation, self-concept of ability and cognition as within 
subject factors with the pre and post measures as well as group 
and gender as between subject factors.  A main effect was found 
for cognition (F(1,37) = 69.06, p < .001, partial η² = .65) and an 
interaction effect for cognition and gender (F(1,37) = 5.9, p = 
.02, partial η² = .14) and the self-concept of abilities and gender 
(F(1,36) = 7.39, p = .01, partial η² = .17). Accordingly, no 
difference could be detected between the experimental and the 
control group as well as gender regarding attitude and 
motivation.  

TABLE I.  MEAN AND STANDARD DEVIATION OF THE USED MEASURES 

REGARDING GROUP AND GENDER 

Variable 
All Female Male 

N M SD N M SD N M SD 

Content-

specific 
moti. pre 

EG+CG 39 3.5 .83 23 3.54 .91 16 3.5 .75 

EG 19 3.42 .76 10 3.37 .67 9 3.48 .88 

CG 20 3.6 .92 13 3.67 1.06 7 3.48 .6 

Content-

specific 

moti. post 

EG+CG 39 3.63 .82 23 3.61 .9 16 3.67 .73 

EG 19 3.7 .79 10 3.6 .84 9 3.81 .77 

CG 20 3.57 .86 13 3.62 .96 7 3.48 .69 

Activity-

based 
 moti. pre 

EG+CG 39 2.99 .68 23 3.01 .59 16 3 .81 

EG 18 3 .65 10 3.07 .44 8 2.92 .87 

CG 21 2.98 .73 13 2.97 .71 8 3 .8 

Activity-

based 

moti. post 

EG+CG 39 3.03 .78 23 3.1 .73 16 2.94 .85 

EG 18 3.19 .69 10 3.2 .71 8 3.17 .71 

CG 21 2.9 .84 13 3.03 .78 8 2.70 .95 

Attention 

pre 

EG+CG 41 4.15 .79 23 4.3 .77 18 3.94 .8 

EG 20 4.05 .61 10 4.10 .32 10 4.00 .82 

CG 21 4.14 1.01 13 4.54 .66 8 3.50 1.2 

Attention 
post 

EG+CG 41 4.15 .79 23 4.30 .77 18 3.78 1 

EG 21 4.14 1.01 10 3.90 .74 10 4.10 .74 

CG 21 4.29 .845 13 4.62 .65 8 3.75 .89 

Self-

concept of 

ability pre 

EG+CG 40 3.1 .58 23 2.95 59 17 3.26 .53 

EG 18 2.99 .52 9 .81 .51 9 3.17 .48 

CG 22 3.16 .63 14 3.04 .63 8 3.38 .6 

Self-

concept of 

ability post 

EG+CG 40 3.2 .49 23 3.26 .5 17 3.12 .48 

EG 18 3.18 .51 9 3.17 .48 9 3.19 .56 

CG 22 3.22 .48 14 3.32 .51 8 3.03 .39 

Cognition 

pre 

EG+CG 41 6.34 3.3 23 6.57 3.31 18 6.06 3.35 

EG 20 4.05 .61 10 4.10 .32 10 4.00 .82 

CG 21 4.14 1.01 13 4.54 .66 8 3.50 1.2 

Cognition 

post 

EG+CG 42 10.6

3 

4.26 23 11.8

7 

4.5 18 9.06 3.44 

EG 20 4.00 .73 10 3.90 .74 10 4.10 .74 

CG 21 4.29 .85 13 4.62 .65 8 3.75 .89 

TABLE II.  OUTCOMES OF THE FACTORIAL REPEATED-MEASURE ANOVAS 

Variable F p η² 

Content-specific motivation F(1,35) = .19 .67 .01 

      x group F(1,35) = 3.57 .07 .09 

      x gender F(1,35) = .47 .5 .01 

Activity-based motivation F(1,35) = 1.84 .18 .05 

      x group F(1,35) = 2.64 .11 .07 

      x gender F(1,35) = .16 .69 .00 

Attitude F(1,37) = 0.43 .51 .01 

      x group F(1,37) = 1.53 .22 .04 

      x gender F(1,37) = 1.89 .18 .05 

Self-concept of ability F(1,36) = .87 .36 .02 

      x group F(1,36) = 1.59 .22 .04 

      x gender F(1,36) = 7.39 .01 .17 

Cognition F(1,37) = 69.06 < .001 .65 

      x group F(1,37) = 1.39 .25 .04 

Variable F p η² 

      x gender F(1,37) = 5.9 .02 .14 

 Nevertheless, analysing the recorded gameplay videos 

offered interesting insights into how participants interacted with 

the game. 17 of 20 videos were analysed, which showed that 15 

out of 17 testers experienced usability issues during the 

onboarding process resulting in repeated consultations of the 

instruction and an extended period of time spent on the first task. 

Problems were recorded according to time and context and listed 

to be discussed together with the experiences and feedback in 

order to draw conclusions for the further development of the 

game.  

V. DISCUSSION AND OUTLOOK 

Comparing a conventional learning scenario in form of an 
introductory lecture with a GBL scenario in form of a serious 
game indicated that participants of both groups showed an 
increased cognition. Furthermore, there was an interaction effect 
of the self-concept of abilities regarding gender and an 
interaction effect of cognition regarding gender. Accordingly, 
girls showed an increase in their self-concept of abilities and 
cognition. Thus, interactive lectures and interventions such as 
games could have a positive effect on girls and their self-concept 
of abilities. Other studies state as well, that especially girls 
benefit from additional STEM interventions [26]. 

However, the results indicate no differences between the two 
format types. Neither the lecture nor the serious game were more 
motivating, and there was also no difference in regard to attitude 
or the self-concept of ability. Reasons for this could be found in 
the gameplay recorded in the EG. The analysis of the screencasts 
gave insights into several usability issues. Due to these 
challenges, an influence on motivational variables is possible. 
To avoid usability problems, which may influence gameplay and 
engagement, more usability tests should have been performed 
before conducting the study, preferably with members of the 
target group. Another influential factor could be found in 
students’ past experience using digital games. This will be 
included as a question in the next study. 

Moreover, it is difficult to find an adequate control group for 
the serious game, since the presented quantity of content differs. 
In contrast to the lecture format where all the content is presented 
in equal measure, re:construction is designed in an adaptive way 
to cater for a range of different learning needs and levels of prior 
knowledge. Therefore, it provides a certain freedom of choice to 
the players regarding their engagement with the learning 
content. When challenges occur, they are guided to the relevant 
knowledge needed to solve the task and progress in the game. 
This can result in highly different learning depths and 
experiences.  

Apart from the question which intervention type motivates 
students the best, ongoing research should also test the 
interaction of conventional interventions with game-based 
instructions. Furthermore, repeated monitoring would give 
reliable information on possible long-term effects of the 
instruction. Additional data gained from videos allows to 
understand instructional processes and their possible impact 
better [27]. Furthermore, this data could be the base for log files 
that monitor user interface events more efficiently and reliably 
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[28]. Since only 10+/-2 test persons are required to detect up to 
80% of usability issues [29], this data should be considered as 
crucial component of subsequent studies and the ongoing game 
development, providing a more integral picture of the learning 
process. Nevertheless, additional time could be used to ask 
testers specific questions on their gameplay.  

Preliminary results indicate no loss of motivation when 
playing the game. Furthermore, cognition increases in the 
conventional instruction. Although at this stage, the prototype of 
the serious game does not appear to present any added value, we 
conclude that it is recommendable to provide students with an 
introduction to engineering alongside or as part of their 
secondary education in order to raise interest in respective study 
programmes. Nevertheless, game-based instructions have 
certain advantages in contrast to conventional ones: they can be 
used independently of time and place, thereby supporting a more 
flexible and long-term engagement with tasks that require 
repeated practicing [30]. This, however, still needs to be proven 
in the following studies. Moreover, games address a more 
diverse target group, which could lead to a more diverse body of 
engineering students in the future. 
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Abstract—The Yucatan Peninsula contains many cenotes and 

underwater caves, some of which offer promising opportunities for 

archeological and paleontological research in the Americas. Here 

we describe the transdisciplinary research efforts as part of 

documenting and studying the skeletal deposits in the submerged 

Ice Age cave site of Hoyo Negro. We translate these efforts into a 

video game that represents the digital twin of Hoyo Negro for the 

public to explore.  Through this game we seek to excite middle 

school children about opportunities in science through the rich 

content at Hoyo Negro and employing next generation science 

standards so that the game can be tested with middle school 

students and used as part of science curricula. 

Index Terms—digital twin, NGSS, Hoyo Negro, digital 

archeology 

I. INTRODUCTION  

The underwater cave systems of the Yucatan Peninsula are 
one of the most promising frontiers for archaeological and 
paleontological research in the Americas. Following the end of 
the last Ice Age, rising sea levels flooded the region’s maze of 
underground passageways and preserved a diverse Late 
Pleistocene fossil assemblage. A nearly complete, well 
preserved female human skeleton found in association with the 
remains of now-extinct megafauna in the submerged 
subterranean pit of Hoyo Negro presents a unique opportunity 
for interdisciplinary Paleoamerican and paleoenvironmental 
research [1]. This rarified setting offers a unique opportunity to 
share the work that served as a stage for a game in which players 
are divers searching the Hoyo Negro cave system for fossil 
remains of former inhabitants, including sabertooth tigers and 
giant ground sloths along with ancient relatives to modern bears 
and wolves.  

Here, we describe the Discover Hoyo Negro: The Cave of 
America’s Human History game that was developed as part of 
an interdisciplinary collaboration and neurodiverse internship 
program.  We will describe the methods involved in initial data 

capture, converting the point cloud data into a representation that 
can be rendered in the Unity game engine, game design, planned 
alignment with K-12 next generation science standards (NGSS) 
[2] and user experience testing. We intend for the game to be a 
tool that can be used over a semester or a year of curricula in 
which students learn about the site, the fauna, the methods and 
reflect on how each of these aspects impacts their own life in the 
modern day. 

The setting, as well as the game, is visually compelling and 
invites players to search for fossils of several animals in 
progressively more challenging settings that demand use of 
technologies that involve sound-based localization and 
triangulation of locations to collect the fossils. In the process of 
the hunt for fossils, players will learn about field research 
including narratives of the divers involved in the Hoyo Negro 
cave documentation project. Players will learn about the 
technologies used to document the fossils in situ, including 
photogrammetry, and why this step is essential to recovering the 
story of each particular creature.  Players will also learn about 
the ways in which fossil remains are examined once extracted 

Fig. 1. Full model of Hoyo Negro underwater cave represented in 

Unity with fossil locations (A) and cave entry point (B) denoted. 
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and what data are obtained from these measures.  We envision a 
fully-fleshed out game in which players can learn about 
paleontology, climate change, the high-tech tools involved with 
gathering and representing these data. Finally, the narratives of 
the vast array of scientists involved in the work which will 
challenge any individuals’ imagined view of a scientist [3].   

II. DATA CAPTURE 

A. Photogrammetry 

The Hoyo Negro Project has devised and deployed an 

innovative underwater reality-capture workflow capable  of 

recording sites like Hoyo Negro in extraordinary detail 

providing scientists from across disciplines with the accurate 

and precise data needed for analyses and comprehensive site 

interpretation without impacting the integrity of the site. The 

Hoyo Negro Project team makes use of established structure-

from-motion (SfM) photogrammetric techniques, though has 

developed an optimized image-capture methodology for such 

sites and has engineered a truly powerful and unique software 

solution for visualizing, analyzing, and sharing such sites [4].  

The implementation of different image acquisition 
methodologies at different scales – site, feature, and object – has 
yielded multiple datasets, each comprising thousands of images. 
For each image set, camera pose estimates and 3D point cloud 
reconstructions are derived using computer vision and 
photogrammetry techniques – resulting in a set of geometrically 
accurate and complementary models of cave features as well as 
individual skeletal elements, together constituting a thorough 
digital record of the site appearance and topography. 

These massive, image-derived datasets not only serve as 
documentation of the site, but enable project researchers from 
across disciplines to evaluate and annotate the digital site record 
remotely while guiding subsequent sampling and recovery 
activities. Reconstructed skeletal models have proven critical to 

current and ongoing paleontological analyses, allowing bones to 
be virtually studied in situ before (or without) removal from the 
cave. For skeletal elements that are selected for retrieval and 
further study and imaging, the digital record preserves the 
original spatial context and positions before removal. 
Additionally, imaging and analysis results for the retrieved 
object in turn become a part of the site record and can be 
inspected virtually alongside previously acquired data. 

Viscore – the custom point-based visual analytics engine 
developed by Petrovic [5] – enables virtual access to sites such 
as Hoyo Negro, visualizing the entirety of the collected site 
record – multiple full-resolution point clouds, various imagery 
sets, including raw site photographs, as well as additional 
auxiliary and derivative data products – within a 3D virtual 
environment, on hardware ranging from a laptop, to a desktop-
powered VR HMD (such as the HTC VIVE or Oculus Rift), to 
room-scale immersive visualization systems (e.g. tiled-display 
walls). The system provides a scripting environment for 
implementing custom tools and workflows leveraging the 
capabilities of the engine—while acting directly on the full data 
collection.  

B. 3D Point Cloud Data into Unity 

The 3D point cloud data from Viscore was converted into 

Blender as a mesh and cleaned up substantially before 

importing the final mesh into Unity.  Once in Unity, the fossil 

bones and bone fragments embedded in the matrix and 

represented as part of the mesh were highlighted as glowing 

orbs (see Fig. 2). With this conversion in place, players can 

explore the Hoyo Negro cave system rendered much as it is in 

the immersive visualization systems used for scientific 

research. There were some challenges for the team in 

implementing mesh objects in Unity requiring objects to be 

sliced down to basic polygons and reassembled to achieve 

accurate shading. 

III. GAME DESIGN 

The goal of our early game design was to render the Hoyo 
Negro cave system in an accessible manner for children to learn 
more about digital archeology and paleontology, this particular 
Paleoamerican site, and more about now-extinct megafauna that 
lived in the region. The primary game mechanic required the 
player to navigate through the underwater cave system to find 
and collect fossilized bone fragments. Upon finding a collection 
of fragments for a particular animal, the animal was added to a 
digital journal (see Fig. 3) where the player can learn more about 
that animal. There are a total of six animal fossils in the game. 
These include the fossils of Naia (Homo sapiens), ground sloth 
(Nothrotheriops shastensis), cave bear (Arctotherium wingei), 
coyote (Canis latrans), sabertooth (Smilodon fatalis), and 
elephant-like gomphothere (Cuvieronius). In this initial version, 
players could collect fossil fragments from 54 orb locations, 
each unlocking a piece of information about a particular animal.  
We later recognized through play-testing that this phase took 
players too long and was not sufficiently rewarding, so the next 
phase contained 30 orb locations unlocking one of five pieces of 
information about the six fossil types (see Fig. 3) including:  
formal species name, species image, a discovery fact, a fun fact, 
and finally a collection of information that includes common 

Fig. 2. Image of Hoyo Negro cave with diver on the right (photo 

by Roberto Chavez) 
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name, age, size and weight. By putting these last pieces of 
information together, we were able to convey the same 
information while reducing the number of fragments that needed 
to be found. A robotic guide named Probe 7 assists players in 
activating additional game features for identifying fossils (see 
Fig. 4). 

The initial game development work was conducted as part of 
a paid summer internship program for neurodiverse young adults 
at the Power of NeuroGaming (PoNG) Center [6] to help them 
gain workforce experience and skills. The team worked with a 
client (Rissolo) to develop a game that represented the Hoyo 
Negro project.  Huang was the coach for the team and worked 
with Petrovic to convert the data and oversaw the design and 
development.  After eight weeks of design and development, the 
game was presented at a showcase event online in August 2020 
[7].   

A. Updated Game Features 

In early 2021, Huang and Chen had an opportunity to add 
features to the game to make it more engaging and to better align 
with the notion that fossil bone fragments are typically 
challenging to find than glowing orbs would suggest. Once 
identified and digitally captured, the fossil fragments need to be 
carefully extracted. As such, the team added different levels of 
difficulty for locating the fossil fragments that included 
triangulation and sound-based localization methods.  The game 
was updated to include several new features, mainly a storyline 
along with a set of in-game features intended to make gameplay 
more immersive and complex. Probe 07 is a small robot 
character that was created to accompany the player while 
explaining the objective, story, and mechanics of the game as it 
does so (see Fig. 4). 

Two search devices were created an implemented as tools to 
make the game more challenging and recognize the fact that 
locating the fossil fragments in the field is challenging. After 
completing the first stage of collecting the bones, players unlock 
a sonar device that rings and reveals a hidden bone when the 
player is in close proximity. In the final stage, players unlock a 
triangulation radar that lights up in accordance with the located 
direction of a hidden bone. Probe 07 also provides power ups 
that the player can pick up to increase the precision of the search 
tools. The current version of the game can be found at 
https://pongcenter.itch.io/hoyo-negro.  

B. Planned Additions for NGSS 

The NGSS were reviewed by the National Academies [2] to 

be consistent with the sought-after Framework. Guidance has 

been provided to implement NGSS in the curriculum and in 

terms of providing professional development [8].  The Discover 

Hoyo Negro game engages different practices, disciplines, and 

crosscutting concepts as defined by NGSS.  In particular, the 

discipline that is most applicable is Engineering, Technology 

and Applications of Science. In the game, players learn about 

different technologies for digitally capturing the fossil site, for 

careful removal, testing and dating, for safety of the divers 

among many others. Virtually all of the NGSS practices 

described could be used with the game as part of a curriculum 

in part because the game involves various stages of data 

collection and interpretation. The crosscutting concepts that we 

see as best engaged through the game are patterns, cause and 

effect, systems and models, stability and change, 

interdependence of science, engineering and technology, and 

the influence of engineering, technology, and science on society 

and the natural world.  We provide two specific examples of 

Fig. 3. Journal entry for the Highland Gomphothere. One of six journal entries in the game.   
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how Discover Hoyo Negro is appropriate for use in this 

Framework and can be adapted for different curricular needs. 

The cenotes of the Yucatan contain a wide range of 

fascinating fossilized remains that tell a story of life in the 

region approximately 13,000 years ago (towards the end of the 

last Ice Age).  Using the technologies employed by field and lab 

researchers working on the Hoyo Negro project, the resulting 

evidence tells a story of how the climate has changed during 

that time.  By connecting the data observed at this site with other 

sites from the same era, we can examine patterns of the range 

of fauna that lived during that time.  This knowledge can invite 

children to ask about how their own local environment would 

have been different 13,000 years ago and consider the flora and 

fauna living there.  Since the remains of a nearly complete 

young female, called Naia, was found at the site, students who 

engage the game can then consider sociocultural relevance of 

science and technology to telling a story of who the earliest 

American people actually were. Other sociocultural issues 

emerge such as how might we respectfully examine these 

artifacts while recognizing that were part of a life of ancient 

people with goals, hopes and dreams for the future. As such, the 

transdisciplinary presentation of Discover Hoyo Negro offers a 

wealth of opportunities to engage different aspects of the NGSS 

Framework. 

The technologies and methods used for finding, capturing, 

recovering, digitally representing, and analyzing the fossil 

fragments found at the site offer another way to engage the 

NGSS Framework. We plan to build out a pre-game preparation 

module in which students learn about the technologies and skills 

needed to serve as members of the Hoyo Negro scientific team. 

In this module aspects of the various technologies are presented 

for students to explore and apply.  This module will also include 

sections on the various backgrounds and preparations of the 

scientists participating in the project.  We find this last part to 

be particularly exciting because it challenges common notions 

of who a scientist is and what she does.  As a particularly telling 

example, one of the lead scientific divers working at the Hoyo 

Negro site was Susan Bird.  Scientific diving is a very 

physically-demanding and dangerous activity that requires 

considerable training to engage it safely.  In addition, however, 

scientific divers must be exceedingly perceptive and careful to 

not disturb the milieu of the site in which a fossil fragment is 

found so that it can be captured via photogrammetry. Bird was 

selected by the dive team to perform the recovery of Naia’s 

skull due to her exceptional ability to execute delicate recovery 

tasks. This orientation to the many diversely skilled scientists 

participating in the transdisciplinary Hoyo Negro project will 

challenge student’s notion of who a scientist is, what they look 

like and what sort of work they do [3].    

C. User Experience Testing 

The current game has been tested for quality assurance but 
not yet for usability largely due to the pandemic.  We typically 
have a large number of individual middle and high school 
students visiting us at PoNG but due to schools and universities 
shutting down and/or dramatically reducing campus density, this 
has not been an option.  Our group has developed ways to work 
remotely with undergraduate students and different adult 
populations but observing how children engage different game 
elements as part of a user experience evaluation and 
development plan has proven to be challenging to implement 
remotely.  We would like to directly observe student game play 
once schools re-open and it is safe to engage in this type of 
testing. Fortunately, in person UX testing with appropriate social 
distancing measures appears to be on the horizon in San Diego 
County, with local schools planning to re-open in mid- April 
2021.  We plan to work with middle school teachers and a focus 
group of students for initial user experience testing and to test 
our ideas for developing the preparatory module.   

IV. FUTURE DIRECTIONS 

We see the collaboration between the Hoyo Negro team and 
PoNG to be one that can develop an excellent STEM learning 
game for middle school children that engages a wide array of 
practices, disciplines and crosscutting concepts in the NGSS 
framework.  As we look to the future of this line of work, we 
want to extend our thinking into the realm of citizen science.  
How might we represent the 3D photogrammetry data with 
sufficient precision in a game-like format that interested 
individuals after some training can participate directly in the 
scientific process.  There is a history of citizen science in field 
work [9], [10] as well as on that has developed over the last 
decade in citizen science for digital reconstruction [11].  We see 
the work of faithfully capturing and representing archeological 
sites as a digital twins to be valuable not only for representing 
the in high fidelity for archival and academic purposes but as a 
means of engaging the public around scientific discovery and 
our shared history.  

ACKNOWLEDGMENT  

The Hoyo Negro Project is directed by the Subdirección de 
Arqueología Subacuática of the Instituto Nacional de 
Antropología e Historia (INAH), Mexico. We acknowledge the 
follow individuals and organizations: Alejandro Alvarez, 
Joaquín Arroyo-Cabrales, Helena Barba Meineke, Susan Bird, 
James C. Chatters, Roberto Chávez Arce, Roberto Junco, Falko 
Kuester, Eric Lo, Robert Lourie, Pilar Luna Erreguerena, Sam 
Meacham, Alberto Nava Blank, Blaine Schubert, Brian Strauss, 
as well as National Geographic Society and CINDAQ. 

The neurodiverse internship is supported by an NSF Future of 
Work program #1928604. We acknowledge the following 
individuals for their assistance early in this project: Christopher 
Welter, Savannah DeYoung, Andrew Oltman, James Cooney, 

Fig 4. Probe 7 assisting player with features throughout the game. 

88



 

 

 

and Alyssa Gretlein. We would also like to acknowledge the 
helpful discussions we have had with an incoming team of 
Qualcomm Institute Learning Academy students who will build 
out the game along the NGSS Framework: Stephanie Tam, 
Anshu Goyal, Duye Liu, and Hongyue Jin.  

REFERENCES 

 
[1] J. C. Chatters, D. J. Kennett, Y. Asmerom, B. M., Kemp, V. Polyak, A. 

Nava Blank, P. A. Beddows, E. Reinhardt, J. Arroyo-Cabrales, D. A. 
Bolnick, R.S. Malhi, B. J. Culleton, P. Luna Erreguerena, D. Rissolo, S. 
Morell-Hart, & T. W. Stafford, Jr. “Late pleistocene human skeleton and 
mtDNA link Paleoamericans and modern Native Americans”. Science, 
vol. 344, no. 6185, pp. 750–754, May 2014, doi: 
10.1126/science.1252619.  

[2] National Academies of Science, Medicine, Engineering, and the Division 
of Behavioral and Social Sciences and Education, and Board on Science 
Education, “Design, Selection, and Implementation of Instructional 
Materials for the Next Generation Science Standards: Proceedings of a 
Workshop”. National Academies Press, 2018. 

[3] D. W. Chambers. “Stereotypic Images of the Scientist: The Draw-A-
Scientist Test”. Science Education. vol.  67 no. 2, pp. 255-265, 1983. 

[4] “Hoyo Negro - A Submerged Late Pleistocene Cave Site in Quintana 
Roo.” [online] http://hoyonegro.ucsd.edu/ (accessed May 11, 2021). 

[5] “Viscore – The Cultural Heritage Engineering Initiative (CHEI).” [online] 
http://chei.ucsd.edu/viscore/ (accessed May 11, 2021). 

[6] “PoNG Center – Power of NeuroGaming Center.” http://pong-
center.ucsd.edu/ (accessed May 11, 2021). 

[7] “Internship Showcase 2020.” [online] https://pong-
center.ucsd.edu/ponginternship2020/ (accessed May 11, 2021). 

[8] National Research Council. Guide to implementing the next generation 
science standards. National Academies Press, 2015. 

[9] K. Lambers, W. B. Verschoof-van der Vaart, & Q. P. J. Bourgeois. 
"Integrating Remote Sensing, Machine Learning, and Citizen Science in 
Dutch Archaeological Prospection" Remote Sens. 11, no. 7: 794. 2019. 
https://doi.org/10.3390/rs1107079410 

[10] M. L Smith. "Citizen science in archaeology." American Antiquity, pp. 
749-762, 2014. 

[11] S. Cooper, A. L. R. Sterling, R. Kleffner, W. M. Silversmith, & J. B. 
Siegel. "Repurposing citizen science games as software tools for 
professional scientists." In Proceedings of the 13th International 
Conference on the Foundations of Digital Games, pp. 1-6. 2018. 

 

89



Work-In-Progress—Mathstation – A Grade School
Math Supplement Serious Game

David A. Plecher
Technical University of Munich

Munich, Germany
plecher@in.tum.de

Jonathan Borowski
Technical University of Munich

Munich, Germany
borowski@in.tum.de

Abstract—Serious games as learning activities have been stud-
ied and found to be valuable even before the outbreak of the
COVID-19 pandemic. In response to the school outages, a math
exercising serious game, covered by this work in progress paper,
has been suggested. The aim of the serious game is to teach and
exercise basic mathematical techniques through engaging game
activities. In order to best achieve this, knowledge in the fields
of serious game design and didactic from previous works will be
applied. As of this writing, the game is still in the earliest stages
of development.

Index Terms—serious games, math

I. INTRODUCTION

When discussing the subject of learning, it has been shown
time and again [1] that serious games are able to pull their
weight in terms of learning methods. Exploring new ways
to teach and supplement school programs would be advised
even if the COVID-19 pandemic were to never happen. Alas,
it has, and the damage caused by the disruption of the
educational system is severe [2]. As such, a rapid response to
the gap in education is required, one which capitalizes on the
trends of technology, serious game design concepts and digital
distribution. A tool to keep the pupils engaged, especially if
they are distance learning at home due to the pandemic [3].

The serious game in question is Mathstation, a space themed
collection of mini games with different activities, all of which
involve solving math problems as part of the game. The
innovation therein lies not with the concept of an educational
serious game itself. There are two main points in which
Mathstation aims to set itself apart from established serious
game solutions. Firstly, striking a balance between the fun
and engagement offered by video games, and the seriousness
involved in the study oriented learning games. As these two
can conflict with each other, it is imperative to achieve a point
of balance that allows the retention of players in the state of
flow [4] through fun, as well as the achievement of learning
benefits.

Secondly, some social features considered for future work,
which could increase the effectiveness of the game. Inter-
acting with peers, playing multiplayer versions of the game
level, and teacher management tools, to name a few. The
former facilitates an environment for pupils to play together,
enhancing the experience and motivating them to train further
through cooperative or competitive engagement [5]. The latter

enables a supervisor to monitor a pupil’s progress, and provide
assistance through the game if needed, which could prove
invaluable for some players.

Key design features planned for the game:
• Multiple game modes to cater to a greater target audience.
• Simple schematic graphics.
• A robust math editor interface.
• Low key story elements.
• Visual customization.
The game is being developed on Unity game engine.

Building the game for tablets and smartphone devices will
greatly benefit from this game engine, along with personal
accumulated experience working with it.

The assumption: Introducing a school class to this serious
game, and allowing them and the teacher to interact with each
other, will have a positive effect on the ability to practice math
during the school outages.

II. RELATED WORK

In order to support the goal of this thesis, findings of related
work will guide the decision making process as well as the
implementation. Notable pieces of related work:

Impact of serious games on science learning achievement
compared with more conventional instruction [1]. An
overview and a meta-analysis. This data rich meta-analysis
describes which properties of learning based serious games
have proven effective over the span of decades. Due to the
abundance in relevant information from this work alone, it is
regarded as a basis for this one.

Educational serious games in the field of math: Many
math related educational games have been studied for this
project. Most of these can be dismissed as small browser
experiences, reminiscing of the flash games era. Even if those
prove to be fun, they often lack in scale and immersion. Not
such is the case though, with the game Prodigy [6]. This game
in particualr stands out as a fully fleshed role playing game
experience, featuring custom characters, turn based battles,
story based progression and much more. It’s production values
are high compared to other serious games, boasting full voice
over for character narration.

It is a free to play game where pupils may create a student
account and solve math problems to unleash attacks during
battles. The math within is based on actual curricula. The game
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also features multiplayer elements as well as instructor and
parent accounts, which monitor student progress and offer in
game goals respectively.

Prodigy serves as the example of everything that Math-
station could be, while showing the disadvantages of it’s
monetary system. This coupled with a difference in theme
and gameplay style diversity are the main points in which
Mathstation could set itself apart from Prodigy.

The main point of criticism around Prodigy seems to
be it’s free to play model, where some game features are
available to premium accounts only, which are obtained via
paid subscriptions.

Serious games in other fields: TwilioQuest (Program-
ming) [7], HieroQuest (Hieroglyphs) [8], Oppidum [9] (Cul-
tural Heritage), DragonTale [10] (Japanese Kanji). These
games serve as prime examples of how serious games in the
field of education should look and feel like. Both games have
rich playing experiences which emphasize fun and discovery
without compromising the educational value.

Papers please [11] - A game with a minimalist art style.
The game’s approach to visual presentation, featuring pixel
art, is a great source of inspiration. It serves as an example of
how meaningful games may be even when shying away from
photo realism, graphics wise.

Learning books - Including math exercises in a seri-
ous game such as this requires a reliable base from which
the question’s style and presentation can be derived. For
this, two books will be taken into account: ”Welt der
Zahl 2” [12], a German elementary school math book which
somewhat overlaps with the content featured in Mathstation,
and ”Lambacher-Schweizer. Mathematik für Gymnasien,
Bayern” [13] - a Gymnasium grade math book. The subjects
are way out of scope for this project, but other aspects of the
book, such as the end of the chapter ”self test segments”, are
still quite valuable for the game’s didactic structure.

III. FEATURES & DESIGN

The game is planned to include three distinct game modes,
offering activities with math problems interwoven at key
moments. The underlying game loop consists of missions and
their rewards, as depicted in Fig. 1.

A. The Game Modes

Battle: A battle mini game in which the player faces off
against abstract math monsters. The player has limited health
points, and must interact with the opponent via touch or
clicking to swing the battle in their favor. Inflicting substantial
damage is subject to the correct solution of presented math
problems during the fight.

The nature of combat engagements lends itself to pose
math problems that are corresponding with the current level
thematically, and opting for rapid fire style math questions to
be solved in a sequence.

Mining: A strategy mini game wherein the player must mine
an asteroid for precious materials. These are used to construct

the necessary tools for the transportation and delivery of the
asteroid, while managing resources. The player must research
the modules that will provide the utility to overcome each
level’s problems, successful research is achieved by solving
relevant math problems.

As the pace of this game is slower compared to the first
one, the style of questions here lends itself perfectly to text
based questions that are tied to the research in question, for
example, how much energy would be required to accelerate
an object with a mass to a certain velocity.

Exploration: Treasure hunt for relics and abandoned facil-
ities in puzzle exploration levels. Players must manage their
fuel as they explore or risk being sent back to the starting point.
As relics are found, the exploration capabilities are further
enhanced.

Much like the mining game, the pace here is more laid
back. However, there is great potential in this mode to adapt
and tailor the questions to the puzzle elements encountered in
the game.

B. The Math Editor

The game will feature a math editor. This will present the
math problems in a familiar fashion, allowing the player to
extend their honed math skills to a school environment. The
math editor will also highlight math techniques that the player
should apply to solve math problems. This editor will pop in
during game play when the game being played invokes it, but
is also planned to be a stand alone tool just to practice some
math without the game activity around it.

Additionally, players can set a policy in accordance with
the skills they wish to hone. A policy of no negative values
and remainder divisions will allow players to practice these
subjects. The currently applied rules will be visible for the
players while interacting with the math editor interface.

The math editor is as complex a system as the scope of math
problems included in the game. While it will most certainly be
great to accommodate all types of relevant math problems for
the target audience, it will very likely feature the following:

• Simple arithmetic
• Fractions
• Text based questions

Any further subjects, such as geometry, will be at the mercy
of the spare time for this project.

C. The Story

Ludic content, such as story elements and character dia-
logues, have not proven to be of significant contribution to
learning in serious games [1]. Nevertheless, the goal is also to
entertain, and as such, a story will tie the experience together.
It will not only motivate players to keep playing the activities
offered via meaning, but this will in turn pique a player’s
curiosity.

The story in a nutshell: The player assumes the role of a
new crew mate aboard a spaceship. Before long (Around the
end of the tutorials), the captain of the ship vanishes. Chaos
and distrust spreads across the ship’s crew. It is then up to
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Fig. 1. In game progression.

the rookie to gain the trust of the crew, advancing with every
completed objective.

D. Digital Distribution

The game should be made as available as possible to anyone
who could be a potential beneficiary of it’s content. Aiming for
digital distribution through app stores, and as many as possible
of those, would be the best method in pursuing this goal.

The age of smartphone gaming has broadened the player
base substantially [14].

E. Difficulty Settings

In order to ease players into the game’s various subsystems,
tutorials will teach how to play the presented game modes as
well as how to interact with the featured math editor. The
games themselves will naturally increase in difficulty with
each level. However, there will be a difficulty setting that
allows players some degree of agency in setting the level of
challenge that they face. This agency has a positive effect on
learning [1].

F. Style

The game’s art style is planned to be a minimalist one,
opting for sprites and 2D user interface elements. This will not
only ease the process of asset creation, it will also conform to
the findings of the related work, namely, that serious learning
game tend to have better learning results when the presented
art style is schematic [1]. See Fig. 2.

IV. FUTURE WORK

As this project is highly restricted time-wise, it is important
to layout the initial intent and the potential of future work on
it. Initially, all work will be concentrated on laying a sound
foundation for this serious game. Then, the project can be
expanded to yield a fully fledged serious game, with social
features, possibly to be published and distributed digitally on
a plethora of devices. In addition, it is planned to introduce
the game to it’s target audience in schools for evaluation. To
achieve this, a pre-post research design will be used, in order
to discover the effectiveness and true value of the experience
directly from it’s users.

Fig. 2. Featured art style.

V. CONCLUSION

To summarize: Since the educational systems have taken a
hit around the globe due to the pandemic, a serious game in
the educational field may provide some relief from the damage
this can cause to education, due to it’s nature as a video game.
It is with a firm belief that this tool can be of use, that the
implementation is underway. Combining the right amount of
game elements with bite sized math problems will hopefully
engage the children, and ease the necessary learning which
has been challenged by these dire circumstances. If this were
to reach the digital distribution stage, it may have a positive
impact on the situation.
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     Abstract—In our increasingly interconnected and complex 

world, issues that emerge from local circumstances can give rise to 

pressing global crises. To successfully address these crises and 

prepare future generations to become contributing members of 

society, this paper presents the design of a Work-in-Progress 

collaborative AR game – Swarm, which aims at helping students’ 

understand how complex systems emerge and the causal 

mechanism underlying such adaptive systems. The game design 

process is guided by the PAIR-C framework, an innovative 

theoretical contribution to conceptual change. 

Index terms—augmented reality (AR), collaborative game, 

complex systems, PAIR-C framework, game design 

I. INTRODUCTION  

Research on complex systems in K–12 science education has 
shown a marked increase over the past two decades since the 
study of systems and system models were highlighted in the 
NGSS as crosscutting concepts [1]. Learning complex systems 
can help students better understand patterns, the cause and effect 
of patterns, the structure and function of simple elements that 
compose the world dynamic patterns, and, most importantly, 
think in new ways to solve complex problems. Nevertheless, 
research has shown that students often reveal robust 
misconceptions when they reason causally about a consequence, 
an event, or an emergent phenomenon. Even college STEM 
majors have demonstrated difficulty in understanding complex 
systems. They tend to reason complex systems with a sequential, 
bounded, and centralized determinist mindset [2]. Numerous 
researchers also indicated challenges in introducing the concept 
of emergent complexity in high school science curriculum ([3]–

[5]), and reported less favorable results (e.g., null or small effect) 
in students’ cognitive gains after participating in the 
interventions ([6]–[8]). Therefore, the advancement of teaching 
emergent complexity requires more innovative methods rather 
than the business-as-usual approaches.  

Despite earlier research that proposed frameworks to 
characterize complex systems ([6], [9]), the Pattern-Agents-
Interactions-Relations-Causality (PAIR-C) framework [2] was 
employed to guide the design of this game because it clearly 
pointed out aspects of complex systems which could be 
translated into the Mechanics-Dynamics-Aesthetics (MDA) 
game design framework [10]. Within the PAIR-C framework, 
Pattern describes the overall changes by a process that is often 
visible and meaningful, Agents are elements that participate in 
the process which produces the pattern, the Interactions of the 
agents refer to how the agents of the process interact, the 

Relations among the interactions compare agents’ interactions, 
and the Causal relations between the agents-pattern refer to how 
the interactions between agents produce patterns in emergent 
processes. Fig. 1 presents a mapping of the PAIR-C framework 
with the MDA framework which informs the game design 
process.   

 

Fig. 1. PAIR-C and MDA frameworks for game design. 

The rest of this paper will present the design of a work-in-
progress project – Swarm, a collaborative AR game about 
complex systems. 

II. GAME DESIGN – SWARM  

Swarm is a game that aims to provide an innovative approach 
to understand the science of complex systems using AR. 
Specifically, the goal of this game is to help students (middle 
school, high school, and college students) understand the 
properties common to complex systems through an example of 
birds flying in the famous “V” pattern. The game adopts the 
PAIR-C framework ([2], [11]) in the design process to advance 
students’ understanding and reduce persistent misconceptions. 
Through playing this game, players will be able to 1) explain 
why birds form a V shape;  2) explain how birds form a V shape; 
3) explain the differences between birds forming V and pilots 
forming V; 4) understand common properties of complex 
systems; 5) identify and explain other complex systems. The 
connection between the first three learning objectives and design 
choices will be explained below. The fourth and fifth objectives 
can be achieved through post-game reflection and instruction. 

A. Game Aesthetics 

The character of this game is the Northern Bald Ibis, 
critically engendered species. These birds are the “Agents” in 
the game. There will be multiple agents involved in the game to 
form flocks and V shapes (“Pattern”) during the gameplay. To 
save the loading time for operating multi-agent systems, the 
individual northern bald ibis will be represented via low-poly 3D 
model. The game art for depicting the birds should be simple and 
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symbolic. In terms of the storyline, students are playing as a 
member of a bird conservation team to train endangered birds to 
migrate. The in-game task is to carry out a bird reintroduction 
program and help a group of northern bald ibises to migrate from 
the central part of Europe toward the southern Mediterranean 
habitat. The win state of the game will depend on the number of 
birds that are successfully migrated to the south under players’ 
guidance. 

The game world user interface will also provide visual cues 
to help explain why the birds form a V shape (learning objective 
1). Specifically, the game will overlay vortices to indicate wind 
flow or air resistance. The game will also apply color-coding 
strategies to represent optimal or resistant flying areas. 
Examples of the design features are illustrated in Fig. 2. 

If a bird lines up directly behind another bird, it will 
experience a push-down wind flow effect that makes flying more 
difficult as they must expend more energy. However, if a bird 
slides aside and stays around the wingtips of a front bird, then it 
will get a tiny lift when flying and save energy. There will also 
be a turbulent area where a bird is influenced by a pushing-up 
force and a pushing-down force at the same time. Players will 
encounter such circumstances and will adjust positions of flying 
bird accordingly. 

Vortex: air pushing up or down. 
 

Red area: resistance flying area. 

 
Green area: optimal flying area. 

 
Yellow area: turbulent flying area. 

Fig. 2. Design features to present visual cues in the AR Game. 

B. Game Dynamics  

      A common misconception when people seeing birds form a 

V pattern is the belief that there is a leader bird who controls 

other birds and gives directions to the flock. In 1986, Reynolds 

[12] reproduced the flocking behaviors in computer codes, 

which he called the Boid Model. His codes modeled bird 

interactions into three simple principles: 1) Separation - many 

bird agents try to avoid colliding with each other. 2) Alignment 

- bird agents try to align the average velocity and heading with 

their neighbors. 3) Cohesion – each agent tries to move around 

the center of its flock, which means the agent tries to stay in the 

cohort rather than disassociation from the group. This game will 

adopt these three rules to create and train machine learning 

(ML) agents in order to restore a self-organized complex system 

that simulate real-world flocking behaviors or “V” formation, 

and to explain how birds form a V shape through dynamic 

simulations (learning objective 2).  

C. Game Mechanics  

So far, this paper has described the aesthetics and dynamics 
of the game in accordance with the PAIR-C framework. The 
Pattern and Agents of the game are illustrated in Fig. 1. The 
dynamic Interactions among agents will follow the Boid model 
principles. In terms of understanding the Relations among 
interactions and Causality of complex systems, this game will 
use four core mechanics to simulate a set of rules. Below is an 
overview of the four mechanics and their corresponding rules.  

• Mechanic #1 (Relations): The position of birds are 
random, unrestricted, and independent; 

• Mechanic #2 (Relations): All bird agents can adjust 
speed and heading directions; 

• Mechanic #3: (Causality): Bird agents collectively add 
to form V-shape within each time; 

• Mechanic #4: (Causality): Use machine learning agents 
to enable a jigsaw gameplay experience. 

To differentiate Interactions from Relations, the game will 
provide tutorials in which Interactions are reduced to reciprocal 
action between two bird agents. In contrast, Relations refer to 
relations among interactions, considering at least two pairs of 
bird agents. For the four core gameplay mechanics, more details 
are provided below.  

1) Mechanic #1. Players will start the game by tapping the 
screen to place the individual bird agent at random directions and 
positions. This game activation mechanic is similar to Magna 
AR Physics Toolbox, a mobile-based AR tool that provides 
visualization of 3D, real-time, sensor-based magnetic fields. The 
game will start with a set number of 8 bird agents and allow a 
maximum of 15 agents to be placed in space at initial starting 
phase. More birds will be added in real time. The game will be 
activated after players finish the set-up and hit “start to fly”. 
Birds will be flying simultaneously. While flying, they can be 
influenced by any birds that close to them and will not have a 
restricted relationship with each other. In other words, birds shift 
their positions from time to time and will not always stay in one 
spot. When the birds start to form a flock or a V-shape, any bird 
can still exit or join the flock.  

2) Mechanic #2. The player can also manipulate the speed 
and heading direction of each individual bird agent during the 
gameplay through a monitor panel pad triggered by clicking a 
speedometer and a compass icon. This allows players to have a 
micro-level perspective to better understand how the behaviors 
of individual bird can give rise to a complex dynamic system. 
There will be an energy bar that indicates “level of energy” for 
each selected bird. If the level is low and the bird is at the very 
front of the V pattern, then the player can click the bird and 
adjust its speed and direction via the panel pad. Therefore, this 
“tired” bird can take a break by following other birds instead of 
staying at the very front for the whole time. This mechanic helps 
players deduce the fact that no bird can give orders about 
position for other birds in the flock. All birds can adjust their 
speed and heading based on the wind resistance, their neighbors, 
and their energy level. Their relations are random and 
unrestricted.   
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3) Mechanic #3. To enhance the authenticity of the game 
experience, real-world weather and time data (e.g. temperature, 
humidity, wind speed) will be collected to trigger multiple 
situations that affect birds flying and migration process. Players 
will experience multiple weather conditions over six time 
periods (See Fig. 3). There will also be sound effects related to 
different weather conditions (i.e., wind blowing, raining, 
lightning, and thunderstorms). It is critical to present the player 
that the V-pattern is produced not by adding birds across time, 
but instead by adjusting speed and direction within each time. 
To form a V-pattern, the position and heading of each bird is 
different within each time period. In contrast, players in the 
game will be prompted to compare a pilot forming a V-shape 
with birds flying in V. Because there is always a lead pilot that 
has centralized control over the others, pilots will add to a V-
shape cumulatively and remain certain shape based on orders 
(learning objective 3).  

     4) Mechanic #4. With Unity Machine Learning Agents (ML-
Agents), developers no longer need to “code” the emergent 
behaviors of flocking, but rather training intelligent agents to 
“learn” through a combination of deep reinforcement learning 
and imitation learning. Using ML-Agents will also allow players 
to have more compelling gameplay through a dynamic jigsaw 
experience, which provides complementary information piece to 
each player and encourages players to seamlessly collaborate 
and achieve joint mission of guiding endangered birds migrating 
to their habitat. When two players join the game, they can 
operate on two separate screens of their mobile devices. Player 
1 can directly manipulate the bird agents by adjusting their 
heading directions and speed while player 2 simply observe how 
the ML-agents produce a V-pattern and report their status to 
player 1. Specifically, player 1 will be in charge of helping bird 
agents migrate in a 5-minute countdown. During the 5-minute 
play, he will receive warning messages that forecast hazard 
weather conditions that might affect flying patterns, such as “a 
storm is coming in 15 seconds”. As player 1 manipulate the bird 
agents, player 2 can update on how the ML-agents converge to 
a V-pattern and respond to extreme weather circumstances. Both 
players can communicate with each other through voice channel.  

 

Fig. 3. Weather conditions at six time periods. 

III. CONCLUSION  

     In line with previous efforts on designing educational games 

to promote deeper learning [13], this game will encourage 

students to think and reason deeply about patterns and complex 

systems. By adopting the PAIR-C framework in the design 

process, this game will use its core mechanics to illustrate 

common properties of complex systems and help students 

understand the relations and causality of such systems. This 

game also attempts to include collaboration between players. 

Since collaborative AR games are still relatively novel, both 

rules and roles should be further studied in structuring 

productive collaboration and creating positive interdependence 

among players. To conclude, this AR-supported collaborative 

game will allow players to see the unseen [14], take multiple 

perspectives, observe complex systems in authentic situations, 

and understand the world complex emergent phenomena.  
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      Abstract—During the last decade, Augmented Reality (AR) has 

become popular technology in education. From a pedagogical 

perspective of mathematics education, AR is embodied by virtual 

manipulatives and matches well with constructivism. To support 

geometry learning based on constructivist learning theory, this 

work-in-progress paper aims to shed light on the pedagogical 

potentials and design principles of using plane-detection AR. 

Plane-detection AR, the marker-less AR technique, can 

significantly increase the degree and the scope of learners’ 

interaction. Plane-detection AR can also bring physical objects 

into geometry learning in a meaningful way. This paper also 

provides the developed plane-detection AR mobile application as 

an example. The practical hurdles of using plane-detection AR, 

and proposed study design for future research to investigate the 

effects of using plane-detection AR are further discussed. 

Index Terms—augmented reality, learning geometry, 

mathematics education, K-12 education.  

I. INTRODUCTION 

Education nowadays has been adapting diverse 

technologies and software to overcome limitations of 

traditional teaching approaches and methods. Augmented 

Reality (AR) has become popular technology in educational 

research over the last decade from preschool to university [1], 

[2]. 

From a pedagogical perspective of mathematics education, 

AR technology is embodied by virtual manipulatives and 

delivered to learners. Virtual manipulatives bring students to 

explore and manipulate mathematical concepts within digital 

spaces on computers or handheld devices [3]. Virtual 

manipulatives provide an interactive learning environment 

where learners can solve various problems with immediate 

feedback. It allows learners to build strong connections among 

mathematical concepts and reflect on their actions [4]. Virtual 

manipulatives also allow control and flexibility in learners’ 

mathematical modeling process [5], encouraging learners to 

construct and discover relationships among mathematical 

concepts. 

The pedagogical characteristics of both AR and virtual 

manipulatives are grounded in constructivist learning theory. 

Constructivism assumes that learning occurs while learners are 

involved in solving authentic tasks [6]. Learners are able to 

construct new knowledge and understanding based on their 

experiences and interactions with others [6]. As a pedagogical 

approach or cognitive tool, AR technology integrated with 

virtual manipulatives matches well with constructivism. AR in 

virtual manipulatives could place learners within a real-world 

context to facilitate the participatory learning process. In 

addition, physical objects and contexts introduced by AR can 

become scaffolding or subjects of learning. 

In the same vein, the active learning activity such as 

manipulating or building geometric shapes by learner’s 

intuitive interaction, rather than merely observing shapes, can 

play a crucial role in learning geometry. When learners are 

requested to build 3D geometric shapes from scratch, for 

example, they need to consider how many vertices and faces the 

3D shape contains. It enables learners to relate their knowledge 

with mathematical concepts, and therefore to discover and 

construct mathematical understanding inherent within 

geometric shapes. 

These considerations have led us to consider plane-

detection AR in order to better support geometry learning based 

on constructivist learning theory. Compared to other AR 

techniques, plane-detection AR, the marker-less AR technique, 

can significantly increase the degree and the scope of learners’ 

interaction. Diverse physical objects in physical contexts also 

can be utilized meaningfully with plane-detection AR.  

The purpose of this study is two-fold: 1) to shed light on the 

pedagogical potentials and design principles of using plane-

detection AR for learning 3D geometry, and 2) to provide an 

example of a plane-detection mobile AR application. The 

practical hurdles of using plane-detection AR, and proposed 

study design for future research to investigate the effects of 

using plane-detection AR are also covered. 

II. RELATED WORKS 

In educational settings, two forms of AR have been used: 1) 
location-aware AR and 2) vision-based AR [6]. Since location-
aware AR uses position data retrieved from GPS or wireless 
networks to render virtual objects or other media. In contrast, 
vision-based AR uses devices’ cameras to trigger AR content. 
Marker-based AR, a type of vision-based AR technique, uses 
printed markers such as QR-CODE or 2D labels to render virtual 
objects on devices’ screens. 

Regardless of the types of AR, AR allows learners to 
experience dynamic virtual representations that can be 
manipulated by their intuitive physical interaction within a more 
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immersed learning environment [7]. AR can also help learners 
develop spatial ability by encouraging them to enter the real-like 
world and interact with virtual objects [8], otherwise which 
would have been impossible with conventional media or 
textbooks. 

In the context of geometry education in mathematics, several 
researchers have tried to adopt AR [9]–[12]. Although the 
studies showed that the use of AR could enhance students’ 
understanding of geometric shapes, the studies have limitations: 
Marker-based AR, used in the studies, only allowed learners to 
observe virtual geometric shapes showing on the marker, rather 
than to permit active learning engagement in diverse physical 
contexts of the real world. 

III. PLANE-DETECTION AUGMENTED REALITY  

Plane-detection AR can be categorized into one of the 
vision-based AR techniques since it renders virtual objects 
triggered by devices’ cameras. Unlike marker-based AR, which 
has been frequently dealt with in educational settings, plane-
detection AR does not need printed markers. In this section, 
pedagogical potentials and design principles of using plane-
detection AR for learning geometry are discussed. 

A. Pedagogical Potentials of Plane-detection  AR 

Marker-based AR requires the marker, such as printed image 
or QR-CODE, to set it as an anchor where virtual objects to be 
placed. On the other hand, plane-detection AR does not require 
the marker. Instead of tracking printed markers, plane-detection 
AR tracks and recognizes plane areas such as a wall, broad space 
on the table, or floor of the classroom. Plane-detection AR 
recognizes the area and uses the information of the area to 
understand the whole environment.  

One of the pedagogical potentials that plane-detection AR 
has is that user interaction's scope and degree could increase 
significantly compared to maker-based AR. Unlike learners in 
marker-based AR who are only allowed to play on the surface 
of printed markers, learners in plane-detection AR can utilize a 
whole plane area as a playground to build geometric shapes 
without printed markers (see Fig. 1). In addition, a plane area 
can be extended if the areas are connected. For example, a gym 
floor can be recognized as a whole plane area and then could be 
utilized in learning activities. 

 

Fig. 1. White dots showing that the plane-detection AR recognized a plane 
area of a table. 

 

Plane-detection AR also enables learners to use various 

physical objects. Using diverse physical objects can make 

learning more effective because learners are exposed to 

mathematical concepts through diverse physical contexts or 

embodiments [13]. Since plane-detection AR understands the 

location and shape of the plane area, it can distinguish physical 

objects from a certain plane area. By using the functionality, for 

example, learners can build virtual objects on the surface of 

physical objects. Physical objects in the specific physical 

context and virtual objects built by learners become overlapped 

and blended (see Fig. 2). This potential can support the active 

learning activity of building geometric shapes. In addition, 

plane-detection AR can bring harmoniousness with real-world 

context since it does not require printed markers.  

  
 

Fig. 2. The example usage of plane-detection AR to build a virtual 3D cube on 
the surface of a physical box. 

B. Design Principles of Using Plane-detection AR 

Despite the potential and promise of novel technologies, 

applying them to real-world teaching or learning introduces 

new challenges. To overcome the challenges and enhance 

geometry learning, it is necessary to consider how technology 

should be embodied. Design principles for AR technology can 

leverage the unique affordances of AR and minimize the 

limitations of the medium [14]. The proposed design principles 

of using plane-detection AR are based on constructivism and 

the pedagogical potentials discussed in the research.  

1) Consider Pedagogy: Depends on what learning theory is 

chosen, the way of implementing plane-detection AR is 

differentiated. Based on the chosen learning theory, identifying 

the types of learning and learning objectives [15] and providing 

instructional activities to support constructivist learning, 

including scaffolding and coaching, are essential.   

2) Enhance Interaction: Learners need to interact not only 

with others but also with virtual objects within the AR 

environment. They also need to actively participate in learning 

activities by manipulating virtual objects and getting feedback 

on their actions, rather than passively observing the objects on 

the screen.  

3) Use Physical Objects and Contexts: Being able to bring 

physical objects into geometry learning activities without 

printed markers is a unique facet of the plane-detection AR. 

Plane-detection AR can use physical objects as learning 

materials or scaffoldings, and make learners feel as if they are 

interacting with physical objects (see Fig. 2).  This principle 

also stands that learning activities can be designed and 

delivered to learners in various ways, depending on physical 

objects and contexts. 

IV. APPLICATION OF PLANE-DETECTION AR 

Based on the pedagogical potentials and design principles of 
using plane-detection AR for learning geometry, a mobile 
application was developed using the Unity3D game engine and 
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the AR Foundation SDK [16]. The learning objective of the 
developed mobile software was to understand the attributes of 
3D shapes. We set inquiry-based activities according to the 
learning objectives: 1) Make virtual 3D shapes on the surface of 
real-world objects (see Fig. 2), 2) Make diverse 3D shapes on 
the detected plane, 3) Examine the attributes of the physical or 
virtual 3D shapes by manipulating and solving problems (see 
Fig. 3).  

As virtual manipulatives, the power of plane-detection AR 
comes from combining several representations, including both 
virtual and physical objects, so that learners can connect 
multiple aspects of mathematical concepts and ideas [17]. Also, 
with plane-detection AR, the developed mobile application 
encourages learners to be engaged in geometry learning with a 
higher level of interaction and supports manipulative actions, 
which enhance the active learning activities. 

Fig. 3. The example usage of plane-detection AR to build diverse 3D 

geometric shapes using physical objects 

 
The developed mobile application also showed some 

practical hurdles of using plane-detection AR. Since plane-
detection AR requires capturing the whole target plane area 
before starting learning activities, this pre-requisite process may 
cause unnecessary cognitive load as well as negatively affect 
learning efficiency. Also, we found that the quality of plane 
detection largely depends on the appearance of the target plane. 
It may have difficulties using a solid-colored surface such as a 
white wall. 

V. DISCUSSION AND FUTURE WORK  

This work-in-progress paper aimed to shed light on the 
pedagogical potentials and design principles of using plane-
detection AR for learning geometry. This paper also provided 
the developed plane-detection AR mobile application as an 
example and discussed its practical hurdles. Plane-detection AR, 
the marker-less AR technique, can increase the degree and the 
scope of learners’ interaction and bring physical objects into 
learning activities in a meaningful way. 

The next step will be conducting experimental research 
using the developed mobile plane-detection AR application. We 
propose a pre-test-post-test control group design study to 
investigate the effects of using plane-detection AR for learning 
geometry. Participants will be divided into two experimental 
groups and one control group. Each group will learn about the 
same contents: The characteristics of diverse 3D geometric 
shapes. Students in the first experimental group will learn about 
geometric shapes using the developed mobile application. For 
the second experimental group, students will use another mobile 
application integrated with marker-based AR. Students in the 
control group will use conventional physical objects for their 

study. We hypothesize that students in the experimental group 
with the plane-detection AR would score higher in the geometry 
understanding test than the students in the other group. 

 We will also continue exploring diverse scenarios and 
possibilities on how to apply plane-detection AR in various 
learning contexts. This also requires cooperation and exchange, 
which we would be pleased to see. 
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Abstract—Currently, interactive activities, such as hands-on 

displays and multitouch tabletops, are utilized in formal/ 

informal learning settings. Such activities aim to engage K–12 

students in science-learning activities, through which scientific 

thinking is cultivated and multisensory artistic experiences are 

indulged into. Such facilities serve as means for teaching the 

structure and function of plant cells using advanced technologies, 

which forgoes the use of living cells. This work-in-progress 

development project describes a mechanism for visualizing the 

structure and function of plant cells using state-of-the-art 3D 

printer and immersive virtual reality as methods for teaching 

plant cell biology among K–12 students. 

Index terms—3D printer, immersive virtual reality, plant cells, 

K–12 students, STEAM education 

I. INTRODUCTION 

Since the 21st century, advanced technologies have 
supported the diversification of teaching tools and materials. 
For instance, interactive activities, such as hands-on displays 
and multitouch tabletops, have been incorporated in formal and 
informal learning. Furthermore, an active participatory style 
has been expected to increase the informative experiences of 
learners. This approach has been accelerated as a 
national/international strategy to increase the number of 
personnel for science, technology, engineering, and 
mathematics (STEM) education, who will contribute to 
problem-solving for future sustainability issues across the 
world. Conversely, STEM learning has been deemed to 
insufficiently attract the attention of several students [1]. 
Recently, science, technology, engineering, arts, and 
mathematics (STEAM) education, which adds arts to STEM 
education, has been increasingly promised to afford the 
pedagogical effects of fostering scientific thinking, of 
appreciation of multisensory art, and of creativity in formal and 
informal educational settings [2], [3]. 

The author, who is a plant cell biologist, outlines an 
approach for teaching the structure and function of plant cells 
without using living cells, given the difficulty of displaying 
and handling living cells, for K–12 students. This work-in-
progress development project aims to introduce a microscopic 
environment that envisions the internal structure of a cell 
through three-dimensional (3D) reconstruction using an 
advanced 3D printer and an immersive virtual reality (VR). 
The paper describes the approach for visualizing the structure 

and function of plant cells as a part of the learning process for 
K–12 students. 

For learning based on the concept of cells in elementary 
schools, it is preferable to provide an effective and a realistic 
experience. First, the 3D printer is well-known to be extremely 
useful, and 3D models can contribute to education through 
visual and tactile stimulation in substantial formal and informal 
learning [4], [5]. Alternatively, using the VR technology 
renders possible the building of stimulating and exciting 
experiences in a virtual space while simultaneously providing 
efficient learning of cell biology, such as living cells. For 
immersive learning using a head-mounted display (HMD), 
preparing a sophisticated equipment is necessary. Recently, 
however, a method for installing a smartphone in a simple 
small paper box and experiencing the content from the 
smartphone screen has been realized. In fact, materials for 
immersive virtual learning, which use contents based on raw 
microscopic data, are emerging [6], [7]. Based on the 
abovementioned advantages of the proposed approach, the 
work-in-progress development project further proposes that 
supporting the expansion of learning content using advanced 
technologies, such as the 3D printer and immersive VR, is 
useful for the promotion of learning in the field of plant cell 
biology. 

II. DESIGN AND DEVELOPMENT 

A. Outline of the Structure and Function of Plant Cells 

Many kinds of organs and cells comprise higher plants, which 

afford the microworld with biological phenomena. The cell is 

the smallest unit that composes diverse organisms, whereas 

various microstructures called organelles with corresponding 

functions make up living cells. In living cells, a number of 

biological reactions occur through organelles, such as the 

nucleus and mitochondria, to produce a range of subcellular 

reactions. Plant cells have unique features, such as plastids 

and vacuoles, which animal cells lack. However, studies on 

the theme of plant cells are lacking. To address this research 

gap, the work-in-progress development project focuses on the 

pollen cells of Arabidopsis thaliana, an angiosperm model 

plant due to their simple and spherical shape. One Arabidopsis 

male gametophyte is divided into two cells, namely, a 

generative cell and a vegetative cell, during pollen mitosis I 

(stages 1 to 3). The generative cell is then divided into two 
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sperm cells during pollen mitosis II (stages 4 and 5) (Fig. 1). 

In addition, mitochondrial behavior changes with the increase 

or decrease in the number or size of pollens during 

development. 

B. Preparation of Materials 

First, the author observed and photographed the fluorescent 
and light images of the pollen cells of Arabidopsis thaliana 
under the BX51 automated fluorescence microscope 
(ORYMPUS) and the JEM1200EXS (JEOL), respectively. The 
nuclei were stained using 4',6-diamidino-2-phenylindole 
(DAPI), whereas the mitochondria were labeled using a green 
fluorescent protein (GFP) through a gene-recombinant method 
due to the defined position of the organelles. For each 
observation, cell images were vertically captured for every 1-
μm slice to illustrate the respective positions of the organelles 
(Fig. 1). 

 

Fig. 1. Outline of material preparation for crating the teaching materials. 

III. RESULT 

A. Modeling of 3D-Printed Pollen Cells 

The research reconstructed pollen cells as 3D data and 
modeled them using the 3D printer. In general, 3D-printed 
models are monochromatic (e.g., white, red, blue, or black 
only). When colored, the 3D printer paints the surfaces of the 

models with acrylic paints after printing and polishing. 
However, painting inside the cells is impossible, which leads to 
the incomplete representation of intercellular organelles. To 
overcome this issue, the author employed an advanced 3D 
printer technology, which is capable of multicolored and 
transparent printing. To model pollen cells using the 3D 
printer, the resources of the university and Mimaki Engineering 
Co., Ltd. was utilized. The OBJ data of the pollen cells was 
modeled using Blender, a free software for the creation of 3D 
computer graphics. Subsequently, small-sized pollen cells 
based on the OBJ data were test-printed using a Mimaki 3DUJ-
553 3D printer for several runs. After test-printing, the images 
were examined to confirm the spatial positioning and colors of 
the printed intercellular organelles. Ultimately, five spherical 
pollen cells representing the stages of pollen development were 
printed out at a diameter of 8 cm (Fig. 2). 

 

 

Fig. 2. Modeling of 3D-printed pollen cells. 

B. Building of Contents for Immersive Learning of Pollen 

Cells 

Providing a realistic and effective experience for learning 
the concept of plant cells in elementary schools is a better 
method. According to previous studies, teaching cell biology 
using VR technology is effective in promoting the 
understanding and interest of learners. However, understanding 
and learning the contents of cell biology involves individual 
differences based on spatial cognition. From this perspective, 
the author aims to develop VR technology as a teaching 
material for cell biology and demonstrate its effectivity in 
improving the interest and understanding of students. 

Furthermore, the work-in-progress development project is 
developing VR content for education on the structure and 
function of cells using Unity, a 3D real-time development 
platform, and using the images of the pollen cells of 
Arabidopsis thaliana. In this manner, learners can experience 
or immerse in the microworld by wearing HMD (Fig. 3). 

IV. DISCUSSION 

Although the cell models (modeling of 3D printed pollen 
cell) were successfully printed, an interactive system for 
immersive VR (building of contents for immersive learning of 
pollen cells) as a teaching material was not established. The 
reason for the gap is the time investment required for the 
preparation of gene-recombinant plant materials. Organelles in 
plant cells, such as the endoplasmic reticulum, Golgi apparatus, 
plastids, and plasma membrane, require treatment with 
fluorescent dyes, such as DAPI, or the introduction of 
fluorescent proteins, such as GFP. In general, the gene 
recombination of Arabidopsis thaliana may span three months. 
In this regard, the author gathered various recombinant 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
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Arabidopsis thaliana seeds from its collaborators. Moreover, 
fluorescence and electron microscopies were utilized, such that 
further accumulation of appropriate information is expected to 
increase the authenticity of the teaching material to cultivate 
scientific thinking and immersion in multisensory artistic 
experiences. 

 

Fig. 3. Building of contents for immersive learning of pollen cells. 

 

To date, scholars suggest that the understanding and 
interest of learners may be stimulated using the proposed 
approach (unpublished data). The work-in-progress 
development project aims to complete the development of the 
interactive system for the immersive VR of cell biology. In the 
future, leap motion as the interface of the teaching material will 
be incorporated into the interactive system. The pedagogical 

method that combines state-of-the-art 3D printing and 
immersive VR is expected to be effective for STEAM 
education among K–12 students. 
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Abstract—Augmented Reality (AR) is becoming readily more
available as the number of AR capable smartphones and tablets
increase in popularity. With its exponential development, aug-
mented reality offers an oppurtunity to facilitate education in
online chemistry. In hopes of furthering the advancement of
augmented reality in online chemistry education, we developed a
boiling water experiment to show the effects of heat capacity and
to create an interactive lab experiment for online learning. Our
work-in-progress paper explores how the utilization of augmented
reality can improve the learning process and better exhibit
chemistry lab concepts.

Index Terms—augmented reality, chemistry, heat capacity

I. INTRODUCTION

Augmented Reality creates a 3D world with an augmented
layer added upon the real world allowing for virtual interac-
tions and information to be displayed at the user’s discretion
[1]. Our AR experiment can simulate a life-like experience for
students similar to when being in a physical chemistry lab.
Furthermore, AR could allow students to perform chemistry
labs remotely in an affordable and accessible manner. With its
ease of use and its already common availability, AR education
via smartphones and tablets can become a core learning tool
in virtual learning.

We developed a boiling water experience to demonstrate
the key chemistry concept of heat capacity, which shows
the boiling of water and the temperature change over time.
Students will then be able to study the concept of specific
heat of water through the specific heat equation and observe
the temperature transition into a plateau as the temperature
reaches 100°C. The augmented lab provides a virtual beaker
with a set amount of water being heated over a bunsen burner
and displays the value of each unit necessary to the specific
heat formula. Students will also have the ability to pause the
lab experiment, to allow the data collection of the temperature
to be more leisurely. A research team in Australia conducted a
similar experimentiment, where they developed an AR titration
lab and performed user studies to test their application [8].
In their lab experiment, users simulated a real-life titration
lab and determined the lab was similar to an actual titration
experiment. From their user studies, they found that their AR
titration lab has improved confidence in handeling chemicals
commonly found in titration labs and has given the users a
better understanding about titration.

Our goal, with the help of AR, is to create a more immersive
experience which can help teach core chemistry concepts, as
well as bring chemistry lab experiments to online students.
The physical boiling water experiment is commonly conducted
by middle school and high school students in physical labs.
Our AR experiment also targets the same group of students.
The boiling water experiment with its AR integration will help
achieve the immersive experience and showcase a new learning
method for students.

II. RELATED WORKS

The utilization of AR in online chemistry education can be
seen in its availability and ease of use. To best understand the
benefits of AR in chemistry education compared to traditional
remote learning, we reviewed past studies on the use of AR
in learning outcomes.

Systematic reviews of research articles and studies on the
use of AR in education has been shown to increase academic
performance. In a 2020 study done by a team of researchers,
they took a hundred 7th graders where half were given AR
supplemented learning resources and found that middle school
academic performance had a significant increase, while also
improving the educational attitude towards the subject with the
use of AR [2]. Furthermore, when AR is used in chemistry
teaching it gives students the opportunity to practice using sim-
ulated laboratory equipment with less risk [8]. The simplicity
of AR-based application means that it can be used in both
formal and informal education which can help foster curiosity
in students when they don’t have access to an in-person lab
experience [3], [9]. Unlike traditional online learning methods
with a mouse and keyboard, AR provides a natural interaction
between the user and the simulation, which is more related
to actual chemistry labs [4]. Although displayed in a 3D
augmented world, the developed chemical tools and equipment
are based on real chemistry tools and behave in a similar
fashion. Futhermore, similar to real world experiments, AR-
based applications can be made with object manipulation and
a tangible UI in mind, allowing students to feel as if they are
in an in-person chemistry lab environment.

Online chemistry education has the potential to develop
further with the use of AR and can grow into an immersive
and interactive experience that can facilitate students with
academic achievement and attitude towards the course [2], [5].
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Research suggests that augmented reality benefits and in some
cases out-performs normal learning standards with increased
positivity towards AR-based applications. We continue this
exploration of AR education through the development of a
specific heat boiling water experiment.

III. DESIGN AND IMPLEMENTATION

The goal of the experiment is to create an interactable
and immersive experience that can accurately display how the
temperature of water behaves after reaching a certain threshold
to demonstrate the effects of heat capacity. The lab experiment
includes a virtual burner, glassware, and fluid simulation.

A. Virtual Lab Experience

Through the use of Unity 2020.2, we developed an aug-
mented reality lab. With the Vuforia Augmented Reality SDK,
we were able to take advantage of image targeting to display
the augmented reality scene onto a smartphone screen. Realis-
tic fluids were generated with the Obi Fluid Asset. Obi fluid is
a dynamic fluid simulation that gives realistic fluid interactions
that allows the developer to change the appearance and physics
of the liquid. Furthermore, all virtual chemistry equipment
was created with the onShape web browser software. The
augmented scene includes a beaker on top of a beaker stand
where both directly stand above a bunsen burner.

In our augmented reality boiling water experiment, the user
is prompted with an on-screen UI that provides necessary
information and buttons. After the printed image target is
found, the user is able to add 500 grams of virtual water to the
beaker with a liquid dispense button and turn on the Bunsen
burner via a fire button which burns at 1000 joules per second
(Fig. 1 and Fig. 2). The bunsen burner flame is simulated
with a particle system which has been altered to appear and
act like a bunsen burner flame. The longer the virtual bunsen
burner is one, the higher the temperature of the virtual liquid
increases over time. The user has the ability to pause and play
the simulation via a pause/play button at any time to note the
temperature value and later plot the value to see the effects of
heat capacity to determine water’s specific heat (Fig. 3).

In real water boiling experiments, water is added to a
beaker and heated via a bunsen burner or hotplate. Students
then note the temperature values over time and observe the
change in temperature as it gradually increases to a constant
temperature. To simulate the effect of boiling water, our
simulation produces steam when the virtual water reaches its
boiling point (Fig. 4). After the simulation has ended, the
students are then able to plot their points and calculate the
specific heat of water through the values given (Fig. 5).

To calculate the specific heat of water, we use the constant
1000 joules per second and the total time of 210 seconds to
reach boiling point to solve for total energy required, Q, which
equals around 210,000 joules. Then using the specific heat of
water equation: c = Q/(m ∗ ∆T ), we plug in 210,000 joules
for Q and divide it by mass times change in temperature, 500
grams * 100.33 °C, so our final value equals 4.2 J/ g °C, which
is the heat capacity of water.

Fig. 1. Simulation Paused.

Fig. 2. Bunsen Burner On.

Fig. 3. Simulation Running at Halfway Point.

Fig. 4. Water steaming.

Fig. 5. AR simulation graph.
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B. Smartphone Implementation

Our experiment was deployed on an android phone running
Android 11. Given that this experience was developed using
Unity, we can deploy this experiment over any iOS or Android
device. The UI of our AR application scales accordingly to the
smartphone screen size.

IV. FUTURE WORK

Our ultimate goal is to produce a finalized version of the
experiment and have it used by students of all backgrounds.
We will continue to develop our experiment by improving
the UI and develop working versions on newer and older-
generation smartphones and tablets, allowing more students
with a variety of smart devices to utilize our app. To direct
the students, we plan on developing a procedural screen that
can direct the student though the experiment and provide
warnings if the student does not use proper precautions.
Also, we plan on developing a more interactive experience
with the use of gesture control [6] and cylindrical targets
to make the experience more immersive and consequently
induce better memory retention of key chemistry concepts
[1], [2]. To diversify our experiment, we aim to add more
liquids other than simulated virtual water. For developing
with different liquids, we can easily simulate other liquids by
simply changing the color and the specific heat of the liquid
to get a different heating curve. We intend on performing user
studies with high school students to study the effect of AR-
based liquid boiling experiments on learning outcomes.

V. CONCLUSION

From this work-in-progress paper, we discussed the de-
velopment of an immersive water boiling experiment with
image targeting and fluid interactions. The benefits of AR-
based learning have the potential to improve online education
and create an experience that standard browser-based online
learning can not achieve. Our goal is to create rich and en-
gaging online chemistry curriculum with the use of augmented
reality.
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Abstract—This work-in-progress paper overviews the 

development of a multidisciplinary place-based virtual reality 

learning game to increase learners’ watershed literacy by playing 

guided exploration of the Lehigh River watershed’s historical and 

environmental issues. This desktop VR game aligns to the National 

Geography Standards to support schools’ adopted curricula. Its 

design is informed by digital game-based and situated learning 

theories focusing on place-based and gaming features that support 

learning. “Watershed Explorers” may assist learners’ emotional 

connection to their region through authentic and relevant learning 

experiences that might inspire them to support their local 

community welfare. The usability studies with the prototype 

version showed that players were engaged, felt immersed, and 

experienced a sense of presence. The game storyline is presented. 

Index Terms—game-based learning, place-based, virtual 

reality, watershed education 

I. INTRODUCTION 

Learning about watersheds with digital technologies has 
potential for refining students’ perceptions regarding the impact 
human activities have had locally as well as globally. Digital 
technologies can support learners to become engaged in real-
world problem-solving schoolwork [1] related to local and 
global communities. They may foster self-directed and lifelong 
learning, which might eventually lead students to academic 
achievement [2]. More specifically, digital gaming and virtual 
reality (VR) technologies have successfully engaged learners 
with school subjects by promoting spatial understandings of 
complex scientific concepts (e.g., watershed systems), and 
topics that would involve inaccessible or dangerous situations 
for experiential learning to take place [3], [4]. Thus, we designed 
and developed a multidisciplinary place-based VR learning 
game aligned to the National Geography Standards [5] called 
Watershed Explorers. The game focuses on promoting learners’ 
understanding of the spatial components of the Lehigh River 

watershed, using geography to learn about historical events and 
observe how the watershed has changed over time. 

II. WATERSHED EDUCATION 

It is important that children and adults understand the 
complexity of watersheds since their conditions directly impact 
the quality of everyone’s lives. The ability to recognize, identify, 
and define essential watershed features and issues is defined as 
'watershed literacy,' and watershed literate individuals have 
understandings underlying watersheds and their processes [6]. 
Understanding watersheds has long been a U.S. learning goal. 
However, studies of children’s and adults’ environmental 
knowledge reported that almost half of adults and three quarters 
of children could not indicate the appropriate definition of the 
term watershed [7]. As a supportive solution, nature centers, 
community leaders, and regional environmental institutions 
offer curriculum enhancement materials and make watershed 
educational programs available for schoolteachers to support 
their students with place-based learning [8]. Although research 
in the last two decades assumes that children’s and adults’ 
understandings of watersheds may have improved [6], the 
concept of a watershed is still not common knowledge [8]. 

III. DIGITAL GAME-BASED LEARNING 

Digital game-based learning (DGBL) focuses on digital 
learning resources (e.g., video games, mobile apps, virtual 
reality devices), which often take advantage of recognized 
instructional design and learning theories such as situated 
learning, game-based learning, and ‘play’. The key discerning 
aspect of DGBL from other types of games for learning (i.e., 
board, card, analog games) is that they are entertainment media 
designed with the purpose of promoting cognitive changes in 
players [9]. The potential of DGBL has been demonstrated in 
terms of enhancing learners’ conceptual understandings [10], 
their attitudes, identity, motivation, and engagement [1]. A 
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recent meta-analysis examining moderators of student cognition, 
affect, and learning outcomes found DGBL approaches used in 
different subjects’ curricula to increase students’ learning 
performance [11]. Moreover, games have promoted motivation 
in learning across non-dominant racial, ethnic, economic, and 
cultural backgrounds [4]. 

 “Play” has a central role in students’ learning and imbues 
DGBL learning environments with a “safe-space” nature given 
its absence of correct or incorrect standards regulating one’s 
behavior [12]. Fun and engaged learning is achieved by 
gameplay since games inherently encompass more than thirty 
learning principles, including discovery, multimodality, identity, 
probing, and ongoing learning [13]. Students usually do not fear 
failure during play, resulting in increased levels of agency and 
innovative thinking [12]. Furthermore, these learning principles 
are present in DGBL designs to assist players with achieving 
their goals while mastering the mechanics of the game. 

Well designed, in-game scaffolds in DGBL (e.g., game 
interactions in contested situated places, question prompts, just-
in-time feedback, and multimodal representations) can 
contribute to science learning outcomes through the creation of 
risk-free, puzzling yet informative, and enjoyable environments 
[14]. These scaffolds can engage students and support reasoning 
regarding scientific practices [3]. Moreover, DGBL 
environments support meaningful knowledge acquisition, 
especially when students are in control of the subject at hand and 
feel capable of applying it to problem-solving or to support 
further learning. However, many students have claimed science 
learning to be difficult and/or irrelevant to their lives [15], 
typically when they lack background knowledge to process 
abstract scientific phenomena or multidimensional systems such 
as watersheds [16]. Therefore, using games and DGBL 
approaches have the potential to stimulate students’ motivation 
towards science learning [3]. 

IV. PLACE-BASED VR LEARNING GAMES 

Recently, headset VR hardware has become increasingly 
affordable. Nevertheless, its adoption is still limited to certain 
groups. Thus, desktop VR (dVR) promotes more equity of 
access since computers with internet connections are commonly 
found in public libraries, schools, and in many homes. Another 
advantage of dVR is that not everyone can use headset VR due 
to cybersickness, including dizziness and headaches. Even in 
contexts where internet connectivity is absent or very limited, 
dVR instructional solutions can be distributed via flash drives 
containing a game’s executable file and supporting 
documentation. 

VR games that use place-based learning encourage learners 
to apply their local knowledge about environmental issues to the 
given problem while challenging them to examine how scientific 
concepts affect their communities [10]. Local, regional, and 
global personalization of learning can support students’ agency 
by providing experiences regarding real-life issues and using 
learners’ previous or local knowledge to solve them [17]. Game 
designers can devise gaming features in a spatial manner (e.g., 
maps, stages, avatars) to achieve an emotional connection 
between player and place. In educational settings, the application 
of place-based learning through the learners’ acquainted 
contested spaces (e.g., discussions regarding land use, watershed 

management, and local environmental issues) can represent the 
foundation of game scenarios and narratives [18]. Therefore, 
place-based VR games can assist the development of 
understandings about one’s local region and may also foster 
learners’ willingness to contribute to the well-being of their 
communities [19]. 

In a recent study, we designed, developed, and implemented 
a prototype place-based immersive virtual reality (iVR) game 
with urban high school students to learn about their local 
watershed [4]. This example of DGBL assisted students with 
understanding their region, discovering new places, and 
enjoying the gameplay because it “was a real place”. Moreover, 
students demonstrated positive attitudes towards using iVR 
games to learn in school environments, and most (98.1%) had 
positive attitudes towards using iVR games to learn science [4]. 

Using place-based VR learning games holds much potential 
to help students notice the connections between school content 
and out-of-school experiences (e.g., environmental features that 
can be observed on a trail by a river). Since VR is emerging in 
school settings as an instructional technology, using place-based 
VR games can support environmental literacy education while 
nurturing learners' and teachers' sense of place and belonging 
[20]. Thus, to support a school’s adopted curriculum and help 
students develop understandings about their local watershed and 
its larger basin, the game Watershed Explorers was designed as 
a place-based DGBL desktop VR game to be used as a 
curriculum enhancement learning activity. 

V. A GAME-BASED WATERSHED LEARNING GAME 

Although national and state standards have included 
watershed topics in K-12 education, there are few place-specific 
and locally relevant instructional materials [6] aligned to major 
subject-matter standards such as the National Geography 
Standards [5]. In addition, engaging materials regarding 
watershed education are hard to find, and when available, they 
require time-commitment from teachers to integrate them into 
their adopted curriculum. 

A. Design and Development Principles 

Our game design is focused on place-based and gaming 
motivational elements that promote learning with VR games [4]. 
Watershed Explorers was developed with a series of design 
principles focused on local contexts and gaming features. When 
learners’ contexts are used to create historically and locally 
situated experiences in games, players can engage into 
meaningful learning at a personal level [4] and experience 
science and environmental content in authentic environments. 

A watershed-based VR learning game has the potential to 
assist learners’ emotional connection to their region [20] by 
providing students with authentic and relevant learning 
experiences that might inspire them to contribute to the welfare 
of their local community [19]. Furthermore, digital gaming 
mechanisms (i.e., gaming features) such as rules and well-
defined goals, tutorials, feedback and outcomes, challenge or 
competition, interactivity, and multimodal representation of 
narratives are crucial for making games engaging [9]. Hence, 
gaming mechanics can be understood as the collection of 
elements that prompt players to learn steps and skills intended 
by the game designer to power the DGBL environment [21]. 
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B. The Game: Watershed Explorers 

The game’s situated learning experience provides learners 
with an authentic challenge: The Delaware & Lehigh National 
Heritage Corridor (D&L) commissions the player to propose a 
plan for promoting tourism along the Lehigh River. Players start 
the game in the D&L headquarters (HQ) and are welcomed by 
the Watershed Explorers (i.e., the game avatars). They then 
watch a flyover animation of the watershed, illustrating the path 
they will take down the river (Fig. 1). At the end of the flyover 
sequence, players arrive at the first location of interest, where the 
avatars introduce the game environment and controls in a tutorial 
playthrough mode. 

 

Fig. 1. Flyover images. Students are introduced to the Lehigh River 

watershed (left), ending up at the first location, the Francis Walter dam (right). 

After the tutorial, the player begins their exploration. There 
are nine locations in total. Some locations are composed of two 
or three photospheres (i.e., immersive 360º photos) to show 
different perspectives of the Lehigh River. To keep advancing in 
this linear narrative-based game, players need to explore each 
photosphere completely: collect historical photos, watch videos, 
and read the local information signs by clicking on their 
respective icons. In each location’s last photosphere, players 
answer a short review question before traveling to the next stop. 

 Players learn about the Lehigh Valley’s socio-economic 
development since the mid-1800s in a virtual kayak trip down 
the Lehigh River. After exploring the final photosphere, players 
return to the D&L HQ to report on their findings (Fig. 2). 
Learners complete their task by proposing three sites to receive 
improvements that would increase tourism and community 
engagement along the Lehigh River. Their choices will be 
informed by the watershed’s spatial aspects, industrial history, 
environmental factors, and changes over time. Upon game 
completion, the players receive the title of Watershed Explorer. 

The usability studies with the prototype version of the game 
showed that the players were engaged, felt immersed, and 
experienced a sense of presence. When the final version of the 
game is implemented, the authentic context and the place-based 
nature of the local watershed will likely lead to a highly 
immersive, relatable, and engaging experience. 

 

Fig. 2. Interface in which players select three photos to recommend locations 

for their commissioned proposal. 

REFERENCES 

[1] D. Clark, B. Nelson, P. Sengupta, and C. D’Angelo, “Rethinking science 
learning through digital games and simulations: Genres, examples, and 
evidence.” Washington, DC, USA, 2009. 

[2] National Academies of Sciences, Engineering, and Medicine [NASEM], 
How people learn II: Learners, contexts, and cultures. Washington, DC, 
USA: The National Academies Press, 2018, doi: 10.17226/24783. 

[3] D. Bressler, A. Bodzin, and M. Tutwiler, “Engaging middle school 
students in scientific practice with a collaborative mobile game,” J. of 
Comput. Assisted Learn., vol. 35, no. 2, pp. 197–207, 2019, doi: 
10.1111/jcal.12321. 

[4]  A. Bodzin, R. Araujo-Junior, T. Hammond, and D. Anastasio, 
“Investigating engagement and flow with a placed-based immersive 
virtual reality game,” J. of Sci. Educ. and Technol., in press, 
doi:10.1007/s10956-020-09870-4. 

[5] Geography Education National Implementation Project [GENIP]. (n.d.) 
Geography standard 17 [online]. 
https://nationalgeographic.org/standards/national-geography-
standards/17 [Accessed May 11 2021] 

[6] M. Zint, A. Kraemer, and J. Heimlich, “NOAA B-WET evaluation system 
5-year plan: Watershed education literature review,” Bay Watershed 
Educ. and Training Program, Nat. Oceanic and Atmospheric Admin., 
Washington, D.C., USA, 2012. 

[7] K. Coyle, “Environmental literacy in America: What ten years of 
NEETF/Roper research and related studies say about environmental 
literacy in the US.” Nat. Environ. Educ. and Training Foundation. 
Washington, D.C., USA, 2005. 

[8] A. Endreny, “Urban 5th graders conceptions during a place‐based inquiry 
unit on watersheds,” J. of Res. in Sci. Teaching, vol. 47, no. 5, pp. 501–
517, 2010. 

[9] M. Prensky, Digital Game-Based Learning, St. Paul, MN, USA: Paragon 
House. 2007. 

[10] K. Squire and M. Jan, “Mad city mystery: Developing scientific 
argumentation skills with a place-based augmented reality game on 
handheld computers,” J. of Sci. Educ. and Technol., vol. 16, pp. 5–29, Feb. 
2007, doi: 10.1007/s10956-006-9037-z. 

[11] R. Lamb, L. Annetta, J. Firestone, and E. Etopio, “A meta-analysis with 
examination of moderators of student cognition, affect, and learning 
outcomes while using serious educational games, serious games, and 
simulations,” Comput. in Human Behav., vol. 80, pp. 158–167, Mar. 2018, 
doi: 10.1016/j.chb.2017.10.040. 

[12] S. Wassermann, “Serious play in the classroom: How messing around can 
win you the Nobel Prize,” Childhood Educ., vol. 68, no. 3, pp. 133–139, 
1992. 

[13] J. P. Gee, What video games have to teach us about learning and literacy, 
Palgrave Macmillan. 2003. 

[14] S. Barab et al., “Situationally embodied curriculum: Relating formalisms 
and contexts.” Sci. Educ., vol 91, pp. 750–782, 2007, 
doi:10.1002/sce.20217. 

[15] Z. Jason, “Bored out of their minds.” Ed. Harvard Ed. Magazine. [online] 
https://www.gse.harvard.edu/news/ed/17/01/bored-out-their-minds 
[accessed Apr. 26, 2021]. 

[16] J. Corredor, M. Gaydos, and K. Squire, “Seeing change in time: Video 
games to teach about temporal change in scientific phenomena.” J. of Sci. 
Educ. and Technol., 23(3), 324–343, 2014. 

[17] T. Vander Ark, E. Liebtag, and N. McClennen, “The Power of place: 
Authentic learning through place-based education”. ASCD, 2020. 

[18] K. Squire, W. Holland, and H. Jenkins, “Theory by design.” In B. Perron, 
and M. Wolf (eds.), The video game theory reader pp. 25–46. London: 
Routledge, 2003. 

[19] D. Gruenewald, “The best of both worlds: A critical pedagogy of place.” 
Educ. Res., vol. 32, no. 4, pp. 3–12, 2003. 

[20] S. Semken and C. Freeman, “Sense of place in the practice and assessment 
of place-based science teaching.” Sci. Educ., vol. 92, no. 6, pp. 1042–
1057, 2008, doi:10.1002/sce.20279. 

[21] Y. Shi and J. Shih, “Game factors and game-based learning design 
model.” Int. J. of Comput. Games Technol., 2015, 
doi:10.1155/2015/549684. 

107



978-1-7348995-2-8/21/$31.00 ©2021 Immersive Learning Research Network 

Work-in-Progress—Game Design Informed by 

Learning Progressions for Science Practices 
 

Shari J. Metcalf  

Harvard University 

Cambridge, MA, USA 

shari_metcalf@gse.harvard.edu 

Amanda Sommi 

Harvard University 

Cambridge MA, USA 

asommi@gse.harvard.edu 

Sima Haddadin 

Harvard University 

Cambridge MA, USA 

simahaddadin@gse.harvard.edu 

Jennifer Scianna 

University of Wisconsin 

Madison, WI, USA 

jscianna@wisc.edu

 
David Gagnon 

University of Wisconsin 

Madison, WI USA 

djgagnon@wisc.edu 

 

Abstract—Learning progressions allow researchers to describe 

key milestones along a pathway of thinking about a topic or 

practice that ranges from beginner to advanced. For learning 

related to science practices, some progressions can be abstracted 

from specific content; others are connected to specific science 

understandings. This research centers on the design of a middle 

school science game to support learning of science practices 

through simulated immersive experiences in which students 

engage in science practices of experimentation, modeling, and 

argumentation. This work-in-progress paper describes the 

application of current research on learning progressions to the 

design of the game interface and interactions for Aqualab, a game 

to teach middle school science practices related to aquatic 

ecosystems. 

Index Terms—K12 education, science education, learning 

progressions, immersive design, game design 

I. INTRODUCTION 

Learning progressions allow researchers to describe key 
milestones along a pathway of thinking about a topic or practice 
that ranges from beginner to advanced. Once understood, these 
progressions constitute “a framework for connecting standards 
with curriculum design” [1]. Learning progressions for specific 
science content have been studied in more detail (e.g., [2]–[5]), 
but recent research has begun to explore what we can understand 
about learning progressions for science practices. 

Digital games can address a current need for teaching science 
practices in school, through immersive experiences in which 
participants can engage in active learning with simulated science 
environments and tools. The Aqualab research project considers 
how the design of such games can be informed by learning 
progressions for science practices. Aqualab is an immersive 
web-based computer game to teach middle school students 
computational modeling and scientific reasoning in the context 
of life sciences disciplinary core ideas. In Aqualab, learners will 
take on the role of an ocean scientist who uses science practices 
of experimentation, modeling, and argumentation to investigate 
questions related to aquatic ecosystems. We aim to develop and 
scaffold layers of science practices within the gameplay, and 
then to explore how learning progressions can be empirically 

derived from game data and be operationalized to inform the 
design of the game itself. 

For this work-in-progress paper, we describe our process in 
applying current research on learning progressions to the design 
and development of the Aqualab interface and interactions. This 
spring, we will be testing a pilot version of the game to see how 
students engage and progress in the game challenges around 
science practices. 

II. THEORETICAL FRAMEWORK 

A. Learning Progressions for Science Practices 

As outlined by NGSS, performance of science tasks requires 
both understanding of core content and the ability to use science 
practices to investigate the world and solve problems [6]. There 
is significant overlap in student learning of content and practices, 
and assessment of learning progressions may look at blended 
assessment of content and the practices with which students 
engage with that content [7], [8].  

Research in learning progressions for science practices 
sometimes aims to differentiate student performances of practice 
from student learning of content knowledge (e.g., [9]–[11]). For 
example, Schwarz and colleagues [9] developed a learning 
progression for modeling in middle school students that focuses 
on the practice of scientific modeling abstracted from science 
content. Bamberger and Davis [12] were able to apply this 
progression to study students’ ability to transfer modeling 
performances across content areas, focusing on general 
modeling practices such as the extent to which the model 
explains a science phenomenon. However, deeper learning can 
also require more sophisticated practice. For example, modeling 
practices in younger grades may use drawings and physical 
replicas [9], but shift to more complex practices using 
mathematical representations or computer simulations to 
understand more complex phenomena [13]. 

Another dimension in which students can demonstrate 
progression in science practices independently of science 
content relates to scaffolding - supports provided so that learners 
can engage in activities that would otherwise be beyond their 
abilities [14]–[16]. At first, the task might be structured or 
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simplified so that it is easier for the learner to complete. Later as 
the learner progresses in their expertise, the scaffolding is faded 
so that the learner is more responsible for the cognitive choices 
involved in doing the task.  

B. Immersion, Learning Progressions, and Game Design 

Educational research on the design of learning progressions 
in game design resonates well with ways that game designers 
think about progression in gameplay. Games can provide 
psychological immersive experiences in which players feel 
caught up in a virtual environment, through engaging situated 
learning, even on desktop or laptop screens [17]. These games 
can implement learning progressions through adaptation to 
players’ development of expertise over time, with transitions 
from easier to more challenging levels, e.g., games in which 
enemies get more formidable as the player gets more powerful 
weapons [18]. In order to achieve the sustained focus and 
enjoyment referred to as “flow” [19], successful games seek to 
provide continuously challenging experiences within the narrow 
margin between boredom and frustration [20]. 

III. DESIGN 

Aqualab focuses on the development of three core science 
practices for middle school students: experimentation, 
argumentation, and modeling, chosen based on NGSS essential 
Science and Engineering Practices both because of their 
relevance and the current challenges they present in classroom 
instruction. 

For each of these practices, we are designing the game with 
opportunities for students to engage in learning progressions in 
two ways: (1) scaffolding of tasks that fades as students advance 
in levels of play and have more control over their engagement in 
science practices, and (2) opportunities to engage with more 
advanced tools at deeper levels of complexity as they progress 
in game challenges. For this paper, we illustrate these ideas using 
design mock-ups and images from the pilot version of the game. 

Aqualab situates the learner as a researcher on an ocean-
research ship, selecting and completing “jobs” that require the 
student to investigate aquatic ecosystems using a submarine to 
observe and collect data and samples at different underwater 
sites (Fig. 1), and shipboard tools to conduct experiments, 
construct models, and develop scientific arguments. 

Fig. 1. Immersive ocean exploration for observation and data collection. 

 

Using experimentation as an example, we demonstrate 
below how existing learning progressions were leveraged to 
build dimensions of task complexity for the design of the game.  

Table I provides examples of some of the ways in which 
learning goals for experimentation are mapped onto game 
design. In experimentation tasks, players need to construct an 
experiment that will provide the information needed to solve the 
problem presented in the current job. As the student progresses, 
more variability and options will be unlocked. 

Initial Aqualab experiments involve only one choice - simple 
“observation” tanks where players collect specific behavioral 
data about organisms (Fig. 2). In later jobs, players will be able 
to access a variety of tanks, in which they can set up experiments 
with environmental variables that have increasingly complex 
implications for ecological systems, such as light, pH, or 
dissolved oxygen (Fig. 3), and have access to new tools such as 
microscopes and water chemistry probes. These experiment 
options will help players solve more complex challenges around 
phenomena such as photosynthesis. Scaffolding will both restrict 
initial access to options and provide support from a non-player 
character (NPC) in suggesting tank setup and identifying 
experimental outcomes. As students progress in expertise the 
scaffolding of science practices will fade. 

TABLE I.  EXAMPLE LEARNING GOALS MAPPED TO GAME DESIGN FOR 

THE PRACTICE OF EXPERIMENTATION 

Learning Goals Learning progression implemented in 

game design 

Understanding of how to 
set up a good experiment 

that involves varying only 

one thing, independent of 
content. 

Game sets up the experiment correctly for 
the learner / NPC guides the learner in 

setting up the experiment. 

Learner sets up experiment on their own. 

Understanding of 

experimental practices 

related to investigation of 
more complex science 

content. 

Game provides only one option for 

experimentation, suitable for simple 

content. 

Game provides advanced options for 

experimentation, necessary for phenomena 

involving more multiple variables or more 
complex relationships. 

 

 

    

Fig. 2. Initial experiments with simple observation tanks. 
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Fig. 3. Choices of tank set up to support experiments related to more 

complex phenomena. 

During play of the game over time, players will be exposed 
to experiments that are increasingly complex in both dimensions 
– increased complexity and decreased scaffolding – and the 
expectation is that student understanding of the practice of 
experimentation will also progress through game play. 

IV. NEXT STEPS 

This spring the project team is conducting pilot testing of the 
Aqualab prototype with 5-6 middle school science teachers and 
their students. The pilot study will allow students and teachers 
to play an early version of the game, and will collect teacher and 
student feedback along with information on student 
understanding about the tasks. Using a think-aloud protocol, a 
representative sample of students will play the game over zoom 
with a researcher who will ask to articulate their thoughts and 
understanding of the practice-based game mechanics - what do 
students understand about these practices, and how are they 
progressing in their use of science practices through game play? 
We are also piloting a pre-post survey with external measures of 
student understanding of science practices related to the game, 
as well as affective measures and general useability questions.  

For our presentation at iLRN, we will share the pilot version 
of Aqualab and our findings about student experiences within 
the game, as well as teacher experiences supporting students 
through the game. We will be using the rich data generated by 
these findings to support development of the full version of the 
game, and over the following two years, to explore how 
embedded assessments within the game will be able to evaluate 
student learning progressions in modeling and scientific 
reasoning, and be used by the game to identify learner types and 
provide personalized interventions that improve learning 
outcomes. 
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Abstract—This work-in-progress paper describes WaterWays, 

which combines an augmented reality (AR) application with an 

individualized website to teach 3rd-5th graders about human 

impacts on water biomes, with the belief that taking on the role of 

scientists will help increase students' interest in science and self-

perception as scientists. We describe students' responses in four 

user tests, and report survey responses for one remote classroom 

implementation of WaterWays, as well as two teacher interviews. 

Responses show some changes in students' attitudes to science and 

content knowledge, with potential for changes in civic 

responsibility. Comments reveal the augmented reality features 

increased students' knowledge and interest in sharks and science. 

Teachers desired tools that integrate scientific practices with skills 

like writing and emphasized the importance of getting students 

excited about science. 

Index Terms— augmented reality, elementary school, STEM 

I. INTRODUCTION 

WaterWays combines an augmented reality (AR) application 
with an individualized website to teach 3rd-5th graders about 
human impacts on water biomes. WaterWays enables learners to 
take on the role of scientists and enact scientific practices, such 
as adding a GPS tag to a Mako shark to observe where they 
travel or making and revising a prediction based on data. 
Previous research has demonstrated that participating in science 
helps students see themselves in the role of scientists and 
improve scientific practices [1], [2]. Due to the COVID-19 
pandemic, science labs and field trips have been more limited 
than ever, highlighting inequities in access to enriching 
activities. AR has the potential to let students actively 
investigate research questions as scientists, even while learning 
remotely without specialized equipment. 

We report on stakeholders' feedback and interactions with 
WaterWays, which inspired changes to the content, especially 
by emphasizing students’ roles as scientists. Educators 
anticipate the need to re-engage students who have not been 
well-served by distance learning. Tools like AR to encourage 
active learning and perspective-taking to increase student 
interest in science may help that effort. 

II. DESCRIPTION OF WATERWAYS 

WaterWays consists of three parts: AR interactives, an 
individualized Digital Science Journal, and an instructor-facing 
Educator Dashboard. The AR interactives are augmented reality 
scenes presented on a mobile device. The Digital Science 

Journal (DSJ) is a personalized website with interactive 
activities and games about Mako sharks and plastic pollution. 
The Educator Dashboard provides a summary of class progress, 
and instructors can see and reply to students’ work. 

This study examined responses to Module 1 of WaterWays. 
Students are introduced to a real scientist in the DSJ and watch 
a video of scientists placing GPS tags on Mako sharks to track 
their migration. Students then switch to an AR interactive on a 
mobile device, where they can tap on the shark's anatomy to 
learn about how specific adaptations help it thrive, place a GPS 
tag on the shark's dorsal fin, and observe the shark evert (vomit). 
The shark’s stomach contents include a plastic water bottle. An 
analogous website is available if students do not have an AR-
compatible device. After returning to the DSJ, students are asked 
what they observed in the shark’s everted stomach contents. The 
question ‘How could a plastic water bottle end up in a shark’s 
stomach?’ frames subsequent activities, including predicting 
where the shark will swim over the course of a year, comparing 
the prediction to observed GPS tag data, exploring 3 ways that 
plastic ends up in the ocean, and a minigame to show how 
activities like reducing, recycling, and refusing plastic prevents 
pollution (Fig. 1).  

 

Fig. 1. Minigame where strategies (buttons on right) can prevent pollution. 

III. METHODS 

User testing included individual sessions and a classroom 
implementation. Students and teachers are distinct user types. 

A. Participants 

Four students (1 boy and girl in 3rd grade, 1 boy and girl in 
5th grade) took part in individual sessions, performing a think-
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aloud task followed by a semi-structured interview. All four 
attend a high-performing public charter school in New York 
City. Nineteen students in a 5th grade science class that met both 
in-person and remotely due to COVID-19 used WaterWays 
during class, and two teachers were interviewed. 

B. Student User Tests: Individual Think-Aloud Task 

Think-aloud tasks were conducted using laptops via 
videoconference with research staff, lasting 35-60 minutes. 
After assenting to the task, students were asked to "think out 
loud: say anything you're noticing, or any questions you have" 
and share their screen to show their DSJ work. AR was accessed 
via an alpha version of the WaterWays app on mobile phones. 
They were asked to read all text out loud.  

After completing the material, students were asked for 
general feedback, feasibility ('Are you interested in playing 
with WaterWays after today?'), usability ('On a scale from 1 to 
10, where 1 is really difficult and 10 is really easy, how difficult 
or easy was it to use the AR/DSJ?'), and learning outcomes 
('What is one new thing you learned while playing with 
WaterWays today?'). Self-perception as a scientist ('Did 
WaterWays help you to see yourself as a scientist?’) was asked 
as a Yes/No question. 

C. Student User Tests: Classroom 

WaterWays was also used in a 5th grade science class of 
English Language Learners from a public school in New York 
City. Students responded to a pre-survey evaluating content 
knowledge about plastic pollution and sharks, adapted from a 
California Academy of Sciences assessment (Open-ended, i.e., 
'List up to three ways plastic gets into the ocean.’ [3]), attitudes 
to science adapted from the Test Of Science-Related Attitudes 
(TOSRA) (5-point scales from Strongly Disagree to Strongly 
Agree, i.e. 'I think I am good at learning science'; [4]), and civic 
responsibility (5-point scales from Strongly Disagree to 
Strongly Agree, i.e. 'I will encourage others to reduce their 
plastic waste.’). Students were asked to use WaterWays 
individually during one class period. Due to internet access 
issues, however, many students joined a group Zoom where a 
member of the research team worked through the material on the 
DSJ, asking students for their input while sharing the screen on 
a video call/projected image to the class. Students completed a 
post-survey with one additional item assessing content 
knowledge about plastic waste (Open-ended: 'How does plastic 
waste affect marine life?') and two items assessing interest and 
self-perception as a scientist. 

D. Teacher Interviews 

After the class, teachers participated in two separate, semi-
structured interviews of 45-60 minutes. Teachers were asked for 
their general comments, as well as feedback on the usability and 
learning outcomes related to WaterWays. 

IV. RESULTS 

A. Student User Tests: Individual Think-Aloud Sessions 

All four participants said that WaterWays helped them to see 
themselves as a scientist. One 5th grade participant reflected on 
the difference between self-perception and perceptions of 
scientists, "Yes -- I never really thought about being a scientist. 
It isn't my favorite or best subject, but this was really fun. I don't 

see myself becoming a scientist, but that isn't because of 
WaterWays. I can see how it could help eliminate stereotypes 
about scientists.” In response to feasibility, all participants were 
interested in playing with WaterWays again. For usability, 
participants gave the AR experience an average rating of 8.4 out 
of 10, and the DSJ an 8 out of 10. In the AR experience, three 
participants reported that getting started was the most difficult 
part of the experience; the trigger to 'place' the image of the shark 
in the participant's environment by tapping on a blue circle was 
not intuitive. In the DSJ, two participants noted a minigame 
where users prevent plastic pollution by deploying strategies 
(i.e. reduce, reuse, recycle), moved too quickly, and the 
mechanics were hard to understand. In response, the next 
iteration of the game slowed the rate of pollution and changed 
the mechanics, so students’ button presses triggered immediate, 
visual changes onscreen.  For learning outcomes, all participants 
reported that they learned about sharks, and three out of the four 
provided facts about the sharks' anatomy that had appeared 
during the AR Interactive (i.e. 'I learned that sharks have scales'). 
For behavior change, three of the four responded that they would 
change behaviors about their use of plastic, specifically: 'Use 
less plastic!', 'I will always recycle plastic', and 'I want to cut 
down on straws [...] or donate more to Goodwill so people can 
re-use the clothes instead of a landfill.' All of these behaviors 
had appeared during WaterWays. Even if participants were 
already familiar with these options, they were clearly reinforced 
during the activity. 

B. Student Survey 

Nineteen students participating in class completed the pre-
survey, and 11 completed the post-survey. All post-surveys 
indicated interest in playing with WaterWays again, and it 
helped them to see themselves as a scientist.  

1) Content Knowledge. Students' responses to the open-
ended question "List up to three things that you know about 
sharks" were coded into 28 detailed categories, then 
summarized into 6 themes (Table 1). 'Structure & Function of 
Anatomy' was more frequent in the post-survey. 
Misconceptions like 'sharks eat people', were also coded. Three 
pre-survey responses were misconceptions. 

TABLE I. FREQUENCY OF STUDENT RESPONSES TO ‘LIST UP TO THREE 

THINGS THAT YOU KNOW ABOUT SHARKS’ 

Theme 
Pre 

Count 

Post 
Count Example 

Anatomy 10 10 “They have fins” 

Shark Diet 6 5 “They have eaten dangerously 
fish” 

Structure & 
Function of 

Anatomy 
5 11 “A male shark has 2 claspers and 

a female doesn’t have one.” 

Humans Endanger 

Sharks 4 4 “They are endangered species” 

General 2 0 “They are big” 

Shark Habitat 1 2 “They live under the water” 
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Students' responses to "List up to three ways plastic waste 
gets into the ocean" were coded in a similar manner, but only 
one pass to identify categories was required. Type of response 
narrowed from the pre- to the post-survey: Of the 12 categories 
identified, the pre-survey included 11 categories, and 71% of 
these responses were plausible (From the categories Throw 
Plastic into Ocean, Litter, Wind/Nature, Storm Drains/Sewers, 
Fall off Boat, Floods). Only 7 categories appeared in the post-
survey, of which 86% of responses were plausible. 

2) Attitudes to Science. Students' responses indicated 

generally positive attitudes to science. No significant 

differences in pre- to post-average (SD) responses were found 

(Fig. 2). Two items showed promising increases in the average 

post-survey response: "I might like to be a scientist when I grow 

up" increased from an average of 3.46 (1.05) to 4.3 (.95), and 

"I think I am good at learning science" increased from 3.62 

(1.19) to 4.0 (.82). 

3) Civic Responsibiltiy Responses to the Civic 

Responsibility items were high (>4), with no significant 

differences in pre-to-post averages. The item "If I don't recycle, 

it doesn't affect the environment much"(Reverse scored) 

showed the most room for growth and is an area of interest for 

future iterations of the project, with pre-experience average 

responses of 3.77 (1.64) and post 3.70 (1.77). 

C. Teachers Interviews 

Two teachers alternate between remote learning and in-
classroom learning for the 2020-2021 school year. One had been 
working with 5th grade students for 4 academic years, while the 
other had been teaching 5th and 6th grade math and science for 
over 20 years. Interviews were conducted after the classroom 
session. The teachers' responses highlighted their desire for tools 
that integrate scientific practices with other skills like writing, 
and the importance of getting students excited about science by 
emphasizing students as scientists. 

Both teachers said that the combination of augmented reality 
and the DSJ could be a valuable form of instruction. One 
responded, "It brings a different perspective for students that's 
outside of the textbook. It needs to be used -- not only will it 
contribute, but it is a necessity, especially with the rise of 
computational thinking." She also saw the different types of 
activities added value as opportunities to leverage many 
different skills. "I loved that they could reflect on it and that they 
could move around and have a writing component, especially 
for my population of students who need to practice their writing 
and oral skills." The other teacher noted "We need more stuff 
like this. Schools get so much for reading and math, but so little 
for science, especially environmental science!” and thought it 
could be used as an introduction or assessment. 

Teachers agreed the prototype could be successfully used to 
improve STEM learning outcomes for students and had value 
beyond the content. One appreciated "It would keep them very 
engaged and give them options to show they are learning in 
different ways beyond reading or writing." The other pointed out 
that "This grade level is a really critical age. It is super impactful. 
Between 3rd and 5th grade you can really change people's mind 
about science and other things."  

Both teachers noted that students were using scientific 
practices like recording observations and using a graph but 
thought the connection to students acting like scientists should 
be explicit. One teacher mentioned "When they took notes, 
maybe be more explicit. ‘You're taking notes like a scientist’”, 
while the other commented "Tell them more explicitly 'you are 
a scientist now and you are going to be recording information to 
share with real scientists.' Maybe they could do a short video 
where they are recording something." 

One teacher responded enthusiastically to the Educator 
Dashboard’s summary view, "YES, yes, yes, yes! Especially 
when you're remote, it would really help.” The other said, 
"Sometimes it's difficult to keep track of who has done what. [...] 
It would keep me organized and keep them accountable." 

 

Fig. 2 Average responses to Attitudes to Science items. 

V. DISCUSSION 

Students and teachers indicated that a narrative with students 
as scientists and using augmented reality to perform scientific 
activities like observation, made a strong impression on students' 
memory of the content and perceptions of themselves as 
scientists. While this sample is small, and results are 
preliminary, they are encouraging. Feedback inspired revisions 
to the instructions and activities in the DSJ, but additional detail 
about device types, and observations of interactions with the 
interface, would enrich this work. Over this short activity, 
students' enthusiasm for the content, attitudes to science, and 
willingness to perceive themselves as scientists was clear and 
measurable. Integrating AR in curricula holds promise to foster 
interest in science and science careers. 

ACKNOWLEDGMENT 

Funded by NIH Grant 1 R44 GM139577-01 

REFERENCES 

[1] D. Farland-Smith, and T. Ledger, “Understanding how images and 
attitudes toward scientists and science contribute to science identities: 
Investigating how images drawn by elementary, middle, and high school 
students reflect their attitudes,” in K-12 STEM Education: Breakthroughs 
in Research and Practice, IGI Global, 2018, ch. 34, pp.682-703. 

[2] J. Schellinger et al., “‘Doing Science’ in elementary school: Using digital 
technology to foster the development of elementary students’ 
understandings of scientific inquiry,” EURASIA J MATH SCI T, vol. 13, 
no. 8, Jul. 2017, doi: 10.12973/eurasia.2017.00955a. 

[3] E. Burres, “Conducting Rapid Trash Assessment. Surface Water 
Ambient Monitoring Program.” 
www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guida
nce/4311b.pdf [accessed 3/20/2015]. 

[4] Test of Science Related Attitudes. (1981). Educational Testing Service. 

113

http://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/4311b.pdf
http://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/4311b.pdf


 

978-1-7348995-2-8/21/$31.00 ©2021 Immersive Learning Research Network 

 

Work-in-Progress—Design and Evaluation of Mixed 

Reality Programs for Cybersecurity Education 
 

Chien Chung Shen 

Department of Computer and 

Information Sciences 

University of Delaware 

Newark, Delaware 

cshen@udel.edu 

Yan-Ming Chiou 

Department of Computer and 

Information Sciences 

University of Delaware 

Newark, Delaware 

steveice@udel.edu 

Chrystalla Mouza 

School of Education 

University of Delaware 

Newark, Delaware 

cmouza@udel.edu 

 

Teomara Rutherford 

School of Education 

University of Delaware 

Newark, Delaware 

teomara@udel.edu

Abstract—With the shortage of cybersecurity professionals, 

there is a critical need to train more young-generation 

cybersecurity professionals to fill the gap. In this work, we 

designed interactive activities that make abstract cybersecurity 

concepts more tangible by using exciting new mixed reality (MR) 

technology to teach cybersecurity skills and raise the potential 

interest in cybersecurity careers for middle school students. We 

plan to analyze the immersive experience, situational interest, and 

workload after the experiment to study the participants' learning 

performance and user experience. 

Index Terms—mixed reality, cybersecurity education, STEM 

I. INTRODUCTION 

On a daily basis, individuals around the world are turning to 
information and communication technology (ICT) to help 
manage all aspects of life–social, education, business, 
entertainment, etc. With that, sensitive data is frequently stored 
on devices making them targets of cybercrimes. ICT companies 
are continuously developing new approaches to advance online 
safety, security, and privacy, yet there is a tremendous need for 
more cybersecurity professionals to develop a robust workforce 
that could build secure networks and systems [1]. The shortage 
of cybersecurity professionals creates risks for both national and 
homeland security [2]. These risks are exacerbated by the lack 
of diversity among cybersecurity professionals, as fewer than 
20% are women or members of underrepresented groups [3]. 
Exposing students to cybersecurity education at an early age 
could not only help raise awareness and knowledge of 
cybersecurity, but could also lead to a potential future interest in 
cybersecurity careers, thus creating a pipeline for a robust and 
diverse cybersecurity workforce.  

The need for content to teach about and stimulate interest in 
cybersecurity has been a driver in the creation of programs, such 
as cybersecurity competitions. However, these programs are 
likely to have high barriers to entry; women, and students from 
underserved communities may be discouraged by the structure 
of the competitions or may not have access to these programs 
[4], [5]. Cybersecurity programs that meet the needs of a more 
diverse group of students are desperately needed. Such programs 
should encourage growth of fundamental skills and knowledge 
around cybersecurity and should be engaging to students who 
lack background in cybersecurity or strong coding skills to avoid 
discouraging novices from further involvement [4]. 
Furthermore, these programs need to be accessible and easily 

implemented by educators without highly-specialized 
cybersecurity knowledge.  

Importantly, creating cybersecurity content to educate and 
engage children before high school is critical for future 
engagement with the field. In this work, we focus on the critical 
middle school years (Grades 6-8), as these are years when 
students often begin to solidify their academic and other 
identities and can envision possible future selves, including in 
their careers [6]. By enhancing skills and positive motivation for 
Computer Science (CS) in general and cybersecurity in 
particular, we lay a foundation for student selection into more 
advanced CS in high school and college, a necessary 
prerequisite for student selection of cybersecurity careers. 

More specifically, we focus on prototyping interactive 
activities that can make abstract concepts (e.g., steganography, 
phishing, firewalls) more tangible for novices by using the 
exciting new technology of MR to teach cybersecurity skills, 
capture situational interest, and develop student self-efficacy 
and value for cybersecurity and CS broadly. MR encompasses a 
range of experiences that include Augmented Reality (AR) and 
Augmented Virtuality (AV) within an Extended Reality 
framework [7]. The use of MR provides major educational 
benefits by integrating physical with virtual interaction typically 
afforded by AR applications [8]. Prior studies have reported 
positive impacts of AR games on motivation, long-term memory 
retention, and content understanding [9]; however, the focus has 
been on overlaying information on top of real-world objects and 
less on how students interact with these systems and 
importantly, with each other [10], [11]. Further exploration is 
needed to examine ways of designing MR games that improve 
students’ motivation, learning, and collaboration by blending 
physical and virtual interactions [12]. The ideas explored in the 
paper are even more timely and urgent during pandemic. 
Towards this end, MR can facilitate remote collaborative 
learning through a shared virtual space where participants join a 
shared MR session via smartphones or tablets to interact and 
collaborate without being physically close to one another. 
Therefore, students can become collaborative partners and co-
creators of their learning [13]. More work is needed, however, 
to facilitate design choices that take advantage of MR systems 
to support student interactive and collaborative learning 
experiences. 

The focus of this work will be the iterative design of concrete 
and interactive activities covering key cybersecurity concepts 
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addressed in the Computer Science Teacher Association 
standards (Networks & the Internet with a specific focus on 
safety, privacy, and security). The outcomes of this paper will 
be (1) a set of MR cybersecurity activities with the potential to 
engage and motivate middle school students, (2) a set of design 
principles that guide future development of concrete and 
interactive content to advance cybersecurity education and 
interest towards cybersecurity careers among students. 

II. RELATED WORK 

A. Cybersecurity Education 

Most curricular and learning activities designed to introduce 
cybersecurity concepts focus on games, including board games 
that teach high-level security concepts, capture-the-flag that 
helps practice skills of defending against hackers, and 
immersive simulated role-playing games [14], [15]. For 
instance, [15] presents What.Hack, an anti-phishing online 
simulation game that includes a series of puzzles. The game 
teaches phishing concepts and simulates actual phishing attacks 
in a role-playing game to encourage players to practice 
defending themselves. Although these efforts are promising, we 
seek to leverage new and emerging technologies to create 
cybersecurity activities that interactively blend the physical and 
virtual world. In order to prepare teachers and students to 
address key challenges of our connected world, we need to 
develop and reinvent teaching tools that make such experiences 
meaningful and motivating [16]. 

B. Augmented Reality Education 

MR technologies have generated much attention in the 
development of play and learning experiences for students, 
making it possible to add new layers of meaning to the physical 
world [17]. Specifically, the coexistence of both virtual and 
tangible information allows students to visualize abstract 
concepts [18]. Kim et al. [9] examined the role of MR for 
learning programming, which allows students to physically 
interact with a program, concretizes coding errors, and provides 
real-time feedback to support student understanding and reduce 
cognitive load. Similarly, Li et al. [20] reported that children 
found tangible interaction in an MR mathematics learning game 
interesting and fun, and benefitted from the embedded feedback. 
Despite the attention, specific efforts to understand the 
affordances, potential, and design principles that make MR 
solutions valuable for teaching and learning are under-
developed [17]. In particular, applications co-designed with 
teachers and students to support utility and value are not readily 
available in the literature.  

III. RESEARCH GOALS AND PROPOSED WORK 

The research goals of the work are to design MR-based 
applications for cybersecurity education and to evaluate their 
effectiveness of increasing students’ interests in pursuing 
careers in cybersecurity. Specifically, we plan to develop three 
MR-based prototypes and refine the design principles that can 
be applied to design future MR-based curriculum in 
cybersecurity. 

A. Firewall 

In cybersecurity, a firewall is a security mechanism that 
helps protect a network by filtering data traffic and blocking 

outsiders from gaining unauthorized access to the private data 
on the computers in the network based on predefined security 
policies. Typically, a firewall is located on the boundary 
between the public Internet and a private network (such as a 
home network or a campus network) to inspect data packets (the 
units that carry information) that want to enter the network 
according to the security policies: letting in those that are 
eligible and trashing those that are not. Security policies are 
specified in terms of rules on the features and contents of the 
packets, which are enforced by the software implementing the 
firewall. By changing the rules, a firewall can be programmed 
to allow different data packets to enter the network. 

We propose a game-based firewall MR activity played 
between an attacker and a defender, as described in Fig. 1, where 
the defender (Alice) specifies the colors of packets that are 
allowed to pass through the firewall. Packets of other colors will 
be dropped into a trash bin. Fig. 1 depicts the “overall” MR view 
of a firewall activity shared within a Zoom session by the 
teacher, for instance. When the MR firewall game is played by 
two students, as defender and attacker, respectively, the “panel” 
above the table will be visible only to the student who plays 
Alice, the defender, so that she can specify which colors of 
packets are allowed to pass through the firewall and which 
colors of packets will be dropped into the trash bin. 

 

Fig. 1. At Left: Students collaborate on Firewall MR Activity via phones and 

tablets; At Right: MR View of Firewall Activity within Zoom. 

B. Steganography 

Steganography is an ancient technique for hiding 
information in plain sight. It is rumored that the ancient Greek 
would shave the head of a messenger and write a secret message 
on his bald head. Over time, his hair would grow in and hide the 
secret message. The messenger would pass through the enemy 
without anyone being aware that the secret message was right in 
front of them. The messenger would get his head shaved again 
when he was ready to deliver the message to the intended 
recipient. Technically, steganography is the practice of 
concealing messages or information within other non-secret data 
such as images or photographs. 

Below we present how MR can be used to introduce the 
concept of steganography. In Fig. 2a, Alice chooses a picture 
(e.g., Eddie Peng) (Step 1), and scans the image through a 
steganography app to hide (encrypt) a secret message inside it 
(Step 2). Then, Bob tries to guess which photo contains the 
secret message and uses his steganography apps to scan 
(decrypt) each photo to find out (Step 3). 
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Fig. 2. a) Steganography with Interactive MR.      b) Draft Phishing MR Activity. 

C. Phishing 

Phishing is the deceitful attempt to obtain personal 
information, such as SSN and credit card numbers, by disguising 
oneself as a well-known or trustworthy authority in the 
electronic form. Usually, hackers use emails, instant message, 
text, and social media to trick the users to click or enter a website 
which looks and feels like the genuine website they intend to 
browse; once the user clicks, they are asked to enter their 
personal information. 

Below we present how MR can make the concept of 
Phishing concrete and interactive. In Fig. 2b, using the MR app, 
Alice and Bob first pick a social media message from the table. 

Then, Alice and Bob discuss the content and figure out 
whether the selected item is a phishing message and whether to 
open the associated attachment. If they make the wrong choice, 
the MR app will play an animation showing, for instance, 
disappearance of apps on the iPad to demonstrate the damage 
caused by the phishing attack. 

IV. CONCLUSION 

In this paper, we proposed three interactive activities that 
make the abstract cybersecurity concepts of firewall, 
steganography, and phishing more tangible by using the MR 
technology to teach cybersecurity knowledge to middle school 
students. It is anticipated that these MR applications are to raise 
students' interest in cybersecurity and further pursue CS careers. 
Our plan is to complete the MR-based applications and evaluate 
their effectiveness with middle school students. 
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Abstract—This Doctoral Colloquium paper explores the pivot 

from in-person to virtual and digital means in developing an 

Augment Reality (AR) classical ballet experience due to Covid-19. 

This work-in-progress explores novel teaching and learning 

approaches to the computing concepts of data transmission, signal 

processing, and therefore necessarily data ethics through classical 

ballet and bio-metric data the body and brain waves as data 

artefacts, the data ethics implications of biometrics. Innovative 

approaches to subject knowledge, programming competency, and 

probing engender thinking of the field of computing if any. This 

study uses the emergent methodology of AgileDBR, a hybrid of 

design-based research (DBR) and Agile developed as part of 

author one’s Ph.D.  

Index Terms—computing education, augmented reality, ballet, 

motion capture, AgileDBR 

I. INTRODUCTION 

Covid-19 significantly impacted this research study’s design 
and delivery, the re-imaging ballet in virtual form. Why choose 
AR and not virtual reality (VR)? Accessibility factors: more 
individuals have access to a mobile phone than VR headsets [1], 
including increasing numbers of school-aged children [2], [3]. 
AR allows for a collective experience versus a solo 
experience with VR with the use of a single device such as 
google cardboard. Even these low-cost devices are beyond for 
many computing classroom budgets. Covid-19 has increased our 
online presences and engagement exponentially, although this is 
not always a good thing for mental health and wellbeing [3]. 
Ballet performance in theatre, perceived as a collective 
experience for the audience, which would be difficult and 
exclusionary to develop in VR. AR provides access to the world 
of ballet, often perceived as for individual sections of society [4]. 
This paper covers the AR ballet development of a more 
extensive study within the context of computing education and 
data ethics study using AgileDBR as a methodology. 

II. BACKGROUND 

Due to the impact of Covid-19, all in-person research was 
restricted to desk-based or virtual/digital means. These 
restrictions instigated a need to develop and utilise new tools to 
create classical ballet, but in digital form. Instead of enhancing 
real-world production, an AR ballet as theatre experience can 
be both an individual and collective [5] experience, in an 
attempt to mimic the collective human experience of the theatre. 

There are digital ballet productions, more due to the pandemic 
[6] ‘Choreocrarcy’ is a great example digital interactive 
contemporary dance performance [7]. As the ballet went from a 
real-world, live, data-driven theatre performance to an entirely 
virtual project from design, development, to deployment. The 
need for motion capture [8] data generation via online tools was 
a must. Using video recordings and real- time skeleton data 
piped into a MocapNET [9] to output a Bio Vision Hierarchy 
(BVH) file, other formats are possible to see [10] enabling 
creating test models. 

Immersive learning for the computing classroom is not new 
but poses challenges for educator due to cost, learning, and 
understanding assessment [11]. The limitless possibilities of 
immersive creative coding through the use of such as webVR, 
AR development, machine learning with Scratch and P5.js 
enable exploration without the additional costs of devices. 

A. Why 

The development of the markerless web-enabled motion 
caption tool suite will provide opportunities for educators, 
students, artists, and developers to create 3D artefacts that would 
be otherwise prohibitive during this pandemic. In educational 
and dance studio settings, individuals can access domains (3D 
modelling and XR experience making) that are potentially 
technical and financially out of reach, once thoroughly tested. 
The potential collective and concurrent individual experience of 
performance led to selecting AR in an attempt to reenact the 
collective theatre experienced. 

How can we design an effective educational program to 
motivate more students to take up computing at the same time 
as teaching about data ethics? Data transmission and signal 
processing which overlaps with neuroscience creating new and 
inclusive opportunities for digital skills, including data literacy: 
data ethics, and theoretical awareness. Inclusive beyond the 
gender imbalance [12] to provide pathways for all learners. 
We live in a digitally mediated world functioningon data 
transmission and signal processing in one form or another. To 
understand EEG data, one must understand signal processing 
and be able to program [12]. 

B. Ballet 

Why ballet? For its algorithmic nature aligning with 
programming languages from computing education and 
pedagogy lens. Ballet for virtual or immersive experiences 
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poses different challenges due to the joint articulations and 
extreme rotations not traditional for this format. As ballet has 
an increased amount of rotation, 2D RGB video cameras 
capable of capturing at 60fps are less likely to produce 
significant blurring of individual frames, making the output of 
skeleton data (BVH) cleaner. 

III. METHODOLOGY 

Design-based research (DBR) is an approach to studying 
learning in a context where the iterative design, instruction, 
materials, and reflexivity cause change throughout the research 
process [13]. Agile, an iterative product /service development 
methodology [14], a mindset. Many of the elements are present 
in both DBR and Agile. This hybridity blends the research and 
academic underpinning of DBR with the reflective accountable 
tool sets from Agile to create AgileDBR. Reflexivity built in 
through review points, documented in re-imagined roadmaps, 
vision canvas, sprint reviews and sprint retrospectives evaluating 
and generating feedback for the next iteration of both design and 
theory conjectures for future increments. This emerging 
methodology is the subject of a forthcoming paper. 

IV. STUDY 

From a purely immersive technical development lens, each 

increment of the study has different material requirements. The 

dancer increment requires the generation of EEG data sets 

via Emotiv insight headsets [15] and the real-time skeleton data 

to create the 3D models for the AR experience. There are 

three increments within the whole PhD study: technical, ballet, 

and education. Each increments participants’ roles and data 

generation differ forming the whole study. 

A. Participants 

All study participants are voluntary, based in the UK, and 
aged 18 and over. The University’s Institutional Ethics Review 
Board approved the study. All participants digitally signed 
consent forms. All data generated is anonymised and stored 
securely. The Ballet increment generate bio-metric data and 
produce the AR ballet. The education increment focuses design 
and testing educational resources for secondary computing 
classroom with the dual role of exploring data ethics and 
programming exercises.The ballet cohort consists of 3 amateur 
dancers and one 1 choreographer (n=3+ plus n=1 
choreographer). The education cohort consists of pre-service 
secondary (K6-13) computing teachers and the university 
program lead for PGCE secondary computing (n=40, n=1). 

B. Data Generation 

The biometric data - skeleton and EEG is generated by 
the dancer cohort. The data is then converted from raw data 
to classroom usable datasets in more familiar formats such as 
CSV and JSON. For the initial test sprints, we used video 
recordings, not real-time video to improve workflow in 
subsequent sprints, with recordings at 60fps (frames per second) 
creating a test data set. EEG data recorded during choreography 
virtual sessions enable dual capture of skeleton and brainwaves. 

C. Material 

The education increment uses the biometrics generated by 
the dancer cohort to explore data ethics within the pre- university 

computing classroom. The hidden nature of brain- waves and 
skeleton data explored through creative coding activities such as 
data sonification using Sonic pi [16] and python. Real-time data 
art using the human body with P5.js and machine library ML5 
[17]. The data sets and activities raise questions on the ethics of 
data use, ownership, and algorithm manipulation that can be 
explored as part of the computing curriculum in England [18]. 

The AR development uses several tools in a pipeline to 
render the 3D model both asynchronously and in real-time. The 
process starts with video stream or recording of ballet dancers, 
then push through MocapNet2 [9], a real-time 3D human pose 
estimation software to output in (BVH) format. 3D models are 
created in Blender and tested with the motion capture output, and 
finally, the AR build using Unity3D. The established 
development process used in creating previous [19] ‘real-world’ 
in-person ballets enhanced through data-drive methods such 
as Kinect™ for skeleton tracking [20]. EEG data will enhance 
the larger environment of the AR experience. 

Fig. 1. Motion Capture Rig Test. 

V. ETHICS: BODY AS A DATA ARTEFACT 

In exploring data ethics, this study uses dancers’ biometric 
data (Skeleton and EEG) to create aggregated data sets and 3D 
models for the AR experience. Questions that arise are ‘does this 
reduce the individual dancer’s performance, essence, to merely 
a collection of angles and data points?’. How do the dancers’ see 
their bodies as data, what effect on perceived performance? 
Biometric data is unique to an individual and protected by law 
[21]. We must ensure that the dancer is protected and empowered 
to represent their performance while safeguarding their 
biometric-self. 

Ethics for computing (pre-university) classroom falls under 
many sections of the curriculum [18] and GCSE specifications. 
Ethics is not currently covered in the computing classroom and 
this study will produce an initial set of resources for teachers. 
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Fig. 2. Still from EEG recording, via BrainViz, during choreography 
session. 

VI. DISCUSSION AND FUTURE WORK 

In his paper, we discussed the necessary pivot in developing 
the digital design, creation and delivery of the study during 
the current pandemic leading to the evolution of new tools 
to capture dancer biometric data. Unlike traditional motion 
caption tools, this is a simplified and accessible format without 
complex equipment. The untapped potential for participants, 
artists, and me, as a doctoral researcher, to use the motion 
capture digital tool for research and artistic development, 
creation. 

The methodological development of AgileDBR has the 
potential for increasing clarity in the iterative documentation, 
study developments and theory generation of a research study. 
Through road maps, sprints, retrospectives married with design 
principles, and learning trajectories as methodological planning 
and reflexive documentation. 

This work in progress requires further testing, refinement, 
and the tool suite’s eventual sharing under a GNU software 
license. The AR element aspires to contribute to education 
and XR domains for use in the computing classroom or dance 
studio. Widen participation for all learners not just the gender 
imbalance to create new pathways to computing accessed 
through arts and immersive practices. Future studies and 
creative works can build upon the knowledge gained from this 
study to explore both theoretical and technical advancements of 
computing for other disciplines. A medium for expression, 
learning, communication, and data as art for exploring ethics 
[22]. 
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Abstract—With protracted school closures forcing young 

people to learn remotely, schools are in urgent need of innovative 

approaches that can keep students engaged in their education and 

support their learning. Immersive technologies like virtual reality 

(VR) and 360-degree videos may increase motivation to learn and 

improve student focus, but little is known about their effectiveness 

in a remote schooling model. This doctoral colloquium paper 

describes work-in-progress using 360-videos and cardboard 

viewers in remote high school classes. Emergent themes from 

interviews and focus groups indicate students find 360-videos 

engaging through increasing focus, control, and interest, and 

useful for facilitating observational learning.   

Index terms—remote learning, virtual reality, 360-video 

I. INTRODUCTION 

Educators and policymakers are concerned that remote 
schooling due to the COVID-19 pandemic is not engaging 
students, potentially resulting in increased dropout and learning 
loss and pointing to an urgent need for innovative approaches 
for remote schooling [1], [2]. Immersive technologies such as 
Virtual Reality (VR) and 360-degree videos have the potential 
to increase student motivation and engagement in learning 
activities [3], but little is known on the feasibility and 
effectiveness of using such materials in a remote schooling 
model. This paper presents early results from a pilot study using 
360-videos and Google Cardboard viewers, investigating in 
what ways they may engage students and support their learning. 
The findings shed light on how VR may be a helpful tool to 
increase engagement via students’ focus, control, and interest, 
and providing opportunity for observational learning in remote 
schooling. They also point to challenges of implementing and 
evaluating immersive technology in fully remote contexts. 

II. THEORETICAL APPROACH AND RESEARCH QUESTIONS 

In line with prior research on remote learning, initial 
interviews with students pointed to the difficulties they face 
learning and engaging in a fully remote schooling model [4], [5]. 
Students expressed feeling it was “harder to learn” (Maya) and 
remote school felt more like “self-teaching” (Jack). Decreased 
class time meant less opportunity for helpful interactions with 
teachers and peers and increased difficulty following fast-paced 
material or going in-depth. They also described challenges 
related to motivation and engagement, describing how they felt 
distracted, “unmotivated” (Diana) to show up for remote school, 
and miss active and hands-on learning opportunities. 

Technologies such as VR and 360-videos have been shown 
to increase student motivation, focus, and attention because they 
surround the user in a digital image that creates a sense of “being 
there,” a heightened sense of immersion in a different place [6]. 
Feeling immersed can increase engagement in learning because 
it evokes a strong emotional reaction that can increase interest 
in a topic and promote positive attitudes [7], and by providing a 
virtual experience that encourages a student to commit sustained 
attention to the material presented in it [3]. Because of this, 
immersive technologies such as 360-degree videos may be a 
useful tool for increasing student engagement at a time they are 
struggling to learn online [5]. However, engagement is a broad 
concept that encompasses behavioral, emotional, and cognitive 
dimensions [8], and it is not yet well known how these 
technologies may or may not affect different types of student 
engagement in a remote learning context. 

Therefore, this study asked how high school students 
experience 360 videos in their remote classes to understand 
whether and in what ways they find them engaging. In doing so, 
the emergent findings about students’ experiences with these 
technologies and how they relate to the challenges they 
described can shed light on further research into whether and 
how they are useful tools for engaging students in remote 
learning. Additionally, as a pilot study it assessed the feasibility 
of conducting research on learning with immersive technology 
in a fully remote high school context. 

III. METHODS 

This paper describes early stages of a case study to pilot the 
use of 360-videos and Google Cardboard VR viewers in a fully 
remote schooling model, reporting emergent findings from 
student interviews and focus groups. The school is a public 
charter school in a Boston-area midsize city serving students of 
whom 100% are eligible for free/reduced-price lunch, 87% are 
Black or Hispanic, and 13% are English Language Learners. 

A. Participants 

This study was conducted in two engineering classes, 16 of 
30 students opted in to the research: seven 12th-grade and nine 
11th-grade students, 3 identify as female and 13 as male. 14 
students’ parents, and 2 students themselves, were born outside 
the United States. Students are referred to here by pseudonyms.  

B. Procedure 

Initial pilot activities were conducted with five students from 
one engineering class as one-on-one virtual interviews with the 
author. These students participated in a pre-interview, watched 
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videos with a Google Cardboard, then completed a post-
interview. The videos were intended to spark ideas about 
different types of buildings around the world. Students were 
given a list of 14 places and asked to choose 3-5 for which a 360 
video was provided from the BBC, National Geographic, and 
the New York Times. 

The second phase of research consisted of whole-class 
activities in which all students viewed a 360-video followed by 
discussions in Zoom breakout rooms, which were recorded and 
facilitated as focus groups by the research team. These activities 
included a Google video about Tiera Fletcher, an aerospace 
engineer, and The Hydrous virtual dive about climate change 
and coral reefs. The final activity asked students to work in small 
groups to choose from the 14 place-based videos used in the one-
on-one activity to watch and discuss in Zoom breakout rooms.  

Interviews and focus groups were semi-structured. The one-
on-one pre-interview asked students to discuss their interests 
and remote schooling. The post-interviews and focus groups 
asked students to discuss what they thought, how they felt in the 
VR, if anything surprised them, and what they learned. 

C. Analysis 

Interviews and focus groups were transcribed and analyzed 
using Atlas.ti qualitative data software, following a flexible 
thematic coding procedure [9]. Interview data was first indexed 
by broad themes and research questions, memos written for 
main themes within each transcript, then cross-participant 
comparisons conducted to devise specific analytic codes. This 
paper describes findings from conducting index coding and 
memos on the “big picture” themes that emerged related to 
engagement and learning, suggesting analytic codes to be 
applied to further data collection. Coding and memos were 
conducted independently by the author and a research assistant, 
then compared and consensus reached on the main themes 
present in the data. 

IV. PRELIMINARY FINDINGS 

A. Students Describe Feeling Immersed and Engaged via 

Focus, Control, and Interest 

Students generally described feelings of presence, or “being 
there” in the virtual environment, such as “it feels real, like 
you’re really diving” (Logan), “it makes you feel like you are 
really there” (Ryan), and “it’s the closest thing I would say to 
like being somewhere” (Marc). Some students explicitly 
described feeling immersed, and emphasized motion (on a boat, 
plane, or moving through water) and social context (surrounded 
by and following other people) as facilitating factors. 

Without explicitly asking about engagement, most students 
described the videos as “more engaging” (Nora) than other 
educational materials. What emerged from their descriptions 
were specific ways they defined being engaged. For some, it was 
related to focus and attention, because “you can’t take your eyes 
off of it…you have to give your complete attention to it” (Diana) 
and “because it’s everywhere, it’s all you can see” (Nora), they 
felt less distracted. Others described engagement in terms of it 
feeling more “interactive,” because “you can control it, and 
there’s multiple stuff to look at” (Matthew) and “I can look at 
what I want to” (Logan). Finally, they also described 

engagement in terms of enjoyment and how the videos related 
to their interests, particularly travel, careers in engineering, and 
the environment. They described these videos as opportunities 
to see new places related to field trips and study abroad 
opportunities, and to see how engineers work in real life. Despite 
not being very passionate about climate change, Logan said, “I 
was surprised at how engaged I was” in the virtual dive. 
Increased focus and attention may align with behavioral 
measures of engagement while feelings of control and increased 
interest relate to emotional engagement [8].  

It is important to note students also discussed the limitations 
of the media. Students who had tried other VR equipment noted 
it would feel more immersive if the image was a higher quality 
and if it were more interactive. Others commented on discomfort 
from having to hold their phones, and also feeling dizzy or 
motion sickness. 

B. Immersive Media May Facilitate Observational Learning 

A theme that emerged from students’ discussion of the 360 
videos was the potential for such media to facilitate 
observational learning. Students described being able to see in 
more “vivid detail” (Marc, Maya), or notice details about the 
environment or people in the videos than from other online class 
activities. They attributed this to their ability to control where 
they could look and for how long, possibly indicating increased 
agency: “I found it more interesting to be able to look around 
and look at specific things I want to look at,” (Logan) and “I 
want to observe about these things [we are learning about]” 
(Jack). Nora described this in contrast to more typical 
instruction: “You just kind of follow them around and just 
observe… instead of talking at you, you get to see for yourself.” 
Matthew also noted this as a sense of “control” in the 360 videos, 
and that you did not have to only look at one person talking but 
could observe “the surroundings” as well. 

This may indicate 360 videos are particularly helpful for 
facilitating observational learning similarly to social learning via 
other media [10]. Students indicated the increased opportunity 
to observe from different angles and being surrounded by the 
image made it easier for them to understand places and people. 
In the case of Tiera Fletcher’s career, the students learned more 
about how big her workspace is, that she is not only in an office 
but working with different machines, and the many people she 
works with in a team. In the virtual dive, students expressed 
being able to see more of the movement of fish and changes to 
coral over time. And in travel experiences, students felt they 
understood the social environment surrounding these places, 
going “deep into the culture” (Diana). These opportunities for 
observation may be particularly scarce due to the pandemic. 
Logan described the virtual dive as useful because “during the 
pandemic VR gives us—closer to reality, to a more interactive 
experience,” and for Maya it made her feel “okay with the 
quarantine… especially now that we can’t [travel], this is like 
the next best thing.” 

C. Implementing and Evaluating Immersive Tech in Remote 

Contexts Is Challenging 

Researchers can also learn from this work to better plan 
implementing and researching immersive technology in remote 
schooling in the time of COVID-19. First, we found the process 
of setting up the activities and research to be time consuming. 
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Researchers should allow time to work with their institution and 
the school to gain permission for distributing materials and 
obtaining consent safely. We were able to distribute the 
cardboard viewers through the school’s process of giving books 
and computers to their students, which only occurred at specific 
times of the semester. Gaining parental consent via email was 
also a challenge that required additional time to follow up with 
students and parents via the students’ advisors.   

Time was also a challenge in implementing the activities and 
collecting data. The school limited the amount of screen time for 
students, shortening lessons to only 45 minutes, making it 
difficult to conduct the equivalent of in-person activities in 
which we could also pull students out for interviews or issue 
surveys. Initially we met with students one-on-one outside of 
class time, which limited the number of students consenting to 
the process. When conducting whole-class activities we found 
we needed a breakout room on Zoom for troubleshooting, and 
three adults to facilitate teaching, data collection, and 
troubleshooting at the same time. In whole-class activities, 
Zoom breakout room discussions served as focus groups, rather 
than conducting interviews, changing the type of data collected 
but allowing broader participation and activities better aligned 
with the class. We also collected survey data, but the small 
sample and challenge of ensuring students completed them 
remotely resulted in insufficient data on most measures. This 
model may work for other researchers, who should plan a slow 
start to set up the research and a small pilot with a few students 
to understand what will work in each specific class and context. 

V. CONCLUSION AND FUTURE DIRECTIONS 

Emergent findings from this pilot using 360-degree videos 
and cardboard VR viewers point to the ways such activities may 
improve learning experiences for students in remote schooling 
contexts. The ways students described the videos as more 
engaging than other activities shed light on the mechanisms 
through which VR could engage remote learners, via behavioral 
engagement that increases their attention on a task, and via 
emotional engagement related to their attitudes and interests [8]. 
Further, the potential for observational learning emerged from 
students’ descriptions of what they learned, and the ability to 
look at places and people more deeply and from varied angles 
helped them notice details about spatial and social contexts 
difficult to understand from other online learning activities. This 
suggests 360 videos may address some of the challenges they 
described feeling “harder to learn” and less motivated in remote 
schooling. Finally, the process of using and evaluating 
immersive technologies in remote schooling sheds light on the 
difficulty of conducting such research, pointing to the need for 
more time, resources, and innovative data collection to 
understand learning this context. 

As early stages of work-in-progress, the pilot also points to 
limitations of these findings. First, procedures did not have 
specific learning goals related to the curriculum, and future work 

should attempt to influence and measure learning as well as 
student perceptions. Further, not only is this a small sample, but 
these students are not likely to be representative of students more 
broadly. They are in the final two years of a rigorous three-year 
engineering program, and they also opted in to a study requiring 
time, effort, and for them to engage in Zoom with their cameras 
on, which likely deterred many students. Going forward, we aim 
to devise alternative data collection methods to capture a more 
representative sample of students, and to assess the variation in 
students’ backgrounds and remote learning context that may 
influence their experiences with immersive technology. Finally, 
while students’ subjective experiences helped illuminate 
potential mechanisms through which VR could increase 
engagement and observational learning, further work is needed 
to test these mechanisms as well as investigate alternative 
explanations such as its novelty effect. 
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Abstract—The corona pandemic is forcing all educational insti-
tutions to use numerous digitized forms of teaching due to strict
contact restrictions. Since students grow up in an environment
already shaped by technology, the assumption arises that such
virtual teaching methods, especially those integrating immersive
technology, could enhance the learning process of the students.
Especially in the subject Religion, abstract, often intangible topics
without immediate relation to the students’ everyday lives are
addressed, resulting in students lack of motivation and interest.
As several theories and studies have already shown that digitized
forms of learning have a supporting effect on factors relevant for
students’ learning, a virtual learning environment for learning
the topic “Professions in Jerusalem” of the subject Religion was
developed, which is a market place in Bethlehem in the time of
Jesus. As a time-traveling journalist, the player has the task of
interviewing the various profession groups in order to write a
newspaper article as the final product. To support the assumption
that this virtual experience can foster learning in Religion
classrooms, a small sample of ten preservice teachers was used
to carry out a first pilot evaluation of the experience. The results
of a pre-/post-test comparison give first indicators that factors
influencing learning processes in the Religion classroom can be
increased through game-based religion education experiences. To
address some of the issues that occured during the study, the
promotion and expansion of digitization seems to be of great
priority to realize immersive teaching settings in the future.

Index Terms—immersive learning, religion education, virtual
reality, game-based religion, virtual religion

I. INTRODUCTION

During the time of the corona pandemic, digitization in the
education sector seems to be of greater importance than ever
before. Due to the restrictions resulting from the pandemic,
not only is homeschooling increasingly coming to the fore, but
also possible digital alternatives to teaching and learning out-
side of the usual lessons. However, since students within their
respective peergroups are consistently surrounded by digital
media and are familiar with them, the digital communication
of learning content promises a contemporary and effective
way of teaching and learning effectively even in exceptional
situations. A study by Bond shows that students are open
to the use of digital media for academic learning. However,
this depends on the respective media implementation in the
classroom provided by the teacher [1]. By using digitization
in the context of religious studies, it appears possible for the
first time to make the inaccessible accessible by using virtual

technologies to take their students on fictional excursions into
the past without leaving the classroom [2].

This work aims to examine the effects of virtual learning
opportunities for teaching Religion on learning-related factors
using a game-based learning approach within a Virtual Reli-
gion environment. As students are confronted with digital me-
dia on a daily basis, it can be assumed that they are inquisitive
and motivated to respond to technological teaching methods.
The hypothesis is that an educational virtual environment for
teaching about Religion topics has a positive effect on the
learner’s learning potential, shown through an increase in (a)
joy in learning, (b) intrinsic motivation, (c) concentration, and
(d) learning effectiveness.

II. VIRTUAL LEARNING EXPERIENCES FOR TEACHING
RELIGION

Learning in 3D virtual learning environments (3D VLEs)
offers users the chance to experience situations that almost
never occur or seem impossible to realize in real life. Such
experiences can enhance spatial knowledge, the transfer of
knowledge, and skills learned in simulated environments to
real situations. Further, an increase in motivation, engagement,
and collaboration can occur when adequate learning tasks are
provided to the learners. These learning benefits are supported
by through an individual sense of physical presence, co-
presence, and identity construction. These different types of
presence are, in turn, influenced by the representational fidelity
and learner interaction characteristics of the medium [3].

In a simple view, the term immersion can be seen as a
quantifiable description of technology, summarizing all the
objective features of the educational medium (hardware and
software). Presence is the human reactions to immersion [4].

Various types of presence include physical presence (non-
mediation of virtual objects), social presence (non-mediation
of virtual actors), and self-presence (non-mediation of repre-
sentations of the self) [5]. Different aspects of technological
immersion can be seen as predictors of presence. The strength
of presence depends on the vividness and possible interactions
of, with, and within the educational virtual environment [6].
It is also assumed that presence and engagement have positive
effects on learning outcomes in educational virtual experiences
[7], [8]. An interaction with the learning content can achieve
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individual importance when learning with simulated but re-
alistic environments. Interaction as well as immersion form
together with the imagination the three “I’s” of learning with
virtual realities [9]. According to Burdea and Coiffet, the term
immersion bridges the technical features of a 3D environment,
the experience of presence and the educational affordances of
a task. Interaction refers to the ability of a VR system to detect
users’ inputs via multiple sensory channels and provide real-
time response to the new activity. Imagination refers to the
human mind’s ability to perceive nonexistent things [9]. In
contrast to many conventional teaching methods, in immersive
teaching settings the learning material is not specified, but
should be worked out by the user in an exploratory manner,
which also strengthens the individual horizon of experience.
Immersive teaching settings in the form of a virtual environ-
ments, figuratively speaking, provide a blank sheet that must
first be described by both - the teachers and the learners. As a
result, technical teaching methods not only reinterpret personal
demands on learning processes, but also generate interest and
greater ambition to develop content yourself [10].

Dengel and Mägdefrau found that learning in immersive
environments can be predicted through previous knowledge
and scholastic performance as well as through the learner’s
sense of presence as the feeling of ’being there’ [11]. Accord-
ing to the Educational Framework for Immersive Learning,
other person-specific factors influencing learning processes in
VR comprise the learners’ emotional states and their learning
motivation regarding the virtual environments learning objec-
tives. Emotional states include positive emotions (e.g. joy)
and negative emotions (e.g. anger). These states can activate
or deactivate behavior. Motivation can be understood as the
"why", as the reason behind the learner’s behavior [7].

Studies have shown that a virtual learning process is
sometimes perceived as more motivating than other learning
opportunities, such as written content. However, it is unclear
to what extent the novelty of the medium plays a role in the
motivation to learn and whether this would decrease again
with increasing familiarization with certain technologies [12].
Before using immersive teaching settings, it has to be ensured
that clear instructions are available, information can be called
up at any time and reflection on the content generated through
practice is possible [13]. It is appropriate that the scope of the
user’s options for action fluctuates depending on the subject
and the didactic objective. Dominant forms of interaction are
the exploration worlds, training worlds, experimental worlds
and construction worlds. The exploration world, which is also
be used in the study, offers users the opportunity to explore
the virtual world flexibly. The main advantage is that the users
decide the pace of obtaining information through exploration,
so that the focus is particularly on understanding certain
learning content [12]. The use of immersive teaching settings
also has negative effects, as the long-term psychological and
physical consequences of immersion still pose a research gap
[14]. Further, inhibiting aspects are technical hurdles, a lack
of infrastructure and technical know-how among the teachers
[10].

While there are already great advances in using virtual
environments for topics like language learning [15], STEM
Education [16], or environmental education [17], subjects such
as Religion still lack evidence-based studies to examine the
effect of virtual learning experiences. Especially in religious
education, there are some hurdles to overcome. There are large
gaps in knowledge in religious education, as the many different
integration patterns have created a worldwide multiculturalism.
To be able to do justice to this multiculturalism, however, a
more detailed mention in the curriculum is required than as it
is established today [18]. In addition, students often lack the
motivation to engage intensively with religious topics in class.
It has to be noted that there are several pedagogical approaches
for using technology-enhanced teaching and learning in the
subject Religion [19]. Research shows that some students
respond with disappointment when their courses do not lead
to the kind of religious or spiritual advancement they expected
[20]. It is to be hoped that, especially in religious instruction,
attempts will be made with modern possibilities to make
abstract topics accessible and interesting for the students [2].

Radde-Antweiler investigates the role of religion in Sec-
ond Life by identifying various "clusters" ("collections of
diverse religious beliefs from many different individuals"
[21]). Jewish, Christian, Buddhist, Hindu, and Muslim clusters,
a ’New Age’ clusters were explored with regards to the
transfer of real-life activities, religious symbols, settings, and
performances. Radde-Antweiler notes that such transfers from
the offline to an online context have to undergo negotiation
processes [21]. Especially research regarding virtual forms of
religion require new scientific methods and methodologies to
analyze the occurrence of religious beliefs and utterances in
virtual worlds [22]. Martinez-Zarate, Corduneanu, and Mar-
tinez note that immersion is a characteristic of the medium that
involves the user in social-dynamics. For investigating spiritual
phenomena in virtual worlds, "intuition and sensibility may be
useful, considering that we are dealing with the users’ beliefs"
[23]. Avatars, are an essential part contributing to embodiment
and immersion in 3D virtual worlds, together with other visual
components. But, especially for spiritual experiences, the audi-
tory features of the immersive environment are important [?].
Ferdig describes that video games with religious content are
already being used effectively for learning processes. For the
specific content, exemplary learning environments promote,
from a social constructivist point of view, the involvement of
the students in learning groups in which they can learn with
and through others [24].

It turns out that the factor intrinsic motivation is particularly
decisive for the students’ interest in religious topics [20].
Intrinsically motivated means, at this point, that an activity
is carried out for its own sake, regardless of factors outside
the person [25]. Mai and Sheng have already demonstrated
in their study that virtual learning realities can increase user
motivation [26]. The task now is to examine whether virtual
realities can also lead to increased motivation among users in
religious contexts. Similarly, positive activating emotions such
as joy are crucial for the learning process [7], [27].
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III. METHOD

A. Sample

Due to the ongoing pandemic, the study could not be
carried out with the actual target group of school students (6th
grade, K-12 Education) as planned, which is why the sample
participating in the study is made up of ten university students
who were between twenty and twenty-four years old. Seven
out of them were female, three were male. All participants
are preservice teachers who had no previous experiences
with virtual learning environments. The students are therefore
impartial when it comes to learning with virtual worlds and
text-based tasks. The students had no previous experience with
the topic.

B. Virtual Environment

The virtual environment for this study was developed using
the game engine CoSpaces [28]. Initially, it was developed as
a Virtual Reality for the use with head-mounted-displays. We
used the simplified visuals of CoSpaces to design a virtual
learning experience for professions during the time of Jesus.
Thus, the environment carries no photo-realistic information
about the historical circumstances but rather interactive textual
information regarding the professions. Doing so, the focus of
the virtual learning environment’s learning objective lies in
naming and differentiating five professional fields from the
time of Jesus and in reflecting their specific activities.

Fig. 1. Simplified Visualization of Bethlehem’s Marketplace with Various
Professions in CoSpaces.

These five specific fields of work were chosen from a
wide variety of other professions in Jesus’ day. The learner
is in the role of a time-traveling journalist. At the beginning
of the CoSpaces environment, the learner receives an email
from their boss, which provides information about the current
environment and the interaction. The player gets told that
the journey through time has been successful and that they
have reached the year 28 AD in Bethlehem. The job includes
interviewing the five residents at the marketplace about their
work in order to gradually complete the newspaper article. To
start an interaction with the residents, the player clicks on the
red cube above the residents.

After speaking to a resident, the learner has to return to the
starting point at the time machine and the laptop in order to
complete the newspaper article piece by piece. The player can

read the newly created parts of the newspaper article (the last
interviewed profession) on the laptop. The red cube above the
head of each residents vanishes once the player has interacted
with the character and solved the associated quiz. The residents
give precise information about their professions. In the case of
two residents, a knowledge task appears, in which the residents
must be helped first by answering questions.

Fig. 2. A Merchant Tells the Journalist about his Daily Life.

As soon as all the cubes above the persons have disappeared,
the player goes back to the time machine, where a last,
extensive quiz is carried out on the information collected
to make sure that the knowledge acquired has also been
internalized. After completing the quiz, the journalist can
finish the article about the different professions and is allowed
to travel back to the present.

The didactic background of the study is based on problem-
based learning, which aims to ensure that the students acquire
missing knowledge independently while the teacher only acts
in a supportive manner. This is made possible by the non-linear
exploration approach in the game.

C. Test Instrument

The questionnaire was prepared with SoSci Survey [29].
The two tested conditions are "text based" and "virtual envi-
ronment", which differ only in the task prior to the question-
naire. The "text based" condition involved working through
a text-based exercise on the subject of “Professions in the
time of Jesus”. The "virtual environment" condition consisted
of playing through the virtual environment named “Roving
Reporter in Bethlehem”. After each condition, the participants
had to answer the same questionnaire. The questionnaire was
subdivided into four previously defined categories according
to the factors relevant for learning in immersive environments
proposed by Dengel and Mägdefrau [7]: motivation, cogni-
tion, and emotions. These categories, including the factors
joy of learning, intrinsic motivation, self-reported learning
effectiveness, and concentration, allow conclusions about the
learning potential of the users. The questionnaire assessed joy
of learning, intrinsic motivation, and learning effectiveness on
a 4-point Likert scale where 1 represented a high and 4 a
low level of each variable of the learning potential. The factor
concentration was assessed on a 3-point Likert scale.
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D. Procedure

The selected sample of ten participants received an email
with a text-based worksheet and a link to the questionnaire.
They then had two days time to complete the worksheet
and answer the questionnaire, so that the test participants
would not experience any stress during the procedure. After
everyone completed the first condition, the entire sample
received another email with the link for the CoSpaces task
as well as the link for the second questionnaire. The survey
period is also two days for the second condition in order to
give the participants enough time again.

E. Results

Fig. 3. Differences between conditions. Lower values are better.

For all comparisons of mean values, within-subjects design
t-tests were used (as the group stayed the same). Tests on
significancy were carried out on a 5% level.

A comparison of the joy of learning between the "text
based" (M = 3.50, SD = .53) and the "virtual environment"
(M = 1.30, SD = .48) condition showed a significant difference
[t(9) = 8.82, p < .001] with the "virtual environment" condition
inducing higher joy in learning.

Regarding the concentration factor, comparing the "text
based" (M = 2.40, SD = .52) and the "virtual environment"
(M = 1.00, SD = .00) conditions revealed a significant dif-
ference [t(9) = 8.57, p < .001]. Again, the participants scored
better in the "virtual environment" condition.

A comparison of the self-reported intrinsic motivation be-
tween the "text based" (M = 3.20, SD = .42) and the "virtual
environment" (M = 1.70, SD = .48) condition could show
a significant difference [t(9) = 6.71, p < .001]. Here, too,
the "virtual environment" condition induced a higher intrinsic
motivation for learning the contents.

For self-reported learning effectiveness, a comparison be-
tween the "text based" (M = 3.40, SD = .52) and the "virtual
environment" (M = 1.90, SD = .32) condition showed a
significant difference [t(9) = 9.00, p < .001], indicating that the
participants had a higher learning effectiveness in the "virtual
environment" condition.

F. Discussion and Limitations

The results show that the hypothesis “An educational virtual
environment for teaching about Religion topics has a positive
effect on the learner’s learning potential." can be accepted,
since all investigated factors, including joy of learning, concen-
tration, motivation and learning effectiveness, show significant
improvements in the "virtual environment" condition.

There are several limitations to this study: The study could
not be conducted with participants of the actual target group
of the application, therefore the results are preliminary and
represent the opinions of pre-service teachers. This could
be addressed in a possible future study with actual school
students. Another issue that occured was the forced use of
a non-immersive medium due to hygienic restrictions during
the pandemic. The study could not be carried out with head-
mounted-displays, but had to be converted for laptop/PC use.
Still, the interactive characteristics (teleportation, interacting
with the residents, quizzes) remained the same as in a fully
immersive experience.

IV. CONCLUSION

This paper provides a first, evidence-based insight into the
use of educational virtual environments for Religion Educa-
tion. Even though the environments could neither be carried
out with immersive Virtual Reality nor with the initial target
group as planned due to the pandemic, the results give indica-
tors that the use of virtual environments for Religion Education
has potential for future endeavors. In particular, integrating
virtual experiences in the Religion classrooms can show merit
regarding the learner’s enjoyment, concentration, motivation,
and learning effectiveness. The already mentioned limitation
of the sample group of the study may have impacted the
results but still, the use of virtual environments, combined with
teaching material, appears to enhance relevant factors of the
learning potential more than text-based teaching material. The
study was able to confirm these assumptions. The execution of
the study also showed other obstacles that influence the use of
virtual learning experiences in the classroom. There were some
problems when the participants had problems accessing the
virtual environment, which highlights the problem of missing
technical knowledge and experience among teachers, which
makes it difficult to implement these new technologies in the
classroom. In order to incorporate immersive learning experi-
ences in the classroom, the teacher’s technological knowledge
plays a major role.

In conclusion, virtual environments can positively influence
religious education as it might lead to better concentration
through higher emotional participation among users. In addi-
tion, higher engagement derives from a situational motivation
to learn with the medium. Furthermore, learning with this
medium shows that the users perceive a higher learning
efficiency than with text-based tasks. All of these are indica-
tors that game-based religion education using virtual learning
experiences show merit to support religious education.
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Abstract—A new perspective on using media in the classroom
that started to rise in the past few years is immersive learning.
This paper considers the learning success of children on the
subject of organology and assesses the question, if a virtual
environment on the tale “Peter and the Wolf” can support
knowledge retention of primary school students relating to
various instruments’ sound, appearance, hearing impression and
groups. In a first pilot study for evaluating this educational virtual
environment, eight children filled out a questionnaire before and
after the immersive experience. The findings indicate that the
environment on the topic of “Peter and the Wolf” could have a
positive effect on knowledge retention for fundamental aspects
of organology. These first findings for using virtual environments
in Music Education encourage the further investigation of using
immersive media for teaching and learning in the subject Music.

Index Terms—game-based music education, virtual reality,
immersive learning, virtual music education

I. INTRODUCTION

In today’s society, Virtual Reality applications become more
and more prevalent in everyday life. Research shows that
this new technology can support students in school, through
multiple forms of social interactions, engagement, and vari-
ous experiential and situated learning opportunities [1], [2].
Providing such learning experiences can have an influence
on subjective factors relevant for learning such as motivation,
interest, and academic emotions [3]. Especially for contents
that are perceived as rather theoretical, this affordance of
immersive technologies can help through visualizations and
first hand experiences, or simply, because of the alteration
to the normal lessons. For example, certain aspects of Music
Education, such as the fundamentals of organology, struggle
due to their rather theoretical character. To make such contents
accessible for children, tales such as „Peter and the Wolf“ [4],
involving various types of instruments, are used to explain the
different characteristics, sounds, and groups of instruments. To
foster engagement within this established teaching method, an
educational virtual environment on the topic of „Peter and the
Wolf“ was developed to induce students’ interest regarding
the topic of organology. While research efforts regarding
immersive learning in other subjects such as language learning
[5], STEM Education [6], or environmental education [7] are
thriving, virtual Music Education has been mostly neglected.
This paper, as one of the yet few to address immersive learning

in music education, presents a first pilot study for evaluating
the educational virtual environment on the topic of „Peter and
the Wolf“ regarding its effect on students‘ knowledge retention
relating to sound, appearance, hearing impression and group of
instruments for the instruments mentioned in the educational
virtual experience.

II. VIRTUAL MUSIC EDUCATION

A. Challenges in Music Education

To understand how immersive experiences can be used to
support in today’s Music Education, it is important to review
occurring problems. One of these issues is the lack of interest,
due to the rather theoretical character of this subject, especially
when possibilities for active and experiential learning are not
prevalent. This is, amongst other things, often caused by
the absence of resources, which leads to the circumstance
that most schools simply do not have enough instruments or
not all types of instruments to learn this subject first-hand
by letting students see them, hold them, and try them out.
Another issue regards lacking time resources: Many teachers
do not have the time or the necessary training to teach music
properly, especially in Primary School Education. Besides
those problems, another issue is the low perceived value of
Music Education in society and among the students [8].

Some of these challenges could be addressed through Vir-
tual Realities. With immersive environments, the engagement
of the students can increase. Virtual Reality could also be used
for different types of classes, with the result that the problem
of lack of resources is at least almost solved, because the
students can look at instruments up close and in 3D (and, with
proper coding, even play them), without the need of physically
purchasing these instruments. The problem of unexperienced
teachers could be addressed through ready-to-teach applica-
tions that can be integrated into a more extensive teaching
sequence. In conclusion to that, musical education can benefit
from VR in the way that it gives an opportunity of integrating
practical aspects in a subject, where that‘s often not possible.
Especially where space and time are underlying constraints, or
resources for having instruments in the classroom are lacking,
virtual experiences might be beneficial.
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B. Organology in Music Education

In the understanding of organology nowadays, practical
methods are very much underrepresented. But if the class
covers the topic of, for example Orff-instruments or percussion
instruments, where many schools do have small instruments,
like clapsticks or boomwhackers, the students get to play
and experiment with them. Indeed, teachers try to get other
instruments in their classroom too by asking students to bring
their instruments with them and show them to the class. But,
not surprisingly, not all students can bring their instrument,
because some are too big and not all instruments of interest
are actually played by students. So, teachers are working with
pictures of the instruments or videos of people playing the
instrument. A very prominent medium used in the everyday
classroom is the worksheet. A popular example would be a
worksheet where the students have to decide which instrument
is shown on a picture or have to match the instruments to
a group of instruments. Audio samples are another popular
method in Music Education used for the sound and the hearing
impression of the instruments. In the context of that, the
students have to describe the instruments’ sound characteristics
or have to detect the instrument playing.

C. Approaches for Using Virtual Media in Music Education

There are several studies for teaching and learning in Music
Education integrating virtual environments in the form of
video games or other computer-assisted approaches. There are
some about the rhythmic aspect of music and how it can be
improved by playing video games, like the study by Peppler
et al., which showed that playing the game Rock Band goes
along with improvement in several aspects of rhythmical skills
[9]. But there are also studies on the enhancement of singing
through playing games, like the one from Paney [10], who
found that singing in video games is accompanied with better
pitching. A study by Welch et al. also showed the higher
improvement of singing skills through using the software
SINGAD, in comparison to a control group using a traditional
singing approach with no computer software [10]. The findings
of a study by Wilson, Thorpe and Callaghan also indicated that
“Sing & See”, a computer program, supports pitch accuracy
[11]. Gower and McDowall conducted a study where children
and music teachers were interviewed about their video game
experience, their own musical backgrounds, and their views
about interactive music games [12]. The results showed “that
games are important to students and more research is necessary
to see how they can be best used in the classroom” [12].

Another approach is the use of the learning environment
gather.town [13], where the user can create a music classroom
and have multiple students interact with multiple instruments
at once. Doing so, teachers can provide individualized tutoring
or even conduct whole classes to play together. External web
apps can be imported to the gather.town classroom as well.
Also, the Chrome Music Lab [14] explores various playful
experiments with virtual instruments to create sounds and little
songs, accompanyied with multiple visualizations. Some of
Chrome Music Lab’s activities can be used collaboratively.

In a recent study, Shahab et al. [15] evaluated virtual
music education programs in Virtual Reality with an auto-
matic assessment system for children between six and eight
with autism. The virtual music education sessions’ learning
objectives involved different notes and pieces of music with
regards to the child’s cooperation, accuracy, and skill level. As
educational tools, Virtual Reality robots and virtual musical
instruments were used. The authors report an upward trend in
the students’ musical abilities.

Following a theoretical approach, Tobias assesses various
ways how video games promote musical learning and engage-
ment. In a theoretical framework for using video games in
music education, the author examines how engaged and critical
listening, musical analysis, creation of music, and discussions
of related sociocultural issues can be supported through virtual
experiences [16].

These various perspectives on using virtual media for teach-
ing Music show that the affordances provided by immersive
experiences can be taken advantage of in order to provide
playful, active, and experiential learning activities. Virtual
Reality for Music Education is an innovative approach that
requires additional research.

D. Learning Objectives for the Virtual Environment

This section provides an overview of the learning objectives
derived from the topic organology. The learning objectives are
used in the virtual environment.

1) Cross flute: The range of the flute begins at B3 and
ends at D7. The flute is a woodwind instrument, even if it‘s
usually made out of metal. In the low tab the tones of the
flute sound toneless, dry and hollow, and appeal melancholy.
The mid tones are soft, light, floating, glowing and full. The
high tones have a huge luminosity, the highest tones can appeal
piercing and strident. The flute consists of head joint, the body
and foot joint. The head joint has embouchure and a lip plate
on it. On body and foot joint are the tone holes with the flap
mechanism [17].

2) Oboe: The oboe has a range from Bb3-G6. The oboe
also counts as an woodwind instrument. In the low tab (Bb3-
A4) the tones sound thick, as well as heavy and gloomy.
Furthermore the Oboe has a big sound power in this tab. In the
mid range (Bb4-A5) the instrument sounds bright, emphatic
and reedy. The characteristic sound of the Oboe shows best
in this range, wherefore many solos are written in this range.
Also, this range provides various means of expression. The
overtones lose sound power, substance and expressiveness in
the height. The tones from Bb5-G6 count to the high range.
The Vienna Oboe consists of the upper joint, the baluster, the
tenon, the lower joint and the bell [17].

3) Clarinet in B: The clarinet belongs to the family of
woodwind instruments. It consists of the mouthpiece, which
is shaped like a beak with a single reed, the socket, “a piece
of tube that bugles like a barrel” [17], the left-hand joint, the
right-hand joint and the bell, which is shaped like a funnel.
The dark, full, soft and warm sound of the clarinet appears
in the low range (D3-E4). The high range (A4-F6) appeals
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Fig. 1. The "Peter and the Wolf" Virtual Environment.

luminous, shiny, bright and concise and in this register the
main sound area unfolds. The range of the instrument goes
from E3 to C7 [17].

4) Bassoon: The bassoon belongs to the wood wind instru-
ments and is at home in the tenor- and bassrange. It consists
of the crook: “A narrow, curved metal tube connecting the
double-reed mouthpiece to the wood body” [17], the wing
joint, the boot, the long joint and the bell. In the low range
(Bb1-F2) the tones of the bassoon are rich of substance,
compact and at the same time understated. The tones in the
mid range (F#2-Bb3) sound sonorous, full, clear and noble and
the high tones (B3-Eb5) appeal squished. The overall range of
the Bassoon goes from Bb1-Eb5 [17].

5) Violin: The violin is a string instrument, that consists
of corpus, neck, head and fingerboard. The sound can be de-
scribed as full, round, flute-like, brilliant, soft, transcendental,
supernatural, and sensual. The range goes from G3 to A7 [17].

6) Kettledrum: The kettledrum is among the instruments
in the orchestra the loudest and it‘s a percussion instrument.
The kettledrum consists of the kettle and the fur, which is taut
over the kettle. The sound is hollow, thunderous, roaring, low,
heavy, massive, booming, and soft [17].

7) Horn in F: The range of this horn goes from B1 to F5.
The sound is full, soft, velvet-like and clear. The deep tones
(B1-D3) sound soft and soundful. The mid range (Eb3-Eb4)
sounds full and resounding and the high register (E4-F5) is
“soft as velvet, bright and very intense, brilliant” [17] with a
big luminosity. The horn is a brass instrument that consists of
bell, valves, Tubing, Bore and mouthpiece [17].

The learning objectives of Bloom’s taxonomy [18] are
knowledge, understanding, analysis, synthesis and evaluation
(increasing in their difficulty). The knowledge of individual
facts relates to the knowledge of dates, happenings, persons,
places, information sources etc. Knowledge of individual facts
relates to information that can be isolated as individual discrete
elements. All the learning objectives addressed by this edu-
cational virtual environment can be found on the knowledge
level, relating to remembering various information about the
instruments.

E. Didactic Reduction

The choice of the instruments is based on the fable „Peter
and the Wolf“: cross flute, violin, horn, clarinet, oboe, bas-
soon and kettledrum. The learning objectives comprise the
instruments‘ appearance, sound, hearing impression and group
of instruments. The audio stimuli, for the sound impressions
of the instruments were obtained from the fable [19]. The
virtual experience can be integrated in Music Education classes
as follows: Before using the educational virtual environment,
there should be a lesson about the instrument groups, a lesson
about the composer of the fable and a lesson in which the
students read the fable. After using the virtual experience, a
lesson where the students listen to the composition „Peter and
the Wolf“ can be beneficial to ensure knowledge transfer from
the virtual to the real situation, the students can be encouraged
to raise analog instrument notelets, whenever they hear the
related instrument in the composition. The following section
investigates the effect of an educational virtual environment
visualizing the „Peter and the Wolf“ fable on knowledge
retention relating to sound, appearance, sound impression
and belonging to a group of instruments of the instruments
mentioned in the composition.

III. METHODS

A. Sample

The sample consists of eight female participants, in the age
from 9 to 10. All research participants discussed the fable
„Peter and the Wolf“ as well as organology in their lessons
before doing the study and had therefore basic knowledge
about the narration and the learning content.

B. Environment

The virtual environment was developed using the website
CoSpaces [20]. The learner is located in a mountain scenery
within a forest. A shack, with an older man standing in front
of it, is situated in the landscape. There is a pond, with a duck
swimming in it as well as a tree, on which a bird is sitting.
Besides, a cat, a boy, a wolf, a mid-aged man and a hunter
with a gun can be seen.
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The students can move between various teleportation points.
With a click on a person or an animal, the respective actor
talks to the learner. Each actor represents an instrument from
the „Peter and the Wolf“ fable. With another click on an info
board, additional details about the instrument represented by
the actor are displayed. A third click starts an audio example.
At the end of the game, a quiz assesses the characteristics and
the sound impressions of the instruments.

When the students enter the environment, they hear an
introduction explaining how to move through and interact
with the environment. They first talk to a conductor who
explains to them that they have to talk to the characters to
learn about the instruments and then come back to him. After
that they can explore the environment freely and talk to the
other characters (without a specific order). Each character tells
them information about themselves, their part in the story, and
the instrument they are represented by, complemented by an
audio sample featuring the instrument. Peter talks about the
violin, the bird about the cross flute, the grandfather about the
bassoon, the hunter about the kettledrum, the wolf about the
horn, the duck about the oboe and the cat about the clarinet.
After talking to all characters the students go back to the
conductor who asks them questions about the instruments they
just learned about.

C. Test Instruments

The pre- and the post-test consisted of four questions. The
questions were the same for both tests. The first question
assessed the instruments appearance ("What instrument do
you see on the picture?"). The second question addressed the
hearing impression ("Which everyday noises are matching the
sound of the instruments?"). For the third question, audio
samples were played (Sound: "What instrument can you
hear?"). The fourth question focused the instrument groups
("Which instruments belong to which instrument group?").
The tests comprised 15 subquestions in total with 27 possible
points. The students acquired one point for each correct
allocation/answer on the single-choice-test.

D. Procedure

The study was carried out in a dedicated classroom of the
school. In the first step, the questions from the questionnaire
were read out to the students step by step, so that they
answered every question. This method was used to prevent a
moderating influence of reading skills on test performance. In
the second step the students got to play through the educational
virtual environment. In the third step the questions got read
out to the students once again, so that they again could answer
every question.

E. Results

When comparing the total scores of the tests, five of
the eight participants showed higher knowledge test scores
after the educational virtual environment than before. One
of these five students achieved the highest possible score of
27 points. One participant achieved a lower score and two

Fig. 2. Students’ Scores Before and After the "Peter and the Wolf" Virtual
Environment.

participants remained on the same knowledge level. While a
t-test comparison of the means of the pre-test (M = 17.50,
SD = 2.62) and the post-test (M = 19.37, SD = 4.57) scores
did not show statistically significant differences [t(7) = 1.23,
p = .26], the results show a strong effect (d = 0.50) exceeding
Hattie‘s hinge point of d = 0.40 for classroom initiatives with
effects that are greater than average influence [21].

F. Limitations

There are three major limitations to this study. As a pilot
study, the sample size was too small to draw significant
quantitative conclusions about the effect of the environment.
This has to be evaluated in a more extensive study. Also,
the environment focuses mainly on learning objectives on the
knowledge level. Future iterations of the environment could
include more practical approaches such as sorting the instru-
ments to show an understanding of the instrument groups or
even interactions with the instruments (such as a simple "play-
ing the instrument" interaction). As a third limitation, it should
be mentioned that the participants played the environment
on a regular, non-immersive PC or laptop. While the virtual
environment is already prepared to be played in VR, the COV-
ID 19 pandemic us currently preventing the research group
from conducting studies with head-mounted-displays. Future
studies will include the investigation of immersive media such
as Mobile VR or professional head-mounted-displays as well.
For future research, open questions or interviews, together with
qualitative analyses will be included as additional instruments.
This might give interesting insights into changing classroom
dynamics in Music Education caused by the use of immersive
technologies as well.
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IV. CONCLUSION

The research findings give first indicators that the ed-
ucational virtual environment on the topic of „Peter and
the Wolf“ might have a positive effect on the knowledge
retention relating to sound, hearing impression, appearance
and belonging to a group of instruments of the instruments.
Even though the small sample did not allow statistically
significant results, the strong effect size might be verifiable
using a larger sample that is also better distributed in terms
of gender. Further, the environment is ready to be used in an
immersive setting as well, which could strengthen its effect
even more. In future research, we will investigate the potentials
of immersive Virtual Reality by a) conducting qualitative pilot
studies using head-mounted-displays and b) widen the scope
to school settings by investigating the effect of Virtual Reality
in the Music classroom (quantitatively and qualitatively, once
the contact restrictions will allow it).

It has to be noted that this paper cannot cover all the
aspects of the listed learning objectives. Especially the hearing
impression is a mostly subjective sensibility which is requested
as objective as possible. The students had prior experiences
on the subject of organology and also studied the fable „Peter
and the Wolf“ with its instruments in their lessons already.
The students mostly had problems with concentration and
several students did not have optimal cognitive preconditions.
Further research is needed to find out more about how the
characteristics of educational virtual environments can support
or also hamper learning activities in Music Education, also for
other topics than organology. It might be interesting to look
into additional learning-relevant factors other than just learning
outcomes as well: Recent research could show that factors such
as presence, cognitive processes, emotions, and motivation
can contribute to learning [22]. Also, a careful analysis and
revision of the virtual environment could reduce extraneous
processing, integrate learners’ previous knowledge from the
overall teaching sequence better, and provide learning-relevant
interactions and guidance within and outside the immersive
experience [23]. In addition, considerations about the overall
embedding in the everyday classroom have to be made [24].

Nevertheless, this paper is one of the first scientific works
addressing Virtual Reality in Music Education (even as a
non-immersive pilot study), which makes the conclusions an
interesting starting point, especially for the teachers teaching
Music. The goal of the educational virtual environment on the
topic of „Peter and the Wolf“ was to improve the knowledge
relating to sound, appearance, hearing impression and belong-
ing to a group of instruments. The results of this pilot study
encourage the further development of the environment and also
the use of immersive technology in further studies, in order to
foster learning in Music Education.
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Abstract—This work-in-progress paper argues that the virtual 

reality (VR) experience The Book of Distance has important 

pedagogical applications, to the humanities curriculum most 

notably for classes in folklore and mythology. It models best 

practices in the collection, presentation, and analyses of family 

folktales. The Book of Distance reinforces a realization of the deep 

importance of family narratives, and the concomitant importance 

of contextualizing those narratives with a historical context. 
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I. INTRODUCTION  

At last year’s iLRN conference we presented on using the 
VR experience The Price of Freedom [1], by Construct Games, 
to enhance the teaching of poetry. In that paper we substantiated 
via a qualitative study that VR experiences have the potential to 
enhance teaching and learning in an introductory literature 
classroom; we concluded in that paper that this particular VR 
experience, as reported by students, increased their appreciation 
and understanding of relevant poetry. There have been similar 
findings in various recent studies [2].  We also noted that the 
students experienced various levels of immersion which were 
reflected in their use of pronounce, with full immersion being 
reflected in the use of the first person singular pronoun which 
suggested that the student fully identified with their avatar as the 
protagonist of the narrative. 

Our current project concerns using a different VR experience 
and a different course that we both teach. The course is 
Introduction to Folklore and Mythology, which is offered at both 
a California Community College and a nearby California State 
University. The VR experience, The Book of Distance [3], is 
connected to our final project/term paper, the family folklore 
project, which is our version of the Smithsonian “Family 
Folklore Project” [4]. 

II. THE BOOK OF DISTANCE IN THE CURRICULUM  

A. Collecting Family Folklore 

A recently published VR experience, The Book of Distance, 
frames the importance of such family folklore by taking users 
into the world of a narrator, the real-life artist and creator of the 
experience Randall Okita, who tells and shows his family story 
of the Japanese internment in Canada during World War II. The 

experience is beautiful and includes exquisitely rendered 
Japanese print paper on which are written letters from Japan to 
the New World by the narrator’s grandfather who takes ship and 
joins his future wife in Canada. They purchase a farm, work the 
land, feel included and important in their new country, and then 
find out that they are suspects, potential terrorists, who are 
cleared off of their land, interred in camps, and eventually lose 
their houses, farms, and other property to repossession. 

It is a moving and tragic story. The VR puts the user into a 
third person/participator role, and we watch the events unfold, 
but, just as the actual Japanese-Canadians and Japanese-
Americans, we have no agency to alter the course of events. In 
fact, the materials used in The Book of Distance are exactly the 
kind of material that the family folklore project hopes students 
will value, collect, and make a part of their own research, 
presentation, and final research paper. Just as we require in our 
family folklore project, the VR includes interviews with 
relatives who tell parts of the story, including the narrator’s 
father, as well as artifacts, such as pictures and documents which 
add substance to the narrative. 

The family folklore project is inspired by the Smithsonian 
Institutes projects in migrations and family histories which lays 
out guidelines for individuals to collect the folklore of their own 
families [4]. Even after years of teaching this final project in 
Introduction to Folklore and Mythology, it was difficult for the 
students to understand what was being asked of them. They 
often did not appreciate the importance of their own family 
history and the associated lore as it related to the larger history 
and folklore of the American experience. They often seemed not 
to think that their own family stories were interesting and 
important. Various samples and models did help many of them, 
but others found it hard to credit that their own family stories 
mattered. 

In order to integrate this VR experience into our classes, we 
adopted a curriculum model for classroom assignments from 
Teaching Literature in Virtual Worlds [5]. 

 

B. Before the Virtual Expereience 

Students read samples of family folklore papers, and read the 
instructions for collecting, organizing, and including and critical 
apparatus for family folktales. First, the most important thing 
students should understand is the procedure for collecting and 
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transcribing folklore, including reviewing sample interview 
questions. Second, students should understand how to write an 
effective introduction which contextualizes the folktale. Third 
they should understand how to prepare a critical/analytical 
apparatus which will serve as an appendix for the folklore. 

C. The Book of Distance Virtual Reality (VR) Experience 

The Book of Distance is a deeply moving experience which 
realizes some of the most essential aspirations of VR; it provides 
a deep empathy which makes clear how very important family 
stories are, and it uses narration, art, personal interview, tactile 
experience, sound effects and music, as well as third person and 
sometimes first person identification in order to engage the user 
and to help bring home the importance of family folklore as a 
classroom assignment. 

D. Supplying Historical Context for the Family Folklore 

The Book of Distance, of course, involves not only family 
folklore, it also involves historical fact. It illustrates beautifully 
and emotionally one of the darkest episodes in American and 
Canadian xenophobia. The historian Page Smith’s monograph 
Democracy on Trial: The Japanese American Education and 
Relocation in the World War II [6]. The book concerns President 
Franklin Roosevelt’s decision to inter the Japanese during 
WWII. Smith’s study is not a piece of apology, but it does try to 
judiciously weigh the rationale. Smith focuses on the fact that 
FDR was advised that the native Japanese who had moved to 
America were potentially a threat to internal security in that they 
might have a deep fealty to Emperor Hirohito, and that they, like 
the kamikaze pilots during the attack on Pearl Harbor, would be 
ready and willing to kill and die for their emperor. As Smith 
points out, the only evidence for this argument was hunch work, 
and that there were no conspiracies discovered by Japanese 
Americans to undermine the American war effort, and/or engage 
in domestic terrorism [4].  

 By experiencing the Book of Distance we hope that students 
will better understand the importance of contextualizing their 
family folklore within the historical setting. This 
contextualization may of course be speculative but should also 
be tied to a particular historical event. In this case of The Book 
of Distance ties the family narrative to the historical event of the 
Japanese Internments and records and speculates about the 
feelings of the actual humans who lives through those events. 

E. Empathizing and Understanding the Personal Nature of the 

Family Folklore 

We will use The Book of Distance to build emotional 
realizations far beyond and deeper than an intellectual 
understanding, of how truly terrible and unjust the internments 
were. This feeling is extended when in the men’s camp, we start 
receiving notices of unpaid bills, repossession documents that 
we must sign, the knowledge that everything that we had worked 
so hard to build was being taken from us, even as our freedom 
and our families had been taken away.  

Students should aspire for the empathy and immediacy in the 
questions they ask and in the way they record and transcribe 
detail. The family folklore project is about information, but also 
about human feeling and experience. The more personal 
students can be in their projects the better. 

The experience of deep empathy associated with virtual 
reality is reflected in the name of one of the original prototypes 
of VR goggles developed by Ivan Sutherland which he named 
“The Sword of Damocles” [7].  The “Sword of Damocles” is a 
significant allusion to a story in classical literature. It is a 
reference to the Ancient Greek myth of Damocles and Dionysius 
II, the king of Syracuse. [8].  

Sutherland makes two important connections here in the 
name he gives his VR device. First, the device, like the “Sword 
of Damocles”, literally hangs above the head of the user. 
Secondly, that the ultimate level of empathy is an actual 
“swapping” of realities, and that “swapping” is a central feature 
of the story of Damocles as well as of the VR experience. The 
connection between Virtual Reality and Greek Mythology made 
by Ivan Sutherland remains significant in terms of connecting 
literature students to virtual experiences.  

Furthermore, in the noted Science Fiction novel, The Parable 
of the Talents written by the African-American author, Octavia 
Butler, “talent” refers not to ability or skill but rather to payment, 
and the novel itself features “dreammasks” which are forms of 
VR goggles that take people back into an idealized past, which 
serves as a trap and bromide for them. The ideal use of Virtual 
Reality in the literature classroom, by contrast, is to serve as a 
kind of liberation from the constraints of the lack of opportunity. 
VR allow students to travel and see the world that is described 
in the literature that they read. Butler’s vision, however is a 
reminder that VR might be a kind of trap, and it no doubt 
functions that way to some, but it is also true that VR can serve 
as a way to liberation, empathy, and nuance, and that its potential 
to enhance learning in the humanities must be explored. 

F. The Process of the Family Folklore Project 

The Book of Distance also provides a clear visual and verbal 
articulation of the proper process of collecting and presenting 
family folklore. Okita begins by giving general background 
about himself and his family. He talks about things that always 
interested him but that he never fully understood about his 
family and their immigration from Japan to North America. He 
is also curious about the personality of his father and 
grandfather. The grandfather he describes as quiet and 
withdrawn. It is the grandfather’s story that Okita hopes to 
uncover. The grandfather, however, is no longer alive so his 
primary sources are his father, pictures, letters and other family 
artifacts.  

The second process that Okita demonstrates is reflection. He 
shows us how to formulate questions, ask follow-up question, 
and to get even deeper levels of emotional and historical detail. 
Okita also demonstrates mapping by showing us family trees 
and thought maps. After recording his father’s narrative and 
reconstructing as much of the grandfather’s story as possible by 
means of the artifacts, he then provides analytical appendices in 
which he reflects upon the important of the story to his family 
and especially to himself. He thinks aloud about how his 
grandfather’s story conditions his own self-identity and his 
understanding of his Japanese heritage. The final step in the 
process, of course, is the work that Okita has completed and 
presented to us. He models in this way an effective methodology 
of collecting and recording family folklore, as well as its 
importance for posterity.  
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G. Post “The Book of Distance” Assignment 

Before recording the family folklore from their informant, 
students will engage in 1. Developing investigation questions, 2. 
Developing interview questions, and follow-up questions. 3. 
Collecting family artifacts 4. Mapping and organization, 5. 
Preparing the environment for recording the informant. 

These five elements line up with the five component parts of 
an effective family folklore interview which are outlined by the 
Smithsonian institute [4].  

III. CONCLUSION 

The interviewing process is clearly connected to the VR 
experience. Both result in a feeling of deep empathy and 
understanding. Like the story the “Sword of Damocles” in which 
Damocles actually changes places with King Dionysus and 
experiences the terrible reality of the king [8], The Book of 
Distance allows users to feel something of what the interred 
Japanese must have felt, and it does not feel good. Yet, this bad 
feeling is also so profound and is an important part of 
understanding and empathizing a narrative.  

The result of experiencing The Book of Distance is so much 
more profound than merely reading a written narrative or 
reading a description of the rationale and requirements of the 
assignment. It deepens the empathy and understanding of users 
as great literature, at its best, is able to do. Contemporary 
research, and not merely our own, clearly indicates that using 
VR in such a project is an optimal methodology. The importance 
of using VR as a means of enhancing the humanities, is a 
compelling and prolific topic in recent research [2]. 

The Book of Distance is a VR experience with obvious 
pedagogical applications which we intend to integrate into our 
folklore and mythology curriculum, especially our team-taught 
family folklore final project. We intend to conduct a qualitative 
study in order to evaluate and measure the effectiveness of The 
Book of Distance at fostering an enhanced appreciation of the 
importance of family narratives and thereby increasing the detail 
and depth of the final folklore project.  
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Abstract—As Virtual Reality (VR) hardware becomes increas-
ingly accessible, interest has grown among researchers regarding
its use in education. Immersion, however, comes at the expense
of multitasking and use of supplementary learning resources like
dictionaries. This is a major issue for language learners who
have to remove their goggles or switch applications to consult a
dictionary. In order to make dictionary use more immersive and
convenient for learners, we present in this doctoral colloquium
paper, VeRdict, a dictionary extension for VR learning applica-
tions that enables dictionary searches from within an application
using motion controls. Its client-server architecture allows for
the delivery of lexicographic content augmented with 3D object
data that can be dynamically added to the virtual world. The
dictionary supports manual vocabulary searches using a virtual
keyboard, and querying through labels applied to elements within
the scene. Additionally, 3D objects loaded from the dictionary
can be used as virtual ‘props’—unlocking new gesture-based
collaborative learning.

Index Terms—virtual reality, dictionary, language learning

I. INTRODUCTION

Virtual Reality (VR) refers to a category of motion-tracked
display and controller hardware technologies that create the
“illusion of participation in a synthetic [3D] environment” [1].
While rudimentary forms of the technology have existed since
the 1960s, the advent of recent consumer-level VR hardware
has increased the accessibility of VR [2] and drawn the atten-
tion of researchers seeking to unlock its educational potential
[3], [4], with applications ranging from history lessons [5] to
mathematics [6] and language learning [7], [8].

Different approaches to VR language learning are currently
under investigation, with some of the most compelling ed-
ucational uses of the technology involving VR social plat-
forms that allow language learners from around the world
to spontaneously meet and interact with speakers of their
target language. Within these virtual contexts, gesturing with
motion controllers and interacting with 3D props can provide
additional semantic context and help novice learners deduce
the meaning of unfamiliar words and phrases [9].

Inevitably, circumstances will arise in which interlocutors
cannot negotiate the meaning of a word and wish to consult
a dictionary, which is an important tool in the repertoire of

any language learner [10], [11]. However, multitasking support
for current VR systems being limited, it requires users to
either remove their headset mid-conversation or to switch to
a separate VR application in order to use a dictionary. This
result in interrupting the learning activity and incurring a
significant context switch for the user, in addition to severing
his connection to others in the case of a group activity.

In this paper, we present VeRdict, a VR software extension
that can be integrated into existing VR applications to add
dictionary functionality. This ability to perform dictionary
searches from within the VR application addresses the need
among language learners to access lexicographic information
without the distraction of context switching between VR
applications or devices.

II. RELATED WORK

Howland et al. [9] present a learning game targeted towards
learners of Japanese that features a 3D environment in which
objects can be manipulated freely per the user. When the user
interacts with an object, its pronunciation and part of speech
are displayed with a translation into the player’s native lan-
guage— hence the application’s name “Sanjigen Jiten”, which
translates to “3D Dictionary” in English. The application
includes a function for creating vocabulary lists and reviewing
them. The software was tested on a group of students who
were asked to fill a survey after using the application for
retrieving vocabulary from the simulated environment. The
overall experience was rated as “good” by most participants.
An obvious limitation of the work is that despite its name, the
content is more akin to a lexicon: the number of words that
can be queried this way is small and limited to the objects
placed in the virtual world by the creator of the application.
By providing a software component that can be reused in other
applications, we allow developers of educational applications
to quickly and easily replicate the main functionality presented
in [9] without developing it on their own. In addition, since
the dictionary content is not embedded into the application, it
can be easily updated with more content.
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A randomized experiment regarding the effect of VR ap-
plications against a non-VR counterpart (video content) for
learning English is presented by [12]. The commercial ap-
plication used contains 5 scenarios modeled after real-life
situations such as riding a train or booking a hotel room.
Participants were administered a vocabulary test, along with
semi-structured interview and a questionnaire. The results
showed that VR users performed significantly better on the
vocabulary test than the control group. While most of the
learners (83.33% of 49 participants) stated the VR application
boosted their motivation, some had reservations about its value
as a vocabulary learning tool because the automatic speech
recognition (ASR) system performed poorly for them, or
because of gaps in their vocabulary. Moreover, ASR systems
are built on data from native speakers and often perform poorly
with learners. VeRdict solves the issue of speech recognition
by proving a way to query the dictionary via a textual interface.

Prior research in neuropsychology has shown that spoken
language and gestures are deeply integrated within the human
brain [13]. A recent investigation [14] found that pantomiming
with 3D props within a VR learning application increased
participants’ long-term recall of words in a foreign language.
In that study, the props and target vocabulary were pre-
selected by the researchers. With the server-client architecture
of VeRdict that dynamically loads 3D visual representations
of target vocabulary, virtual props could be applied to a wider
range of educational situations since more objects are available
and they are instantiated on user request.

A literature review made on two prominent journals on lex-
icography, International Journal of Lexicography and Lexikos
as well as the proceedings conferences of EURALEX and
eLex with the keywords “VR”, “virtual reality” and “réalité
virtuelle”(both Lexikos and EURALEX publish some articles
in French) did not yield any results. The work presented here is
thus a novelty as far as the field of lexicography is concerned.

III. SYSTEM OVERVIEW

A. Architecture

The project is made of two software components: a reusable
VR module providing dictionary services and a dictionary
server. The separation between the dictionary VR module and
the data (exposed by the server) allows to ship a single VR
component, regardless of the language(s) of the dictionary.

The VR component is implemented as a Unity assets
package that can be integrated into a VR application. The
component allows dictionary lookup to be performed in two
ways: (a) performing a manual search by typing keywords
through a virtual keyboard interface (see Section III-B), or (b)
interacting with 3D objects within the scene that have been
assigned a headword tag (Section III-C).

Fig. 1 illustrates the architecture of the project. When a
lookup query is sent (1) from a VR client [B], the dictionary
server [A] returns (2) the textual data associated with the result
of the query. If an entry is associated with a 3D object an
additional URL is provided from the client to download it. Not
every dictionary entry is accompanied by a 3D model: this is

Fig. 1. Project Architecture.

akin to a paper or electronic dictionary for which illustrations,
when they exist, are present for a subset of the entries only.

The architecture is modular: in one hand an existing elec-
tronic dictionary can be extended to serve 3D models in
addition to its current content. On the other hand, an existing
VR application can be extended by a library implementing the
features described in this paper.

B. 3D Model Instantiation During Word Lookup

Participating in a typical a collaborative VR chat application
where a learner is exposed to authentic material would be
challenging without the help of a dictionary. To support this
use case, the dictionary can be queried directly with text input.
VeRdict provides a floating panel where text can be inputted
to search for a word, as illustrated by Fig. 2. Text input is
done via a virtual keyboard interface. English (qwerty) and
Japanese are included, and control is done with virtual laser
pointers controller via hand controllers.

Fig. 2. Dictionary Panel with Virtual Keyboard.

In addition to displaying textual information about the
queried word, such as part of speech and definition, our
software is able to instantiate in the virtual environment an
accompanying 3D model representing the word if one exists.
In Fig. 3, the dog was added to the scene after the dictionary
lookup has been performed by the user. Once instantiated,
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the 3D model can then be picked up via motion controls and
placed within the virtual scene as an educational prop.

Fig. 3. Dictionary Entry and Associated 3D Object.

In a collaborative application, this consultation mode opens
up new communicative possibilities, such as allowing users
to explain to each other the specific parts of an object with
pointing gestures (e.g. gesturing to the neck of a turkey to
explain “wattle”), or explaining the meaning of verbs by
picking up a prop and pantomiming the action (e.g. lifting
up a rocket prop to explain “lift off”).

Fig. 4. Explaining Model Details via Hand Gesture.

C. Query from Tagged Objects

To use the dictionary feature with this mode, the developers
of an application must manually associate each object that
is expected to used to perform a dictionary search with a
headword. Then, when a given event is triggered in the
environment, a dictionary lookup is performed and the lex-
icographic data are displayed in the dictionary panel.

IV. DISCUSSION AND CONCLUSION

The project is currently in the prototypical stage, albeit
already functional. Immediate future work will be gathering
feedback about user interface and interactions in a pilot study.
Once feedback from the pilot study is integrated, it will be
possible to test VeRdict in an experimental setting. In the fu-
ture, a dedicated application such as a persistent world where a

learner could collect and organize objects and their definitions
could be implemented. Since the acquisition and curation of
the 3D models featured within the dictionary requires manual
intervention, it may be advantageous to crowd-source and vet
the models via a community submission system.

The educational landscape continues to evolve with the
release of new technologies, and the demand for virtual
reality applications in education is only likely to grow. Thus,
VR researchers and developers should seek to create virtual
experiences that provide novel educational experiences without
sacrificing the benefits of conventional learning tools. Given
the crucial role that dictionaries serve in the language learning
process, it is a software feature that ought not be overlooked
when developing social and/or language learning applications
for VR. In this paper, we presented VeRdict, a software solu-
tion that can contribute to this vision by allowing developers
to more easily integrate dictionary functionality into their VR
apps and experiences.
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Abstract—This paper describes the gamification design of 

mixed-reality mini-exergames for older adult patients with 

hypertension and reports on results from a pilot study with 22 

older adult users in the BewARe project dedicated to the 

development of an intelligent system for physical training 

enhanced by wearable sensors and immersive technologies. For 

the purpose of this paper, the gamification design was 

decomposed following the mechanics, dynamics and aesthetics 

(MDA) framework. The objective of the research presented in 

this paper was to validate the gamification design of mini-

exergames focused on endurance training and to explore the 

emotional responses of the older adult users to this type of 

immersive training. The pilot study applied a mixed methods 

approach and collected quantitative and qualitative data. The 

results show that gamified exergames are positively evaluated by 

older adult users, who enjoy and value the hedonic quality over 

the pragmatic quality. Research presented in this paper has 

revealed some interesting tendencies, such as gender-specific 

preferences, importance of interaction with the virtual trainer 

and the familiarity effect. 

Index Terms—gamification, mixed-reality, exergames, 

wearables, augmented reality, virtual reality, older adult users, 

hypertension 

I. INTRODUCTION  

In recent years a wide range of game-based design 
approaches including gamification and exergames have been 
used to motivate specific behaviors including physical 
exercising. The application of game design elements to non-
games contexts to make any activity more engaging has a 
long history in human-computer interaction [1]. Gamification 
has been used as a design strategy to enhance motivation, 
achievement, enjoyment, engagement and the overall user 
experience. Approaches to gamification have evolved from 
the design of software systems and interfaces to reframing 
activities as gameful and playful experiences [1]. Given the 
insights from practice and research showing that motivational 

effects cannot be deterministically produced by a set of 
design elements, but emerge from the experience of the entire 
environment [1], the focus of gamification has evolved from 
the application of game design elements such as points and 
reward systems, to affording gameful experiences by 
applying formalised game design frameworks such as the 
MDA framework, which stands for mechanics, dynamics and 
aesthetics [2]. 

At the same time, immersive learning and training 
systems have applied multimodal design elements, such as 
avatars and anthropomorphic virtual agents to impact 
motivational outcomes. Immersive technologies, including 
virtual and mixed-reality have been applied to formats such 
as exergames, to deliver novel forms of visually enriched 
interaction [3]. Exergames, as a form of serious games for 
exercising [4], have been used as an effective method to make 
physical activity more appealing [5], increase motivation to 
exercise [6], support long-term adherence to daily physical 
activity [5], reduce sedentary lifestyle, and improve health in 
different populations including older adult patients [7]. 
Exergaming allows supporting and supervising physical 
activities in a convenient way, overcoming geographical 
distances and providing familiar surroundings at home, which 
is especially valuable for older adult users [5]. Exergames 
have been combined with gamification and referred to as 
“exergamification” [4]. The “exergamification” approach has 
been shown to contribute to motivational, psychological and 
behavioral outcomes, such as exercise adherence, enjoyment 
of exercises and decreased sedentariness [4]. However, only 
a few exergames have been designed specifically for elderly 
[8]. 

This paper presents an immersive system for physical 
training of older adult patients with hypertension with a set of 
gamified mini-exergames guided by an anthropomorphic 
virtual agent in a mixed-reality environment. The system has 
been developed in the BewARe project, which is a three-year 
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research and development project founded by the German 
Federal Ministry of Education and Research (BMBF) as part 
of the program Interactive systems in virtual and real spaces 
– innovative technologies for a healthy life. The remaining 
part of this paper outlines related work presents the mixed-
reality system design in the BewARe project, the 
gamification design of the mini-exergames and the pilot study 
with older adult patients. The study results address the key 
research question of how older adult users perceived the 
mixed reality interaction design and which gamification 
elements contributed to the positive user experience of older 
adult patients in the three mini-exergames. The paper ends 
with the discussion of potentials and challenges of 
gamification in mixed reality exergames with focus on older 
adult users and recommendations for further research. 

II. RELATED WORK 

The review of related literature on gamification in 
exergames in immersive environments with focus on older 
adult users is summarised below and encompasses both 
design strategies and the results of studies on the 
effectiveness of such approaches for motivational and health-
related outcomes. Positive benefits of gamification in 
augmented reality (AR), virtual reality (VR) and mixed 
reality (MR) have been demonstrated in several health and 
medical fields including physical training and rehabilitation 
[9]. For example, the results of the study by [10] indicated 
that virtual reality game exercises, such as ball exercises, may 
improve balance and gait of the elderly. [8] investigated game 
elements and older players' movement characteristics during 
stepping exergames and found that specific design elements 
such as speed-affected progression and game narratives 
affected movement quality in a positive way, such as 
measured through weight shifts and variation in stepping size 
and speed. [11] showed the virtual trainer (coach avatar) in 
exergames bears the potential for effective virtual 
physiotherapy training at home or in clinic settings. The 
majority of older adult patients (over 90%) in the study found 
that the application was beneficial to their therapy and 
increased their engagement [11]. 

In the systematic review on the effectiveness of 
gamification in exergames by [4], gamification elements were 
mapped in relation to motivational, psychological and 
behavioral outcomes using the MDA framework by [3]. The 
authors consider exergames to comprise three elements, i.e. 
the motivational affordances, psychological outcomes 
behavioral and quasi-medical outcomes. The motivational 
affordances result from the application of specific game 
design elements. The psychological outcomes are induced by 
motivational affordances, e.g. awards motivate the user 
towards a physical activity. The behavioral outcomes 
addressed by the reviewed studies relate to therapeutic and 
rehabilitation purposes such as increased physical activity 
and decreased sedentariness. The results show that using 
exergames with game-based motivational affordances in 
virtual reality, is likely to enhance motivation and 
engagement for exercising [4].  

A systematic review of exergames by [5] shows that 
exergames can enhance physical activity of elderly users. The 

term exergames is used as a synonym for all related terms 
such as “exertainment”, active-play video games, interactive 
computer games, game-based technology-mediated physical 
activity. Out of 36 studies used for the review, seven studies 
were used for in-depth analysis. Participants in these studies 
had a mean age between 73 and 86 years. Six of these seven 
studies found a positive effect of exergaming on the health of 
elderly users, which included improved balance, stepping 
execution, exercise effort, body composition, and lower limb 
muscle strength, compared with traditional exercises and no 
exercises [5]. The authors conclude that future work is needed 
on exergames designed for specific user groups, such as the 
elderly, and focusing on user-specific content and interface 
design demands [5]. 

III. CASE STUDY 

Exergaming relies on technologies that track user body 
movements and vital parameters such as the heart rate [5]. 
Exergames in virtual and mixed reality use different types of 
sensors and inputs to engage the users in an immersive 
gameplay and to provide real time feedback on performance, 
e.g. cameras, remote controls, wearable trackers and gym 
equipment with sensors [5]. This section presents the case 
study of mixed reality exergames from the BewARe project. 

A. The Mixed Reality Training Environment 

The BewARe system leverages a combination of different 
sensors, such as rgb- and depth-cameras (MS Kinect Azure), 
acceleration sensors, eye tracking devices and the smartwatch 
(Polar M600), to track the vital parameters (heart rate) of 
older adult patients [11]. In the requirement analysis 
conducted prior to the study presented in this paper, selected 
exergame prototypes and two different Head-Mounted 
Displays, HTC Vive and HoloLens, were tested with older 
adult users to explore differences between VR and AR 
experiences and to compare understanding in older adults of 
AR and VR [13]. The BewARe system provides a set of mini-
exergames to support various types of physical exercises such 
as endurance, strength, aerobics and coordination. The 
training sequence in the BewARe system includes five main 
phases displayed in the user interface: welcome, warm-up, 
exergames (strength endurance and endurance), cool-down, 
and evaluation. The key elements in the gamified interaction 
design include the virtual agent, designed as an 
anthropomorphic full body female trainer called “Anna” and 
gamification elements such as interactive training objects, 
time and progress visualization, which are designed to 
enhance positive user experience, motivation and adherence 
to exercising. 

The proposed exergames were evaluated in a mobile 
VR/AR lab for case and field studies. The lab, called 
VITALAB.mobile [14], is built into a truck that can be parked 
at any convenient place (Fig. 1). The lab provides a mobile 
therapeutic evaluation platform for novel virtual medical 
diagnoses or therapeutic training. It is equipped with state-of-
the-art VR/AR devices and comfortably furnished to make 
visitors and study participants feel at ease during evaluations. 
The overall goal of the VITALAB.mobile is to improve 
accessibility and extend the flexibility and duration of VR/AR 
studies in the field. The training sequences are designed to 
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support training of elderly patients both at home and in the 
VITALAB.mobile. The pilot study described in this paper 
took place in the truck with a total of 22 older adult users who 
participated consecutively in BewARe mini-games. An 
important design decision was to replicate the interior of the 
truck. The goal was to simulate an ideal mixed reality 
environment with a VR headset. Since MR headsets available 
on the market have limitations, e.g. limited field of view, 
HTC Vive Pro was used as a VR headset to provide a mixed 
reality experience of the exergames. 

 

Fig 1. (Left) VITALab.Mobile - a mobile VR/AR laboratory for case and 

field studies to evaluate novel forms of virtual therapies and scientific 

research. (Right) Study participant during MR exergames in the laboratory. 

In the session with strength endurance exergames (not 
covered by this paper), trackers were attached to user hands 
and to interactive training objects (dumbbells and a chair), 
while in the endurance session, Valve Index controllers were 
used, which enabled finger tracking and thus grasping, 
releasing, and throwing. The tracking of the headset, 
controllers and trackers was provided by Valve Index Base 
Stations 2.0, which were positioned diagonally to each other 
under the ceiling in the truck. 

B. The MDA Design of Gamified Mini-exergames 

Gamification has been traditionally defined as the use of 
game design elements in non-game contexts [15]. However, 
prominent authors in the field have emphasised that 
gamification is more about creating a gameful experience 
rather than focusing on adding specific game elements [16]. 
In fact, adding game elements alone does not guarantee a 
gameful experience at all [16]. Therefore, gamification can be 
viewed as enhancement of a service with affordances for 
gameful experiences to support value creation for the user 
[16]. In this context, the MDA framework (Mechanics, 
Dynamics, and Aesthetics) has been applied as an approach 
to afford gameful experiences for diverse user groups [3]. 

The gamification design of the mini-exergames in the 
BewARe project can be deconstructed along the components 
of the MDA framework [3]. Mechanics describe components 
typical for this particular game, e.g. the mechanics of shooter 
games include weapons, ammunition and spawn points, while 
the mechanics of playing golf include balls, clubs and sand 
traps [3]. Mechanics also involves various actions and rules 
of the system including data structures which support the 
dynamics of the gameplay [17]. Dynamics work to create 
aesthetic experiences, e.g. using time pressure and/or 
competition with an opponent as dynamics for creating 

challenges, applying different feedback forms to affect 
desired outcomes [3], or providing hints to guide users during 
gameplay [17]. Dynamics is also related to psychological 
outcomes afforded by design elements such as having goals 
to achieve and opportunities to express oneself [4]. Aesthetics 
describe the desirable emotional responses evoked in the user 
during the interaction with the system, such as evoking 
specific sensations like a sense of pleasure, creating 
opportunities for discovery and exploration of the territory, 
promoting fellowship and social interaction, enhancing self-
expression, creating fantasy to enhance immersion in the 
virtual world, and embedding interaction in narratives 
through storylines that catch user’s interest and attention [3]. 

The MDA framework was applied in the BewARe project 
to decompose existing gamified design of mini-exergames, 
which was creatively and intuitively developed in the project 
team, without following any specific theoretical frameworks. 
Using MDA as an analysis tool helped to describe the design 
in a systematic way in relation to the mechanics, dynamics 
and aesthetics. The MDA-based analysis revealed that the 
design is specific to physical exercising with the personal 
trainer, which can be considered as a specific game-type, just 
like other examples of a shooter game or the game of golf 
described by [3]. The gameplay of physical exercising with 
the personal trainer in the BewARe project is re-/created in 
immersive, mixed-reality mini-exergames guided by the 
virtual trainer and designed for older adult users with 
hypertension. 

The mechanics of the BewARe exergames include three 
elements: (a) the virtual trainer “Anna”, (b) the interactive 
training objects such as a VR ball and MR dumbbells, and (c) 
the mechanisms of tracking user data, such as training time, 
motion capture, estimation of the range of motion (ROM) and 
vital parameters such as the heart rate. The anthropomorphic 
virtual agent acts as a virtual trainer guiding the older adult 
user through the gameplay of each exergame. The interactive 
training objects are integrated into mini-exergames and 
support overall gameplay dynamics. The tracking of user data 
supports the gameplay dynamics in the way that user 
movement is required to complete training exercises. The 
user tracking involves a range of tools, e.g. hand tracking via 
HTC Vive, heart rate tracking via the smartwatch, motion 
analysis via motion capture cameras. The visualisation of 
progress is an important element of mechanics [13] and was 
built into each mini-exergame, e.g. progress bars, counters 
and clocks.  

The dynamics of BewARe exergames is specific to the 
game-type of physical exercising with the personal trainer in 
a mixed-reality environment. The dynamics include three 
elements: (a) goals to be achieved both on the level of the 
entire training plan and on the level of each mini-exergame; 
(b) feedback from the system including visual cueing such as 
marked steps and lines, and (c) bodily guidance (body 
movements, gestures) and verbal hints from the virtual 
trainer. Both visual cueing and interaction through body 
movement are effective elements in exergames for older users 
[11].  
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The aesthetics of BewARe exergames include three 
elements: (a) sensation, (b) challenge, and (c) narrative. The 
sensation element of the aesthetics design of BewARe mini-
exergames focuses on framing all physical exercises, e.g. 
overhead press, tiptoe stands, not as strainful, performance 
and achievement-oriented sport activities but as playful and 
relational experiences, in which users engage in a joint game-
play with the virtual trainer. The challenge of the aesthetics 
design related to framing all mini-exergames as playful 
sequences of movements to be mastered by the user. The 
narrative element of the aesthetics design is based on the 
requirement analysis in the early study conducted in the 
BewARe project, documented by [13], in which storytelling 
was considered an important gamification element for 
creating gameful experiences for older adult users. To test this 
approach one mini-exergame was embedded in a narrative as 
shown in the section on Hustle Dance below.  

The first MVP (minimum viable product) of the BewARe 
system tested in the pilot study included altogether nine mini-
exergames, three of which were focused on endurance 
training. The three endurance-focused mini-exergames were 
the ball game, the high five game and the hustle dance.  The 
design of each endurance mini-exergame is described below: 

1) Mini-Exergame “Ball Game”:  
The aim of the ball game is to throw a virtual ball into a virtual 
ring held by the trainer avatar. The user has to use the 
controller to throw the ball into the ring using familiar 
throwing movements of the hands. The virtual trainer “Anna” 
explains verbally the rules of the game to the user and 
demonstrates the game with virtual body movements. The 
virtual trainer moves the ring to different positions (right, left, 
up, down), so that the user has to aim at a different spot for 
each toss. Each time the user hits the ring, the ring symbolises 
spreading concentric (impulse) rings and an acoustic sound 
confirms the hit. Additionally, a virtual counter provides 
information about the number of direct hits which are 
displayed slightly above the eye-level of the user. The virtual 
room exactly represents the interior of the VITALAB.mobil. 
Fig. 2 illustrates the design. 

 
2) Mini-Exergame “High Five”: The aim of the High 

Five game is to mirror the movements of the trainer. To make 
the touch points more graspable, the visual cueing in the form 
of purple circles is displayed to the user. The virtual trainer 
holds the hands in different positions to challenge the user. 
Each time the user hits the hands of the trainer, the circles 
increase, and an acoustic sound confirms the hit. Fig. 3 
illustrates the design.  

3) Mini-Exergame “Hustle Dance”: The aim of the 
Hustle Dance game is to mimic the dance steps and moves of 
the trainer. The challenge in the non-gamified version is to try 
to follow the dance movements of the trainer as accurately as 
possible. This gamified version has a story and a narrative. 
The challenge in the gamified version is to dance like John 
Travolta in the Saturday Night Fever movie. The exercise is 
embedded in the Saturday Night Fever narrative, which 
changes the physical environment of the user to the dance 
floor from the 1970s. The sequences of dance movements are 

demonstrated by the trainer and repeated by the user to the 
background music. Fig. 4 illustrates the design. 

 

Fig. 2. The BewARe mini-exergame “Ball Game”. 

 

Fig.3. The BewARe mini-exergame “High Five”. 

 

Fig. 4. The BewARe mini-exergame “Hustle Dance”. 

IV. PILOT STUDY 

A. Settings 

The pilot study was conducted in a simulated mixed-
reality setting in the mobile diagnostic center 
VITALAB.mobile in 2020. The truck was parked at the site 
of the geriatric center (Evangelisches Geriatriezentrum 
Berlin). Each older adult patient was invited for the test for a 
specific time slot. The participants in the study exercised with 
a different set of mini-exergames during two appointments 
(sessions). The duration of each session was 20 to 25 minutes. 
Each session followed these five study phases: introduction, 
warm-up, training, cool-down, evaluation. The warm-up and 
cool-down were identical in both sessions. The three 
endurance-based exercises (Ball Game, High Five and Hustle 
Dance), which are the focus of this paper, were performed and 
evaluated during the second appointment. The study was 
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approved by the Ethics Committee of the Charité – 
Universitätsmedizin Berlin (No. EA1/019/20). 

B. Participants  

The selection of the participants was based on specified 
inclusion and exclusion criteria. The key inclusion criteria 
were the age and the diagnosed condition of hypertension 
(high blood pressure). A standardized telephone 
questionnaire, Telephone Interview for Cognitive (TICS), 
was used to exclude cognitive impairments. After informed 
consent was signed, an assessment for fall risk (Tinetti test) 
was used for further selection. Subsequently, a questionnaire 
was completed to collect baseline data about each participant. 
Out of 24 invited participants, two participants had to be 
excluded because neither the first nor the second training 
session was completed. Altogether 22 older adult patients (9 
males, 13 female), aged 74.50 ± 3.64 years were included in 
the evaluation. 

Nearly half of the participants had a university degree 
(45.5%). The other participants stated that the highest level of 
education was secondary school, secondary modern school, 
high school diploma or university of applied sciences. One 
participant had no formal degree. Over half of the participants 
(59.1%) were married, the others widowed, divorced or 
single. persons exhibited dizziness in everyday life. Approx. 
half of the participants (10 persons) had previous VR 
experience which included a professional context, virtual 
house construction, participation in previous research 
projects, VR adaptation of literature such as “The Tin Drum" 
by Günter Grass, use of VR in museums, exhibitions. 12 
persons had no previous VR experience. 16 persons reported 
doing sports more than once per week. 6 persons reported 
doing sports less than once a week. On average, the 
participants reported doing sports 2.5 times per week. 
Participants active in sports did e.g. strength training, dance 
courses, Pilates, cycling, rehabilitation sports, aqua fitness, 
meditation, Nordic walking, jogging, swimming, riding and 
hiking. 

Prior to the pilot study, a sample of older adult users with 
hypertension was analysed according to Bartle’s 
classification of player types. The results showed that most 
representatives of this target group were explorers (approx. 
70%) and socializers (approx. 30%) [13]. Since both 
socializers and explorers are player types interested in 
interaction, i. e. interaction with other players (socializers) 
and interaction with the virtual world (explorers), much 
attention has been paid to the analysis of interaction with both 
the trainer avatar and the elements of the user interface in 
mixed reality settings. 

C. Methods  

The pilot study applied a mixed methods approach and 
included quantitative and qualitative instruments for data 
collection. The quantitative instruments included: 

a)  User Experience Questionnaire (UEQ): UEQ was 

used in the full version in German language to explore user 

responses towards the design of gamified exergames. 

b)  User Interface Features (UIF): The UIF 

questionnaire was created by the project team to explore the 

reactions of users towards specific elements of the user 

interface in mixed reality, i. e. the ball hit ratio counter, the 

smartwatch, the exercise display, the voice control and 

further graphic elements. 

The qualitative data was collected using semi-structured, 
situated interviews with open-ended questions, which were 
asked at the end of the evaluation session with each 
participant on a separate basis. The questions asked in 
interviews were: What did you particularly like? Which 
exercise was the most fun? What did you not like at all? How 
did you like the trainer avatar? The responses were recorded 
and transcribed. The data was analysed using the summative 
approach of content analysis by [18]. 

V. RESULTS 

A. User Experience 

The User Experience Questionnaire by [19] was used to 
measure the subjective user experience of the gamified 
prototype. The UEQ examines the valence dimension 
Attractiveness, which is subdivided into two quality aspects: 
Pragmatic quality (Perspicuity, Efficiency, Dependability), 
describing task related aspects and hedonic quality 
(Stimulation, Novelty), refers to pleasure and fun using the 
product [19]. The results are displayed in Fig. 1 and Table I. 

The measured data was subsequently set in relation to 
benchmark data. The benchmark data set contains data from 
20190 persons from 452 studies concerning different 
products (business software, web pages, web shops, social 
networks). The results show that all scales were at least above 
average compared to the benchmark. The scales 
“Stimulation” and “Novelty” could be classified as "good". 
This indicates that especially the hedonic quality was 
perceived better than the pragmatic quality. 

TABLE I. USER EXPERIENCE QUESTIONNAIRE: RESULTS 

Scale 

Evaluated Prototype compared to benchmark 

Confidence intervals (p=0.05) per scale 

Mean Std. 

Dev. 
Conf. 

interval 

Comparison 

to 

Benchmark 

Interpretati

on 

Attractiveness 1.53 1.00 
1.11 - 

1.95 
Above 

average 

25% of results 

better, 50% of 

results worse 

Perspicuity 1.48 0.97 
1.07 - 

1.88 
Above 

average 

25% of results 

better, 50% of 

results worse 

Efficiency 1.07 0.86 
0.71 - 

1.43 
Above 

average 

25% of results 

better, 50% of 

results worse 

Dependability 1.27 0.90 
0.90 - 

1.80 
Above 

average 

25% of results 

better, 50% of 

results worse 

Stimulation 1.40 0.97 
0.99 - 

1.80 
Good 

10% of results 

better, 75% of 

results worse 

Novelty 1.27 1.04 
0.84 - 

1.71 
Good 

10% of results 

better, 75% of 

results worse 
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Fig. 5. UEQ Scales of the evaluated prototype compared to benchmarks. 

B. User Interface 

Overall, the readability and visibility of the UIF were 
rated very positively. On the other hand, the evaluation of 
how helpful the UIF were or how often they were perceived 
during the game was rated less favourably (Fig. 6-11). For 
almost all UIF, perceived frequency was rated significantly 
worse than readability (Time bar: p=.002; Repetition counter: 
p=.024; Smartwatch: p<.001; Exercise display: p<.001; 
Evaluation graphic: p=.023) and visibility (Time bar: p=.004; 
Repetition counter: p=.024; Smartwatch: p<.001; Exercise 
display: p=.003; Voice control: p=.016). For three UIF, the 
difference between how helpful the UIF was and readability 
(Time bar: p=.002; Smartwatch: p=.001; Exercise display: 
p=.003) as well as visibility (Time bar: p=.003; Smartwatch: 
p=.001; Exercise display: p=.049) was also significant. No 
significant differences in UIF ratings were found between age 
groups (under and over 76), between men and women, and 
between participants with and without VR experience.  

 
Fig. 6 Mean values for the UIF “Time bar” within the 4 categories. 

 

Fig. 7. Mean values for the UIF “Repetition counter” within the 4 

categories. 

 
Fig. 8. Mean values for the UIF “Smartwatch” within the 4 categories. 

 

Fig. 9. Mean values for the UIF “Exercise display” within the 4 categories. 

 
Fig. 10. Mean values for the UIF “Voice control” within the 4 categories. 

 
Fig. 11. Mean values for the UIF “Evaluation graphic” within the 4 

categories”. 
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C. Interviews 

Following the summative approach of the content analysis 
by [18], the occurrences of words and content, which were 
relevant to the gamified design of mini-exergames, were 
identified and quantified by counting the frequency. The 
latent content analysis was conducted to interpret the content 
and discover underlying meanings of the words and content. 

The results of the quantitative part of the analysis are 
summarised in Table II. and show that the mini-exergames 
“Ball Game” and “Hustle Dance” were spontaneously 
mentioned by an almost equal number of participants, when 
asked what they liked about the session most. Additionally, 
three participants spontaneously mentioned that they liked the 
disco atmosphere and the disco lights in the Hustle Dance 
exergame most.  Based on the result of the phi coefficient 
males have a higher tendency to like the “Ball Game” than 
female (𝜙 = -.51, p=.057). The significance with the Fisher’s 
exact test can be classified as marginal. The phi-coefficient 
value indicates a moderately correlation. In the “Hustle 
Dance”, no significance could be found in relation to gender 
(𝜙 = .15, p=.600). The mini-exergame “High Five” was not 
mentioned at all when this question was asked. Only one 
participant mentioned the mini-exergame “High Five” when 
asked about what they didn’t like about the session.  

Further positive aspects mentioned by participants 
included: music, rhythm, trainer avatar, movement types, 
training sequence, warm-up and cool-down, game-elements. 
Negative aspects mentioned by participants included: 
technical challenges, the dancing sequence was too fast, 
dancing steps were too difficult, own hands were not visible 
when playing the ball game, the pace of tossing the ball was 
not corresponding to the pace in reality (Table II). 

TABLE II. QUALITATIVE INTERVIEWS: RESULTS 

Exergame 
Quantitative results (frequency) 

Likes Dislikes No mention 

Ball Game 12 5 5 

High Five 0 1 21 

Hustle Dance 12 5 5 

VI. DISCUSSION AND CONCLUSIONS 

Physical activity is important for the health and well-
being of older adults including older adult patients with 
hypertension. Exergames combined with gamification and 
immersed in virtual and mixed reality environments are a 
new, promising way to support motivational and health-
related outcomes. As observed by [4], the promotion of 
physical activity through exergames and gamification holds 
promise for increased exercise adherence compared to 
traditional approaches.  

This paper presented the design of the gamified mini-
exergames in mixed reality for older adult patients with 
hypertension as a case study from the BewARe project and 
reported on the results of the pilot study with 22 users. The 
key limitations of this study are obviously the small sample 

size and the narrow context related to only some specific 
forms of gamification in exergames as described in the three 
examples of the ball game, high five and the hustle dance 
mini-exergames. However, this paper provides a few relevant 
contributions to advancing research in relevant fields.   

First, as pointed out by [21] specific exergames solutions 
have to be designed and tailored to the individual needs of 
older people to ensure positive outcomes. This paper 
describes a solution which was developed specifically for 
older adult patients with hypertension. Second, as concluded 
in the literature review by [3], none of the 25 studies 
investigated the type of their participants according to 
Bartle’s classification of player types. This paper sheds some 
light on Bartle’s type for the group of older adult users. Third, 
using the MDA framework to decompose gamification design 
of exergames has been shown in this paper as an effective 
method of analysis.  Finally, most research on gamification 
which addressed the question of how to design a system to 
increase motivation, engagement, retention and completion 
rates, focused on younger populations. This paper is a 
contribution to the research field of gamification targeting 
older adult users. 

This paper demonstrated the potential of gamified 
exergames in mixed reality to improve motivation to exercise 
and physical health of older adult patients with hypertension. 
Research presented in this paper has revealed some 
interesting tendencies, such as gender-specific preferences 
for exergames and the familiarity effect. The study on 
exergames with older adult users by [20] showed a high 
positive correlation between the perceived familiarity of the 
exergame and the satisfaction with the exergame. Therefore, 
it can be hypothesised that the overall user experience among 
older adult participants may improve with a growing 
familiarity with the exergames and the virtual agent, which 
can be enhanced by a repeated use of the exergames. An 
increased familiarity may possibly make the exergames 
appear easier to follow and less complex [20].  

However, further, large-scale studies should be conducted 
to assess the effectiveness of gamified exergames for long-
term adherence to physical exercising, specifically for older 
adult users. Further studies in the field should also examine 
the effectiveness of different gamification elements in 
exergames related to mechanics, dynamics and aesthetics for 
diverse user groups. Future examinations should also take a 
deeper look at different effects of gamification into 
consideration, e.g. by following the model proposed by [3]. 
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Abstract—Virtual Reality (VR) environments are computer-
generated mediums that try to provide the user a sense of
presence. The use of VR term in science has a long history, but
an increasing number of commercial cost-effective VR devices
are creating new possibilities and applications for it. Regardless
of entertainment, as the most widespread market for VR, the
application of VR in medicine is attracting great attention in the
scientific field. VR can be used as a tool for public healthcare,
as a teaching environment for medical students or to improve
the skills of experts, together with a well-accepted method for
physical rehabilitation and mental therapies. The focus of this
review paper is on the use of VR for psychiatric and anxiety
disorders. Several empirical studies show the effectiveness of VR
in improving the conditions of patients in a manner comparable
to traditional methods and with long-lasting effects in their daily
lives. However, a small number of case studies or the lack of
a detailed comparison between VR and conventional methods
is the shortcoming of current studies. In this paper, we review
different VR applications focusing on the identification of the
technologies used, the evaluation methods applied, and the results
of the studies.

Index Terms—virtual reality, anxiety disorder, medical appli-
cations, VRET

I. INTRODUCTION

The term Virtual Reality (VR) has been used for different
kinds of technologies, which try to provide users the experi-
ence of reality in a non-real world environment. From Senso-
rama Simulator by Heiling [1] to Cave Automatic Virtual En-
vironments (CAVE) and current generation of Head-Mounted
Displays (HMDs). In recent years, with the introduction of the
Oculus Rift in 2013 as a consumer-price HMD, the idea of
using VR in various scenarios such as education and medical
applications has entered a new era and also reached a new peak
[2]. Besides a more affordable price, these new generations of
HMDs offer a significantly higher quality of usability by an
increased Field Of View (FOV). Based on the FOV, HMDs can
be divided into two main generations: before 2013, where FOV
varies between 25 to 60 degrees and after it, which provide
above 100 degrees of FOV [3].

The use of VR in medical applications was introduced
two decades ago in 1992 by the Human-Computer Interac-
tion group at Clark Atlanta, where attempts were made to
implement it for psychological disorders [4]. VR environments
have many different applications in the field of health and
medicine. They can be used as a therapy environment, such

as in the treatment of anxiety disorders, rehabilitation, or pain
reduction, as well as an opportunity for medical experts or
students to improve their skills or learn new ones. In general,
the use of VR in medical applications can be categorized
according to its primary purpose:

1) VR as an educational and experimental environment for
training experts and students in the field of medicine

• Increase (train) speed and efficiency of experts [5]–
[7]

• Teach new methods to students [8], [9]
2) VR as a platform to enhance sustainable healthcare
3) VR as a technology for diagnosis and treatment of

physical or mental disease
• Psychological treatment for anxiety disorders, eat-

ing, and weight disorders, pediatric psychology, pain
management, Alzheimer, acrophobia

• Physical rehabilitation for stroke and brain damage,
Postural

In order to improve the skills of health professionals, VR
can be used to provide an artificial environment to simulate
individual and often complex or rare cases without any side
effects. Harrington et al. [6], for instance, provide a novel
approach to improve the health professionals’ decision making
in critical situations. In their study, they show that the use of
VR has a high acceptance rate in this form of medical training.
The other approach in medical education is teaching the use of
different medical equipment inside VR environments. Exam-
ples include the training of radiologists, which is investigated
in work by Süncksen et al. [7], or the training of ultrasound
imaging [5].

On the other hand, VR can be used as an instrument in
medical treatment such as rehabilitation, which attempts to
improve motor function in individuals with various dysfunc-
tions [10]. According to a study by Laver et al. [11], VR
therapy for stroke patients could enable the assessment of
physical functions and self-reliance in daily life activities. It
should be noted, however, that a study on 147 patients by
Saposnik et al. [12] shows that non-immersive VR simulations
are not efficient enough when compared to traditional methods.
In the other approach by da Silva et al. [13], the use of
a video game could be beneficial for the elderly to lower
their blood pressure, which is similar to traditional walking
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exercises. Therapy supported by VR technologies has great
potential for contributing to the reduction of therapy costs,
since conventional therapies are often expensive.

One current hypothesis that has gathered great attention in
recent years is the ”Helmholtzian” perception of the brain as
a generative model of the world it inhabits [14]. In other
words, the brain continuously tries to calculate a model of
the body as a definition of the ”me” internally and place it in
the external world. Using this calculation, it frequently updates
the prediction of expected sensory input and tries to reduce the
number of prediction errors. This hypothesis leads to an idea:
if the brain uses the embodied simulations predictions, we can
fool the brain by giving it a synthetically created environment
to achieve desired results. This can be useful in a case where
it is not possible to access or imagine a certain condition or
environment.

The stimulation of the trigger for phobia symptoms is a
critical component in traditional cognitive-behavioral therapies
[15]. In many case studies, it has been difficult for patients to
imagine a specific situation, which leads to a reduction of the
effectiveness of traditional therapies. Virtual Reality Exposure
Therapy (VRET) is a method of psychotherapy that uses VR
technology as exposure. VRET gives therapists the possibility
to create various arbitrary environments that are believable
to patients. Several parameters in these environments are
measurable and can be analyzed later.

The influence of VRET in psychological disorders was
investigated in several research projects in recent years [16]–
[19] and shows favorably comparable result with existing tradi-
tional treatments. A similar result in VR is due to the similarity
of VR sensory outcomes with brain embodied simulation [20].
According to a review by Maples-Keller et al. [21], VR can
be seen as a viable tool for exposure therapy for various types
of disorders or distraction methods for pain reduction.

It can be concluded that the main advantages of virtual
reality in the field of medicine are: (a) high level of control
and customization over the environment (b) a higher level of
”presence” compared to classical methods, (c) the reduction
of contact with the human body.

The focus of this paper and the presented review is on the
application of VR in different aspects of anxiety and other
psychiatric disorders. To explore this area in more detail,
different types of disorders are separated. This is further
supported by the discussion of related articles. Although many
authors evaluated the efficiently of VR in their research,
several details on to use VR technologies and the design such
applications are missing. We review recent studies in which
VR(-related) technologies have been used as a treatment or a
mind distraction method. In this paper, we contribute a review
of these articles and discuss further improvements with a focus
on technical and methodological details. This discussion could
show a future study route to improve the efficiency of VR in
treatments of psychiatric disorders.

II. METHODOLOGY

A. Research Questions

In order to promote evidence-based research, design, and
practice in the treatment of anxiety and psychiatric disorders
with VR, this paper addresses the following research ques-
tions:

• (RQ1) What VR technologies have been used in the
previous five years to design VR applications to treat
psychiatric disorders?

• (RQ2) What are the reported evaluation methods?
• (RQ3) What are typical participant numbers in the re-

ported studies?
• (RQ4) How high is the drop-our rate during the studies?
• (RQ5) What is the typical number of sessions held?

B. Search Criteria

As a means of gathering literature in the field of virtual
reality for psychiatric disorders, we used the keywords ”Vir-
tual Reality”, ”VRET”, ”anxiety disorder”, ”PSTD”, ”Post
Traumatic Stress Disorder”, ”pain”, ”panic disorder”, ”spe-
cific phobia”, ”Agoraphobia”, and ”Schizophrenia” within the
resources ”Google scholar”, ”Microsoft Academic”, ”IEEE”,
and ”Scopus” and set a range of last five years. We have chosen
this range to ensure we will have a higher probability of using
new VR technologies in research. Out of a total of 887 articles,
depending on their availability for us, recently published, and
limitation of current context 41 related ones are used in this
review paper.

III. VIRTUAL REALITY APPLICATIONS

The idea of using VR as a treatment solution for vari-
ous types of disorders is based on the theory of emotional
processing. The theory of emotional processing suggests that
exposure can alter the relationships between the fear stimulus
and these networks. In this case, an immersive environment
offers patients the opportunity to create a sense of presence to
stimulate and modify the source and response to the specific
disorder. This section is structured according to the different
disorder types and discusses recent findings on each topic.

A. Post-Traumatic Stress Disorder

Post-Traumatic Stress Disorder (PTSD) is a mental health
condition that is exposed by a traumatic or terrifying event that
the patient has either experienced first-hand or as a witness.
The symptoms of PTSD can be severe anxiety, nightmares,
flashbacks, avoidance, or negative alteration in physical and
emotional reactions. Preliminary studies suggest VRET for
the treatment of PTSD as a promising approach [22], [23]
and show that the effect is maintained for several months
after exposure [24]. A meta-analysis [25] on the efficiency of
VRET for PTSD shows a dose-response relationship in which
more sessions of VRET lead to greater effects. Furthermore, it
can lead to a significant and long-term reduction of symptoms
in real-life situations. This was shown by Randomized Con-
trolled Trials and single-group trials. In addition to PSTD, VR
therapy leads to a positive response in the case of traumatic
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brain injury either in cognitive assessment or rehabilitation in
individuals [26].

One of the common symptoms of PTSD is depression. A
study by Peskin et al. reveals a relation between the treatment
of PTSD and the reduction of depression symptoms during
VRET, which can be emphasized using D-Cycloserine [27].
Additionally, Rizzo et al. [28] supported in their overview
article on the clinical use of VR, the beneficial effect of
VRETs on anxiety disorders and PTSD. Kothgassner et al.
[29] suggested in their meta-analysis that VRET may be as
effective as active comparators for PTSD patients. However,
there are some studies with contrary results by Wenrui et
al. [25]: a comparison between prolonged exposure, VRET,
and minimal attention wait-list of 162 active-duty soldiers
demonstrates a more significant improvement in long-time
effect in the case of prolonged exposure [30]. This indicates
a necessity for a broader comparison in PTSD patients with
and without military-related symptoms. It is also feasible to
apply additional methods in order to reduce symptoms and
psychological arousal during VRET. A study by Wout-Frank et
al. [31] on 12 veterans with PTSD demonstrates the feasibility
of using transcranial direct current stimulation simultaneously
with VRET. Although further investigations are required to
obtain concrete results, this study suggests the application of
VR for PTSD.

One of the key factors in any exposure therapy is simulator-
related side effects, which should be measured to prevent
the development of excessive physical or mental problems in
patients. The main difficulty here is how to distinguish be-
tween symptoms of anxiety and VRET side effects due to the
similarity of symptoms such as nausea, headache, fainting, or
abdominal discomfort. Reger et al. [32] studied the comparison
between simulator-related Side Effects of traditional prolonged
exposure therapy and VRET in 93 PTSD participants who
were previously duty soldiers. The results show no significant
additional self-reported SSEs as a result of VRET. This means
that the reported simulator-related Side Effects could be a
consequence of PTSD.

B. Panic Disorder and Agoraphobia (PDA)

Panic disorder is often characterized by repeated panic
attacks. Agoraphobia can be defined as the fear of being in a
situation from which one cannot escape. These two cases of
anxiety disorder have psychological and physical symptoms
such as chest pain, fear of dying, sweating, nausea, heart
palpitation, choking sensation, which lead to avoiding panic
attack situations. Similar to other kinds of disorder therapies,
the situation for triggering panic attacks in patients with
PDA should be provided in order to change and improve the
patients’ behavior.

This situation can be exposed by predefined environments
in VR that evoke the symptoms of agoraphobia. Here the
environment is a situation where an anxiety level can be
induced, e.g. house, elevator, park or public transport, and
the effective parameters such as the number of people in
the environment provided should be controlled. Furthermore,

taking into account the socio-cultural aspects of the virtual
environment during the design process can improve the user
experience [33]. Preliminary studies on the influence of VRET
for PDA have found positive effects. The long-term response
of VRET could be similar to the traditional methods [34],
but it requires fewer treatment sessions [35]. Kim et al. [36]
evaluated the effectiveness of VRET on panic disorder patients
in two VR sessions. The results show an improvement in
the course of the patient’s anxiety and measured depression,
although the number of participants and the VR sessions were
not of sufficiently high levels. Another results of this study
shows the stronger influence of VRET in patients without the
comorbid psychiatric disorder, which could be a result of the
study design for a specific anxiety disorder.

C. Distraction and Pain Reduction

The idea of pain treatment or reduction is to distract the
patient’s attention from a specific source of pain. In this case,
virtual reality can play an important role as a distraction
tool during a painful procedure. There are different types of
medical procedures that require distraction such as treatments
for burn injuries, surgery, radiation, chemotherapy, or dental
treatment [37] and different types of chronic pain [38].

Wound care sessions on patients with severe burns are
usually painful but they are inevitable to keep the wounds
clean. Wound care procedures should also be done as a
daily routine [39]. Khadra et al. [40] assessed the feasibility
of using projector-based VR on 15 children aged between
2 months and 10 years with burn injuries. The results of
this study suggest VR as an acceptable intervention for pain
management. A similar improvement in pain reduction was
reported by Chan et al. [41]. They investigated the influence
of VR on children who underwent intravenous cannulation or
venipuncture. A meta-analysis by Georgescu et al. [42] on 27
Randomized Controlled Trials shows a positive effect of VR-
based intervention on patients undergoing medical procedures
compared to traditional methods. However, extended studies
are needed for a better inference.

The ”Chemo Brain” effect is a condition that often occurs
in cancer patients after radiation or chemotherapy. It can
significantly affect quality of life and cause severe problems in
the work/life activities of patients. Giap et al. [43], investigate
the influence of the VR environment on self-reported Chemo
Brain patients. The VR scenario uses flying bicycles in which
each individual uses pedals as a means for moving to different
levels. The primary dependent variable was the subjective
fatigue score, and the secondary variable was depression. The
results show that the VRET system can improve the quality
of life by reducing pain and depression while improving
fatigue and cognitive function. An example of using VR for
chronic pain is a particular case of Phantom Limb Pain (PLP).
Using a bicycle pedals and a motion sensor as a navigation
system in VR shows positive feedback from a patient with
PLP [44]. Dingly and Bondin [45] offer a novel approach to
implement Affective Computing (AC) in the VR environment
as a tool for mental distraction and pain reduction. Using AC
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as an approach allows for an adaption of the game behavior
depending on the condition of the patient while also keeping
the patient engaged throughout the game.

D. Generalized Anxiety Disorder (GDA)

GDAs are characterized by general anxiety in which the
patient experiences a persistent, chronic, and sudden worrying
that occurs independently of any external event. GDAs can
cause difficulties in the patient’s everyday life [46]. Most
people with this type of disorder either never seek treatment,
or stop it prior to completion. Preliminary studies on the use
of VR for GDA suggest two different aspects: if properly
addressed, VR can be used as a treatment; otherwise, it can
help as a relaxation and mindfulness exercise [21].

Navarro-Haro et al. [47] conducted a study on the influence
of Mindfulness-Based Interventions (MBIs) on 42 patients
with GDA. About half of these patients used MBIs only, and
the others were treated using MBIs plus 10% with VR. For
both groups the results indicate a significant improvement;
additionally, the use of VR reduced the dropout rate. In this
study, the patients were sitting and using a VR HMD to float in
a virtual river. This VR environment is also used for Borderline
Personality Disorder [48] and pain distraction for spinal cord
injuries [49] demonstrating the feasibility of virtual reality in
the facilitation of mindfulness exercises. An important aspect
of this and many similar studies is the way that patients try
to interact with the virtual environment. For future research
it might also of interest to investigate the effect of sitting
or standing (with physical movement possibilities) in these
VRETs.

A recent study on the effect of VR-CBT on patients with
Social Anxiety Disorder, a type of disorder that leads to
avoiding social situations, shows a decrease in depression
symptoms and an improvement in quality of life, which was
maintained in followed-up studies [50]. However, there was
no increasing social activity observed. These results suggest
that in some cases, such as Social Anxiety Disorder, more
appropriate social stimulation or interaction is required in VR
in order to have a more practical impact on patients.

E. Specific Phobia (SP)

SP is a type of anxiety disorder characterized by irrational or
exaggerated fear of certain objects or situations, e.g., animals,
height, needles, or blood. This fear leads to avoidance of
contact or exposure to this condition. In an extreme case
of SP, the daily life of the individual is affected and in
some aspects hindered. There are several noteworthy studies
on the effectiveness of VR in the treatment of SPs, specifi-
cally for acrophobia, fear of heights [51], and arachnophobia
(fear of spiders) [52]. It has been shown that the possibility
for immersion in HMDs is also effective in non-intractable
environments such as 3D stereoscopic video. In the case
of arachnophobia, the comparison between immersive video
and the traditional 2D documentary video provides a first
support of the stereoscopic environment for the treatment of
this phobia [53]. [54] also report similar beneficial results

of single-session VRET even for long-term comparison with
Vivo-exposure therapy. A greater level of clarity would be
achieved, however, by comparing the post-treatment and long-
term efficiency of stereoscopic 3D videos with intractable
virtual environments. The fact that there is no evidence that
VRE is less effective than vivo-exposure [55] is in general, of
fundamental importance. In many cases where vivo-exposure
is not possible or not accepted by patients, a virtual environ-
ment could be beneficial.

Although the cost of the current generation of HMDs is
much lower than the initial versions, using a more affordable
solution could lead to greater public acceptance of this tech-
nology. Donker et al. [56] evaluated a self-guided gamified VR
app for acrophobia patients using smartphones. The patients
could immerse themselves in the virtual environment of this
game with cardboard VR goggles. They designed a virtual
theater in which the patient would complete tasks as a theater
manager. The tasks are designed to address acrophobia and to
provoke its symptoms.

Recently, Paulus et al. [57] investigated the effect of VRET
in treating fear of darkness. They developed a novel framework
based on the CBT technique using a mobile system for VR
and called it MAVR. In order to assess the feasibility and
acceptance of this framework, they developed the usability
assessment checklist. For each individual, the measurement of
the fear of darkness thermometer in pre-exposure and post-
exposure is recorded. The virtual environment for simulating
darkness was designed as a forest. The map was maintained at
each level to keep it familiar. The results of these interventions
using the Wilcoxon Signed-Rank test showed a significant
reduction in the individual’s fear of the darkness. However,
the limitation of using a mobile device as the computational
core of the simulation mentioned above could lead to a less
believable environment. It should be noted that currently even
high-end consumer-based HMDs have several limitations that
lead to a reduction in the sense of presence. Accordingly, the
use of low-end mobile-based VR is much more limited and
requires further investigations to determine whether this barrier
could lead to significant issues and reduced effectiveness. The
participants in this study also reported this shortcoming. The
other point that some patients mentioned is that the level
design consists of predictable events. This issue could be dealt
with by the using procedurally generated levels. Furthermore,
realistic simulations in VR lead to a stronger presence and
are also useful in the case of dental phobia in adults. A single
session with multiple-step interventions was applied by Gujjar
et al. [58] on a group of screened adults who either had not
visited a dentist in the past 12 months or reported fear of
the dental procedure. These multi-step scenarios, from sitting
on the dentist’s chair to drilling, tend to gradually confront
dental procedures. The results were evaluated between two
groups, one group using the VRET and the other receiving
an informational pamphlet (IP) condition, before and after the
intervention, as well as the long-time response. There is no
improvement in the case of IP, while the VRET group showed
a significant reduction in anxiety levels. Even after six months
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of follow-up, a high proportion of VRET patients were able
to face dental treatment without problems.

F. Schizophrenia

Schizophrenia is a type of psychiatric disorder character-
ized by psychotic symptoms, abnormal behavior, and severe
issues in cognitive functions. It affects individual thoughts,
the expression of emotions, the understanding of reality, and
performance. Preliminary studies on the influence of VR on
the treatment of schizophrenia show a positive tendency either
to improve social skills or to encourage patients to continue
the treatment procedure [59]. One of the major problems
of schizophrenia patients that prevent the medication from
being effective is social impairment. One of the reasons that
negatively affects the social interactions of patients is an
inappropriate capacity for emotional recognition [60]. VR
can provide patients with the opportunity to practice facial
movements, which can lead to better progress in treatment.

Adery et al. [61] investigated a VR intervention protocol,
MASI-VR, in 16 schizophrenia patients to improve their social
functions and clinical outcomes. MASI-VR was designed as
a non-immersive desktop game to improve the patient’s social
skills in different social environments, e.g. bus stop, shop, or
cafeteria. The patient is confronted with simulated real-life
conditions through interactions with avatars. These conditions
tend to a direct gaze, facial expression, and body language.
The dialogue-based interactions are text selections via the
keyboard. MASI-VR could be a tool to train the beginning
of the conversation as a critical aspect of social skills. The
satisfaction patients reported with the use of MASI-VR was
very high and a significant reduction in schizophrenia symp-
toms was also reported as a result of this intervention. Similar
results were obtained by Rus-Calafell et al. [62]. They evaluate
the feasibility of a VR environment for Social Skills Training
(SST) in schizophrenia patients. The study was conducted
with 12 patients in 16 one-hour sessions. The simulation is
based on a computer game presented via a 3D-stereoscopic
laptop monitor. They designed different social environments,
e.g. a supermarket, which allows patients to learn basic and
complex social skills, e.g. facial movement recognition, social
processing, or maintaining conversations. The results showed
a significant reduction of the various negative symptoms. The
objective score of the post-treatment conversation-time shows
a fourfold increase compared to the baseline and a retention of
the results for a four-month follow-up. It might be of interest in
this context, however, to use immersive VR with body motion
sensors and HMDs to simulate the physical behavior of the
patient in a VR environment.

IV. FINDINGS AND FUTURE ROUTES

In accordance with what we have observed in the literature,
virtual reality is a promising technology that supports the ther-
apeutic processes for various aspects of psychiatric disorders.
An overview of various studies on VR effects in different
disorders can be found in additional content of this paper on
OSF platform for research data sharing [63]. The tables in

additional contents show the different VR devices used, the
evaluation methods applied, the number of participants and
the corresponding drop-outs, the duration of therapy, and an
overview of the results of the study. Accordingly, we answered
the research questions and summarize the results in Table. I.

TABLE I
SUMMARY OF FINDINGS WITH RELATED RESEARCH QUESTIONS AND

CORRESPONDING REFERENCES

RQ Findings References

1 Oculus Rift, HTC Vive, mobile VR [36], [44], [54], [64]
2 mainly questionnaires concerning us-

ability, presence or psychiatric disorder
[54], [57], [65], [66]

3 mainly varies between 15 to 100 [40], [54]
4 reported drop out rate varies between

0 to 60%
[27], [50], [57]

5 from single session to 20 sessions [53], [67]

As expected, the VR technologies used in recent years are
mainly consumer-based HMDs such as Oculus Rift and HTC
Vive, e.g. [36], [44], [64]. Nevertheless the use of mobile-
based VR devices would appear to be promising, e.g. [54], [66]
(RQ 1). Despite specific measures for each type of psychiatric
disorder, they used different questionnaires as a method of
evaluation. The influence of the questionnaire design and its
presentation in VR on the evaluated results, however, is an
issue that requires a comprehensive study (RQ 2). The typical
number of participants varied according to the research limits
and was mainly between 15 and 100 participants (RQ 3).
Although the dropout rate is not reported in some studies
and in other cases it varies between 0 to 60%, the literature
shows that VRET has a positive impact on the dropout rate
compared to the traditional method because the engagement
of the users is maintained (RQ 4). The number of sessions
required depends strongly on the type of VR therapy. In
general, it can be observed that for some psychiatric disorders
such as PTSD, a higher number of therapy sessions leads to
more durable results (RQ 5). There are several points where
VR shows an effective response in comparison to traditional
methods. In the following sections, we discuss observations
from the studies discussed above as well as specific findings
based on answers to the research questions and discuss future
work based on these findings.

A. Reduction of Drop-out Rate

According to the literature, the simulations have led to a
reduction in the drop-out rate. It is an interesting result that
the acceptance of this technology by patients is higher than
achieved with traditional methods. It seems that people prefer
to be in a game-like environment and to interact with it rather
than imagining a situation or having a direct conversation with
a therapist. In this case, the game design elements have a very
high impact on the result of the treatment.

B. Improved and Modular Environment Design

One of the points missing from many articles is a discussion
of the design aspects of the virtual environment. Multiple
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parameters in any experience or game design could lead to
different patient reactions. Furthermore, each person has indi-
vidual preferences regarding these parameters [33]. Taking the
personality of the individual into account when designing the
(playful) environment will increase the patient’s engagement
in continuing further treatment sessions [45]. It is obvious that
the environment (according to the initial state of the patient)
needs modular design objects to give therapists this flexibility
in designing a specific scene. Accordingly, a modular open-
source framework with predefined interactions for VR could
improve the user experience. By implementing this framework,
the therapy environment can easily be modified according to
the patient’s preferences. To facilitate the process of level
design, predefined objects that correspond to the most common
cases of VRET, as well as the ability to import custom objects,
should be provided by the framework. In this way, each object
has its own functionality that could be combined with other
objects in the environment to provide a richer experience for
the patient.

C. Repeating Sessions

Many treatment methods could be more effective if they
were repeated accordingly [25]. These repetitive sessions may
result in the treatment becoming anchored in the patient’s
behavior. However, it appears that prolonged treatment leads to
higher drop-out rates. Even if we can maintain the engagement
of a patient over a longer period of time, other aspects, such
as travel distance, can be a problem. This point is mentioned
in various areas of the literature, such as the studies on PTSD
patients. To avoid this problem and to convince patients of
the need for continuing treatment sessions, the introduction of
telemedicine in VRET can provide a solution. Patients should
be able to participate in a therapy session remotely from their
own preferred location. The therapist can control the session
either by monitoring the patient’s behavior in the therapy
sessions in real time or by playing a role as an additional
character in the VRET environment. Depending on the specific
therapy conditions, the patient should be able to see or should
not see the therapist in a virtual environment. The patient data
is then encrypted and shared with the therapist. The recorded
measures can be varied according to the therapy requirements
such as the direction of gaze, duration of action, error rate
when performing tasks, etc.

D. Generalized Tutorial Design in VR

The idea of telemedicine introduces the need for a gen-
eralized tutorial design in VR. In this case, patients should
be able to learn VR interactions and familiarize themselves
with the environment without having physical contact with
the therapist. One of the most common cases in tutorial
design is the ”tutorial room”. In tutorial rooms, patients can
familiarize themselves with the therapy requirements in an
isolated virtual environment. An appropriate tutorial could
lead to more consistent results by reducing user errors in
therapy sessions. The combination of the telemedicine idea
and the modular step design could make patients eager for

the next treatment session and remove any barrier. However,
there should be a protocol to prevent self-determined sessions
by patients.

E. Fully Immersive Virtual Reality Experiences

In some literature source, the use of stereoscopic images or
conventional computer games on a laptop can be seen as a
treatment tool and this is referred to as VR. Although these
environments have a positive effect on patients, as a result of
inheritance features of the game, it could be more effective
to use an immersive environment through HMDs. Immersion
through HMDs results in a greater sense of presence and
could lead to persisting long-term effects of the treatment.
Although these results are independent of the HMD’s level of
FOV, some studies use a low FOV, which is not appropriate
for the current state of technology. To find out whether the
FOV affects the post-treatment and long-term persistence, it
would be beneficial to compare the use of a lower FOV
with that of a higher one. In particular, new generations of
HMDs, which can be used without any cable connections (e.g.
Oculus Quest), open up new paths for medical applications.
Although it would be more convenient to use HMDs without
any cable connections, they lose a significant amount of
computer power, resulting in a much simpler environment and
simpler interactions. This point should be further investigated
to determine whether or not the trade-off between complex
designs and easier-to-use devices would be reasonable.

V. CONCLUSION

In this paper, we have reviewed and discussed the literature
with a focus on VR applications for the treatment of anxiety
and other psychiatric disorders. In recent years, improvements
in the technology of VR devices and more cost-effective
methods for their implementation have encouraged developers
to design and study VR applications in a variety of areas
including medical applications. Virtual environments have
some hereditary traits that lead to faster or longer persistence
for the patient. In some cases where patients have doubts or
discomfort concerning the therapy or are difficult to motivate
to continue their treatment, VR can be beneficial to increase
their interest and motivation. Even if the imagination on the
part of the patient is required in some specific situations or
conditions for stimulating and simulating the symptoms of a
psychiatric disorder, VR can play an important role.

In several studies, however, a small number of participants
or an adequate comparison with traditional methods prevents
the appropriate conclusion of VR capacities in these areas.
Furthermore, additional studies are needed on technological
and design aspects of VR environments in post-treatment and
long-term persistence. In this paper, we have reviewed these
studies with a focus on the technologies used, the evaluation
methods, length of sessions, and the drop-out rates while also
providing a list of areas which could be considered as avenues
for future studies.
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[40] C. Khadra, A. Ballard, J. Déry, D. Paquin, J. S. Fortin, I. Perreault,
D. R. Labbe, H. G. Hoffman, S. Bouchard, and S. LeMay, “Projector-
based virtual reality dome environment for procedural pain and anxiety
in young children with burn injuries: A pilot study,” Journal of Pain
Research, vol. 11, pp. 343–353, 2018.

[41] E. Chan, M. Hovenden, E. Ramage, N. Ling, J. H. Pham, A. Rahim,
C. Lam, L. Liu, S. Foster, R. Sambell, K. Jeyachanthiran, C. Crock,
A. Stock, S. M. Hopper, S. Cohen, A. Davidson, K. Plummer, E. Mills,
S. S. Craig, G. Deng, and P. Leong, “Virtual Reality for Pediatric
Needle Procedural Pain: Two Randomized Clinical Trials,” Journal
of Pediatrics, vol. 209, pp. 160–167.e4, 2019. [Online]. Available:
https://doi.org/10.1016/j.jpeds.2019.02.034

[42] R. Georgescu, L. A. Fodor, A. Dobrean, and I. A. Cristea, “Psychological
interventions using virtual reality for pain associated with medical proce-
dures: a systematic review and meta-analysis,” Psychological Medicine,
pp. 1–13, 2019.

[43] B. Giap, M. Xavier, J. Malekirad, and H. Giap, “Virtual Reality
Therapy Can Improve Fatigue and Cognitive Function after
Radiation and Chemotherapy,” International Journal of Radiation
Oncology*Biology*Physics, vol. 105, no. 1, p. E585, 2019. [Online].
Available: https://doi.org/10.1016/j.ijrobp.2019.06.1173

[44] T. Rutledge, D. Velez, C. Depp, J. R. McQuaid, G. Wong, R. C. W.
Jones, J. H. Atkinson, B. Giap, A. Quan, and H. Giap, “A Virtual Reality
Intervention for the Treatment of Phantom Limb Pain: Development and
Feasibility Results,” Pain Medicine, vol. 0, no. 0, pp. 1–9, 2019.

[45] A. Dingli and L. Bondin, “Realtime Adaptive Virtual Reality for Pain
Reduction,” 2019 IEEE Conference on Games (CoG), pp. 1–4, 2019.

[46] D. H. Barlow, E. B. Blanchard, J. A. Vermilyea, B. B. Vermilyea, and
P. A. DiNardo, “Generalized anxiety and generalized anxiety disorder:
description and reconceptualization.” The American journal of psychia-
try, 1986.

[47] M. V. Navarro-Haro, M. Modrego-Alarcón, H. G. Hoffman, A. López-
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       Abstract—This article highlights several game design 

choices made during the creation of a browser-based game on 

mitigation strategies for Covid-19. Additionally, it presents a 

within group comparison of learning gains and self-reported 

behavioral changes after playing the game. Results show that the 

short COVIDCampus game has the potential to change college-

age players’ Covid-19 related mitigation behaviors and it 

significantly increased players’ confidence in asking important 

health-related questions (Cohen’s d = .27). Some implications are 

discussed. 

Index Terms—covid-19 education, simulations, serious 

games, augmented reality (AR), interactive STEM education, 

public service games 

I. INTRODUCTION 

We represent a very multidisciplinary team of students, 
researchers, and professors who came together to rapidly 
launch a game that would affect behavior change in college-
age students during the early days of the Covid-19 pandemic. 
This paper highlights choices made during the design process 
and ends with a within group comparison of learning gains and 
self-reported behavioral changes. The design journey for the 
COVIDCampus game began in 2019. As a group of game 
designers and experimental learning scientists, we were 
modeling the Ebola Viral Disease outbreak in the Democratic 
Republic of Congo for a hackathon-type challenge. With the 
help of an epidemiologist and bio-medical engineer, the 
mechanics of R0 (R-naught and the SEIR equation) were 
mastered and included in the backend of a mobile app for 
Ebola. We included data visualizations in the augmented 
reality (AR) app to predict the spread of Ebola in cities with 
varying population sizes. However, in February 2020, the 
pandemic of Covid-19 burst upon the U.S., so we rapidly 
finished up the Ebola work, and then focused all energies on 
creating a game related to Covid-19. We decided to create a 
new type of interactive Public Service Announcement (PSA) 
that would be an engaging mechanism  to both teach about 

transmission, and to advise players on how to stay healthy. 
This lab has been designing STEM games for cognitive 
change for over a decade: [1]-[7].   

A growing number of health education serious games have 
measured efficiency and efficacy using randomized trials of 
patients and clinician [8]. A recent scoping review [9] of 161 
articles (that met the inclusion and exclusion criteria) of health 
education games breaks them into two improvement classes: 
either knowledge improvement (58.4%) or skill improvement 
(41.6%). Our study falls into the knowledge improvement 
class, with the goal of then changing behavior. The 
Sharifzadeh scoping study ends with a recommendation that 
game developers use multidisciplinary teams to improve the 
design of serious games.  

A. The First AR Iteration 

The first iteration of COVIDCampus was designed for 
mobile devices and used augmented reality (AR); it was built 
with Vuforia® and used a plane surface as the marker. When a 
gray (not infected) person was within a certain diameter 
distance of a red (infected) person, then transmission could 
occur (Fig. 1).  

Fig. 1.  The first augmented reality (AR) version of the CovidCampus game 

with interactive time and R0 controls in bottom right corner. 
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The game/sim was not very interactive. The only player 
interaction or choice was setting the initial R0 (range of 1 to 4) 
to affect speed of the spread (Fig. 1; bottom right corner). R0 
is the average number of secondary infections produced when 
one infected person is “introduced into a susceptible host 
population” [10]. As we play tested the AR version, it became 
evident that the color changes either happened too slowly 
(users lost interest), or too quickly (users were overwhelmed), 
both resulted in lower comprehension. Additionally, the 
decision was made to not model when people recovered and 
achieved immunity because we agreed that adding a third 
color to the game avatars would be even more confusing. As 
we continued to playtest, we realized we were not modeling 
outcomes realistically. In the quest to make a health game that 
would be understandable for those with low science literacy 
skills (as a nation the U.S. ranks 38th in PISA scores for 
science [11]), it appeared we had compromised ecological 
validity. What did we want the takeaway message to be?  
Primarily, we wanted to teach people how to be safe and make 
informed personal decisions. We decided to focus on an age 
group the students knew well - themselves. 

B. The Second Browser-Based Version: COVIDCampus  

Once we narrowed down who the user group would be 
(college students), and the primary goal (make better real 
world decisions), it became much easier to design. Over the 
summer of 2020, the team completely reconceptualized the 
game. From start to launch, it took approximately four months 
to build the game.  A second goal was to make an experience 
that would be more readily accessible to all, so it needed to be 
browser-based and not dependent on a downloaded app for AR 
overlays (those do not play on all phones).  Additionally, we 
wanted to allow users more agency over an individual avatar’s 
choices and actions. Agency, in education, refers to the sense 
of “personal empowerment” involved with creating and 
achieving goals, it implies self-regulation [12]. The new 
version was built in Unity® and can be played on desktop or 
laptop computers via the built-in WebGL option. Figure 2 
shows the splash screen. The game can be accessed at 
https://xr.asu.edu/covidcampus or at https://www.embodied-
games.com/. 

 
Fig. 2. Opening page for the CovidCampus game. 

 

There is not space to review the large literature on positive 
learning gains seen from well-designed games, briefly note 
that one reason may be games’ engaging and motivating 
nature [13]. A meta-analysis revealed that the most frequent 
impacts associated with serious games were knowledge 
acquisition (also called content understanding), and 
motivational and affective outcomes [14]. Simulation style 
games are also effective, and a meta-analytic study comparing 
65 simulation videogames with comparison groups reported 
post-training declarative knowledge was, on average, 11% 
higher and procedural knowledge was 14% higher for the 
simulation/game groups [15].  

Additionally, players in games are free to make safe “fail” 
choices, these are not binding in real life [16] (e.g., ones that 
could greatly increase their risk of virus exposure). The team 
set out to create a game-like simulation that would allow 
players to make a range of choices or decisions throughout a 
day. In the COVIDCampus game, some decisions are safer 
than others; players receive immediate feedback about their 
choices. There are eight major decisions to be made. After 
each decision, players see how the choice affected the 
probability of infection bar at the bottom of the screen. This 
bar icon represents the potential for the player to become 
infected with Covid-19. At the end of the day, players can go 
back through the day as many times as they want and make 
different choices. We know that students can learn Covid-19 
specific content from game-like simulations. A recent study by 
Hu et al. [17] demonstrated that medical students assigned to a 
game-playing group learned as much as those in a lecture-
based group by the end of the semester and on a follow-up 
assessment, the game-playing group retained significantly 
more knowledge.  

The primary intention of our game was to allow students to 
explore optimal behaviors in daily campus life. The four main 
research questions related to:  

1)  RQ1.  Comfort finding out safety information (party) 

2) RQ2. Behaviors changing – a) Actions in a crowded 
situation, b) Daily actions, and c) Self-report change 

3) RQ3. Safe methods when getting food  

4) RQ4. Engagement with the game 

II. COVIDCAMPUS: GAME DESIGN 

A. Pick an Avatar 

We did not want players to spend much time creating an 
avatar, nonetheless giving users a choice of avatars could 
affect engagement.  It is known that avatar personalization can 
have positive effects [18], [19]. Using scanned 3D avatars, 
Waltemate et al. found that personalized avatars significantly 
increased virtual body ownership and sense of presence 
compared to the use of more generic avatars [18]. The decision 
was made to give users a simple choice of male or female with 
either lighter or darker skin (Fig. 3). 
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Fig. 3. The four avatar types that could be chosen at the beginning of play. 

B. Daily Decisions in Game 

Players made eight decisions chronologically throughout 
the day:  

1) Wearing a mask in the AM (created before it was 
mandatory on our campus): options = none, under nose, 
correctly. 

2) Getting to classroom building: walking, taking a 
rideshare car, taking the bus. 

3) Getting upstairs to class: walk up the stairs, wait for 
empty elevator, take a crowded elevator. 

4) Entering a crowded class: leave and take online, move 
chair and sit down, just sit down. 

5) Getting lunch: prepare at home, go pick-up takeout, sit 
in restaurant.  

6) Deciding where to work out: outside, in dorm room, in 
a gym. 

7) Going to a party: attend virtually, go if outside small 
and masked, go if small and inside and masked, go if large and 
inside and masked. 

8) Deciding where to go when your roommate “asks for 
privacy”: visit one socially-distanced masked friend, visit 
several socially-distanced family members, go to a store (some 
are masked), go to the library (some are masked). 

C. Example of Classroom Choice  

The eight decisions had either three or four choices 

associated with them. Figure 4 shows an example of the fourth 

decision, students are informed the class is crowded. 

Fig.4. The set-up for the 4th decision. 
 

Players are presented with a forced choice task (Fig. 5). 
But, only the first word, or verb, of the action phrase is shown. 
This insured that players will click on the tab and see what the 
full action (image) looks like. When the white tab is clicked all 

text and a new full image are revealed. Playtesting revealed 
that if all the text were immediately present in the white tabs, 
then players would simply read and not click on and open the 
images. We thought that seeing an animation of visualization 
of the task was important and therefore we decided add this 
extra step (Fig. 6).   

Fig. 5. Choices for the fourth decision. 

 
Fig. 6. Player exploring the ‘Sit in a Seat’ option before committing to the 

choice. 

Figure 7 shows the action taken by the participant; on the 
bottom you can see that the probability of infection bar has 
increased appropriately.  

Fig. 7. The avatar is taking an action and the probability bar is increasing 

appropriately. 
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D. Probability Bar 

Initially the probability bar was set at 2% for every player. 
This was based on information in a website sponsored by the 
Cleveland Clinic (no longer active). The in the summer of 
2020 the website would estimate infection rates across the 
country based on zip code, age, and several co-morbidities. 
The site gave us a 2% estimate to seed the probability bar to 
approximate the probability for a student in the college area 
zip code around Tempe, AZ in July of 2020.  

We purposefully did not include exact numbers on the 
fillable bar. Increases came in three sizes: small (1-2%), 
moderate (3-5%), or high (10-11%).  The team, including the 
epidemiologist, agreed on the rates of increase. In the example 
above, taking the class outside on a laptop raised the bar 1%, 
moving the chair but remaining in the class raised it 5%, and 
sitting in the crowded classroom, without moving the chair, 
raised it 10%. The bar was constrained to not go above 90% 
because we never wanted to imply 100% probability. After a 
choice was made, a short message appeared with text-based 
feedback about whether the decision was optimal, and why. 

The intent of the fillable probability bar was so that every 
decision would reify for players how important each 
individual decision is. That is, decisions affect their health risk 
levels (individual), but those can also have ramifications on 
the risk levels of those around them (group health).  After the 
eighth and final choice, players saw the “Change an Event” 
page. Here, they had the choice of going back and changing 
either the entire day, or just one decision event, and observing 
how that affected their probability bar.  

III. RECRUITING 

When the game launched on September 21, 2020, it 
included a pre and post survey to assess changes associated 
with the experience. All Human Subjects and IRB protocols 
were followed at the University. Players were asked if they 
wanted to opt into a survey; if so, they would have a 1 in 20 
chance of winning a $20 eGift card. (The survey portion was 
removed at the end of 2020.) From September 21, 2020 to 
October 6, 2020, 113 people logged onto the game.  Of those, 
97 users took the survey. It was recommended by several ASU 
classes that had modules on Covid-19 safety.  

IV. PARTICIPANTS 

All participants reported they were 18 years old or older. 
While 97 took the survey, one user was not included in the 
analyses for giving non-serious answers, e.g. what would you 
do if your class was crowded? Answer, “I would cough on 
everyone.” Two players spent less than one minute in the 
game and were excluded from the analyses. 

Of the remaining survey users, seven went through the 
game more than once.  Only four went through the game four 
times, we stopped counting after four times.  The seven 
multiple-users, or re-players, have been deleted from these 
analyses because we wanted to homogenize the sample to only 
focus on those who went through it one time. Analyses were 
run on 87 participants. 

V. MEASURES 

Time on task was measured and saved in the 
COVIDCampus backend. Time in the game ranged from 72 to 
292 seconds (the two players who spent less than 60 seconds 
in the game were not included because they would not have 
had time to read and consider choices). Seconds logged into 
the game was a measurement which was only used to check 
whether students were advancing at a proper speed (probably 
reading). It was not used in further analyses. 

A. Pre-Game Questions 

1) Party comfort. Party comfort was measured with “If you 
were invited to a birthday party, what degree of comfort would 
you feel about attending?” The anchors were:  1= none to 5 = 
very high degree. 

2) Party confidence. Party confidence was measured with 
“What degree of confidence do you have asking the host of a 
birthday party questions that you feel are important to your 
safety?” Anchors: 1 = none to 5 = very high degree. 

3) Crowded Class-What would you do? An open-ended 
question that asks about the attitudes about crowded classes 
was formulated as, “If you entered a crowded classroom with 
students sitting too close together, what would you do?”. The 
response was open-ended. 

4) Daily Actions. Daily actions included a list of eight 
actions they could select, “Click on the actions you generally 
do throughout the day to avoid the virus”: 

● Stay at home (when an option) 

● Wear mask inside 

● Wear mask inside and outside 

● Wear a garlic necklace  

● Try to avoid public transportation 

● Only distance with strangers 

● Distance with everyone 

● Wash hands/use sanitizer frequently 

Item number four with the garlic necklace was included to 
make certain users were paying attention. (Only one person 
clicked on that at pretest, and had already been discarded for 
giving non-serious open-ended answers.) 

Rank order safe eating choices. Players were asked to rank 
from 1 to 4 the order of safety for getting food. They all 
realized that 1) prepping food at home was better than > 2) 
getting it delivered > 3) was better than eating outside at a 
restaurant > 4) was better than eating inside at a restaurant. 
(Because everyone got the safe eating question correct and 
ceiling out, we realized it was not a “sensitive” item. It has 
been excluded from further analyses.) 

B. Post-Game Questions 

The same first four questions were asked similar to those 
pre-intervention, except the word now was inserted, i.e., Party 
comfort (i.e., “Now, if you were invited to a birthday party, 
what degree of comfort would you feel about going?”).  
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1) Crowded Class (“Now, if you entered a crowded 
classroom with students sitting too close together, what would 
you do?”; and click on the Daily actions. 

2) Engagement. Engagement was measured with “Did you 
find this simulation engaging?” The choices were: 1 = not at 
all, 2 = not really, 3= a medium amount, 4 = yes, somewhat, 5 
= yes, very much.  

3) Likely to change behaviors? The question querying 
whether the game had an influence on participants was asked 
as “Is this simulation likely to change your behavior?” The 
choices were: 1 = not at all, 2 = not really, 3= a medium 
amount, 4 = yes, somewhat, 5 = yes, very much. 

4) Example of changed behavior. An open-ended question 
asking participants’ potential future behaviors was included: 
“Give an example of a specific behavior that you might do 
differently after this simulation? 

5) Probability bar. A question regarding the effects of the 
infection probability bar was asked as: “Did seeing the 
probability of infection bar increase over time make you think 
about how you might also infect others?” 1 = not at all, 2 = 
not really, 3= a medium amount, 4 = yes, somewhat, 5 = yes, 
very much. 

6) Comments. Lastly, an open-ended question was 
included: “Any comments, or new decisions you think we 
should add to the game?” 

IV. RESULTS 

All tests presented below are two-tailed with an alpha set 
to .05. Analyses were performed on SPSS 26. Standard 
deviations are in parentheses. 

A. Party Comfort 

At pretest the comfort Mean was 2.41 (1.03), at posttest the 
Mean was 2.22 (1.04). Because these responses where not 
normally distributed, a Wilcoxon signed rank test was 
performed. There was a statistically marginal decrease in 
comfort post play. Players felt marginally less comfortable 
about attending a party after seeing the transmission bar and 
going through the full game, Wilcoxon Z = -1.85, p < .06. 
Comfort decreased with a Cohen’s d of -.18.  

B. Party Confidence 

The pretest confidence Mean was 3.78 (1.06), at posttest 
confidence was significantly higher, Mean = 4.07 (1.08). 
Because these responses where not normally distributed, a 
Wilcoxon signed rank test was performed.  Wilcoxon Z = 
3.33, p < .001. Confidence increased with a Cohen’s d of .27. 
Crowded Class.   

In the pre-survey the most common response was to enter 
the class, but move the chair, 55/87 = 63%. Several other 
answers included [typos maintained], “I would talk to the 
teacher in private and let them know that I felt uncomfortble”.  
Ten said they would “leave the room” immediately, 10/87 = 
11%. After playing the game, the most common answer 
changed from pretest to a variation of taking the course online 
or virtually,  63/87 = 72% The next most common answer 
related to entering the class but moving the chair,  23/87 = 

26%. At pretest entering the class had been 63% so it 
represents a 37% decrease, and a choice for a safer behavior. 

C. Daily Actions. 

On average in the pre-survey, users chose five (mode = 5) 
of the seven appropriate options. In the post-survey answers, 
the mode was still five items. The percentage that chose the 
same options to avoid the virus was 67/87 = 78%. The 
percentage that chose more options to avoid the virus was 
18/87= 20%. The percentage that chose fewer options to avoid 
the virus was 2/87 = 2%. 

D. Engagement. 

The engagement Mean was 3.86 (1.06) moderately high, 
which was significantly different from the value of 2.0 (not 
really), one sample t (86) = 16.60, p < .001. 

E. Change Behavior. 

The mean response to the question “Is this simulation 
likely to change your behavior?” was 3.25 (1.20). Only 30% 
said “not at all” or “not really”, the rest said a medium amount 
or higher. The self-reported Mean change lay between “a 
medium amount” and “yes somewhat”. This is significantly 
different from the value of 1.0 which signified “not at all”, one 
sample t (86) = 18.11, p < .001. 

F. Behavior Example. 

Below are some examples of the open-ended responses. 

● Think different about ride sharing. 

● Hard to say, not a social person myself at start. 

probably will decrease the time for shopping in 

Walmart later. 

● do not do exercise at home. 

● Not walk into classrooms. 

● Working out inside versus outside. 

● I will try my best to be outdoors more to exercise and 

make more food at home. 

● I will not go to the gym. 

● wearing a mask around family. 

● I would think twice about using public transportation. 

● Join parties virtually. 

● Something I would do differently is maybe consider 

not attending small parties unless family related. 

● I will definitely rethink where I exercise. I would 

rather exercise alone, so it was interesting to see that 

working out outside was best. 

● Commuting to class, I will probably walk now. 

G. Behavioral Example - Change in Percentages. 

Overall, players reported they would start more new 
actions (e.g., “Wear a mask around my family”); this 
percentage was 58/87 = 67%. The percentage that answered 
they would stop an action (“I will not use rideshare”; “I get 

159



away from gym”) was 23/87 = 26%. Both of those were 
positive and safer. The percentage that would not change their 
actions (“I already do all the right things”) was 6/87 = 7%. 

H. Probability Bar Change. 

The Mean of 3.0 was chosen as the reference point for a 
one sample t test, 3 = “a medium amount”. The post play 
Mean was 3.70 (1.19). This was significantly different from 
3.0 in a one sample t (86) = 13.31, p < .001. 

I. Open-ended Comments on Game. Below are Several 

Intriguing Ones. 

● As many of ASU's infected population live off-

campus, I would put a few questions specifically 

targeted at this population. Perhaps something 

concerning going to work or the grocery store. 

● Working with people who refuse to wear a mask. 

● I think you should have a statistics bar for how many 

people you can spread COVID-19 to and what risk 

you are if everyone followed the rules that you did. 

● Nope. It was perfect! 

● Maybe add something about how to shop safely 

(especially grocery shopping). 

● Try to make it funny. 

● Add in character customization. 

● Shaking hands.  

V. DISCUSSION 

Several positive effects were observed from playing the 
game-like simulation called COVIDCampus which takes place 
in an academic setting. These included an increase in 
confidence in asking relevant safety questions and multiple 
self-reported positive behavioral changes. A mini-game where 
players can make multiple decisions and reflect on the 
outcomes appears to be an effective method for disseminating 
information about how to stay safer during a pandemic. This is 
in line with the recent research supporting that games can be 
effective tools for raising awareness about societal problems 
[20].  

A.  Changing Behavior 

When asked if the game-like simulation might change the 
players’ behavior, the self-reported average was between “a 
medium amount” and “yes somewhat”. A full 70% reported 
that it had changed their behavior, and of those, 20% reported 
by “a lot”. The post-play mean was statistically significantly 
different from the post-play answer coded with a 1, “not at 
all”. Players were also asked to list some behaviors they would 
change. These included an interesting mixture of more risky 
behaviors being stopped (“stop going to gym”, “not eat in 
restaurants”, “see friends less often”) and safer behaviors 
being started (“eating at home more”, “logging onto events 
virtually more often”). A full 93% reported positive safer 
changes. Overall, the game might have a potential effect on 
the subsequent player behavior which supports the literature 
on persuasive games [21]. 

B.  Comfort and Confidence 

The response to the question regarding comfort attending a 
party was interesting. There was a marginal decrease in 
comfort about attending a party after going through the short 
game. The confidence question was rewritten many times to 
make it more comprehensible.  It may still read a bit awkward, 
but the goal was to keep it the length of one sentence. For the 
posttest version, the word now was included, “Now, what 
degree of confidence do you have asking the host of a birthday 
party questions that you feel are important to your safety?” A 
Likert response of “4” represented the sentiment of a “high” 
degree of confidence. On average, players came up 
significantly post-play in feeling confidence. This suggests 
that knowledge gained from the game helped players to better 
appreciate and understand the types of safety-related questions 
they should be asking before committing to going to a 
gathering. Players may be feeling more agentic and 
knowledgeable after having read some of the game’s feedback, 
and after seeing how the transmissibility bar kept increasing 
throughout the day.  

C.  Changes in Entering Crowded Classrooms 

Before playing the game the most common answer (at 
63%) when confronted with a crowded, poorly spaced 
classroom centered around rearranging the chairs or 
distancing. After playing the game, the most common answer 
was a variation on taking the course online/virtually (72%).  
That is, they would not even enter the room. The next most 
common answer related to re-arranging seating (26%). This 
change suggests that playing through the game may alter 
players’ future behaviors. The simulation allowed them to 
understand that taking a course online (in these pandemic 
times) is the safer choice. Players may now feel more agentic 
and not feel so compelled to sit in a crowded room. It would 
be interesting to develop an agency assessment tool and 
include that in a next version (perhaps similar to the one 
created by Svihla et al. [22] that measures framing agency in 
STEM students working in groups). 

D.  Feedback and the Probability Bar 

When asked “Did seeing the probability of infection bar 
increase over time make you think about how you might also 
infect others?” The majority said yes that seeing the bar 
change made them think about infecting others. It would have 
been good to interview a subset of players but for now, we can 
only speculate that seeing the simple data visualization of the 
filling bar helped players to understand how many small 
decisions can add up in probability, as the day wears on. This 
is also in line with the literature stating that providing tailored, 
real-time feedback is key when behavior change is the game’s 
purpose [23]. Although, we acknowledge that there may be a 
social desirability bias problem with this question, because 
answering in the negative implies you also may not think or 
care about others. 

E.  Limitations and Future Plans 

Several students reported in the early days of September 
that they thought the game was “broken” because it did not 
load on their mobile phones. This was an important lesson to 
learn because when rolling out games/sims at the college level 
students assume everything is mobile. But we wanted to avoid 
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them working with small text font as they considered the 
multiple choices and so the first version was deployed as 
browser-based and optimized only for laptop (desktop) 
viewing. We quickly added a large font warning label beside 
the game icon on the university website that noted it was not 
mobile.  

To keep players engaged, we inserted a minimum of pre-
play survey questions. Thus, this study did not gather any 
substantial demographic data. Lastly, we used a single item to 
asses some of the constructs, such as engagement. Within the 
constraints on this specific study, the aim was to keep the 
survey very brief to decrease the burden on participants. 
Future studies might aim to use established scales with at least 
three items per construct. 

We have plans to add in environmental auditory sounds. 
We are also considering a player’s comment about including a 
“dashboard” showing others’ decisions. But, of course, that 
would need some monitoring because there will always be 
users who play to lose or try to break the system.  It would be 
interesting to follow-up on players weeks or months later, and 
assess if they have maintained some of the safety behaviors 
they wrote they would implement. We agree with one player’s 
comment that we could have made the game more engaging 
by adding more animations of the characters.  

We are also planning on turning this game into an 
immersive VR experience. That is why the low polygon 
avatars were chosen, so that the game could be processed more 
quickly on an open VR platform (e.g., WebXR). While we 
suspect that may make the game more engaging, there will be 
less uptake when deployed to non-ubiquitous platforms like 
VR headsets. Finally, deploying a native mobile adaptation 
might increase the overall number of engagements, but it 
might be less effective in altering behaviors since gameplay 
might take place on the go with less attention from users.  

The four main research questions can be summed as the 
following: 

1) RQ1. Comfort finding out safety information – Players 
were less comfortable attending a party, and significantly more 
comfortable in asking questions. 

2) RQ2. Behaviors changing – Via Likert scales and open-
ended responses, the majority of players reported making safer 
behavior changes post-play. 

3) RQ3. Safe methods when getting food – This could not 
be analyzed because players ceilinged-out in the pre-survey. It 
is good to know that in the late summer of 2020 students knew 
how to rank the safety of getting food.  

4) RQ4. Engagement with the game – Players reported the 
game was moderately highly engaging. 

CONCLUSIONS 

In sum, the team created an effective and engaging game 
for disseminating information about how to stay safer during 
the Covid-19 pandemic. The COVIDCampus experience was 
designed to help college students understand how their 
individual decisions can affect their probability of infection 
throughout a day on campus. We analyzed the players who 

went through the experience only one time (deleting the seven 
who played multiple times to keep the sample more 
homogenous). Playing the short game just one time led to 
increased confidence in asking safety questions (Cohen’s d 
and it altered reported behaviors in the majority of players. 
Post-play, players listed new actions they would take for 
increased safety and they were more agentic in their choices 
and descriptions.  The highly multidisciplinary team included 
undergraduate students from four departments, SMEs from 
epidemiology, the learning sciences, a human factors engineer, 
a user interface (UI) design expert, and a biomedical engineer. 
Per a recent scoping study [9], it is critical (yet unusual) for 
health games to have multidisciplinary teams. These sorts of 
interactive games and simulations can be effective in sharing 
health messages and potentially in changing health behaviors. 
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Abstract—Curriculum size constantly challenges healthcare 

education and training. Technology enhanced, immersive 

educational content like Virtual, Augmented, or Mixed Reality 

(VR/AR/MR collectively XR) constantly aims to facilitate 

knowledge retention and skills acquisition in the healthcare sector. 

Core challenge in this effort is the increasing costs, in time and 

resources, required for designing and developing XR immersive 

educational content. An approach to address this challenge is 

participatory design methods. Co-creation approaches distribute 

the burden of content development amongst the educators’ 

community and facilitate decentralized bottoms-up content 

creation. This approach requires data modeling approaches that 

facilitate digital asset discoverability, reusability and consumption 

through visual authoring tools. This work describes the 

conceptualization and implementation of a UX taxonomy for 

annotating immersive AR/VR/MR content at the asset level for 

maximum repurposing capacity. A brainstorming session between 

educational and technology experts was conducted and conceptual 

details of the terms of the taxonomy were described. The Simple 

Knowledge Organization System (SKOS) vocabulary was utilized 

to organize this devised taxonomy and link it with existing medical 

ontology terms, formulating an RDF endpoint of the nominated 

ENTICE ontology. This ontology was able to link medical terms 

with UX and educational properties in a data structure that can 

annotate and contextually encapsulate any XR digital asset. An 

example such term is described and presented as proof of 

application. The semantic modelling implemented in this work is 

directly applicable to a previously proposed visual data structure 

and subsequent authoring environment that could facilitate XR 

resource design and authoring from non-technical experts.  

Index terms—mixed-reality, co-creation, user-experience, 

data-modelling, ontologies 

I. INTRODUCTION 

A. Immersive Medical Educational Resources 

The last century has seen an explosion in all aspects of 
human knowledge. Medicine has also experienced the same 
effect with medical data doubling almost every two years four 

decades ago [1]. This trend was exacerbated in the following 
years with projections in 2011 mentioning a medical data 
doubling rate of less than 3 months. While data is not the same 
as useful applicable medical knowledge, the fact remains that the 
educational content that an aspiring healthcare professional 
needs to consume before being able to practice safely their craft 
is enormous. Compounding to the effort needed, medical 
knowledge is critical in nature, requires exact theoretical 
background and good tacit knowledge and experience [2]. In that 
context, the tried and true methods of study and practice are 
constantly challenged. 

In that environment, immersive experiential technologies 
find fertile grounds to grow and support medical education. 
Virtual patients, chatbots and Virtual, Augmented or Mixed 
reality (VR/AR/MR) have proven impact in both the educational 
and the affective state of the healthcare student’s [2]-[5] 
increasing engagement. Additionally, taking cues from different 
disciplines like physics and chemistry educational content has 
proved effective, with students able to visualize abstract laws in 
an almost tangible way [6]-[8]. The sensory immediacy of these 
technologies produce an intuitive anchoring of the core material 
to the learner and facilitate a paradigm building based on sound 
scientific data. This paradigm building leads to robust, deep 
topical knowledge and reduces the possibility of establishing or 
maintaining conceptual errors [9]. In the medical field there is 
already a significant body of immersive content. In 2019 the 
Royal College of Physicians identified VR as a “…powerful 
educational tool for defined learning objectives…” listing 
several applications in medical education and surgery [10]. 

Resource-wise, The global virtual reality market size was $ 
3.10 billion in 2019 and is expected to reach $ 57.55 billion by 
2027, while the healthcare market is equally optimistic with its 
2018 size being at $ 1.56 billion and expected to reach $ 30.40 
billion by 2026 [11], [12]. These numbers demonstrate the 
potential for immersive content in healthcare education, but they 
also hint at the significant resource overhead that such content 
incurs for development testing and deployment. A 2019 study, 
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identified a price of $106,387.00 for designing and 
implementing a VR training exercise for hospital staff regarding 
evacuation procedures [13]. These kind of costs are feasible, 
given the reusability of the VR content, which drastically 
reduces its per trainee cost as time passes. However, the 
aforementioned volatility of medical knowledge quickly makes 
obsolete such resources and reduces their reusability potential. 
In that environment, a methodology that would further reduce 
implementation and design costs, as well as distribute the weight 
of such resource development is useful. That is where 
participatory design methods and co-creation approaches can 
become useful methodologies for this challenge of content 
development and availability. 

B. Co-Creation as a Tool For Cross-Disciplinary Knowledge 

Distribution. 

Co-creation provides dynamic assistance to the product 

design process for new item improvements [14], [15] in the 

context of co-production. Co-production requires "cooperating 

with clients" [16], [17] or even an involvement in the 

product/service configuration process [18], [19]. Client 

investment can be expressed as an assistance to the outskirts of 

a company's workflow [18], or as a complex, central 

component, through the use of the company's knowledge and 

data sharing and learning [20], [21]. Co-creation was also 

identified by a client association that demonstrated mutual 

physical, mental and business practices, as well as access to the 

various masteries [22]. More specifically, co-generation has 

been described as a scheme of acts carried out by actors 

(financial, social and other) involved in value chain networks 

[23], [24]. It is carried out by coordination [25], exchange [26], 

[27] and the integration of common assets into the value 

generation process [28]. As clients devote assets by co-creation 

forms, the primary stakeholder (firm, creator) achieves both the 

demonstrated satisfaction of the client request and the 

leveraging of the client's expertise in the expansion of the firm 

[29], [30]. Co-creation also makes it possible for the artistic 

process to be divided up, but the features of co-production 

remain within the primary stakeholder [31]. This process helps 

clients to be completely engaged in the co-production process 

[32], [33] with some studies going so far as to recognize 

importance in mutuality, receptivity and non-hierarchical 

relations [21], [29] as a co-production feature. This kind of 

detailed understanding of the co-creation process has led 

research [34] to identify knowledge distribution as one of the 

key drivers of co-creation effectiveness. 

C. Integrating Co-Creative Approaches in Immersive Content 

Creation. 

The incorporation of co-creative approaches in content 
creation has been proposed elsewhere [35]. The core idea of the 
methodology is a flexible scheduling of collaborative educator 
and technologist joint work, akin to SCRUM pushes as defined 
in the SCRUM, AGILE development framework [36], [37] 
using semantic back-ends incorporated in ubiquitous game 
development platforms. 

The presentation of an experiential resource for health 
education, if distilled to its bare narrative minimum, is quite 

straightforward. It's a virtual space, overlaid to any normal 
physical space (Room, Auditorium etc.) with usually stateful 
interactions of the user with the 3D environment for decision 
making or exploration of the presented 3D content. The 
technologies of modern headsets enable the spatial visualization 
of the local space, enabling seamless delivery of interactive 
content in any environment. Compounding this, the introduction 
of game development engines such as Unity 3D [38] allows for 
one de-development—many platforms to be implemented. 
Customizability of such environments and provisions for visual 
data structures (e.g. Unity3D scriptable objects [39]) is a crucial 
factor in facilitating their transition to an editing tool that even 
non-technical users may use for such unique use cases and data 
models. 

The relation between particular health topics and the related 
TEL services involves formal knowledge-level modeling. Such 
modeling involves the use of existing relevant taxonomies that 
concisely define relevant medical environments as well as the 
creation of User interface (UX) taxonomies that provide 
hierarchies relating UI and 3D environment features to user 
experiences with them (collision, button click etc.). 

D. Ontologies in Medicine 

For healthcare, there are already examples of taxonomic 

distinctions into systemic and practical realms in the MeSH.A 

and MeSH.E04 taxonomies of the Medical Topic Formal 

Taxonomy [40]. 

Also, regarding the healthcare domain, SNOMED CT is 

globally considered as the most complete and multilingual 

clinical healthcare terminology [41]. It’s essentially a thesaurus 

that is organized in a class hierarchy. 

Another example of medical ontology that focuses on the 

domain of human anatomy is the Foundational Model of 

Anatomy Ontology (FMA) [42], that consists of four 

interrelated components, one of which is the Anatomy 

taxonomy (At). At classifies the anatomical entities based on 

the characteristics they share and by which they can be 

distinguished from each other [43]. 

The National Cancer Institute Thesaurus is another 

reference terminology which is built in OWL and includes an 

extensive coverage of the cancer domain. It includes diseases, 

findings and abnormalities related to cancer, as well as 

“anatomy; agents, drugs and chemicals; genes and gene 

products and so on”. It, also, uses semantic relationships to 

combine information from various other cancer research related 

domains [44]. 

Disease Ontology (DO) [45] is a comprehensive 

classification that provides descriptions for human disease 

terms, phenotype characteristics, as well as related medical 

vocabulary disease concepts [46]. The hierarchical structure or 

the ontology is organized by etiology [47]. 

The Pathway Ontology (PW) tries to create a hierarchical 

structure of a Directed Acyclic Graph, which will encompass 

all the relationships between all types of biological pathways, 

including altered and disease pathways [48].  

164



 

 

In addition, there exist ontologies such as the Cell Ontology 

(CL) [49] and the Gene Ontology (GO) [50], which are both 

structured controlled vocabularies. The first one was 

constructed in order to describe the cell types and covers cell 

types from prokaryote to mammals but excludes plant cell types 

which are covered by the Plant Ontology (PO) [51]. The other, 

provides a uniform way to describe knowledge of the biological 

domain for organisms across all kingdoms (gene products 

specifically) with respect to three aspects, the molecular 

function, the cellular component, and the biological role [52]. 

The Human Phenotype Ontology (HPO) provides a 

structured and controlled vocabulary for the description of the 

phenotypic abnormalities encountered in human disease [53]. 

Finally, the Unified Medical Language System (UMLS) 

[54] is an ontology-like vocabulary that is maintained by the 

National Library of Medicine and combines many existing 

biomedical and health vocabularies and standards with the 

purpose to enable interoperability between computer systems. 

The terms of the vocabulary can be searched through the UMLS 

Metathesaurus. 

Many of the medical ontologies are updated periodically 

with new information and can be accessed through medical 

repositories/services such as the UMLS Terminology Service 

[55] and BioPortal [56]. 

These topical terms repositories require to be linked with 

semantic connections that would allow healthcare learning 

priorities and conceptual fields to be readily compared with 

assets used in AR/VR/MR services. Where there are no formal 

taxonomies, such experiential features should be codified in a 

more ad-hoc yet self-consistent data level modeling way to 

promote a semantically enriched back-end. 

E. Rationale and Scope of this Work 

This work is a first attempt to describe such a UX taxonomy 

for annotating immersive AR/VR/MR content at the asset level 

for maximum repurposing capacity. The rest of this work is 

organized as follows: The methods part describes the process of 

expert collaboration that led to the proposition of this 

taxonomy. In the results section we present the terms of the 

taxonomy and their rationale, as well as the SKOS 

implementation of the taxonomy. Finally, in the discussion, the 

limitations of this data model and a roadmap for its 

implementation as a tool for co-creative authoring 

environments is outlined. 

II. MATERIALS AND METHODS 

A. Brainstorming Session 

The first iteration of this proposed taxonomy was devised 
through a collaborative brainstorming session between 2 
medical education experts and 3 technologists through 
teleconferencing. Brainstorming has been established as a 
creative problem solving approach [57], [58]. The brainstorming 
session started with the formulation of the general problem 
“How might we describe digital assets in the context of medical 
virtual spaces?” This general problem was formulated 
deliberately in a rather open ended way, in order to facilitate 
diverse and multiple opinions from the participants of the 
session. After formulating problem question, all participants 
reflected on it for about 10 minutes each and were instructed to 
create some initial notes on a hierarchy of relevant terms and 
their context. After this reflection period a joint group passing 
session started. For about 50 minutes each participant would take 
the floor and present their idea in an joint digital whiteboard. 
Each participant had 5 minutes to present his idea and another 5 
minutes were dedicated to expand upon it by the rest of the team. 
No critique, or editing was allowed at this stage, as 
brainstorming approaches demand that discussions can only be 
additive to ideas and not critical to them. After that stage, 
closing, all participants were invited to start populating a joint 
mind map of their ideas. A hierarchical tree of terms was 
developed from this process and is presented in Fig. 1 as the first 
iteration of this taxonomy.  

B. Implementation Details 

In order to implement the extracted UX terms into an OWL 
ontology the SKOS [59] RDF Schema was used, as it is a 
widespread vocabulary that provides a standard way to organize 

 
Figure 1. Mind Map of the conceptualized UX taxonomy. 

 

Fig. 1. Mind Map of the conceptualized UX taxonomy. 
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knowledge using RDF and allows for hierarchical ordering of 
terms [60]. 

For the SKOSification process, meaning the process of 
transforming the UX taxonomy terms to RDF using the SKOS 
data model, the LinkedPipes ETL tool was utilized [61]. 
LinkedPipes allows experts to build pipelines that are reusable 
and can perform the whole ETL (Extract-Transform-Load) 
procedure from tabular data to RDF in a controllable and 
sustainable manner [62]. 

The first step was to prepare the tabular format file (csv) with 
the appropriate structure, in order to map the terms with the 
equivalent SKOS properties. The rows of the file corresponded 
to a single extracted term and were mapped to the class 
skos:Concept. As for the columns, the csv included: 

• A column with a unique code for each term which was 
mapped to the skos:notation property. 

• A column with the label of the UX term, mapped to with 
the skos:prefLabel property,  

• A column with the level of the term based on its 
hierarchical position. This column was mapped to a 
dummy property that was used along with the unique 
code of the UX term to create the broader and narrower 
relationships (skos:broader and skos:narrower) . 

 

Fig. 2. LinkedPipes pipeline that transforms the ENTICE UX terms to RDF 
using SKOS. 

Fig. 2 shows the structure of the pipeline that was used to 
transform the UX terms from a tabular format file to RDF. The 
pipeline consists of three main components. The first one 
(depicted in orange colour) gets the extracted UX terms which 
are stored in tabular format from an online repository as well as 
adds all the necessary prefixes, the second one (depicted in blue 
colour) transforms the csv file to RDF according to the way 
described previously. Finally the third one (depicted in green 
colour) exports the created RDF file locally. 

Afterwards, the produced RDF file was uploaded to an open 
source virtuoso server. You can browse the ENTICE UX 
taxonomy through the ENTICE RDFBrowser [63]. 

III. RESULTS 

A. Elements of the Taxonomy of User Interactions and Virtual 

Environments in Mixed Reality 

In this section we provide a description of the taxonomy’s 

core concepts and their child-terms, along with brief comments 

on rationales regarding their conceptual context and viewpoint. 

The conceptual model of the proposed taxonomy consists of 

four core concepts which are the conceptual parents of all the 

subsequent terms. 

VirtualEnvironment: The first core concept in this 

taxonomy is the “VirtualEnvironment”. All XR medical spaces 

are simulating a specific environment. A virtual operating 

theatre, a doctor’s office, all these environments can be 

annotated with several thematic, topical properties from 

medical repositories. There is not, however, a set of properties 

regarding the functionality and user interaction capacities, in 

MR, that can describe each such environment. This term of the 

taxonomy provides UX and functionality properties for these 

spaces. 

VirtualEnvironment.MovementCapacity: This property, 

child of the VirtualEnvironment term describes the modality of 

user transitions that are possible in a specific resource. In most 

medical simulation spaces, there is either the capacity to move 

freely in the simulated environment or to be locked in place, 

stationary, e.g. when operating a medical device as part of the 

simulation. When introducing 360o videos a hybrid transition 

mode emerged, by means of positional nodes, that transferred 

the user through a predefined grid of “points of interest”. In that 

context, the values of this property have been defined as: 

• Stationary: for environments that do not allow 

transitions within the space. 

• POIMovement: for environments that allow “points of 

interest” grid-like movement. 

• FreeMovement: for environments that allow free 

transition throughout the whole space. 

VirtualEnvironment.3DAssets: This property, child of the 

VirtualEnvironment term describes and annotates all visual 

components of a resource. A set of 3D models, animated or not 

is what formulates the totality of an MR resource environment. 

This property identifies these components and maintains their 

core information about their place in the environment. It must 

be noted that a generalized position and size attribute set was 

included as the minimal attribute set that can define a 3D asset 

in the context of an environment. Implementation specific 

attributes, like rotation, or included animations, were excluded 

from this generalized description. In that context, as mentioned 

above the two sub properties of this term have been defined as: 

• VirtualEnvironment.3DAssets.Position: The position of 

the correctly oriented asset in environment relative 

coordinates as a 3D vector. 
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• VirtualEnvironment.3DAssets.Size: The generalized size 

of the asset, i.e. a 3D vector of the ratios that this asset’s 

dimensions have in relation to the whole environment. 

VirtualEnvironment.EnvironmentType: This property, child 

of the VirtualEnvironment term describes an ad-hoc defined 

“functional type” of an MR resource. While it is not within the 

scope of this taxonomy to include subject matter properties in 

its definition, these terms have more UX oriented context in 

their definition and usage. They are included in this conceptual 

structure in order to facilitate extendibility and specificity of a 

MR resource in various use cases. The values that this property 

can take are: 

• Lab: This describes an interactive environment, with focus 

on solving topical problems through the use of equipment 

and other user interactions. This value encompasses all 

decision-making instantiations of a medical space, so it 

includes more than a medical laboratory. A medical 

examination room, a hospital ward, or a simulated private 

practice, where the focus is on simulating the decision 

process of the medical expert, using the healthcare resources 

and tools are included in this environment type. 

• Classroom: This value describes an exploratory 

environment, where a learner and teacher can interact and 

convey knowledge regarding non-manual, non-decision-

making expertise. A virtual anatomy auditorium, a 

telepresence VR classroom or even a virtual dissection table 

are examples of environments that would be annotated with 

this value. 

• Metaphor: This value describes an immersive environment 

that puts the user in an unrealistic point of view in order to 

convey principles and tacit-knowledge, or it is used to 

visualize functionalities and scientific principles that are not 

observed through direct sensory means in the real world. A 

“virtual tour” through the circulatory system of the human 

body, an oversized simulation of cellular functions, or the 

visualization of neural pathways in an anatomically abstract 

model of the central nervous system are all examples of 

environments that use this value.  

• Simulation: This value describes an immersive environment 

that requires from the user the performance of manual tasks 

or elaborate details of a medical procedure, approaching at 

a realistic level the tasks that a practitioner would be called 

to perform in their professional capacity. Simulations of 

surgical procedures, procedural clinical skills scenarios are 

both examples of a simulation environment type. 

Interaction: The interaction core term refers to all properties 

relevant to the way that the user is able to, for lack of a 

synonym, interact with the system from a user perspective. 

Technical perspectives of user interaction reserved for 

description in the InteractionModalities term. This term has 

non-exclusive values, in the sense that an annotated component 

of a virtual environment can take more than one values of this 

term. Annotated components of a MR environment that can be 

annotated with this term are both 3D assets and lower 

granularity or abstract objects like triggered animations in a 

model or a link in a virtual patient [64] case. The specific values 

are the following: 

• Select: This value annotates all components that are 

triggered through direct user selection. This can involve any 

selection modality, through mouse click, VR gaze pointer, 

gesture selection etc. as they are defined in the 

InteractionModality term. An animation, or a video that 

triggers its execution through such direct user interaction are 

examples of this value’s annotations. 

• MoveItem: This value annotates all components that involve 

triggers through spatial transitions of 3D assets in the virtual 

environment. A part of an anatomy excised and moved 

through user interaction is an example of a trigger annotated 

with this value. 

• MoveAvatar: This value annotates all components that 

involve triggers through spatial transitions of the user’s 

representation in the environment. The description of the 

surgical case through an audio recording, triggered by the 

entrance of the user’s avatar in a virtual surgical theatre is 

an example of a component that would be annotated with 

this value. 

• Collision: This value annotates all components that involve 

triggers by collision between two different 3D assets. This 

value should not be confused by the generic collider triggers 

in game development coding which would make this value 

ubiquitous for almost all triggers. It refers, specifically, to 

interactions triggered by collisions between different 3D 

assets. A trigger for a bleeding event in a surgical 

simulation, which is dependent upon the collision between 

a surgical instrument and a 3D human vein is an example of 

a component that would be annotated with this value. 

• Activate: This value annotates all components that trigger 

an interaction through indirect, non-defined interaction 

modality. This is an inclusive term defined in order to 

include components that cannot be annotated by any other 

value. Its scope is expected to reduce as this taxonomy 

extends. 

InteractionModalities: This core term refers to all technical 

ways that the user is facilitated to interact with a system. Some 

of the values of this property are implementation specific, i.e. 

they are available only in specific MR platforms. It is obvious 

that multiple values of this term can annotate the same 

component of a MR medical space in case of multiplatform 

deployment of the same resource. The specific values defined 

are the following 

• Gaze Click: This value annotates interaction components 

that are triggered through an implementation of a gaze 

pointer. This involves a collider component linked to a 

mobile device’s orientation system, which identifies when 

the center of the user’s field of view is overlaying a specific 

part of the virtual environment’s geometry. By maintaining 

a short timer (3-5 seconds), to ensure that the user is not 
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interacting with the component accidentally, a “controller 

free” MR activation modality is established. 

• Gesture Click: This value annotates components that are 

triggered through an implementation of a gesture activator. 

This always involves a device specific sensor that identifies 

bespoke hand or finger motions of a user which are 

translated in specific activation commands in the specific 

MR platform (e.g. MS Hololens Bloom or air tap gestures 

[65]) 

• WIMPClick: WIMP is an acronym for “Windows, Icons, 

Menus and Pointers” and is a shorthand for all interactions 

that are actuated through a conventional windows-based 

user interaction scheme. While the core WIMP control 

scheme traditionally means the well-established mouse and 

keyboard equipment, any control scheme that is based on 2d 

panels which are navigated with any kind of hand-held 

controller, connected to the device are annotated using this 

value. 

• Walk: This value annotates all interactions that are triggered 

from the physical movement of the person using a MR 

headset in the real world. An interaction that is initiated by 

the user physically walking in a real room, triggering a 

collider through this real-world motion, in mixed reality is 

an example of such a trigger. This is different from a trigger 

from a virtual avatar movement that initiates an interaction. 

• Spatial Collision: This value annotates all interactions that 

are triggered from the collision of real-world objects that 

have also a representation in the virtual space. In full-

fledged MR, where the physical space is accurately mapped, 

a collision between a virtual surgical tool with a real-world 

surface is an example of such an annotated interaction. 

VR Modalities: This core term identifies the exact MR 

modality that this resource is implemented in. The values of this 

property are the following 

• 360 Videos: this value annotates resources that comprise, 

mainly of interactive, navigate-able trees of 360 videos in a 

gamified environment. 

• 3D VR: This value annotates resources that mainly comprise 

of an interactive environment created with 3D models, which 

is purely virtual, i.e. it replaces the user’s audiovisual 

perceptions with constructed ones through a headset. 

• Mixed Reality: This value annotates resources that mainly 

comprise of an interactive environment created with 3D 

models, which overlap with the user’s normal perceptions and 

can interact with them through spatial mapping or other 

advanced environment recognition technologies. A mixed 

reality clinical skills lab, where the physical table can support 

a virtual human is an example of such an environment. 

• Augmented Reality: This value annotates resources that 

mainly comprise of an interactive environment created with 

3D models, which overlap with the user’s normal perceptions 

and provide extra information or activities, but which do not 

interact with the geometrical intricacies of the external 

environment. An augmented educational lab that includes 

anatomical objects which are providing augmented 

information through the use of a mobile device is an example 

of such an environment. 

 

Fig 3. An example of the “Bile Duct” modelled medical resource [66]. 

B. An Example of a Modelled Medical Resource 

Fig. 3 shows an example of a medical term (“Bile duct”) 

[66] that has been semantically described and linked to Entice 

UX taxonomy terms using the SKOS vocabulary and the 

ENTICE Core Ontology (ECO) [67]. Information regarding the 

medical term, such as its definition as well as the broader and 

narrower concepts have been obtained from the MESH UMLS 

Source Vocabulary and are described using SKOS. In a next 

step, medical domain experts proposed links between the 

medical term and the UX terms and finally the ECO is used to 

represent them. Specifically, the properties entice-

core:virtualEnvironment and entice-core:vrModality are used 

to map the medical term “Bile duct” to the UX terms “3DAssets, 

3D Models” and “Augmented Reality” respectively.  

IV. DISCUSSION 

This work presents the conceptualization, design and 

implementation of a taxonomy that identifies the most common 

user experience and interaction terms in mixed reality medical 

education spaces. We presented the expert brainstorming that 

conceptualized the terms of the taxonomy, as well as the 

technical methodology of implementing these terms in an RDF 

endpoint with all the relevant provisions for making these terms 

discoverable and machine usable.  
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This data modelling approach does not exist in a vacuum. 

As has been proposed in previous works such a straightforward 

but rigorous data modelling approach would find its use in the 

implementation of a reusable, repurposable, Visual Data Source 

[35]. The role of such a structure would be to encapsulate a 3D 

asset or other resource (audio, video etc.) in a contextually 

relevant format facilitating its consumption by visual semi-

automated authoring environments. 

Currently there exists a simple state-full node-link 

branching approach for narrative scenarios that can be 

implemented [67] in any 3D virtual environment (Display 

based, AR, VR, MR). With the same approach, an exploratory 

educational experience can be assembled using the nodes as 

specific stages of the exploratory experience and the links as 

transitions (triggers) between each stage of the learning 

experience. The taxonomy that is presented in this work and its 

implementation provides a machine discoverable and 

consumable data structure that can contextually annotate all 

assets of a virtual environment and encapsulate current or 

potential functionality for use by non-expert users through the 

provisions of an appropriately implemented semi-automated 

visual authoring environment.  

The straightforward next step of this work is further use 

cases and prototype implementations that will consume 3D 

assets and environments, through this data modelling approach. 

This visual editing environment will constitute the first applied 

use case of this taxonomy. It will be utilizing these terms, and 

assets annotated with them, so that simple functionalities and 

interactions of assets and virtual environments can be 

assembled visually and without technical coding knowledge. It 

is in that co-creative, co-implementation context that this work 

aims to realize its full potential and as such it is a necessary step 

in creating a true co-creative pipeline for ubiquitous MR 

resource development from non-expert users. 
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Abstract— Simulations are widely adopted in undergraduate 

nursing education because they offer low-risk, experiential ways 

to expose pre-licensure students to clinical environments, and to 

situate the development of requisite knowledge and skills for 

patient care. Virtual reality (VR) simulations present novel 

opportunities for clinical education. Research in this area is 

burgeoning around questions related to perception about VR 

modality, adoption of the technology, and educational outcomes 

VR simulations can help facilitate. In this paper, we demonstrate 

the application of epistemic network analysis (ENA), a 

quantitative ethnography (QE) technique, to model how one 

nursing educator facilitated clinical judgment, and nurtured 

quality and safety education for nurses’ competencies through the 

use of the Simulation Leaning System with Virtual Reality (SLS 

with VR).  We modeled the discourse obtained from three 

simulation sessions in October and November 2020, all involving a 

fundamentals scenario requiring second-year nursing students to 

practice basic assessment and care management. Our work aims 

to advance research in healthcare education, particularly nursing 

education, using immersive learning environments by way of 

applying theory-backed learning analytic techniques. 

Index terms— nursing education, virtual reality simulations, 

epistemic network analysis, quantitative ethnography, CJMM, 

QSEN 

I. INTRODUCTION 

The nursing profession is complex and ever evolving. 
Nursing leaders in hospitals expect new nurses to be competent 
in myriad intersecting behaviors (e.g., communication, self-
awareness, conflict resolution, change management, leadership) 
[1]. In addition, cognitive processes such as clinical judgment 
have been linked directly to nearly 50% of tasks performed by 
entry-level nurses, followed by problem-solving and critical 
thinking [2]. Naturally, nursing educators are motivated to adopt 
viable, effective, and meaningful pedagogical approaches to 
enhance nursing curricula. This need is especially enhanced in 
light of the challenges of providing students with quality clinical 
experiences.  

In a landmark study helmed by the National Council of State 
Boards of Nursing (NCSBN), Hayden and colleagues [3] 
concluded that up to 50% of clinical hours can be replaced by 
high-quality simulation experiences in traditional pre-licensure 
nursing programs. As such, researchers have undertaken 

examinations to determine the extent to which simulations of 
varying levels of fidelity impact desired learning outcomes [4]. 
However, there is a need for continued examination about how 
we can comprehend and leverage the value simulations offer in 
advancing clinical nursing education [5],[6].  

In this paper, we examine the extent to which virtual reality 
(VR) simulations can enhance nursing educators’ facilitation of 
clinical judgment (as defined by Clinical Judgment 
Measurement Model, CJMM) [7] and quality and safety 
education for nurses (QSEN) competencies [8]. First, we review 
research on VR simulations in nursing education. Next, we 
introduce Quantitative Ethnography (QE) [9] and review 
research on Epistemic Network Analysis (ENA), particularly in 
the context of healthcare education. Thereafter, we demonstrate 
the application of ENA to model Tanya (pseudonym), a nursing 
faculty’s use of the Simulation Leaning System with Virtual 
Reality (SLS with VR) in the context of a nursing fundamentals 
scenario. We conclude with directions for future research. 

A. Virtual reality  

The 2020 Horizon Report by EDUCAUSE—an annual 
publication that outlines contemporary instructional 
technologies and forecasts their adoption has projected virtual 
reality (VR) is likely to have a heavy impact on teaching and 
learning practices in higher education [10]. This projection is 
consistent with the observations of VR applications being 
widespread in many sectors—military, healthcare, retail, 
automotive, tourism, architecture, art and design, recruitment, 
and sports [11]. VR simulations are not new in nursing education 
[12]. However, recent technological advancements have made it 
possible for VR environments to afford disciplinary experiences 
and interprofessional skill acquisition with unparalleled 
immersion and interactivity. These affordances have spurred 
new questions and approaches to understand faculty readiness 
and student perceptions, adoption processes and barriers, and 
outcomes that matter when considering the use of VR 
simulations in nursing education (e.g. [13], [14]).  

B. Virtual reality simulations in nursing education 

Faculty and students perceive VR simulations positively for 
many reasons. For instance, Jenson and Forsyth [15] evaluated 
faculty readiness for virtual reality simulations after eight 
nursing educators practiced a VR module on an intravenous 

171

mailto:m.shah@elsevier.com
https://orcid.org/0000-0002-4932-2831
https://orcid.org/0000-0001-5544-976X
mailto:beagan@wisc.edu


 

 

catheter insertion procedure. All participating faculty believed 
that VR simulations, with affordances such as haptic feedback, 
could increase students’ knowledge and confidence with the 
procedure. Accumulating experiences with such procedures 
would be particularly valuable before students went into an 
actual clinical setting. Faculty also believed VR simulations 
could help them address common barriers in clinical education, 
such as, patient acuity, high student: faculty ratio, patient safety, 
and students’ need for instant feedback. Jenson and Forsyth [15] 
concluded that VR simulations can offer faculty the flexibility 
to monitor student progress remotely, manipulate scenarios, and 
provide personalized feedback. Students can also benefit from 
the increased opportunities to apply theoretical knowledge, to 
practice nursing skills, and to prepare for clinical situations.  
More recently, Chang and Lai [16] reported findings from 60 
students participating in an adult nursing and practice course 
regarding their perceptions about (a) practicing skills in VR vs 
by way of traditional methods, and (b) how VR supports and 
impedes skill learning. Students’ experiences and perceptions 
toward skill learning processes afforded by VR simulations were 
classified into five themes; namely, convenient to practice, but 
requires adaptation, fast skill learning process, stress-free 
learning environment, environmentally friendly, and lacks a 
sense of reality. The authors concluded VR simulations can offer 
a supplement to traditional skill teaching approaches, allowing 
students to use VR simulations for practicing care-giving skills 
[16]. Both sets of researchers argued for empirical investigations 
that illuminated teaching practices and student outcomes with 
VR simulations [15], [16].  

Growing research in the area is indicating that VR 
simulations can help students master specific skills and apply 
relevant knowledge so that they are better prepared for patient 
care. For instance, Ramakrishnan and colleagues [17] 
demonstrated the application of three VR simulations designed 
to support students’ situational awareness, clinical judgment, 
clinical decision making, and understanding of patients’ 
perspectives. In another paper, Bayram and Caliskan [18] 
reviewed research on VR simulations and their effectiveness in 
helping students engage in safe practices while providing quality 
care for patients. Broadly, positive support was found for VR 
simulations and their effect on helping students identify patients 
correctly, improving effective communication, improving the 
safety of high-alert medication, and ensuring correct-site, 
correct-procedure, correct-patient surgery, reducing the risk of 
healthcare-associated infections, and reducing the risk of patient 
harm resulting from falls [18]. Although these results are 
promising, additional research is needed to demonstrate the 
effectiveness of VR simulations [19].  

C. Quantitative Ethnography 

We believe that adopting a Quantitative Ethnographic (QE) 
approach can advance research and practice on VR simulations 
in nursing education. QE is a research methodology that unifies 
qualitative and quantitative approaches and is often used to 
examine large data (e.g., conversations, transcripts, videos) from 
digital environments (e.g., simulations, intelligent tutoring 
systems, social media platforms) and discover meaningful 
patterns in human behavior and interaction [9]. QE techniques 
can be applied to gain insights about what learners are doing and 
how they are thinking as they immerse in a culture (e.g., nursing 

students performing CJMM tasks in a simulated pediatric 
scenario), how groups of learners differ (e.g., 1st year vs 2nd-
year students), why and when (e.g., pre-briefing, simulation, and 
debriefing) in that environment. A key contribution of QE is that 
we can make statistical warrants for qualitative claims or stories. 
QE techniques such as Epistemic Network Analysis (ENA) [9] 
have been used to quantify and visualize data derived from 
qualitative discourses in order to identify, model, and measure 
co-occurrences of codes within a domain.  

Recently, ENA has been employed to assess communication 
patterns and teamwork dynamics in a high-performing primary 
care team [20]. Scholars have also analyzed multimodal data to 
visualize team movement in nursing simulations.  [21]. Within 
the Immersive Learning Research Network (iLRN), ENA has 
been used to model learning as identity exploration in virtual 
learning environments [22]. In this paper, we use ENA to model 
how nursing faculty use VR simulations, and by extension 
enhance their ability to facilitate valued skills in nursing 
education; namely, clinical judgment and quality and safety 
education for nurses (see Table I and Table II). 

By using this unified methods approach, our team (a nursing 
educator, two quantitative ethnographers, and a learning 
scientist) was able to identify differences in nursing faculty 
instruction based on the instructor roles outside (as self) and 
within (through manipulation of virtual characters of a VR 
simulation) a VR simulation system, and then check whether 
this interpretation applied to the data in general. Therefore, in 
this analysis, we first engaged in a grounded analysis of the data 
[23] by reading and rereading the discourse to identify patterns 
and themes and then coded these themes in the data. In order to 
measure and model connections between discourse elements, we 
used epistemic network analysis to quantify and visualize the 
different patterns for a nursing educator while engaging in the 
activity. We present results that compare how the faculty taught 
pre-nursing students and how this instruction differed depending 
on how she used the VR simulation system. Thus, in this paper, 
we address the following question,  

“How does a nursing educator use a VR simulation system 
to facilitate clinical judgment and quality and safety 
education?” 

II. METHODS 

A. Context 

This investigation is situated in a larger pilot study 
undertaken in Fall 2020 (October-November 2020) by Elsevier, 
a global health and analytics company. The objective of the pilot 
was to identify actionable insights and feedback on the efficacy, 
usability, and viability of the Simulation Learning System with 
Virtual Reality (SLS with VR) prior to its release in early 2021. 
SLS with VR is a lab-based simulation system with a VR 
component for undergraduate nursing education. Faculty (10+) 
and students (150+) from six nursing institutions across the 
United States consented to participate because of their interest 
in augmenting clinical experiences using VR simulations 
through SLS with VR. Given the uncertainty of college re-
openings due to the COVID-19 pandemic, the pilot study was 
designed flexibly; that is, researchers could support participants 
and collect data synchronously and asynchronously in an online-
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only, hybrid, or in-person format. This was possible because the 
design of SLS with VR affords faculty and students to 
collaborate in a virtual space while being present in physically 
remote locations.  

B. SLS with VR  

SLS with VR was created with a goal for faculty to facilitate 
immersive clinical experiences alongside current practices in 
nursing simulation labs (e.g., hands-on simulations). The system 
was designed such that only one moderator (or facilitator) would 
be required to facilitate VR simulations. Faculty have a choice 
of 100 scenarios across multiple content areas in nursing (e.g. 
fundamentals, medical surgical, pediatrics). At the time of the 
study only 44 scenarios were available. From the faculty side, 
SLS with VR scenarios are selected, viewed, and moderated 
from an interactive computer-based interface. Meanwhile, 
students participate in the VR scenarios using Oculus Quest 
headset equipment and hand controllers. Moderating faculty 
have a full view of what students are experiencing in the VR 
space. They also have access to orders and actions that help them 
facilitate a scenario, including opportunities to introduce 
multiple virtual characters (e.g., patient, nurse, doctor, dietitian, 
employer), and distractions (e.g., phone calls) that students must 
engage with [see Fig. 1]).  

 

 
Fig. 1. SLS with VR moderator and student view. 

C. Participant 

Tanya (pseudonym) is a nursing faculty in a traditional 
nursing program (i.e., Bachelor of Science in Nursing, BSN) at 
a public college in the northeastern region of the United States. 
She has 6-10 years of experience facilitating or assisting with 
simulations, typically engaging BSN students in their 1st 
semester of sophomore year. She uses simulations of multiple 
modalities (Hands-on or lab-based simulations using low and 
high-fidelity manikins, screen-based simulations, augmented 

reality simulations). Tanya typically runs simulations once a 
week; although, she facilitates 4 or more simulations during 
each session. Typical simulations involve 4 or more instructors 
at Tanya’s institution. Faculty perform multiple activities/roles 
including role-playing as a patient, and additional roles (doctor, 
secretary, family) as needed, pre-briefing and debriefing, 
facilitating simulations, and providing feedback. When asked 
about her main objectives for providing simulated clinical 
experiences, Tanya indicated that the development of skills like 
communication and professionalism, development of clinical 
judgment skills, and providing exposure to diverse patients and 
situations were important to her.  

At the time of the study, Tanya served in the role of lead 
instructor for the Fundamentals of Nursing class. She was 
responsible for pre-briefing, facilitating simulations, and 
debriefing. Role-playing as patients and assigning clinical 
simulation preparation activities accounted for additional 
responsibilities. At the time of the study, which was in the Fall 
2020 semester, Tanya’s cohort did not have a clinical site and 
simulations were used on a weekly basis.  

When asked about what she enjoyed most about facilitating 
simulations, Tanya expressed she liked the opportunities for 
students to integrate theory and practice. In Tanya’s words, “I 
enjoy it most when students clearly pull together several 
concepts they have learned in class because they are in a 
situation that requires them to move to an application-level of 
thinking. This could happen in pre-briefing, during the 
simulation, or during debriefing.” Tanya also emphasized 
enjoying the ‘ah-ha’ learning moments simulations afforded; 
that is, when students realize they utilized content they learned 
in class on a patient. Some struggles in planning for simulations 
included the efforts involved in organizing setup of the 
simulations with the lab, assigning the prep-work to the students, 
keeping additional faculty in the loop, and creating rotation 
schedules. During sessions, Tanya stated, running simulations 
and providing feedback was challenging.  

Tanya’s desire for “active learning strategies that promote 
the connection of didactic principles to clinical competencies” 
motivated her to participate in the pilot study. Her goal for SLS 
with VR was to ascertain if VR simulations are a good fit to 
support course and clinical objectives, by providing an 
opportunity for students to interact with a patient in a non-
threatening environment. Other researchers have reported on the 
application of online and digital tools in fundamentals of nursing 
courses during the COVID-19 pandemic to help students (a) 
think like a nurse, (b) engage in deliberate practice of 
professional communication, and (c) practice technology 
enhanced patient assessment and care [24].  

D. Procedure 

Tanya participated in the pilot for seven weeks (October to 
November 2020) along with a total of 29 students who were in 
their second year of BSN program. Researchers supported her 
asynchronously throughout the study by sharing onboarding 
materials, VR student and instructor guides and safety tips, and 
instructions to set up the play space for students. She also had 
access to preparatory and follow up activities for her students- 
readings, pre/post-sim quiz and pre/post exercise- which were 
tailored to the scenarios being offered within SLS with VR. In 
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addition, Tanya had access to materials for each scenario 
including case descriptions, pre-briefing and debriefing guides, 
and in-depth scenario information and charting within the SLS 
with VR ecosystem. Lastly, a sandbox scenario was made 
available to all participants and Tanya was encouraged to orient 
her students to the VR environment and controls before they 
participated in scenarios directly or as observers. Researchers 
also supported Tanya synchronously while remotely observing 
her as she facilitated scheduled sessions using SLS with VR 
starting from pre-briefing, running the simulation, and 
debriefing with her students.  

For the purpose of this paper, we chose to examine Tanya’s 
simulation practices with SLS with VR over two weeks (once in 
October and twice in November 2020 on the same day). Each 
session followed the same procedure (pre-briefing, running a 
scenario using SLS with VR, and debriefing). Each session 
typically had 1-2 students who role-played as nurses in the VR 
scenario and 1-2 students that observed. Audio and video data 
were recorded via Zoom for the three sessions. For all these 
sessions, Tanya chose a fundamentals scenario from the SLS 
with VR catalogue. The purpose of this fundamental scenario 
was to provide students with the opportunity to conduct a basic 
nursing assessment while managing and prioritizing multiple 
distractions. The overview of the scenario was as follows: 

TABLE I.  DEFINITIONS OF CLINICAL JUDGMENT MEASUREMENT 

MODEL (CJMM) 

Code Name Definition 

Recognizing 

Cues (RecCues) 

Filtering information from different sources 

Analyzing Cues 

(AnaCues) 

Organizing and linking the recognized cues from the 

previous step to the client’s clinical presentation. 

Candidates should establish probable client needs, 

concerns, or problems  

Prioritizing 

Hypothesis 

(PriHyp) 

Evaluating and ranking hypotheses according to 

priority (urgency, likelihood, risk, difficulty, time, 

etc) 

Generating 

Solutions 

(GenSol) 

Identifying expected outcomes and using hypotheses 

to define a set of interventions for the expected 

outcome  

Taking Actions 

(TakAct) 

Implementing the solution(s) that addresses the 

highest priorities. Important to recognize that 

sometimes no action is an action itself  

Evaluating 

Outcomes 

(EvalOut) 

Comparing observed outcomes against expected 

outcomes  

Kyle Miller, a 41-year-old Caucasian male, was admitted 
Monday morning for a low-grade fever and cellulitis of the 
forearm secondary to a recent puncture wound. IV antibiotics 
were administered, and the affected area was cleaned and 
covered with dry gauze. Kyle's temperature has since returned 
to baseline, and he is slated for a Tuesday morning discharge to 
home. The scenario takes place on Tuesday at 0800, at which 
time a basic assessment is due. The provider has requested an 
SBAR update to help plan for discharge, but the hospital unit 
has multiple distractions and Kyle's visitor asks many questions. 
During this scenario, students will have the opportunity to 
conduct a basic nursing assessment while managing and 
prioritizing multiple distractions. 

E. Data Coding and Analysis 

Once collected, audio discourse data was inductively and 
deductively coded by two raters for each utterance in the data 
[25]. To address the reliability and validity of qualitative coding, 
we used social moderation, where two raters (nursing educator 
and learning scientist) coded all 770 lines of data and then 
achieved agreement on each code [26]. Each utterance was 
coded for the occurrence (1) or non-occurrence (0) of the skills 
that are essential to clinical judgment (CJMM, see Table I) and 
quality and safety education for nurses (QSEN, see Table II) 
thus, quantifying qualitative data.  

TABLE II.  DEFINITIONS OF QUALITY AND SAFETY EDUCATION FOR 

NURSES (QSEN) 

Code Name Definition 

Patient Centered 

Care (PCC) 

Recognizing the patient or designee as the source of 

control and full partner in providing compassionate 

and coordinated care based on respect for patient’s 

preferences, values, and needs 

Safety Minimizing risk of harm to patients and providers 

through both system effectiveness and individual 

performance 

Teamwork and 

Collaboration 

(TCC) 

Functioning effectively within nursing and inter-

professional teams, fostering open communication, 

mutual respect, and shared decision-making to 

achieve quality patient care 

Evidence-Based 

Practices (EBP) 

Integrating best current evidence with clinical 

expertise and patient/family preferences and values 

for delivery of optimal health care 

We also found a grounded code of Patient’s Rights which 
refers to when “Protecting sensitive patient health information 
from being disclosed without the patient’s consent or 
knowledge.” 

To analyze how Tanya  made connections between 
intervening as herself and through the use of SLS with VR, we 
used epistemic network analysis (ENA; described in detail 
elsewhere [27]) to model the structure of connections among 
CJMM and QSEN within a defined conversation. In this case, a 
conversation was a collection of lines of data such that lines 
within the conversation were assumed to be semantically 
related. For this study, we used a moving window [28] of four 
utterances to measure connections between CJMM and QSEN 
codes that were within four utterances of one another and slides 
through the data. Codes that occurred outside of this moving 
window were not considered connected. Using the moving 
window method, ENA created a network model for each 
utterance, showing how codes were connected to other codes 
within their recent temporal context [28] defined as a specified 
number of lines preceding the current utterance. ENA 
accumulated the network models for all utterances for each unit 
in the model and performed a singular value decomposition to 
reduce the dimensionality of the data. For this analysis, we used 
an ENA algorithm called a means rotation [29] that combined a 
(1) hyperplane projection of the high-dimensional points to a 
line that maximized the difference between the means of two 
units—in this case, instructor as self and instructor using SLS 
with VR—and (2) a singular value decomposition. The resulting 
high-dimensional space displayed any differences between the 
units by constructing the dimensional reduction such that the 
means of the two units were placed as close as possible to the x-
axis of the space. This algorithm made a model to specifically 
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compare the ways Tanya spoke as herself compared to how she 
spoke through the SLS with VR system.  

Subsequently, networks were visualized in this metric space 
using two coordinated representations for each unit including 
the weighted network graph, which visualized these connections 
as networks where the nodes corresponded to the codes and lines 
reflect the relative frequency of the connection between two 
codes, and a plotted point, which represented the network as a 
value as coordinates in the high-dimensional space. In this study, 
we analyzed connections between CJMM and QSEN codes for 
Tanya and considered how these differed when the instructor 
spoke as herself compared with virtual characters, she 
manipulated within the scenario using SLS with VR. 

 

Fig. 2. Means (squares) and plotted points (circles) for Tanya facilitating 

student discussions during prebriefing-simulation-debriefing phases (blue) and 

her facilitation using SLS with VR (red) across three sessions.  

Mann-Whitney U tests ascertained whether differences in 
the two trajectories over three sessions were statistically 
significant. The researchers referred back to interactions and 
activities coded in the data to close the interpretive loop and thus 
fully understand the phenomenon mirrored in the model for 
Tanya and her use of SLS with VR. This last step enabled the 
researchers to highlight the dominant issue for this paper- 
modeling teacher use of VR simulations- an endeavor that is 
valuable for both nursing educators and students. Mean 
networks were calculated for each role (i.e., instructor as herself 
and instructor use of multiple virtual characters within the SLS 
with VR scenario) by averaging the connection strengths across 
all moving windows for that unit. Mean ENA scores were 
computed for each role by averaging the ENA scores on each 
dimension for each role. To visually compare differences 
between roles, we calculated a difference network, which 
subtracted the connection strengths of the mean networks for 
each group and then visualized the differences in weights. To 
test whether the differences between grade bands were 
statistically significant, we used Mann-Whitney U tests to 
compare the mean ENA scores between groups. 

III. RESULTS 

Our analysis of conversations between Tanya and her 
students during the pre-briefing, simulation, and debriefing 
phases of using SLS with VR  revealed insights into the different 
ways the instructor taught students and communicated important 

information depending on how they positioned themselves in the 
simulation.  

A. Quantitative Analysis 

Within the ENA space, we performed a means rotation 
between instructor as self and instructor using SLS with VR (the 
system), which created a metric space where the first dimension 
explained the most difference between those two categories (see 

Fig. 2). 

The mean positions and confidence intervals suggest that 
there were differences between Tanya’s instruction on the first 
dimension (x-axis), but not for the second dimension (y-axis). 
To test whether these observed differences were statistically 
significant, we conducted a non-parametric rank sum test on the 
ENA scores comparing the two roles. Along the x-axis, the 
Mann-Whitney U test showed that patterns of connections made 
by Tanya as herself (Mdn = -0.45, N = 29) were statistically 
significantly different at the alpha=0.05 level from the patterns 
of connections she made while utilizing SLS with VR (Mdn = 
0.64, N = 18; U = 66.50, p < 0.01, r = 0.75). To explore these 
differences, we created mean networks for each role (see Fig. 3 
and 4).  

 
Fig. 3. Mean network representation for Tanya as herself during prebriefing-

simulation-debriefing phases (blue). Thicker lines represent more frequent 

connections.  

While Tanya referenced both the QSEN and CJMM codes 
across both roles (herself and manipulating characters within the 
SLS with VR scenario), there were differences in how the 
instructor connected these ideas particularly within and across 
these two sets of codes. When Tanya facilitated discussions as 
herself, she primarily made connections between Patient-
Centered Care (PCC) and Teamwork & Collaboration (TCC) in 
addition to between ANALYZING CUES (AnaCues). and 
GENERATING SOLUTIONS (GENSOL). When Tanya facilitated 
using SLS with VR, she primarily made connections from 
RECOGNIZING CUES (RecCues) to TCC and PCC. In general, 
there were more strong connections while using SLS with VR 
including amongst TCC, PCC, RECOGNIZING CUES, and 
GENERATING SOLUTIONS.  
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Fig. 4. Mean network representation for while facilitating the scenario using 

SLS with VR during the simulation phase (red). Thicker lines represent more 

frequent connections.  

To compare similarities and differences more clearly 
between the two roles, we created a difference network (see Fig. 
4). Connections represented in red lines were stronger when the 
instructor was speaking through the manipulation of virtual 
characters, while connections in blue occurred proportionally 
more often when the instructor was speaking as herself. Thicker 
lines indicate larger differences in connection strength, while 
thinner lines indicate smaller differences in connecting strength. 

 
Fig. 5. Difference Network Instructor in Traditional Role (blue) Instructor 

using Simulation (red). 

The differences in the patterns of connections (see Fig. 1 and 
4) are the source of the statistically significant difference 
between the mean of the plotted points for the instructor playing 
a traditional role and the mean of the plotted points of the 
instructor using SLS with VR.  

B. Qualitative Interpretations 

Based on our epistemic network analysis and our grounded 
analysis of the data, the biggest difference between how the 
instructor facilitated conversations as herself and through the 
manipulation of virtual characters within SLS with VR was how 
she taught students about PCC and responding to the 
information and needs of a patient.  

1) Instructor as herself 
Throughout the activities, Tanya (as herself) highlighted 

PCC and cues (RECOGNIZING CUES and ANALYZING CUES) 
which required effective communication with the patient, the 
family member and the care team (PCC and TCC). For example, 
during one debriefing session, the instructor was discussing how 
communications with the patient and family (PCC) progressed 
during the simulation. She first asked, “Okay, so how did you 
answer the wife? Observers, how did they do? How did they 
answer the wife?” In this case, Tanya wanted to know more 
about how participants treated the wife of the patient and in 
particular, how they answered the wife’s questions. Before a 
participant could answer, the instructor added, “I thought 
Laura's (pseudonym) response was appropriate. Instead of 
saying, ‘Oh, the doctor will come around’, you know, something 
like that. She was like, well, ‘let us finish our assessment and 
then I'll call’.” In this example, Tanya highlighted an example 
where one of the participants was able to balance questions and 
patient care with being able to finish the assessment of the 
patient. Subsequently, the instructor led a discussion where PCC 
was about ANALYZING CUES, addressing patient concerns about 
outcomes (GENERATING SOLUTIONS), and importantly, 
prioritizing certain steps (TAKING ACTIONS). 

PCC was taught through engaging students about how cues 
related to outcomes and importantly how a nurse must be 
respectful of the patient’s needs. When the instructor was 
herself, she taught students to analyze cues so that students were 
better positioned to generate solutions, take actions, and 
evaluate outcomes. This qualitative observation is consistent 
with the quantitative results shown above.  

In other words, she taught students to focus on analyzing 
cues as integral to clinical judgments for patient-centered care 
(PCC). 

2) Instructor using SLS with VR 
In comparison, when the instructor acted through the SLS 

with VR system, she taught students to make more direct 
connections between RECOGNIZING AND ANALYZING CUES as 
well as the relationship between RECOGNIZING CUES and PCC. 
Both of these primary connections centered around 
RECOGNIZING CUES. When the instructor spoke through the 
manipulation of virtual characters within the scenario, she used 
SLS with VR to show students what information is relevant to 
focus on. For example, the benefit of a simulation is that the 
facilitator can provide information in multiple and repetitive 
ways, such as showing the symptoms as well as involving 
patients in their care. By showing symptoms (e.g., construction 
site puncture wound), the virtual nurse described symptoms as 
“wound closed on its own and it's healing well, surrounding skin 
is pink and intact,” the virtual family member provided 
symptom descriptions “The infected area on his arm looks less 
red today than yesterday. I think it's better,” and elicited patient 
description of symptoms “my arm's still a little tender but it's 
much better than yesterday.” In each of these cases, Tanya used 
the affordances of SLS with VR (e.g., actions, dialogues, and 
manipulation of virtual characters via the SLS with VR 
moderator tool) to provide information from different 
perspectives. Therefore, Tanya used different non-player 
characters including the virtual patient, virtual family member, 
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virtual nutritionist, virtual employer, and more to show and elicit 
information rather than discuss or analyze that information.  

One interesting finding from these analyses was that the 
instructor found a different way of using SLS with VR. During 
the simulation, the instructor used the character of the virtual 
employer to demonstrate potential distractions and 
complications when prioritizing PCC. She had the virtual 
employer ask, “He called in sick today and I heard he was in the 
hospital. Can you tell me what's wrong with him?” This 
statement indicated that the virtual employer was interested in 
the patient’s status; however, providing information to an 
employer is both disrespectful and against hospital policies. 
Tanya further instigated the participants, trying to persuade them 
to disclose information by having the virtual employer say, “Oh, 
come on. It's not like it's a big secret that Kyle's in the hospital.” 
Only after a few instigations of this manner, did the participant 
finally respond, “Per the hospital policies, I am not allowed to 
disclose any information.” This excerpt highlighted the 
important nuances of PCC and Tanya teased out ideas about 
PATIENT’S RIGHTS.  

In other words, Tanya used SLS with VR to demonstrate 
common threats to PCC to give students an opportunity to learn 
how to recognize opportunities, such as breaches of Patient’s 
Rights, for PCC. 

IV. DISCUSSION 

This study showed how Tanya used SLS with VR to make 
connections between elements of CJMM and QSEN 
competencies in different ways for and with her students. 
Specifically, we used ENA to model and visualize Tanya’s 
discourse with her students in different phases of instruction 
(pre-briefing, simulation, debriefing) finding statistically 
significantly different patterns that reflected underlying 
qualitative stories recorded during the three sessions (October-
November,  2020). These results suggest that using ENA can 
meaningfully assess complex phenomena involved in nursing 
education. Further, this study provides a proof of concept for 
taking a QE approach to unify qualitative and quantitative 
methods in creating high fidelity models of the complexity of 
learning clinical judgment and core nursing competencies such 
as QSEN. 

We argue that QE affords the generation of insights about 
what instructors are doing, how they are thinking and ultimately 
facilitating learning in nursing education using VR simulations 
such as SLS with VR. Statistics are used to warrant systematic 
qualitative claims about teaching and learning and give 
researchers and designers a powerful grip on complex and 
ephemeral phenomena. This advances the kind of questions we 
can ask and what we can measure about the usability, efficacy, 
and viability of VR simulations as high-quality clinical 
education experiences. In this study, SLS with VR afforded 
Tanya a chance to intervene as herself and by way of multiple 
characters, dialogues, and actions to engage students in clinical 
judgment, and quality and safety practices in patient care. The 
dominant codes in the data are consistent with what nursing 
faculty would expect to spotlight in a fundamentals of nursing 
simulation (e.g., recognizing cues, analyzing cues, patient 
centered care, teamwork and collaboration), and beyond (e.g., 
patient’s rights).  

While this study offers new insights and methodological 
advancement, it is not without limitations. The sample size of 
data is relatively small and future studies will benefit from 
analyzing more sessions with same and different instructors. 
Further, our data collection focuses on the verbal discussions 
during the VR simulation. This study did not focus on actions 
recorded in video data and future work could include these 
multimodal elements. Additionally, we recognize the need to 
understand how students experience the simulation and what 
students learn from the simulation [30].  Lastly, future work 
should analyze other aspects of SLS with VR such as differences 
in phases of instruction across classes, such as differences in pre-
briefings and debriefings, and content areas (e.g., Medical 
Surgical).  

Despite these limitations, this study showed how Tanya 
made connections with her students in different ways when 
preparing her students, using SLS with VR, and reflecting on 
that experience. We also show that nursing education VR 
simulations need to be flexible systems that allow instructors to 
address issues and misconceptions such as the nuance of patient 
rights in the broader frame of PCC. SLS with VR demonstrated 
the flexibility. Moreover, the methods used to assess learning in 
these systems must be able to systematically and meaningfully 
model differences in how instructor and learners using the 
complex and flexible systems. ENA demonstrated this 
capability.  

V. IMPLICATIONS 

According to the U. S. Bureau of Labor Statistics [31], 
employment of registered nurses is projected to grow seven 
percent over the decade. Specifically, about 175,900 openings 
for registered nurses are projected each year on average from 
2019 to 2029. This growth is faster than the average for all 
occupations. However, continuing instruction and training for 
nursing students (as with other students) has posed new 
challenges in the wake of a global pandemic [32]. Clinical 
nursing education in particular is most impacted, impeding 
opportunities for students to practice and acquire complex skills, 
such as the ability to make clinical judgments. Leaders in 
nursing education have urged the field to continue their 
commitment to quality research and education. Incorporating 
virtual reality simulations and VR training into nursing 
programs offers novel opportunities for educators to personalize 
their instruction and prepare students for the complexities of the 
nursing profession and patient well-being.  
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Abstract—Cure Quest is an educational adventure game about 

Clinical Translational Therapeutics, the process of discovery and 

development of new medical treatments, drugs, devices, and 

therapies.  The game is being developed through collaboration 

between faculty and students from a game design program and 

those from a medical school to raise awareness and improve 

collaboration in the "bench to bedside" process. Cure Quest aims 

to address this gap, first with medical students and ultimately for 

a general audience, with a game that instills wonder and inspires 

players with drug discovery challenges. In addition to the game's 

impact when completed, the development process itself presents a 

novel case study of integrating the interdisciplinary fields of game 

development and "team science."  We present the current version 

of the game in development, the unique design challenges 

presented by the project, and the evolution of our collaborative 

process. 

Index Terms—game-based learning, drug discovery, 

translational science, team science, serious games, medical 

education 

I. INTRODUCTION  

Developing a new drug can take ten to fifteen years and tens 
of millions of dollars, with numerous unsuccessful compounds 
that cannot be turned into a successful drug. To make drug 
discovery work well requires collaboration and communication 
between multiple disciplines across both clinical practices of 
health care and basic science, as well as business, funding 
agencies, and regulatory processes. While the process is 
essential to modern medicine, the full scope is not always well 
understood within the medical professions, by basic researchers, 
or by the general public. This is partly due to the specialized 
nature of medical training and gaps between basic science and 
clinical science. Drug development also involves a complex 
web of stakeholders with different roles and motivations. It 
requires the observations of health care providers, the basic 
research of molecular chemists, the data-driven guidance of 
biostatisticians, research support from government agencies or 
foundations, a viable business case for investors and 
pharmaceutical companies, and patients willing to join clinical 
trials. Game-based learning presents an opportunity for 

improving understanding of this process. There is little 
additional space in the curriculum for medical students, so a 
game can provide a valuable informal learning mode to 
augment the curriculum. For the general public, a game can 
provide an accessible entryway to an otherwise impenetrable 
topic. This research collaboration between the Icahn School of 
Medicine at Mount Sinai (ISMMS) and Rensselaer Polytechnic 
Institute (RPI) was formed to investigate these possibilities. In 
this project, faculty and students from a games program at a 
technical university and a medical school form a team to 
address the challenge of using games to provide informal 
education on drug discovery. 

 

 
 

Fig. 1: Cure Quest Screenshot 1. 

 
The group, from diverse academic arenas, levels of training 

& disciplines (computer science, software engineer, creative 
writing, art, gaming, biostatistics, drug discovery, clinical trials, 
education, graphic design, and music), gathered around a large 
conference table to share domains of expertise, experience and 
exchange ideas. Their challenge was to develop a videogame 
that captured second-year medical students' imagination while 
raising the player's awareness, insight, and appreciation for the 
complexities of drug discovery and development. Learning to 
speak the same language, along with investments in each other's 
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talents, this team is creating Cure Quest. This adventure 
videogame instills a sense of wonderment about this 
challenging team science process via a fun-to-play game that 
involves a world of magic, where a mysterious condition has 
affected the land. It is the player's job to find a treatment using 
the discovery and development methods of translational 
biopharmaceutical research. 

II. PRIOR WORK 

A. Educational Games for Pharmaceutical Education 

Board games and digital games have been used to represent 
different aspects of the drug discovery pipeline, both in the 
genre of educational games and in games more generally. 
However, existing games have tended to focus on specific 
stages, such as biochemistry or management simulation.  An 
early example is The Pharm [1], a board game targeting new 
employees in the pharmaceutical and biotech industries. The 
game uses a familiar board game structure with a track, dice, 
and question cards, and is mechanically a competitive series of 
multiple-choice questions with some aleatory factors. It focuses 
primarily on knowledge assessment.  Other applications of 
board games, quiz games, and card games have been used in 
pharmaceutical education [2]. Cain and Piascik argue for the 
value of serious games, both analog and digital, and outline key 
requirements for learning games to be successful [3]. 

 

B. Digital Games 

Big Pharma [4] is a computer game in which the player 
manages a pharmaceutical company, building assembly lines to 
manufacture drugs, including refining their properties, reducing 
side effects, and making a profit. These are represented as high-
level functional abstractions, with an underlying design based 
on systems simulation and management.  Pandemic [5] is a 
cooperative tabletop game in which players take on different 
roles to combat global disease outbreaks. Actions such as 
discovering a cure, treating a disease, and sharing knowledge 
with other players are high-level abstractions. The design 
emphasizes collaborative planning and managing resources and 
risks against the time pressure of exponentially spreading 
diseases.  Operating at a micro level, Opus Magnum [6] is a 
computer puzzle game about alchemy, challenging the player to 
build intricate machines to transmute elements into other forms. 
While it is fantastical, the puzzle design relates to the molecular 
chemistry involved in designing and optimizing a drug. Elder 
Quest [7] is a 3D adventure game about geriatrics. It is set in a 
fantasy world referencing role-playing games such as 
EverQuest [8].  Elder Quest is focused on fourth-year medical 
students on geriatrics rotation, covering topics including 
delirium, falls, and managing medications represented through 
magic spells or combat [9].  A non-game-based digital media 
example is the Sketchy Medical video series, an exam study tool 
for medical students that uses visual mnemonics. In each video, 
the narrator draws an elaborate scene with each element 
representing a medical concept. The Sketchy Micro series 
covers microbiology, and other video series cover pathology, 
pharmacology, and clinical internal medicine [10].  

These examples use different approaches to represent the 
content, but all rely on abstractions to present the content 
through game mechanics rather than direct simulation. 

 

III. THE DRUG DISCOVERY AND DEVELOPMENT PIPELINE 

The drug discovery and development pipeline describe the 
full cycle from the identification of an unmet human medical 
need, all the way to approval of a new treatment (New Drug 
application: NDA). Classic Target Based Discovery, 
Mechanism-informed or phenotypic screen (target unknown) 
guided drug discovery and development involves a series of 
sequential stages, each guided by specific goals and requiring 
different collaborators. The duration of each stage and the 
expertise needed to be brought to bear may vary depending on 
the nature of the reagent being developed and the methodology 
being employed, but the overall pipeline process moves from 
laboratory discovery and candidate selection to clinical 
development through progressive clinical trials, and ultimate 
delivery to patient populations at large following regulatory 
approval.  Discovery begins with observation. This may be a 
new disease or a disease without a known cure, but it may also 
refer to a need for an improved treatment such as reduction in 
side effects, reduction in cost, or improvement in patient 
compliance. These observations may originate from Pharma, 
Biotechnology, research labs, clinicians and/or allied healthcare 
professionals. 

 

Fig. 2: Drug discovery and development pipeline. The figure is taken from 
[11]. 

 
In classical target-based discovery, target identification and 

validation are the searches for a druggable target, a cellular or 
molecular structure that is part of the disease process and can 
be effectively manipulated. This may involve working with a 
known target and determining that it is involved in the disease 
process, or it may involve discovering a previously unknown 
target. Once the target is validated, thousands of molecules are 
screened to find “hit molecules” that will interact with the target 
in the desired way. These candidates may come from natural 
sources, chemical libraries of existing known compounds, or 
may be guided by computational design. The hit molecules are 
then refined to develop “leads,” which form the basis ultimately 
for the new drug. Lead compounds undergo additional 
modifications to optimize ideal pharmacological properties and 
fundamental safety with the final selection of a specific Lead 
Candidate which is then tested for safety and in some instances 
efficacy in pre-clinical in vivo models.  

Once the preclinical research is complete, the FDA must 
approve the start of clinical trials in humans. In Phase I clinical 
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trials, the goal is to establish the drug’s safety, pharmacokinetics, 
and dosing with a small group of healthy volunteer participants, 
or in some instances, patients with the underlying condition for 
which the drug might be ultimately used. In Phase II pilot and 
pivotal trials, the drug is studied in people with the disease or 
condition, in some instances in comparison to an existing 
treatment or a placebo. Finally, Phase III trials are performed to 
definitively prove the clinical efficacy of the new drug in larger 
populations of patients. 

IV. GAME DESIGN FOR LEARNING OUTCOMES 

The pipeline process immediately suggested an episodic or 
modular structure, dividing the game into sections based on the 
different stages. Our initial design approach focused on first 
developing a complete list of learning outcomes, and then 
devising a unified set of core mechanics shared across all the 
stages. The game would be based on a case study, either from 
the development of a real drug or a fictionalized version. The 
player would work through the different stages in the pipeline, 
solving the challenges in each stage to move their new drug 
forward. Several limitations with this approach became 
apparent, however. 

As we developed the learning outcomes for each stage, we 
discovered that the content areas were exceptionally diverse, 
with very different kinds of knowledge, processes, challenges, 
and modes of thinking. For example, the initial discovery phase 
would need to focus on individual patients and patterns of 
symptoms in a larger population. The lead optimization phase 
would focus on a small molecule's structure and behavior, while 
the clinical trial phases would emphasize statistical analysis, 
study design, and ethical issues. The team science nature of the 
pipeline means that multiple disciplines are involved, and 
furthermore, that very different kinds of questions must be 
posed in each stage and each discipline. A game could be 
designed around the abstraction of the work of molecular 
chemistry or biostatistics, or seeking funding and investors, or 
designing and running clinical trials. However, the challenge 
here is to incorporate all of these and many others. From a game 
production perspective, the ideal would be to find a reducible 
set of features across all of these domains to provide a core set 
of game mechanics. 

An additional challenge is in the level of detail and scientific 
accuracy. For example, a faithful representation of target 
validation for a G-Protein Coupled Receptor (GPCR) might 
involve the player performing assays of hundreds of g-proteins, 
with increased calcium concentration indicating a potential 
ligand bonding [12]. In the clinical trial stage, the player might 
be asked to develop appropriate selection criteria for study 
participants, or make decisions based on changes to a 
participant’s condition over the course of the trial. Each stage 
involves highly specialized knowledge, and accurate modeling 
of each of these processes at a granular level is daunting. In 
combination, these two problems reflect the real-world problem 
that motivates the project: a gap in high-level understanding 
across domains of deeply specialized expertise. Developing a 
game with high simulation fidelity in this context would 
approach Borges’ famous map that must become the size of the 
empire it represents. 

V. GAME DESIGN FOR EXPERIENTIAL OUTCOMES 

A. Limits of the Learning Outcome Approach 
The emphasis on granular learning outcomes and case-study 

realism led to designs with an unstated goal of process 
competency that after completing the game, the player would 
be able to perform a high-throughput screening assay or 
correctly design an experiment with transgenic drosophila. 
However, the project's original goals were to increase high-
level awareness of the big picture, not to provide training 
simulation for all (or any) of the roles involved. This was an 
essential realization in the design process, and opened the door 
to a new approach to the design problem. After reframing the 
learning goals, we then approached the design from the opposite 
direction, asking first about the player's experience. 

B. Motivation, Feeling, Experience 
While process simulation might be impractical, we could 

instead examine the motivations and the experience of people 
involved in drug discovery and development and use these to 
drive the design. We conducted an informal survey of medical 
school faculty, asking them to identify feelings and motivations 
as investigators in translational therapeutics. The responses to 
the question of motivation from the medical and scientific 
community fell into three categories: helping patients, the 
intellectual challenge, and personal accomplishment and 
success. Respondents were motivated by an altruistic desire to 
help individuals and whole communities, and by curiosity, 
critical thinking, and the excitement of solving a puzzle. Peer 
recognition, fame, and competition - the desire to be the first 
and the best, to “beat others,” “to win the race,” were consistent 
motivators, but so were teamwork and negotiation. When listing 
feelings associated with translational therapeutics, respondents 
focused on the challenge of the unknown such as “feeling like 
a detective” or an explorer, the feeling of a treasure hunt, of 
uncovering and keeping secrets; and also, of being an inventor, 
a tinkerer, and a “Math whiz.” Responses also highlighted the 
intensity of the challenge, with terms like “persistent,” 
“relentless,” “focused,” “resilient,” and “decisive,” as well as 
the need to be contemplative and thoughtful. These feelings and 
motivations formed design pillars for the game, with the goal of 
giving players an experiential relation to the translational 
therapeutics process. 

C. Motivations of Researchers and Corporations 
Monetary gain and power were notably absent from the list 

of responses. In further discussions these emerged as potential 
motivators from the perspective of the pharmaceutical industry, 
and also as motivations to guard against among researchers. 
This highlights a tension between the goals of a pharmaceutical 
company or venture capital fund to maximize return on 
investment for its shareholders and gain competitive advantage 
in the market, and the goals of researchers and doctors.  

 

D. Patients and Doctors 
A third perspective is the feelings and motivations of 

patients with respect to clinical trials. In addition to self-benefit, 
hope, and a feeling of retaking control, motivations may also 
include altruism, bravery, a desire to help others. However, 
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patients may also feel powerless, anxious about the unknown, 
coerced, or taken advantage of. Randomized, double-blind 
assignment may create anxiety for patients since they don’t 
know what treatment they are receiving, or resentment and 
anger at having potentially life-saving treatment withheld. 
Doctors may find themselves conflicted about whether a 
clinical trial is the best treatment for their patients. These are 
necessary tensions that ultimately emerge as an essential theme 
in the game: drug discovery is not driven purely by altruism or 
by greed, but by complex and sometimes contradictory 
motivations.   

VI. FOCUS GROUP  

A. Participants and Format  
Building on these experiential pillars, we conducted 

conversations with students and faculty at the medical school to 
understand our target audience as players better. We met with a 
group of eight students, primarily second-year medical or Ph.D. 
students. The group was evenly divided between male and 
female, with a mix of students who described themselves as 
playing games frequently, playing games occasionally, and 
rarely playing games. All were interested in the Cure 
Quest game and thought it could be beneficial to themselves or 
others. The discussion and a follow-up survey collected input 
on game genres, art styles, play styles, and game concepts.  

B. Findings 
1) Game genres, features, and play styles 
Students highlighted the opportunity to apply fact-based 

memorization in their curriculum to larger concepts and real-
world situations. When discussing game genres and examples, 
participants gravitated towards exploration and adventure 
games, anchored by relatable characters and narrative. The open 
exploration and puzzles of games like the Legend of 
Zelda series were repeatedly highlighted for the experience of 
being immersed in the game world. At the same time, 
participants universally stressed the need for a low learning 
curve and ability to play in short time periods, such as “while 
standing in line at the cafeteria,” as the intense medical school 
schedule leaves little room for extended game playing sessions. 
Games with an emphasis on characters and story were preferred 
over abstract games. Humor and mnemonic learning devices, as 
in the Sketchy Medical series, were also very positive.  

2) Art Styles 
Participants responded positively to the rich color palettes 

of Ni-No-Kuni [13], The Legend of Zelda: Skyward 
Sword [14], Monument Valley [15], and Journey [16]. Games 
with a palette with heavy primary colors like Paper 
Mario [17], Yoshi’s Island [18], The Legend of Zelda: 
WindWaker [19], and Kingdom Hearts [20] were less preferred, 
and viewed as overly childlike. The pixel art style of games 
like Fez [21] and Hyperlight Drifter [22] had divided 
responses. Some participants were attracted for nostalgic or 
purely stylistic reasons. Others were firmly put off by this style, 
feeling that it signaled the game was meant for a limited gamer 
audience. Art style tests with a character concept design 
rendered in a matrix of illustration styles provided similar 
results. Respondents preferred designs with a naturalistic but 
illustrative style over detailed realistic rendering and more 

cartoony styles. There was strong feedback that we should 
avoid anime and manga styles.  

3) Management Simulations and Life-and-death Scenarios 
While tabletop strategy games like Settlers of Catan [23] 

were viewed positively, participants reacted negatively to Big 
Pharma and other management simulation games, citing the 
complexity of the systems and interface. This was a surprising 
finding, as these students work with far more complex systems 
on a daily basis. Additionally, participants were strongly 
negative towards games and game concept pitches that featured 
realistic serious diseases, such as a real or fictional aggressive 
viral epidemic. This included completely fantastical scenarios 
with life or death stakes, such as a game where the player would 
have to find a cure for a zombie apocalypse. The Walking Dead 
[24] was viewed positively, but more as an example of a 
character-based game than for its specific setting.  Medical 
students explained that they were already coping with real-
world life or death pressure in their daily life, and they had little 
desire for more in their gameplay. This may also explain the 
aversion to complex simulation games, that they were seen as 
layering more weight onto existing cognitive load.   

4) Discussion 
These were unexpected results for the design team, and 

caused us to further reevaluate basic assumptions that a 
simulation management game or a real-world case study would 
be the logical form for the game to take. Additionally, our initial 
design concepts had tended to revolve around serious real or 
fictional diseases, both for dramatic urgency and to 
communicate the importance of drug discovery. However, these 
discussions led us to a better understanding of our target 
audience as players, and to a new design direction.  

VII. DESIGN ITERATION   
A. CureQuest 

The focus group feedback inspired the final design concept 
for Cure Quest: an adventure game across the Island of Aceso 
and its metaphorical lands representing the different stages in 
the drug discovery pipeline, such as the Forest of Compound 
Discovery, the Labyrinth of Target Identification and 
Validation, and the Desert of Funding. 

B. Key Concepts and Narrative 
The key high-level concepts include the motivations behind 

drug discovery; the principles of ethical scientific conduct; 
gathering evidence, forming hypotheses and interpreting 
experimental results; and understanding the role of the different 
stages and the different disciplines involved. The ultimate goal 
is to discover a cure for a mysterious disease, 
“transfeatheration”, which begins with cold or allergy-like 
respiratory symptoms but progresses to the patient growing a 
thick coat of bird feathers. Along the way, the player explores 
unknown territory, solves puzzles, and seeks help from a cast of 
characters, including the Medicinal Chemist, the Librarian, the 
Biostatistician, the Pharmacologist, and the wise Sage of the 
Island. They must content with the Angel Investor and Venture 
Capitalist, a Rival Gang of Unscrupulous Researchers, and the 
High Mountain of FDA Approval.  
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C. Learning Approaches 
This design is a combination of real-world processes within 

a fantasy scenario. The world of Cure Quest has both magic and 
microbiology, grounded in science but humorously 
fictionalized and abstracted. We employ a range of approaches 
to convey the learning material.  Some processes are 
represented in a fairly direct manner. For example, in the initial 
stage of drug discovery, observation of unmet need, the player 
collects observations around a city to gain an understanding of 
the symptoms and epidemiology of the disease. Later in the 
game, the concept of phenotypic expression in transgenic 
animal models is presented through a game of cross-breeding to 
produce zebrafish with feathers. Other concepts are presented 
visually, metaphorically, or mnemonically. In the Labyrinth of 
Target Identification and Validation, the player explores a maze 
and solves a series of puzzles to collect Trophy Orbs 
representing druggable targets. The Nucleotide Orb is found by 
manipulating an enormous clockwork mechanism similar to a 
Renaissance orrery of the solar system, to move its spheres into 
the molecular structure of the nucleotide.  Another orb is won 
by rolling a ball through an elaborate track in the shape of a 
protein kinase.  The Transporter Carrier Protein Orb is found by 
fishing in a pond deep in the labyrinth, a metaphor for target 
validation as a fishing expedition. 

 

 

Fig. 3. The orrery nucleotide puzzle in the labyrinth of target identification 

and validation. 

While some key concepts can be expressed procedurally, 
other content is conveyed through didactic text woven into 
dialog. Finally, a quiz format augments the other presentation 
methods, in periodic Quiz Battles with the Rival Gang of 
Researchers. Here, the player must answer questions on topics 
such as Lipinski’s Rule of Five, ethics and scientific integrity, 
and clinical trial endpoints. The purpose of these multiple 
modes is to engage players at different levels, foregrounding 
high-level concepts but still making more granular knowledge 
available.  

VIII. TECHNICAL IMPLEMENTATION & PRODUCTION PROCESS  
A. Development Team 

The development team is composed of undergraduate and 
graduate students studying game development, computer 
science, electronic art, and graphic design. An additional goal 
of the project is to provide educational and professional training 
opportunities, including working on a large-scale educational 
game production project. Students have central roles in all 
aspects of production, from narrative design and systems design 
to concept art and modeling to gameplay programming, level 
design, music composition, playtesting, and project 
management.  

B. Game Platform, Engine, and Tools 
Based on the play session styles and time constraints 

described by the medical students, we focused development on 
mobile devices, rather than on PC or other gaming platforms.  
Initial design concepts focused on 2D game styles such as 
management simulation games, puzzle games, 2D top-down 
role-playing games, or interactive narratives, and we used the 
Phaser.io engine to develop these prototypes. However, the 
focus group feedback indicated a strong preference for 3D game 
worlds, so the team developed a small prototype as a proof of 
concept and to determine if the workflow would be feasible. 
This was successful, and we transitioned to developing using 
the Unity3D engine. Modeling, texturing, rigging, and 
animation are done in Maya, Modo, 3DCoat, and Substance 
Painter. 

C. Collaboration Tools 
When working with a team of primarily undergraduate 

students, students often only work on the project for one 
semester, leading to continuous cycles of new team members 
and onboarding. The team frequently has members working 
remotely, and since most students are taking a full course load, 
work tends to be asynchronous. Collaboration tools and project 
organization become essential. Our initial primary 
collaboration platform was Google Drive combined with Slack, 
and GitHub for source code. We encountered a common 
workflow challenge, a separation between programmers 
working in the GitHub repository with bug tracking, and artists 
working in a google drive folder requiring spreadsheets to track 
progress on assets. To improve versioning, review, and approval 
for artists, we began using ftrack, a cloud-based service for 
managing visual effects projects. However, ftrack’s focus on 
shot approval workflow is less relevant for games, and the 
versioning connection from within Maya was often 
unpredictable. The advantages of ftrack did not outweigh the 
difficulty of still having different team members working in 
different version control systems. Over time, the organization of 
the google drive folder became more difficult as each new team 
of students would create new folders for their work. Finally, we 
transitioned to a new combination of platforms, using Basecamp 
for project management and Perforce Helix for both code and art 
asset version control. Perforce provided some improvements 
over GitHub in better adoption by non-programmers on the 
team, integration within the Unity3D editor, ability to resolve 
issues, and ability to handle large binary files. However, it does 
still require significant onboarding and training for new team 
members. Basecamp provides a somewhat better organization 
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over the Google Drive folders, as well as task and issue tracking. 
Though Basecamp is designed for simplicity, it also did require 
onboarding for new team members. Overall, regardless of the 
collaboration tools, a project manager role on the team is still 
needed, particularly as the scale of production increases with 
sub-teams working on different episodes in parallel. 

IX. DISCUSSION AND FUTURE WORK 
A. Status of Game Development 

The game is structured in episodes following a pipeline of 

stages. We are currently completing the first four episodes, in 

preparation for initial assessment with medical students. These 

episodes include: 

1) Starting the Quest: in which the player arrives on the 

island, meets the Sage of Aceso, and receives their Quest and 

fundamental principles of ethical scientific research.  
2) Discovery of Unmet Human Medical Need: the player 

journeys to the island’s capital city, observes a progression of 
symptoms and discovers a new disease.  

3) The Labyrinth of Target identification and Validation: 
the player explores a mysterious maze and solves puzzles to 
collect and learn about Druggable Targets.  

4) Desert of Funding: before progressing with developing 
a new drug, the player must travel across the Desert of Funding, 
prepare their evidence and arguments, and choose wisely when 
selecting a funding source.  

Future episodes will include The Forest of Compound 

Discovery, Hit Discovery and Lead Optimization, Preclinical 

Trials, Preparing for First-in-Man Trials, Phase I Clinical Trial, 

Phase II Clinical Trial, Phase III Clinical Trial, and the High 

Mountain of New Drug Application.  

 

B. Reflection on Multi-level Transdisciplinary Teamwork  

In addition to the expected impact of the game, the design 

process has illuminated new approaches to making learning 

games about complex transdisciplinary processes and subject 

matter. Transdisciplinarity here is distinguished from 

multidisciplinarity and interdisciplinarity [25] and requires that 

researchers invent new solutions by exploring research 

questions at the intersection of their respective fields to re-

integrate and expand knowledge [26]. Cure Quest seeks to do 

this with its refreshing, experiential games approach to 

understanding the critical steps of drug discovery and 

development. Yet another level of knowledge has also emerged 

– that of working together, across very diverse academic arenas, 

levels of training and disciplines and sharing domains of 

expertise and experience. These include computer science, 

software engineering, creative writing, visual art, game design, 

biostatistics, drug discovery, clinical trials, medical science and 

research, education, graphic design, music composition and 

sound design amongst others.   

According to the International Center for Transdisciplinary 

Research, "... [transdisciplinarity] occasions the emergence of 

new data and new interactions from out of the encounter 

between disciplines. It offers us a new vision of nature and 

reality. Transdisciplinarity does not strive for mastery of 

several disciplines but aims to open all disciplines to that which 

they share and to that which lies beyond them.” [27]   

The design process has also expanded the concept of Team 

Science, an approach to collaborative research across 

disciplines which is at the core of successful translational 

science. In team science, transdisciplinary research is a mode in 

which different disciplines not only fill different roles, but 

where there is fusion, interpenetration or combination of 

disciplinary methodologies. There is a sharing of language 

around a shared community of practice, such as in integrative 

medicine or environmental science. While this often refers to 

connecting disciplines of Basic Science and Clinical Science, 

these aspects of team science have clear parallels in the practice 

of game design and development. In developing Cure Quest, 

the medical experts have learned the language and processes of 

game design, and the game designers have immersed 

themselves in translational science. The result is an example of 

how the team science model can be further expanded, and how 

game design practice can incorporate subject matter as part of 

game design.  In each case, the individuals on the Cure Quest 

team have a deep respect for each other’s knowledge trajectory 

and have a strong shared goal. 

ACKNOWLEDGMENTS 

       This project is supported by grant UL1TR001433 and TL1 

TR001434 from the National Center for Advancing 

Translational Sciences, National Institutes of Health. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Cure Quest Screenshot 2. 
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Abstract—Most nursing skills training programs involve 

teacher demonstrations in a professional classroom, and the 

students follow along step by step. The teachers correct the 

students’ techniques’ when they are practicing. However, teachers 

cannot give feedback to multiple students simultaneously. Thus, 

students may be restricted by the time and space resulting in a 

discontinuity in the practice process, and over time, students may 

forget the steps of the technique. Moreover, students use patient 

models to practice their skills rather than obtaining real-life 

experiences. To address these obstacles to effective learning, we 

developed an “immersive nursing technology learning system” to 

establish a virtual clinical ward. We trained nursing students to 

use head-mounted displays and controllers to click, grab, move, 

and drag items to complete basic actions, construct technical 

knowledge, and establish familiarity with specific skills. We 

employed the System Usability Scale to evaluate the usability of the 

system interface and actual teaching, and the result was an "OK" 

level. The learning effect of the experimental group’s technique 

was indeed improved. This study can be used as a pilot for 

immersive nursing technology education. In the future, we hope to 

expand the nursing technology learning systems to focus on hand 

movements. 

Index Terms—virtual reality, nursing technology, learning 

effectiveness 

I. INTRODUCTION 

The purpose of nursing education is to establish the 
professional abilities of nursing. The training process includes 
three stages: the acquisition of knowledge, the development of 
nursing skills, and clinical practice. The acquisition of 
knowledge refers to the learning through theoretical courses that 
include basic nursing, pediatric nursing, obstetric nursing, 
physical assessment, internal and external nursing, community 
nursing, and mental health nursing. Nursing skills are related 
techniques derived from theoretical courses, such as enemas, 
intramuscular injections, and intravenous drip administration. 
Finally, students complete a practicum in the clinic for practical 
exercises [1]. 

The second stage of technical nursing training is critical. 
Presently, most instructors teach the basic principles of nursing 
technology in simulation wards. After explaining and 
demonstrating the procedures, the teachers correct students’ 
techniques. During the proficiency stage, the teachers instruct 
students using various teaching methods, including experiential 

learning, cooperative learning, and role play [2], [3]. However, 
such methods may negatively affect student learning through the 
following problems: (1) the teachers are unable to correct all the 
students’ errors effectively at the same time; (2) students have 
limited time and space in the classroom, so practices may be not 
sustainable or coherent and students may thus forget the 
techniques over time; and (3) patient models may not feel lifelike 
during practice. Furthermore, during the COVID-19 pandemic, 
schools may need to close and switch to online classes. Thus, for 
technical education such as nursing, providing unlimited 
learning whenever and wherever possible is increasingly 
important. 

Since the early 2000s, developers have introduced numerous 
visualization technologies, such as virtual reality (VR), 
augmented reality (AR), and mixed reality, which combines VR 
and AR. These technologies have been used as tools to reinforce 
learning experiences in fields such as medical treatment, 
education, tourism, culture, the military, architecture, design, 
engineering, and gaming. Learners in the VR environment 
immerse themselves in a simulated world, which they can 
explore, interact with, and change [4]. The immersive VR 
learning method helps students to discover new knowledge, 
complete experiential learning tasks that would be impossible in 
the real world, and apply knowledge and skills through an 
immersive learning environment [5]–[8]. The level of 
immersion in VR technology is divided into three categories, 
namely non-immersive, semi-immersive, and immersive. Non-
immersive VR displays the scene of the virtual world on a screen 
without any input device interaction. In semi-immersive VR, a 
large-screen projector or monitor is used to increase immersion, 
and the user is connected and can interact with input devices 
such as mouse, keyboards, 3D glasses, and Data Gloves. 
Immersive VR uses tools such as headsets, sensor gloves, and 
controllers to make users feel as if they are in a virtual world, 
thus increasing their level of immersion. Most traditional 
nursing technique teaching skills are based on watching videos 
and oral instruction. VR in nursing education has primarily been 
non-immersive or semi-immersive, which limits its learning 
effectiveness [6], [7]. Therefore, to improve upon these teaching 
techniques, this study developed an immersive nursing 
technology learning system, in which a controller is used to 
select and move items to master basic actions applicable to 
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nursing technical learning. In addition, we explored the 
influence of the system on learning effectiveness. 

II. METHODS 

This immersive nursing skill learning system was primarily 
designed for training students to use a pediatric sputum suction 
technology. The system development process involved analysis, 
design, and evaluation [8]. This system used Oculus Quest and 
Oculus Rift devices. The development process and research 
methods are described as follows: 

A. System Analysis Stage 

We first analyzed the clinical technique known as pediatric 
sputum suction. Based on this analysis, we established an 
assessment form, wherein each step of the process has a scoring 
standard that quantifies the student’s learning status. The content 
validity of the assessment form was confirmed by an expert 
meeting of four nursing experts to ensure consistency between 
the system design and actual technique. The technical content 
included the three modules in Fig. 1. 

 

Fig. 1. Assessment Form. 

Properly dispose of materials: the suction tube and sterile 
gloves should be discarded in an infectious materials trash can, 
and the outer packaging should be recycled. 

B. System Design 

The design phase included scenario modelling; technical 
program simulation; and testing, modification, and optimization 
of the system. 

C. Evaluation Tool 

The System Usability Scale (SUS) [9] was used to determine 
whether the system operation interface met the actual teaching 
needs. This scale contains ten questions, and the overall scores 
are classified into six levels: Worst Imaginable (38 points or 
less), Poor (39–52 points), Okay (53–73 points), Good (74–85 
points), Excellent (86–99 points), and Best Imaginable (100 
points). 

D. Research Method 

The study adopted a voluntary recruitment method. The 
participants were 40 junior college nursing students aged 17 to 
20 years who had received basic nursing training (pediatric 
sputum suction is an advanced technique). From this sample, 20 
participants were assigned to the experimental group (using the 
immersive nursing technology learning system), and 20 
participants were assigned to the control group (watching 
traditional teaching videos). Both groups completed 9 hours of 
coursework in pediatric sputum suction techniques. The time 
was allocated as follows: 2 hours for teaching and demonstrating 
the technique; 1 hour for the technique pretest; 4 hours using the 
immersive nursing technology learning system or watching 
traditional teaching videos (the proficiency stage); and 1 hour for 
the technique post-test. The scoring for the pre- and post-tests 
was based on the “pediatric sputum suction technique 
assessment form”. 

III. RESULT 

A. SUS Results 

The SUS scale measured the learning experiences of 20 
students (experimental group) to determine if the system design 
met their actual teaching needs. Odd numbered questions were 
forward questions, and their average score was from 3.65–3.95. 
The average score on this test was 65.8 points, which is 
categorized as Okay. A value of 0.86 for Cronbach’s alpha 
indicated the reliability of the test. Therefore, the learning 
system for the pediatric sputum suction technique developed in 
this study is suitable for nursing education. Fig. 2 is a simulated 
ward scene, where the learners must enter the virtual ward in the 
first person to interact with the pediatric patient and the family. 
Fig. 3 represents the preparation for sputum suction, where the 
student must confirm the identity of the pediatric patient. The 
learner picks up the medical record chart to identify the pediatric 
patient (hand movements correspond to the grasping and moving 
of the sensor). Fig. 4 depicts opening the sputum suction tube 
package in a sterile manner and putting on one sterile glove 
(hand movements correspond to the grasping, moving, and 
dragging of the sensor). Fig. 5 illustrates the post-sputum suction 
step in which oxygen is given (hand movements correspond to 
the grasping and dragging of the sensor). 

 

Fig. 2. Simulated clinical ward scene. 

 

1) Preparation for sputum suction: 

a) Operate the hand washing process correctly. 

b) Introduce yourself to child patient and his families. 

c) Confirm the identity of the child patient. 

d) Explain the purpose of sputum suction. 

e) Prepare suction equipment. 

2) Sputum suction process: 

a) Instruct family members to restrain the pediatric 

patient in a horizontal posture while elevating the 

bed head.  

b) Open the packaging of the suction tube in a sterile 

manner and wear one sterile glove. 

c) Turn on the suction machine and set an appropriate 

pressure. 

d) Measure the insertion depth of the suction tube. 

e) Insert the suction tube into the respiratory tract. 

f) Applying suction for 5–10 seconds. 

3) After sputum suction: 

a) Administer oxygen to the pediatric patient. 

b) Put the sputum suction tube into the clear water 

bottle and intermittently sucking wash until the 

tube is clean. 

c) Roll up the suction tube and disconnect it from the 

machine. 

d) Fold the glove outward to wrap the tube. 
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Fig. 3. Preparation for sputum suction: c) Confirm 

the identity of the pediatric patient. 

Fig. 4. Sputum suction process: b) Open the 

packaging of the suction tube in a sterile manner 

and wear one sterile glove. 

Fig. 5. After sputum suction: a) Administer oxygen 

to the pediatric patient. 

B. Technical Learning Effectiveness 

Independent t tests for students’ technical performance 
(Table I) revealed no significant difference between the pretest 
scores of the control group (mean [M] = 65.15, standard 
deviation [SD] = 19.03) and the experimental group (M = 79.30, 
SD = 10.55; t[38] = −1.88; p = 0.67). However, the post-test 
scores of the control group (M = 79.95, SD = 17.06) were 
significant lower than those of experimental group (M = 93.70, 
SD = 8.76; t[38] = −4.694, p = 0.00). This suggested that the 
experimental group used the VR system to achieve higher 
learning effectiveness. 

TABLE I.  T-TEST OF TECHINCAL TEST RESULTS 

 
Mean (SD) 

df t value p 
Control (N=20) Experimental (N=20) 

Pre-test 65.15 (19.03) 79.30 (10.55) 38 -1.88 .67 

Post-test 79.95 (17.06) 93.70 (8.76) 38 -4.694 .00 

C. Qualitative Feedback 

In the experimental group, we used semi-structured 
interviews to investigate the learning effect of the VR system. 
We obtained the following narrative statements, supporting the 
helpfulness the learning system in technical nursing training. 
Student A: “The previous technical courses used to use the 
‘Anne’ model to perform technical training, but this course was 
changed to virtual reality, to implement this children's sputum 
suction. The technology provided a different technical 
experience; this was a very cool technology experience.” 
Student B: “I thought this system was wonderful. There were 
some hints and instructions to help us to know what to do next. 
Although the process was very fun, we can still remember the 
technique we used in VR. This system was definitely helpful for 
technical learning.” 

IV. DISCUSSION 

The SUS score of the system in this study reached an Okay 
rating, indicating that the user interface of this system is usable. 
Feedback from the open-ended questionnaires indicated that 
some students were unfamiliar with the use of VR. Lack of 
familiarity the system may have affected the SUS evaluation 
scores; therefore, we excluded this control factor in the 
subsequent experiment. A significant difference was between 
the experimental and control group in the post-test. The 
immersive learning system may also differ from non-immersive 
or semi-immersive VR [10]–[12]. 

V. CONCLUSION AND NEXT STEPS 

This was a pilot study to develop an immersive technical 
nursing learning system. In a future study, we will apply VR to 
nursing education. The goals are as follows: (1) revise the 
system interface and teaching methods and increase sample size 
to verify the learning effectiveness; (2) establish the learning 
journey, record nursing students’ learning behaviors, and 
provide a resource for self-teaching; and (3) help teachers to 
evaluate student learning and design teaching activities that 
increase students’ learning motivation and effectiveness. 
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Abstract—The COVID-19 pandemic social distancing 

measures had immense evidenced impact on student life in higher 

education affecting their mental health in many ways. In addition, 

remote working measures taken by Higher Education 

organizations to protect students and staff created an additional 

barrier for students seeking support at a stage they feel the most 

vulnerable. This paper presents a work-in-progress study that 

focuses on investigating ways of designing an online system for 

self-assessment symptoms of anxiety based on which available 

support is provided in a personalized and emotionally engaging 

manner. The project builds and compares three prototypes: a 

conventional web site; a VR immersive environment with a single 

virtual human playing the role of a student life advisor; and an 

immersive environment with more than one virtual humans 

interacting with the user aiming to study which system engages 

and assists vulnerable students more effectively, contributing to a 

better user experience. The paper presents that project 

motivations, its aims and objectives, the proposed research 

methodology and the expected contributions to knowledge. 

Index Terms—WebXR, virtual humans, mental health, 

anxiety, user experience 

I. INTRODUCTION AND PROBLEM STATEMENT 

The emergence of the coronavirus (COVID-19) pandemic, 
the lockdown and social distancing measures evidently 
impacted mental health. Data released by the Office of National 
Statistics in the UK, based on indicators from the “Opinions and 
Lifestyle Survey” in Great Britain showed that almost one in 
five adults (19.2%) were likely to be experiencing some form of 
depression during the coronavirus (COVID-19) pandemic in 
June 2020; this had almost doubled from around 1 in 10 (9.7%) 
before the pandemic (July 2019 to March 2020) [1], [2]. 
Research showed that the pandemic affected mostly the mental 
health of the younger populations (ages 18-25), who developed 
symptoms of post-traumatic stress disorder, anxiety, depression 
and other symptoms of distress.  

University student life is considered by many as the happiest 
years of one’s life. However, the Student Academic Experience 
Survey, 2020 [3], showed that the personal well-being of 
undergraduate students in the UK has declined on the following 
domains: life satisfaction; life worthwhile; happiness; low 
anxiety. The Student Academic Experience Survey (SAES) of 
students surveyed after March 16th 2020 (when most universities 
stopped face-to-face teaching) reported significantly lower 
levels of happiness, than those surveyed before that date, while 
the remaining three well-being measures levels did not differ 

significantly. Internal survey at the University of Westminster 
showed that severity and complexity of presenting problems 
have increased resulting in students needing support over a 
longer term. 

Universities value their students’ mental health and 
wellbeing which are very closely interlinked and often placed 
under the same umbrella as university services. However, for 
students to take advantage of available help, support, advice and 
guidance they need to be aware and understand the available 
tools and services to them and how those can be accessed. Most 
Universities direct their students to their university's website to 
find information about available support within the campus, or 
other organisations and support charities. 

The most personal, emotionally effective way for students 
seeking support at a moment they may feel the most vulnerable 
is to talk to a student life advisor, or counsellor who works with 
students to assess how their mental health difficulties might 
impact their education and offer support accordingly. However, 
due to the lockdown and the social distancing measures such a 
direct way of communication may not be so easily accessible. 
The current waiting time again at the University of Westminster 
for students to receive initial appointment with a student life 
advisor is approximately 2-2.5 weeks. From this perspective, 
VR technology and mobile devices assume important role to 
decrease those negative effects of the pandemic. These tools 
present benefits that could improve the service to students 
seeking mental health support online offering an environment 
that simulates a face-to-face interaction with a student life 
advisor. VR/AR [4] can leverage all aspects of “Patient 
Empowerment” as defined by the European Patent Forum (self-
efficacy; self-awareness; confidence; coping skills; health 
literacy) [5]. In addition, WebXR [6] democratises and 
simplifies dramatically the distribution of a VR/AR as this 
advanced technology becomes affordable and accessible by all.  

This work-in-progress project focuses on investigating ways 
of improving the student wellbeing service, using the University 
of Westminster website as case study, by designing a WebXR 
prototype that supports students to self-assess anxiety symptoms 
proposing respectively available support in a personalized and 
emotionally engaging manner. The paper compares the effect of 
conventional web versus WebXR technology to effectively 
assist students seeking for mental health support. It also 
examines the effect of virtual humans in emotionally engaging 
students particularly when they are feeling vulnerable. 
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The rest of this paper presents the research questions driving 
this study and the proposed methodology to address those 
research questions, it describes the research instruments that 
have being created to support the study and concludes by 
discussing expected contributions to knowledge and future 
work. 

II. RESEARCH QUESTIONS 

The ultimate goal of this project is to evaluate if immersive 
WebXR can effectively support students in fragile state of mind 
and help them to overcome the difficulty they are facing until 
they are able to interact with a mental health coach. The research 
questions addressed by this research project are the following: 

RQ 1 Do users feel more confident to use a conventional web 
site versus a WebXR interface involving virtual humans 
to review their mental health status? 

RQ 2 Do users feel more confident to share confidential 
information about their mental health and engage 
better interacting in a WebXR environment with one or 
more virtual humans taking the role of  a virtual life 
advisor 

RQ3 Does the use of SCUBA framework [7] supports the 
creation of VR experiences that have emotional 
resonance and impact? 

III. RESEARCH METHODOLOGY 

This paper proposes a rigorous methodology to study the 
aforementioned research questions and address the project aims 
that consists of the following stages: 

1) It builds a mental health self-assessment resource based 

on the NHS depression and anxiety self-assessment quiz [8] to 

allow students review their mental health state and suggest 

available University support accordingly; 

2) It compares a conventional web site to a WebXR 

environment supported by virtual humans to evaluate their 

effectiveness for online counselling; 

3) It compares a WebXR environment supported by a 

single virtual human taking the role of  a virtual life advisor to 

one supported by multiple virtual humans to evaluate their 

effectiveness in supporting online counselling; 

4) The WebXR prototypes are designed following the 

SCUBA VR design framework [7] that claims it supports the 

creation of VR experiences that have emotional resonance and 

impact; 

5) Immersive user satisfaction is evaluated using the User 

Experience Questionnaire (UEQ) [9] that measures usability 

aspects (efficiency, perspicuity, dependability) and user 

experience aspects (originality, stimulation), and immersion 

based on the Immersive Experience Questionnaire (IEQ) [10]. 
The following sections elaborate on the creation of the  

research instruments to support the study. 

IV. PROTOTYPE DESCRIPTION 

Three research instruments are being created to support the 
study, all of which aiming to help students to self-evaluate their 

mental health symptoms and direct them to the most appropriate 
service evaluating the severity of their condition: 

• An extension of the university web page with an online 
mental health self-assessment questionnaire enhanced 
with 2D video of a student life advisor taking students 
through the questionnaire in a form of a conversation. 

• A WebXR immersive environment with one virtual 
human taking students through the online mental health 
self-assessment questionnaire in a form of a conversation 
with a student life advisor. 

• A WebXR immersive environment with multiple virtual 
humans meeting the student and taking him through the 
online mental health self-assessment questionnaire in a 
form of a conversation with a student life professional. 

After completing the questionnaire, the user receives a score 
that determines the severity of his/her symptoms. Based on the 
score they receive users are grouped in one of the three 
following categories suffering [8] anxiety; anxiety/ stress; self-
harm. The first two categories are classified as low mental health 
severity, while the third case as immense mental health severity 
and require immediate action. Respectively, users will be guided 
to the correct information and will receive support based on the 
urgency determined by the classification of the category of their 
suffering.  

The web questionnaire is built using HTML, CSS and 
JavaScript. The WebXR prototypes are designed in Unity. The 
design of the WebXR prototypes is based on the SCUBA VR 
framework [7] which encounters with each part of the VR 
experience, accommodating the user needs and acclimating at 
each stage. The design of the WebXR prototypes followed the 
spiral U model of the user journey to the VR experience and 
back to the real world suggested by the SCUBA framework. 

In the single virtual human VR prototype the scenario 
precedes with the user entering their name and student ID, which 
allows the virtual human who takes the role of a virtual life 
advisor to refer to them in person and have a connection to them 
when proceeding with the following tasks. The virtual life 
advisor approaches the user and engages him/her in a dialogue 
using the self-assessment questionnaire (as shown in Fig. 1). 
Following the completion of the self-assessment questionnaire 
the virtual life advisor gives two options to the user based on the 
score they received: 

• In the case of low mental health severity, the virtual 
human makes the user aware of available information 
and different help avenues that the university offers. 

• In case the user mental health evaluation shows results 
of immense mental health severity, the virtual life advisor 
ensures the user that there is available help and asks 
permission from the user to be contacted by the student 
counselling team, upon granted student permission the 
system sends a message to the student counselling team 
with the student details and a message to be contacted as 
a matter of priority. The virtual life advisor continues 
engaging with the student offering further information to 
educate him/her to cope with anxiety and stress, and 
makes resources and helplines available. 
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In the multiple virtual humans VR prototype (as shown in 
Fig. 2) the scenario precedes similarly to the single virtual 
human VR prototype with the difference that when the users 
enter the virtual environment, they are met by a non-player 
character (NPC) who explains the activity. After the NPC 
provides instructions to the user, he/she can freely move in the 
environment and go to meet another virtual actor who takes the 
role of the virtual life advisor and goes through the process of 
completing the self-assessment mental health questionnaire with 
the user. At the end of the process the virtual life advisor 
introduces two more advisors. The first virtual life advisor offers 
information about the university’s services, while the other gives 
further knowledge about anxiety. The virtual life advisors 
communicate with the user with voice as well as text. 

    

Fig. 1. a) The virtual life advisor engages the user with the mental-health self-

assessment questionnaire (left). b)Different virtual actors take different 

advisory roles to engage and support the users (right). 

V. THE STUDY 

This is a comparative study that evaluates the user 
satisfaction in effectively conducting mental health self-
assessment and receiving advice accordingly using three 
different tools as stated earlier. The study aims to recruit 
approximately 80 participants to secure statistically valid 
results. The participants will split in two groups each using the 
two prototypes randomly: 

• Group A: the web site, followed by the WebXR 
environment supported by one virtual life advisor. 

• Group B: the web site, followed by the WebXR 
environment supported by multiple virtual life advisor. 

Following their interaction with the web prototype they will 
complete the UEQ [9], while following their interaction with the 
WebXR prototype they will be asked to complete the UEQ and 
the IEQ [10]. The data will be analysed using within subject 
statistical analysis to compare the effectiveness of the web site 
with the integrated 2D video versus the two different WebXR 
prototypes the groups A and B used respectively. While between 
study analysis will be used to compare the users’ response to 
immersion, emotional response and user experience comparing 
the two different WebXR prototypes. The study will run online. 
The participants will be provided with a video explaining the 
scope of the study and the tasks to be completed. The researchers 
will work closely with the mental health support group at the 
University of Westminster to recruit members/students of this 
group who at some point during their study went through the 
process of seeking life couching and fall in this vulnerable 
demographic required for the study.  

VI. EXPECTED CONTRIBUTIONS TO KNOWLEDGE  

The main expected contributions to knowledge of this 
research impact the educational community and the WebXR 
development industry and are outlined below: 

• Evidence based analysis comparing conventional web 
systems versus a WebXR interfaces to support online 
student Life couching. 

• Evidence based analysis comparing best way of 
engaging virtual humans to support student Life 
couching in WebXR. 

• Research informed design guidelines for the creation of 
WebXR environments that can effectively engage 
vulnerable users and make them feel secure to share 
personal information and seek mental health support. 

In addition this project will offer a resource that could 
enhance student experience seeking mental health support.  

VII. CHALLENGES, DISCUSSION AND FUTURE WORK 

Currently, the project is in stage of developing the research 
instruments, planning the study to run online and granting ethics 
approval. Although running the study online is feasible as all the 
research instruments can be accessed online, recruiting the 
necessary number of participants, particularly of the required 
demographic to collect the statistically valid data in the current 
unprecedented times is challenging. The future development of 
this project will involve extending the WebXR prototypes by 
integrate gamification that may support students better to set 
goals to help them deal with anxiety. 
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Abstract—Cardiac auscultation is a routine medical examina-
tion whereby using a stethoscope placed over various regions
of the patient’s chest, a health care professional listens to
the patient’s hear murmurs to diagnose their heart condition.
Cardiac auscultation training has evolved from relying on patient
and audio recordings to employing simulation manikins, multi-
media, mobile applications, and most recently digital simulations,
including virtual reality (VR) that allows training without the
limitations of physical laboratories. Typically, at a consumer-level
VR headset orientation is used to identify areas of attention and
trigger interactions, while high-end headsets make use of eye
tracking. This paper presents a work in progress comparison
between headset orientation and eye tracking employing two
different VR controllers to understand focus on items on screen.
Preliminary results indicate that participants spent a significant
amount of time browsing the scene rather than relevant objects
for the examination. With respect to the tracking methods, eye
tracking was the most reliable, thus highlighting the need for
thoughtful headset tracking. Future work will focus on a larger
study to develop a tool to enhance VR headset interactions by
understating how they compare to gaze captured data for more
effective interactions and navigation in VR for successful training.

Index Terms—cardiac auscultation, engagement, usability, vir-
tual reality, virtual simulation

I. INTRODUCTION

Cardiac auscultation training is a cost-effective heart ex-
amination procedure that has remained in essence the same
since the invention of the stethoscope in 1848 [1]. The

examination requires a health professional to listen to heart
sounds employing the stethoscope, a device that captures heart
sounds from the opening and closing of its valves and from the
blood flow across them (murmurs). During the examination,
the chest piece is placed at different locations on the patient’s
chest depending on proximity to the specific valve (i.e., aortic,
pulmonic, mitral and tricuspid [2].

Traditionally, auscultation training relied on patient practice
that limited the number of conditions trainees were exposed to.
The availability of pre-recorded heart murmurs, followed by
auscultation manikins that included large libraries of sounds
changed the hands-on patient practice towards on-site multi-
user training controlled scenarios [3]. However, due to the
costs associated with simulation and the prevalence of diag-
nostic tools [4], cardiac auscultation skills with the stethoscope
are in decline. As a solution to simulation costs, digital tools
have been gaining momentum to maintain stethoscope skills
as it remains a critical diagnostics tools, particularly during
the COVID-19 pandemic [5].

The explosion of immersive technologies is currently chang-
ing medical simulation by presenting safe synthetic scenarios
[6]. The growth adoption of digital simulation has sparked
interest into capturing user metrics and eye tracking in par-
ticular to understand how prior knowledge affects problem
solving [7]. Understanding how users perform is critical during
the development and assessment process, and eye tracking
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is being adopted as an instrumental tool for capturing the
decision-making process from the trainee’s point of view,
which can led to more effective debriefing [8]. However,
eye tracking technology in VR remains exclusive to high-
end devices leading to consumer-level VR headsets using the
head orientation to determine where user’s head is pointing
at within the virtual environment [9]. Headset orientation-
based interactions require the user to rotate and sustain a
position while an event occurs [10]. VR headset orientation-
based interactions force users to align their gaze with their
head, while in reality, the head can be stationary while the eyes
canvas the scene. This paper presents a comparison between
head-mounted display (HMD) ray casting and cone casting
techniques and eye tracking data within a virtual cardiac
auscultation simulation employing a HTC Vive VR controller
and a Valve Index VR controller that supports finger tracking
to determine how participants focus on objects within the
scene. Our goal is to develop a better understanding of how
objects of interest are captured to guide our future work
into the development of a tool for enhancing HMD-based
interactions for consumer-level devices.

II. MATERIALS AND METHODS

The virtual auscultation scene was developed employing the
Unity game engine along with Steam VR to ensure compat-
ibility with the HTC Vive Pro Eye, the HTC Vive and the
Valve Index controllers. The HTC Vive Pro Eye was chosen
because of its integrated eye tracking sensors. Additionally,
the HTC Vive controller was chosen as it represents a typical
VR input device, while the Valve Index controllers allows for
grasping employing finger tracking technology instead of side
grip buttons.

A. VR Cardiac Auscultation Scene

The cardiac auscultation examination process requires ma-
nipulating the stethoscope by placing it over the chest of a
patient while listening to the heart [11]–[13]. The VR scene
is comprised of an examination room, a virtual patient, a
virtual stethoscope, and pre-recorded heart murmur triggered
by interactions between the stethoscope and the auscultation
areas as shown in Fig. 1.

Fig. 1. VR cardiac auscultation scene and patient with visible auscultation
areas.

B. Focus Capture

We implemented three tagging systems to capture where
and for how long the user’s attention (based on the HMD
orientation and gaze) is placed on objects within the virtual

scene. The first method consists of a ray traced selector based
on data from the eye tracker, the second is a ray cast emitted
from the center of the HMD, and the third is a simplified cone
casting algorithm that employs the lowest dot product between
the HMD’s forward vector and the direction to the object’s
origin [14]. The tagging systems record metrics associated
with the object being focused on and the time spent focusing
on the object.

C. Preliminary Study
The preliminary study had participants picking up the

stethoscope and placing it over the virtual patient’s chest in
order to listen to the heart sounds. Due to its preliminary
nature, a within subjects study with five participants without
any previous knowledge of cardiac auscultation procedure (to
replicate new learners who are unfamiliar with the procedure)
was conducted. The participants were tasked to listen to the
auscultation areas and determine where the heart sound was
the loudest.

III. PRELIMINARY RESULTS

Table I presents the average time percentages spent on the
auscultation areas, the stethoscope, and other objects within
the scene, classified by tagging system and type of VR con-
troller. Additionally, the overall time spent while performing
the virtual auscultation is presented in stacked form in Fig. 2.

TABLE I
AVERAGE TIME SPEND CATEGORIZED BY TAGGING SYSTEM AND

CONTROLLER TYPE

Tagging System Time Percentage Spend on Target
and Controller Auscultation Area Stethoscope Other

Ray trace + Valve Index 19% 13% 68%
Cone cast + Valve Index 19% 13% 68%
Ray cast + Valve Index 3% 0% 97%
Ray trace + HTC Vive 21% 7% 73%
Cone cast + HTC Vive 21% 7% 73%
Ray cast + HTV Vive 4% 0% 96%

Fig. 2. Time spent on auscultation areas, the stethoscope, and other objects
within the scene.

Regarding individual metrics, cone cast data from two
participants showed they spent more time spent on the pul-
monic area in comparison to the others. The discrepancies
between the ray trace method based on eye tracking and
HMD orientations are clear when comparing the three tagging
systems as shown in Fig. 3 and Fig. 4.
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Fig. 3. Participant data showing time spent focusing on different objects,
where Null indicates that the focal point was not an object of interest.

Fig. 4. Results from the second participant with the highest overall correlation
between eye tracking, ray cast, and cone cast.

IV. DISCUSSION

The preliminary results show that the participants spent less
time focusing on the stethoscope and the auscultation areas
than they did with other objects within the rest of the scene.
Furthermore, The ray cast tagging system detected less objects
during the simulation, and interestingly, when an object was
detected, it rarely corresponded to the data captured employing
the ray trace data. The cone casting method on the other hand,
returned mostly false positives, even when the user was not
looking at a target.

After analyzing the data, we noticed that the participants did
not focus on the interactable objects for a considerable amount
of time (approximately 70% of the time during the simulation
is spent focusing on objects other than the stethoscope and the
auscultation areas). However, this provides us with a glimpse
to better understand the participants’ behaviour throughout the
entire simulation and implement strategies to help improve
attention on the objects and tasks of interest.

With respect to the VR controllers, there were no differences
between the two types indicating that the participants had an
interchangeable experience. We believe that this is the result
of a very simple interaction where participants were required
to pick up, hold, and position the stethoscope at different
locations.

V. CONCLUSION

This paper presented a comparison between HMD orienta-
tion and eye tracking to determine how participants focused
on objects during a virtual cardiac auscultation examination.
Additionally, participants had two different VR controllers, the
HTC Vive that requires users to press and hold grip buttons
for grasping objects, while the Valve Index detects grasping
gestures by employing finger tracking. From our preliminary
results we can conclude that the use of ray cast and cone casts
methods to determine which objects a user is focusing on in a
virtual world are inadequate as they may lead to false positive
as the gaze can be focusing anywhere within the field of
view. However, since VR eye tracking is currently not widely

available at a consumer-level, cone casting is preferred over
a single head ray cast, with the caveat being that a cone cast
is still significantly less accurate than eye tracking and it will
require additional visual cues to help VR users to focus on
the objects of interest.

Future work will focus on adding visual cues to further ex-
pand our understanding on improving HMD orientation-based
attention for consumer-level VR headsets lacking eye tracking.
Additionally, we will recruit a larger number of participants
with a health sciences background to assess accuracy and
performance while performing the procedure. Finally, we will
compare our virtual training tool with manikin-based training
to understand and compare how areas of focus and attention
shift with real hands-on practice.
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Abstract—Immersive technologies for education have been 

investigated for some time; it is only recently that Virtual Reality 

has been widely adopted within nursing and healthcare 

professions. In this work in progress, we present the current status 

of our immersive 360 video Antepartum 360, which is targeted 

towards undergraduate nursing students. We discuss the creation 

process of Antepartum 360 including the design of the lesson 

structure, design of the user experience and interactions, and the 

filming and editing the 360 video itself. We then present the initial 

findings from a user study testing the effectiveness of Antepartum 

360. Participant results show high levels of engagement with the 

360 video, satisfaction with the effectiveness of the video, and 

confidence in using the application.   

Index Terms—360 video, virtual reality, nursing education, 

immersion, interaction design 

I. INTRODUCTION 

Immersive technologies have long been used for education 
and training in a variety of disciplines and provide unique 
benefits such as immersing students in real life scenarios and 
allowing the student to dynamically manipulate the contents of 
a lesson within an interactive space [1]. These technologies 
have great potential to create a positive impact on teaching and 
learning by providing efficient, flexible, and immersive 
educational experiences. Virtual reality (VR) allows users to 
directly interact with virtual representations of real-world 
objects, visualize abstract concepts, articulate the learners’ 
understanding of important phenomena by manipulating their 
virtual environments, illustrate dynamic relationships between 
components, interact with other users in collaborative virtual 
spaces, and participate in scenarios that are unavailable or 
unfeasible due to time, cost, or safety factors [2].  

While VR is still not clearly defined for the field of 
healthcare [3], [4], the use of VR for nursing education and 
health professions is rapidly growing in popularity. Since 2016, 
nursing undergraduate programs have replaced up to 50% of 
traditional training scenarios with virtual simulations [5] 
without a significant difference in student learning outcomes. 
VR simulation brings considerable benefits to nursing 
education, acting as a platform where content can be delivered 

and viewed at a time and space that is more convenient for the 
learner [6]. These findings are supported by Rourke [7], who 
observed that the degree of learning through VR-based 
platforms was comparable to lessons conducted through 
traditional simulation. 

In VR-based education, a spectrum of hardware and 
software have been used to support different qualities of 
immersion for various educational conditions. High-fidelity VR 
devices, which include head-mounted displays with controllers, 
provide users with full immersion with six degrees of freedom. 
Low-fidelity VR would be a medium like 360-degree videos 
viewed on a computer monitor or a mobile phone [8]. 360 
videos are panoramic or spherical video recordings where the 
entire view of an environment around the camera is recorded 
simultaneously. These types of recordings require an 
omnidirectional camera or a collection of multiple cameras to 
acquire the 360-degree view. The advantage of 360 videos over 
traditional video is that it can immerse the viewer in the 
environment by filling their entire field of view with the 
captured image. 360 videos may not be considered true VR 
since they are only a recorded experience, and not a fully 
immersive and interactive experience. However, 360 videos are 
very accessible and easy to create compared to true VR 
applications and students can access the immersive experience 
through popular video streaming platforms such as YouTube 
and Facebook. Because of the COVID-19 pandemic, alternative 
remote learning resources like low-fidelity VR have become 
necessary to support students’ individual learning. 

Our team was tasked with creating an immersive experience 
of an Antepartum Assessment training lesson for the 
University’s undergraduate nursing program. This project had 
to serve students in a hybrid classroom setting, and support both 
remote and in-person learning. Despite the medium’s 
constraints, we chose to use a 360 video as a vehicle for our 
immersive simulation because it is cost-effective and provides 
a unique sense of presence and immersion through recordings 
of a standardized patient in a real exam room. These qualities 
of 360-degree videos allow us to connect viewers to the content 
in a meaningful and emotional way [9]. The stereoscopic sound 
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in 360 videos also strengthens the viewer’s connection to the 
content as it spatially directs their attention to key aspects of the 
video. In this paper we present our Antepartum 360 application, 
which demonstrates the procedure of an Antepartum 
Assessment. In addition, we report on the lessons that our team 
gleaned from the design/creation process and our evaluation of 
participating student-users' experiences, so that we can apply 
these design guidelines to future projects. 

II. CREATION OF ANTEPARTUM 360 

Antepartum 360 is a virtual reality application that plays a 
360-degree video recording of an Antepartum Assessment. In 
the application users feel as if they are standing next to the nurse 
practitioner and a patient as they observe the assessment in 
close detail. 360-degree video technology affords the user with 
an immersive experience and a vantage point similar to what 
they would encounter during an in-person demonstration of the 
assessment. In the creation of Antepartum 360, we focused on 
overcoming the common limitations of 360 videos (such as 
having a fixed point of view) by providing the user with options 
to view certain parts of the demonstration from new vantage 
points, as well as the ability to control the pace of the lesson. 
We also created animated illustrations, diagrams, and audio 
narration to supplement the video demonstration. 

A. Design Process 

The design of 360 immersive video experiences includes two 
major components: the experience design and interaction design 
[9]. The experience design covers any elements that support the 
user’s experience, such as the creation of any media used in the 
application and designing the flow of moving from one 
experience to another. Interaction design deals with tasks related 
to navigation in the virtual world, interaction feedback, and the 
integration of interactive components to increase user 
engagement [9]. 

1) User Experience Design: The narrative structure of the 
lesson in Antepartum 360 was based on a traditional assessment 
conducted by a nurse practitioner. The initial video recordings 
of this assessment helped the team plan the flow of the content 
and guided the design of  our virtual scenes. Working closely 
with our content experts (faculty from the College of Nursing), 
we identified pedagogically challenging moments in the 
assessment where we could use motion graphics, diagrams, and 
audio narration to make the content easier to digest. We broke 
the assessment into sections to better organize our workflow, 
and then identified in each section the important educational 
takeaway(s) of  that scene as well as the possible interactive 
moments. From the beginning of the application to its end, a 
narrator describes to the user what they will be witnessing along 
with the purpose of the activities shown in the demonstration.  

a) 360 Video Creation: The 360 videos of Antepartum 
360 were created by filming on location, editing the final 
footage, and adding supportive graphics and sound effects.  

Filming of the antepartum assessment was done on the 
Insta360 Evo, a digital camera that can capture a 360-degree 
view around the device, which then allows the eventual viewer 
to rotate their point-of-view freely on playback. To create the 
optimal viewing experience and further immerse the viewer in 
the lesson, the 360-degree camera was placed on a tripod close 

to the foot of the  examination bed in a spot that provided a clear 
view of the interactions between the nurse and the standardized 
patient. The camera was placed at a height of approximately 
five feet, six inches to simulate the average height of a user. The 
demonstration was performed by a nursing faculty member and 
a standardized patient far along in their pregnancy. 

Adobe Premiere, a video editing application, was used to 
edit the 360-degree video. The 360 footage was imported into 
the software, which by default flattens the spherical field of 
view captured by the camera into an equirectangular image. VR 
mode settings were enabled to create a spherical layout, and this 
process was repeated for all the other 2D assets. 

To provide alternative views and details of key parts of the 
lesson, 2D illustrations, flat videos, and sound assets were 
created and edited using Adobe Illustrator,  Photoshop, and After 
Effects. These applications were used to enhance the users’ 
understanding of the Gestational Wheel (seen in Fig. 1), 
performing Leopold’s Maneuvers, and measuring the Fundal 
Height. Additional video and audio recordings were made by our 
faculty expert. Adobe Audition was used to enhance the quality 
of audio from the 360 videos (removing filler words, irregular 
sounds, and background noise) 

 
Fig. 1. Virtual Scene for the Gestational Wheel Module. 

b) Virtual Scene Creation in a 360 Video: Supportive 
texts and graphics were placed in the virtual scenes of the 
Antepartum 360 video. When designing virtual scenes for 
specific tasks (e.g., Gestational Wheel, Leopold’s Maneuvers) 
we aimed to provide the user with continuous and detailed 
information throughout the experience. An example of this is 
the scene demonstrating the use of a gestational wheel (also 
known as a pregnancy wheel). The gestational wheel is a 
handheld tool frequently used by nurses to measure important 
dates in the development of a fetus and track metrics of the 
fetus’s growth. Our application takes advantage of pauses in the 
360 video to fill most of the player's view with a enlarged 
graphic of the wheel, overlaid on top of the 360 video. The 
wheel rotates as the narrator goes through an explanation of 
how it works. Animated text, highlighing, and markers describe 
important terms and point out relevant values on the wheel in 
time with the narrator’s words (Fig. 1). Once this demonstration 
is over, the graphics fade out and the recorded assessment 
continues where it left off. The interruption is timed 
intentionally before the nurse uses the wheel within the 
assessment to help the user understand how the wheel works 
before the nurse uses it. This virtual scene structure is repeated 
for all subsequent sections of the lesson that were considered as 
difficult to teach from just the video alone. 
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2) Interaction Design: The interaction design for 360 
videos is somewhat limited in comparison to high-fidelity VR 
environments. Users cannot move through the 360 environment 
or virtually teleport to a specific location. Fortunately, because 
Antepartum 360 demonstrates the antepartum assessment  in a 
small region within the exam room, dynamic locomotion is not 
required. The user can turn their head or their body to easily 
view different areas of the room from their fixed location. To 
create engaging interactions for the application, we carefully 
designed and placed graphical content so that the information is 
easy to understand and well visualized. 

3) Implementation: The final application was deployed to 
both the Oculus Quest headset through a 360 video viewing 
application and to Google Cardboard, where users can view 
Antepartum 360 using the YouTube app. 

III. EVALUATION OF ANTEPARTUM 360 

A. Study Description 

We conducted a study with 17 students from the College of 
Nursing; ages ranged from 18-24 (5), 25-34 (10), and 35-44 (2). 
Of these students, 15 were female and 2 were male. The study 
was written to evaluate the effectiveness of the design techniques 
we used to create our 360 video. Students were recruited from a 
course on “Nursing Care of Women, Families and Newborns” 
by offering the option to participate in the Antepartum 360 
application. After consenting, students were given a pre-survey 
and then used an Oculus Quest headset or Google Cardboard to 
view the Antepartum 360 application. Once the students 
completed the application, they were given a post-survey asking 
about their experience using the application. The pre-survey 
addressed demographic questions (e.g., age and gender) along 
with students’ experience with VR, specifically whether they 
had used VR before, what devices were used, and the type of VR 
applications they had experience with (e.g., educational, gaming, 
design, and health). Post-survey questions assessed, on a Likert 
scale, simulation sickness (i.e., nausea, oculomotor, and 
disorientation) [10], cognitive load (i.e., mental, physical, and 
temporal demand, performance, effort, and frustration) [11] and 
simulation effectiveness (i.e., learning and confidence) [12]. 

B. Study Results 

In this group, 10 students had prior VR experiences and 7 
students had no experience with VR. On a Likert scale of 0 
(Strongly Disagree) to 3 (Strongly Agree) for simulation 
sickness students’ average for nausea was 1.29, oculomotor 
1.74, and disorientation 1.61. Cognitive load was reported on a 
Likert scale of 1 (Very Low) to 7 (Very High) with perceived 
mental demand averaging 3.29, physical demand 2.06, temporal 
demand 1.94, performance 6.06, effort 2.65, and frustration 
1.94. Students rated simulation effectiveness on a Likert scale 
of 1 (Do not agree) to 3 (Strongly Agree) where perceived 
learning averaged 2.58 and perceived confidence averaged 2.51. 

IV. CONCLUSION 

We presented a 360-video virtual reality application that 
provides a detailed demonstration of an antepartum assessment 
performed by a professional nurse. Our goal was to evoke a 

sense of immersion and presence in the 360-degree exam room 
so that students would feel more engaged with the lesson and 
could easily remember details of the assessment. In the process 
of creating the 360 video, we focused on designing meaningful, 
effective experiences and interactions. The evaluation results 
indicated that Antepartum 360 led to an elevated level of 
engagement from the participants. The results also show that 
participants were satisfied by the effectiveness of the simulation 
and were confident in using the application. Even though the 
number of participants was limited, the results of this study 
reveal the potential of a 360-video medium in the area of nursing 
education. In the future, we are going to apply the design 
methods and techniques that we successfully utilized in the 
process of Antepartum 360 creation to develop other content 
modules and future studies will be conducted with more 
students. 
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Abstract—Place-based and fieldwork learning play a key role
in higher education in environmental sciences and other geo-
spatial disciplines. We report on a study in which we evaluated a
web-based virtual tour application for teaching natural resource
management in fire-prone western forests in two undergraduate
classes. The virtual tour uses 360°-image-based virtual scenes
and pre-recorded audio commentary by a domain expert to
lead participants through the Stanislaus-Tuolumne Experimental
Forest where forest treatments were implemented to reduce
fire hazard. We present results from assessing students’ overall
perception of the virtual tour, their views towards its application
in undergraduate education, and their feedback for improving
the design of future virtual tours. Furthermore, we discuss the
collected data from the perspective of gender differences and
differences in familiarity with the topic of the tour.

Index Terms—virtual tours, place-based learning, 360° im-
agery, forest and wildfire ecology, user studies, virtual reality

I. INTRODUCTION

Virtual experiences of real-world places, ranging from 3D
desktop applications to fully immersive XR experiences, hold
enormous potential for communicating research and improving
decision-making, education, and training in natural resource
management. One particularly attractive aspect is their ability
to scale-up access to important field-based research conducted
in remote locations. A growing number of studies address the
effectiveness of virtual experiences as proxies for actual field
visits to research sites with the goal of gaining an understand-
ing of natural processes and impacts of management strategies
[1]–[5]. However, these empirical studies of immersive learn-
ing environments yield mixed results [6]–[8]. In addition, there
is a lack of understanding on how virtual experiences that
go beyond reality (e.g., simulations of temporal developments
of environments, enhanced observation options via elevated
viewpoints and drone footage) could improve the learning and
training of the next generation of decision-makers.

To add to this important body of empirical research and
evaluate specific design choices, we conducted a study on

wildfire and forest management in California with students
from two undergraduate classes in Geography and Forestry.
Students participated in a virtual tour and filled out a pre- and
post-tour questionnaire. We used a web-based desktop version
of a VR tour we developed that describes an USFS study
on the impacts of different forest thinning and prescribed fire
treatments in the Stanislaus-Tuolumne Experimental Forest in
California. The development of sustainable forest management
practices is central to the education of resource management
professionals and an informed public, particularly in states
such as California where climate change and the hazard of
severe wildfire are emerging socio-environmental concerns [9].

In our analysis of the questionnaire data collected in this
study, we focus on assessing the general acceptance of the
virtual tour application and feedback to inform an iterative
design approach of virtual tour applications. Our results show
an overall very positive assessment by the participants as well
as multiple significant gender differences but no significant
differences related to familiarity with the topic of the tour.

II. BACKGROUND

A. The Stanislaus-Tuolumne Variable Density Thinning Study

The topic and location of the virtual tour is the approxi-
mately 100ha ‘Variable Density Thinning’ (VDT) study site
at the Stanislaus-Tuolumne Experimental Forest in the central
Sierra Nevada of California. The study was established in 2009
to test the effects of three stand structure treatments (High
Variability Thin, Low Variability Thin, and an Unthinned Con-
trol), and two prescribed fire treatments (Prescribed Fire or No
Prescribed Fire), on natural resource conditions (vegetation,
wildlife, soils, water yield) and fire hazard [10]. The High
Variability thinning treatment is a novel application of forest
thinning with the goal of generating a heterogeneous environ-
ment more similar to what historical forests shaped by frequent
fire once looked like. Forest thinning remains controversial
within some stakeholder communities, but with recent large
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high severity wildfires [9] and bark-beetle outbreaks causing
unprecedented tree mortality [11], there is also growing recog-
nition of the need for management to improve forest resilience.
Considerable interest exists in applying similar treatments at a
landscape scale. Travel distance and seasonal limitations limit
access and the potential for utilizing the site for active learning
and engagement. The virtual tour application, available at any
time to anyone with an internet connection, provides a means
of delivering science findings to students, stakeholders and
(future) decision-makers. The virtual content has the potential
to facilitate a deeper understanding of complex interactions
between forest conditions, fire effects, fire hazard, and forest
resilience in fire-prone Sierra Nevada forests [12].

B. Virtual Tours in Place-Based Education

The idea behind place-based education [12]–[14] is to
provide learners with a spatial, embodied, and contextual way
of learning about natural and human environments allowing
them to gain an experiential understanding of a topic [15],
placing the method in the vicinity of pedagogical approaches
such as experiential [16] and situated learning [17]. This kind
of learning is prominent in many earth and environmental
science disciplines and reflected by the role that fieldwork or
field trips play in many undergraduate curricula. Virtual tours
are considered an alternative or supplement to field trips or
other forms of place-based learning activities, removing many
of the financial, logistical, safety, inclusion related, or other
challenges and limitations of these activities [18], [19]—and
also as a way to facilitate remote online learning during the
current Covid-19 pandemic. Virtual tours have been created
and evaluated for several decades using various forms of media
(websites, CD-ROMs, computer-based modules) [20], [21].
However, only with recent advancements in photogrammetry,
360° photography including very affordable 360° cameras,
drones, and 3D modeling software, we are now coming close
to realizing the vision of low-cost but highly realistic virtual
tours that can be created by laymen, be it in the form of
3D desktop applications or of fully immersive tours delivered
via head-mounted displays (HMDs) [22], [23]. A single 360°
image can be used to create an entire virtual scene, enabling
instructors or researchers to create the content for virtual tours
of real-world fieldwork or research sites themselves with much
lower costs, efforts, and expertise required than before.

Despite these encouraging developments, the application of
360°-image-based virtual tours in place-based higher educa-
tion is still rare, and we are still lacking empirical studies to
guide the design of such virtual tours and their application
in the classroom on a larger scale. Design decisions can be
expected to have a significant influence on learning experience,
enjoyment, and acceptance by students, which in turn may
impact the learning outcome. In addition, 360° images also
come with a number of limitations (discussed in Section V).
This study sheds some light on open design questions and
potentially overlooked individual differences.

III. EMPIRICAL STUDY

The study was conducted during the Fall 2020 semester
with a virtual tour application focusing on presenting the
results of the VDT study created from 360° images taken in
the Stanislaus-Tuolumne Experimental Forest and additional
media such as photographs and forest stand visualization
models.

A. Design

In this study, all participants experienced the same tour
application. Our analysis focused on the overall perception
of the virtual tour (see Section III-D on measures used) and
a finer-grained investigation based on individual differences
(familiarity with the topic of the tour and gender). We also
utilized open-ended questions to collect additional feedback
and to facilitate iterative design with the goal of creating
improved versions of the tour application.

B. Participants

Participants were recruited from two undergraduate classes
at PSU: (1) Forest Ecology, teaching basic concepts of forest
ecology and silvics, that under normal circumstances would
include a field component to observe the effects of various
conditions or treatments on forest structure and growth; and
(2) a Geography class on Global Parks and Sustainability,
exploring topics of sustainability, conservation, and socio-
ecological systems. In total, 121 students participated in the
study (61 male, 50 female, 10 other; average age: 21.95 years,
SD=5.1). Participating students were rewarded course credit.

C. Materials

The VDT study virtual tour application was originally
created as an immersive VR application for standalone HMDs
such as the Oculus Go/Quest/Quest 2. However, for the
purpose of this study with students taking classes online during
the Covid-19 pandemic, we created a WebGL adaptation of
the tour that students could run in the browser on their
personal computers. Fig. 1 shows several screenshots from the
virtual tour. The tour starts with an overview map showing
the Stanislaus-Tuolumne Experimental Forest, the different
treatment areas of the VDT study, and the tour locations (the
locations of the 360° images) as red dots (Fig. 1a). The tour
is operated via keyboard shortcuts and using the mouse to
rotate the camera. After starting, the tour moves through a
sequence of 360° image-based scenes, in which the user can
freely look around, while listening to the expert audio narration
explaining the scene and its relevance to the study findings
(Figs. 1b-f). The user can pause the audio at any moment as
well as zoom in/out by moving the camera a fixed distance
forward or backward. The 360° images were taken at different
height levels: at 2 meters above the ground (Fig. 1c), at a
height of approximately 8 meters to provide a within-canopy
perspective (Fig. 1d), and via a drone at heights between 45
and 137 meters to provide a large-scale aerial view of the forest
landscape (Fig. 1e). During the tour, different media resources
such as maps, photographs, and forest stand visualizations are
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overlaid on top of the 360° image-based scenes to complement
the narration (see Figs. 1b+f). At the end of the 33 minute
tour, users can move back to the overview map where they
now can select individual locations on the map to revisit the
corresponding 360° images, this time without audio narration.

D. Procedure and Measures

Students were guided to the main web page for the study
to read an introduction including the hardware and software
requirements for participation. After consenting, they were
moved to a pre-tour questionnaire. Next, participants received
instructions on how to use the tour app. They then clicked
a link that started the tour (33 minutes plus the time they
spent revisiting individual locations after the end of the audio
narration). After exiting the tour application, participants were
sent to a post-tour questionnaire asking about their experience.
The pre-tour questionnaire consisted of questions related to
demographics and participants’ level of familiarity and un-
derstanding of the topic of forest and fire management. In
the post-tour questionnaire, we asked participants to rate the
overall experience and used a larger number of established
measures collected and described in [24] to assess different
aspects (usefulness, ease of use, cognitive benefits, reflective
thinking, learning effectiveness, overall satisfaction, improved
understanding). Furthermore, we used the spatial-situation-
model (SSM) part from the MEC-SPQ [25] as a measure of the
user’s ability to form a mental model of the tour environment.
Finally, we used domain-specific questions to assess design
choices and features of the tour, as well as to collect open-
ended feedback. More details are provided in the next section.

IV. ANALYSIS AND RESULTS

In this section, we summarize the results from analyzing the
data collected in the study. We start with the statistical analysis
of the Likert-scale and multiple-choice questions, followed by
insights gained from the open-ended feedback.

A. Quantitative Results

We start with the overall assessment and then conduct
comparisons based on familiarity with the topic and gender.

1) Overall Assessment: All Likert-scale question groups in
the post-tour questionnaire were adapted from [24], except
for the SSM group [25], and used scores from 1 (= very
negative assessment) to 5 (= very positive assessment). The
first group of questions asked about the “Perceived usefulness”
of the tour in the context of undergraduate education. For this
and all other question groups, individual question items were
averaged to calculate the score for the corresponding metric
for each participant. The mean score over all participants was
3.85 with a standard deviation of 0.88. The second category
“Perceived ease of use” was concerned with the usability
of the application. Overall, the tour is rather lightweight in
terms of interactions and user interface, so the high scores
(M=4.08, SD=0.82) in this category were what we expected.
Next, for the SSM group about participants’ self-reported
ability to form a mental model of the environment, the mean

score was 3.93, SD=0.74. The group “Cognitive benefits”
asked specifically about to which degree the virtual learning
environment promotes comprehension, knowledge gain, and
memorization (M=4.03; SD=0.80), while the group “Reflective
thinking” does the same for reflecting on the learning process
and making connections to previous knowledge and experi-
ences (M=3.81; SD=0.86). In the category “Perceived learning
effectiveness”, we focused on assessing to which degree the
virtual tour was effective in conveying the learning content
and obtained a mean score of 3.90 (SD=0.82). In the category
“Satisfaction”, we asked about the overall satisfaction with
the virtual tour (M=3.81, SD=0.79). Lastly, in the category
“Improved understanding” concerned with whether the par-
ticipants felt they gained an improved understanding of the
topic of fire and forest management and effects of different
prescription strategies, the mean score was 4.09 (SD=0.85).

Overall, the responses to these Likert-scale questions show
a positive evaluation of the virtual tour and its application
in the context of undergraduate ecology education. A more
detailed picture of what aspects the participants appreciated or
disliked most can be gained from the results of two multiple-
choice questions from the post-tour questionnaire. In both
questions, we provided options (11 for “most liked” and 10 for
“least liked”) chosen based on experiences from other studies
with virtual tours [26]. Participants could select up to four
options. For “most liked”, the percentages of participants that
voted for each option is shown in Fig. 2a. We see 50.5%
for “feeling immersed” (according to the participants’ intuitive
understanding of the notion of immersion), 49.6% for “new
medium”, and 45.1% for “drone image based views”. “Feeling
realistic” and “visiting the site without going there” are the two
next highest options with 39.6% and 37.8%, respectively.

For the “least liked” multiple-choice question, the results
are shown in Fig. 2b. The two options that stand out were “no
control over time spent at each location” and “only able to turn
and zoom the camera” with 49.6% and 41.4%, respectively.
These are followed by “not enough visual guidance” referring
to the fact that it is not always clear which part of the
scene is currently explained in the audio commentary, and
“discomfort” during the virtual tour (25.2% and 21.6%). The
drone images and elevated perspectives, which may potentially
cause discomfort in people with vertigo, were included in the
options for “least liked” as well but were the two options that
received the least amounts of votes with 4.5% and 0.9%.

2) Comparison by Familiarity: In the pre-tour question-
naire, we included one question asking “What is your level of
familiarity with and understanding of forest and fire manage-
ment issues?”. To investigate the impact of previous knowl-
edge and understanding of the topic on the experience, we split
the participants into low and high-familiarity groups. Given
that we only had the results of a single Likert-scale question
to perform this categorization and that the distribution shows a
strong maximum at the median value of 3, we decided to create
the low-familiarity group from participants with scores of 1
and 2 in this question (38 students) and the high-familiarity
group from those with scores of 4 and 5 (22 students).
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(a) (b) (c)

(d) (e) (f)

Fig. 1. Images from the virtual tour experience.

(a) (b)

Fig. 2. Percentages of votes received for “What do you like most about the VR tour?” (a) and “What do you like least about the VR experience?” (b).

We used Welch’s t-tests to compare the results for the
different question categories from Section IV-A1. Wilcoxon
Rank Sum tests were used when the assumption of normality
or homogeneity of variance was violated. We did not find
any statistically significant differences between the groups
for any of the question categories. The strongest indication
of a difference between the groups was found in the “Im-
proved understanding” category, where we asked whether
the tour led to an improved understanding of the topic (t=-
1.75, df=48.68, p=0.086, Cohen’s d=0.45; with average scores
of 4.02 (SD=0.87) for the low-familiarity group and 4.40
(SD=0.77) for the high-familiarity group). This provides some
evidence that a previous understanding of the topic helps with
gaining an improved understanding from the tour.

Answers to the questions of most/least liked features were
similar between the low and high familiarity groups (see
Figs. 3 and 4). However, there are also a couple of notewor-
thy differences: For “most liked”, we found a much higher
percentage of votes for “feeling immersed” (61% low, 36%
high) and “feeling realistic” (50% low, 36% high) in the low-
familiarity group. High-familiarity participants voted more for
“reinforcing existing knowledge” (5% low, 18% high), which
makes sense given the nature of the two groups. The high-
familiarity group also appreciated the “elevated views” more
than low-familiarity participants (13% low, 36% high).

For “least liked” we only saw differences in the percentages
for “not enough visual guidance” (34% low, 14% high) and
“couldn’t understand the audio commentary well” (18% low,
0% high) as well as less pronounced differences for “only able
to turn and zoom the camera” (32% low, 41% high) and “no
control over time spent at locations” (47% low, 36% high).
This provides some indication that people familiar with the
topic were not as impressed by the immersion and realism
provided by the 360° image-based approach and that much can
be done to better support users with less previous knowledge
on the topic, not only in terms of how the content itself is
presented but also by providing additional features to better
guide such users (e.g., visual guidance to indicate what is
being described) and options to influence the pace of the tour.

3) Comparison by Gender: Comparison by gender, again
using Welch’s t-tests and Wilcoxon Rank Sum tests, yielded
multiple statistically significant differences, with female par-
ticipants consistently giving higher scores than males (see
Table I). The results for “Perceived usefulness”, “Cognitive
benefits”, “Reflective thinking”, “Perceived learning effective-
ness”, “Overall satisfaction”, and “Improved understanding”
all show statistically significant differences. The evidence
is particularly strong for “Reflective thinking”, “Perceived
learning effectiveness”, and “Improved understanding”, with
p-values < 0.01. In the remaining two categories (“Perceived
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Fig. 3. “What do you like MOST about the VR experience?”: Differences between high and low-familiarity participants (left) and females vs. males (right).

Fig. 4. “What do you like LEAST about the VR experience?”: Differences between high and low-familiarity participants (left) and females vs. males (right).

TABLE I
RESULTS FROM COMPARING ASSESSMENT BY GENDER

Female Male TestMetric M SD M SD t/W p C d
Usefulness 4.07 0.78 3.67 0.92 t(108.88)=2.47 .015* .46
Ease of use 4.2 0.72 3.98 0.88 t(108.99)=1.42 .157 .27
SSM 4.05 0.68 3.83 0.77 t(108.39)=1.63 .106 .31
Cognitive benefits 4.2 0.66 3.9 0.89 t(107.87)=2.00 .048* .37
Reflective thinking 4.04 0.73 3.62 0.91 t(108.99)=2.71 .008* .51
Learn. effectiveness 4.16 0.62 3.69 0.9 t(106.09)=3.22 .002* .60
Satisfaction 3.97 0.69 3.67 0.84 t(109.00)=2.06 .041* .39
Impr. understanding 4.37 0.67 3.87 0.92 t(107.52)=3.25 .002* .61

ease of use” and “Spatial situation model”), female partic-
ipants also gave higher scores but the differences were not
statistically significant (p-values of 0.16 and 0.11).

For the “most liked tour features” question (Fig. 3), we
found noticeably higher percentages of votes by females for
“new medium” (58% female, 43% male), “feeling immersed”
(62% female, 41% male), “complementary photos, diagrams,
maps” (36% female, 25% male), and “expert audio commen-
tary” (24% female, 10% male). In contrast, a higher percentage
of males voted for “reinforcing existing knowledge” (10%
female, 21% male) and “possibility to revisit locations inde-
pendently after the automated tour” (6% female, 18% male).

For “least liked tour features” (see Fig. 4), “no control
over time spent at locations” received far more votes from
female participants (66% female, 36% male). In contrast, the
options “user interface” (4% females, 25% male) and to a
lesser degree “image/display quality” (4% female, 12% male)
received noticeably more votes by males.

B. Open-Ended Feedback

To analyze the responses from the open-ended questions,
we used inductive content analysis [27]. Two coders coded the
responses and intercoder reliability was tested using Cohen’s
Kappa and Krippendorff’s Alpha statistics. The values for
these statistics were above 0.8 for all coding categories with

averages of 0.91 for both of them across all categories and
questions. We included open-ended questions asking about
most/least liked aspects of the tour because, while not suit-
able for a rigorous statistical analysis as the corresponding
multiple-choice discussed above, this form of feedback in our
experience allows for evoking further details and insights,
and for assessing additional aspects that participants come up
with while reflecting deeper on the experience. Due to space
limitations, we can only summarize the main results here.

For the open-ended question “Describe which things you
liked the MOST about the virtual tour experience and why”,
the coding results are largely consistent with those of the
corresponding multiple-choice questions discussed in Section
IV-A with a strong focus on the visual impression from the
360° imagery (mentioned by 41% of the participants), on feel-
ing immersed (25%), and on the experience feeling realistic
and detailed (13%). The ability to freely look around in the
scenes (16%) and the two categories for multiple-elevation
views (7%) and usage of drone images (10%) are also men-
tioned frequently. Besides these visually-focused aspects, the
presented content itself received positive feedback for being
informative and leading to new insights and knowledge gain
(22%). We also found specific mentions of other features of
the tour, namely the labels overlaid on some of the scenes to
provide visual guidance (5%) and the complementary media
used in form of photos, plots, and maps (5%). Due to the
gender differences we found in the previous analyses, we
also calculated the percentages of the categories for males
and females separately. The most noteworthy differences were
found for visual realism, details, and the use of complementary
media. In all three categories, a larger percentage of female
participants mentioned these categories than male participants
(55 vs. 30%, 21% vs. 8%, and 8% vs 3%, respectively).

More important for future tour applications are the results
for “Describe which things you liked the LEAST about the
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virtual tour experience and why”. Results in the first two
categories were similar to findings from the corresponding
multiple-choice question (Section IV-A), namely a preference
for a more flexible, less restricting format compared to the
fully automated tour used, providing more control over the tour
order, the time spent at different locations, the pace of the nar-
ration (20%), and allowing for free movement at each location
(12%). New aspects in this version relate to performance issues
(12%) and non-professional audio narration (10%). While
the majority of participants were able to run the application
without problems, using a large number of high-resolution
360° images in a WebGL browser-based application caused
long loading times, crashes, or other performance issues for
some users. The audio commentary recorded by a domain
expert rather than a professional narrator faced criticism that
we believe may have been further boosted by the discrepancy
between perceived professionalism of the visual aspects and of
the auditory ones. The overall length of the tour and amount
of information provided (7%), lack of visual guidance (7%),
lack of clarity of the presented content (6%), and an interest
in captions or subtitles (7%) were other points of criticism.
Regarding gender differences, we found larger differences for
performance issues (6% females vs. 17% males) and for lack
of captions and subtitles (11% females vs. 3% males).

For the question “What are the functionalities you would
like to see in future developments of this application?”,
requests for more control over the tour (27%) and the ability to
move around in each location (22%) were the most common
responses, followed by requests for more interactive elements
(20%). In addition to requests for captions and subtitles (8%),
visual or other forms of guidance (7%), and more supplemen-
tary media and content (7%), we also found multiple requests
for a more flexible zoom function (4%) and embedded tests
as a means of self-assessment (3%). We observed a higher
percentage of females interested in more control over the tour
(40% vs 17%). We also found a higher percentage of votes
for captions and subtitles among females (15% vs 3%).

The final open-ended question asked “If any, did this current
method of instruction have advantages over classical meth-
ods of teaching used in classrooms?”. The most prominent
category is comprised of statements that indicate that the
visual elements of the tour better support learning and spatial
understanding compared to classical methods such as textbook,
lectures, or videos (30%). 17% of students described the tour
as more engaging, captivating, interesting or simply more
fun than traditional teaching. 13% mentioned immersion and
realism as elements that better promoted understanding of the
content. Among the less specific responses, 7% indicated that
they agree that there are advantages. 7% said that they dis-
agreed. 7% expressed the belief that virtual tours are a useful
complement to more traditional methods but not a complete
replacement. Compared to the other open-ended questions,
we found fewer gender-based differences. Nevertheless, there
was a difference for the “visual and spatial aspects” category,
mentioned by 38% of females compared to 23% by males.

V. DISCUSSION

The overall assessment and feedback to our virtual tour
application have been largely positive. Students reported an
improved understanding of the topic of fire and forest manage-
ment and indicated a positive attitude towards more usage of
these kinds of virtual tours as part of their university education.
The large majority of participants described advantages they
see in using these kinds of virtual tours over traditional
teaching methods or at least believe that they are well suited
to supplement other methods. Even though we were limited
to conducting the study with a desktop application rather
than a fully immersive VR application, “feeling immersed”
was among the positive aspects mentioned most frequently.
Many statements indicated that students were impressed or
even surprised by the realism and ability of the 360°-image-
based tour to create a feeling of immersion. The image quality
did not receive much criticism, in contrast to previous studies
with low-cost VR HMDs [5], [26], in which image and display
quality have been main concerns. The use of elevated views
and drone images was another aspect that received positive
feedback as we expected (see [5], [26]). Even though the
virtual tour used in this study can be improved in many
ways, this overall evaluation is an encouraging indication of
a positive learning experience that could have the potential to
strengthen learners’ engagement and learning outcome.

It is noteworthy that we did not find any significant dif-
ferences based on familiarity with the topic of the tour.
Both high and low familiarity groups seem to assess their
learning experience and the tour as a whole in an equally
positive manner. However, in the open-ended feedback, we
noted several suggestions that would particularly benefit low-
familiarity earners, such as more visual guidance, the ability
to control the pace of the tour, ability to rewind and repeat
the audio narration, supporting captions or subtitles showing
import key terms, or links to access additional information
or explanations of key concepts. The request for more visual
guidance that indicates which part of the scene is currently
described is something we expected based on previous studies
in other domains [26]. We previously compared different
guidance mechanisms in the context of 360° image-based tour
applications [28] but decided on the label approach because of
the entities existing multiple times in the scene (e.g., groups
of trees, gaps in the tree structure). The request for more
supporting text could be an indication that such features would
have value for users least familiar with the tour topic.

In the list of least liked features and suggested improve-
ments that have the potential to inform the design of future
virtual tours, aspects related to more freedom, more control,
and more interaction were very prominent. Clearly, the strictly
automated tour format in which participants only control the
view direction of the camera while listening to the audio narra-
tion is not the format that most students prefer. There are many
indications in the feedback that students believe improvements
in these regards can not only make the virtual tour experi-
ence more enjoyable, but also make it more engaging and
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motivating and, as a result, improve the learning. Some such
aspects are relatively easy to implement but the 360°-image-
based low-cost approach also presents technical limitations.
The requests for more control over the order of locations, over
the pace of the tour including the time spent at each location,
the ability to rewind and repeat parts of the narration, as well
as a general request of more interactions and embedding tests
to assess the understanding of key concepts are relatively easy
to incorporate. However, they raise pedagogical questions on
how to best design and combine these elements in a virtual tour
application. The also highly prominent request for the ability
to not only rotate the camera but move around in each 360°-
image-based location as in a 3D video game, on the other hand,
cannot fully be realized in a 360° based approach: In contrast
to an actual 3D model of the environment, a single 360°
image does not allow for moving between objects, and even
just moving the camera out of the center of the 360° image
sphere (as possible via the zoom functionality we provided)
will result in visual distortions that get stronger the further
the camera moves away from the center. While many students
seem to be aware of the fact that the scenes in the tour are
created from 360° images, our impression from the feedback
is that many of them are not fully aware of these limitations.
Nevertheless, the appreciation of completely free movement
raises the question to which degree the 360° approach with
its inherent limitations can be justified. The decision to base
the tour on 360° images was made in the light of the trade-off
that exists between the richness and sophistication of a virtual
tour experience and the costs and efforts required to create it,
as we previously discussed in the context of fully immersive
VR tour experiences [26]. 360°-image-based tours are firmly
established as a method that even allows laymen to produce
virtual tours with the help of an affordable 360° camera,
enabling in particular instructors to become content authors
and tour creators. In contrast, creating tours consisting of 3D
models that allow for free movement in the scenes is a much
more involved process even with photogrammetry and other
techniques available today, in particular for natural landscapes
such as forests. For applications in education on a broader
scale, low-cost and low-requirement 360°-image-based tours
still seem to be the most suitable approach. However, there
are options to go beyond the basic approach used in our tour,
such as using a relatively dense set of multiple 360° images
for each tour location to emulate free motion. Evaluating these
approaches in terms of benefits vs. additional costs and efforts
required is a task for future research.

Other feedback and suggestions were concerned with the
level of professionalism, mainly of non-visual aspects of the
tour such as the audio narration, content presentation, and
performance. In particular, the first two are relatively easy
to address but will lead to increased costs and time efforts
needed to produce the tour (e.g., for hiring a professional
narrator) and, in particular in the case of content presen-
tation, need to be considered in the light of pedagogically
adequate approaches suitable for virtual tour applications. As
we mentioned, the tour was originally intended to be an

immersive experience using HMDs. One downside of moving
to a desktop experience was that this removed the control over
hardware and software that students would use to run the tour,
leading to some technical difficulties. This is an aspect that
certainly can be improved; however, in the context of a 360°
based tour delivered over the web, there again exists a certain
tension between detail and complexity of the tour (e.g., image
resolution and the number of locations) and requirements (e.g.,
hardware and internet connection) to be able to smoothly
run the tour. Related to this last point, the received feedback
also raises the question of the adequate length and amount
of content for a virtual tour. We do not think there is a
general answer to this question but it is interesting to note
that while the larger number of participants found the tour too
long and partially even exhausting, there were also requests for
more content and detail. This makes for a good argument for
deviating from the automated tour format by adding elements
that allow students to tailor the content and experience to their
needs, while at the same time making the tour more interactive.

While not designed as a study to investigate gender differ-
ences, the analysis of the collected data unexpectedly showed
an even more positive assessment of the overall experience
by females, and specifically for usefulness, cognitive benefits,
reflective thinking, learning effectiveness, and improved un-
derstanding gained. While we do not think that the collected
data is conclusive, the responses suggest a higher level of
appreciation by females for the visual features, level of immer-
sion, and the actual content of the tour. Female participants
also expressed more interest in having control of the time
spent at each location. For male participants, performance
issues, and to a much lesser degree visual quality were more
prominent in the negative feedback. One interpretation of these
numbers could be that males have higher demands when it
comes to technical aspects of the application (maybe from
more exposure to state-of-the-art video games and other 3D
applications), while for females there is stronger novelty factor
and a tendency to be more concerned with the conveyed
content. Including more detailed questions on background and
previous experience with virtual tour applications or other
types of software should be able to shed more light on
these gender differences in future studies. Another interesting
question is whether these differences affect the actual learning
outcome, not just the self-reported learning experience.

VI. CONCLUSIONS AND OUTLOOK

1) Technological Perspectives and Limitations: Virtual tour
applications that re-create place-based experiences have been
around for several decades but have still seen limited use
in education in many disciplines, largely due to the costs
and effort required to create them, as well as the logistical
challenges of employing them. With the availability of af-
fordable 360° cameras allowing the creation of low-cost tour
experiences, this picture is slowly changing but applications
of such experiences in higher education on a larger scale, as
desktop applications and even more so as fully immersive
VR experiences, are still limited. While we do not argue
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that virtual tours can or should replace actual excursions and
fieldwork, they do offer several advantages including reduced
costs, unlimited repeatability, availability to distance learners
or learners with certain disabilities, and reduced logistical
challenges. However, using virtual tours in education comes
with a number of challenges, in particular in times of social
distancing and online classes. At the moment, the availability
of VR headsets is still not wide-spread enough to expect that
every student owns such a device. As a result, in the study
we reported on in this article, students were asked to run a
browser-based virtual tour application rather than experiencing
a fully immersive VR version. Nevertheless, our results show
that students not only assessed the tour as a positive experience
with the potential to significantly enrich and improve teaching,
but they also rated the experience as realistic and immersive,
with much fewer complaints about image and display quality
compared to what we found for similar tours delivered via low-
cost VR HMDs [26]. These results raise challenging questions
for future research on the benefits that fully immersive tours
delivered via HMDs can provide in the context of low-cost
tours of real-world research sites [29].

2) Future Work: Other aspects for future research will be
the evaluation of improved designs based on the feedback
we obtained in the reported study, including the investigation
of different means to emulate free movement in a primarily
360°-image-based tour. In addition, our plan is to move from
perceived learning effectiveness to quantitative assessments of
learning outcome via knowledge tests during and after the
tour. This will also allow us to investigate to which degree
students misjudge the learning effectiveness of the virtual tour.
We further intend to extend the pre-tour questions to obtain
more information on background and previous experience with
virtual tours and other types of 3D software to allow for a more
thorough analysis of gender and other individual differences
with the goal of providing optimal and potentially individual-
ized support to different users. Lastly, we have already started
to move from purely educational contexts to other areas to
assess the application of the Stanislaus-Tuolumne virtual tour
to communicate research results to different groups of forest
and fire management stakeholders and decision makers.
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Abstract—Spatial learning is a process of acquiring spatial 

knowledge and the foundation of our daily interactions with the 

living environment. Extended reality (XR) has been widely used in 

spatial learning research for decades with two representative types 

- Virtual reality (VR) and Augmented reality (AR). VR is often 

used to understand spatial learning behavior and spatial cognition 

process, and AR has great potential to assist spatial learning in real 

world. This short paper reviews the studies on the deployment of 

VR and AR to evaluate or assist spatial learning. We summarize 

the devices, technologies and analysis methods used, and identify 

factors that need to be considered in experimental design. Our 

work serves as a reference for new researchers who intend to 

design further user studies on spatial learning with VR and AR 

technologies.  

Index Terms—virtual reality, augmented reality, spatial 

learning, user study 

I. INTRODUCTION 

People live in and naturally interact with space using the 
spatial knowledge they have learned. Spatial learning happens at 
different scales and plays an important role in STEM education 
(science, technology, engineering, and mathematics, see [1] for 
a detailed introduction).  At a small scale, e.g., a table, space can 
be perceived and learned from a single viewpoint. At a medium 
scale, e.g., in a single room, people need to look around and learn 
the spatial configuration. At a larger scale, such as multiple 
rooms or a part of a city, people need to move around and 
integrate their perceptual experiences in different space and 
time. Therefore, large-scale spatial learning usually requires 
more physical and cognitive efforts, and triggers different 
mental processes than small-scale spatial learning. In this paper, 
we focus on spatial learning at a large scale covering an 
extensive geographical space.  

Extended reality (XR), both virtual reality (VR) and 
augmented reality (AR), has been widely used in spatial learning 
research for a long time. VR space is often built to study people’s 
spatial learning behaviour and spatial cognition process, while 
AR has the potential to support spatial learning in real world. 

In this paper, we review the studies that use VR or AR in 
spatial learning research, summarize the technologies, tasks and 
analysis methods used, and identify factors that need to be 
considered in experiment design. We also discuss the issues that 
hinders transferring XR-based results into real world. Our 

review gives an overview about how to apply VR and AR in 
spatial learning studies and provides reference to user study 
design. 

A. Spatial Learning 

Spatial learning is a process of acquiring spatial knowledge 
and the foundation of our daily interactions with the living 
environment. 

A widely accepted spatial knowledge structure is defined as 
a landmark-route-survey framework [2]. In this framework, 
spatial knowledge is grouped into three categories: landmark 
knowledge refers to the knowledge about discrete and unique 
objects or views that identify a place. Route knowledge is based 
on travel routines and consists of sequences of landmarks. 
Survey knowledge is a two-dimensional representation of the 
area based on landmark and route knowledge. When Siegel and 
White first proposed this framework [2], they believed that 
landmark knowledge was developed first, based on which route 
knowledge and survey knowledge were then developed. This 
dominant framework was challenged by Montello’s continuous 
framework [3]. According to his framework, spatial knowledge, 
including metric knowledge, is acquired in new environments in 
a relatively continuous manner. Ishikawa and Montello [4] 
conducted a 10-week user study to show that the continuous 
framework explains the mechanism of spatial learning better 
than the dominant landmark-route-survey framework. They 
found that some participants in their study developed all three 
kinds of knowledge at the very early stage of learning, instead of 
first developing the landmark knowledge. However, the 
continuous framework is still limited in explaining why some 
participants could hardly gain survey knowledge even after long 
training sessions. 

Despite the yet unclear process of spatial knowledge 
development, the landmark-route-survey knowledge framework 
is widely used in studies of spatial learning [5]–[8]. Another 
similar framework includes landmark and configurational 
knowledge [9]. 

B. VR For Spatial Learning  

Conducting user studies in a large-scale geographical 
environment is time-consuming and it is hard to control 
influencing factors like weather conditions, traffic, and noise. 
Besides, participants usually have different prior knowledge 
about the study areas, e.g., a campus, or a city. To deal with these 
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problems, VR has long been used as a substitute for real-world 
environment to understand how people learn the space in highly 
controlled lab conditions.  

 The term Virtual Reality, or Virtual Environment (VE), can 
refer to quite different technologies in spatial learning research. 
VEs can be generated from street views [10], photos or 3D 
models. They can be displayed on one or multiple conventional 
monitors [11], in CAVE (cave automatic virtual environment) 
[12] or highly immersive HMD (head-mounted device) [13]. 
Fig. 1 shows an example of a CAVE setting where projectors are 
directed to three walls of a room-sized cube. VEs can be 
presented to the users passively, as video clips, or they can be 
interactive and controlled by keyboard, mouse, joysticks or 
treadmills. Despite the huge differences in levels of detail, 
display devices and interactivity, VR or VE shall be at least 
navigable and be seen from a first-person-perspective.  

VR allows conducting user studies of spatial learning 
experiments at different scales within a restricted physical space, 
such as a room, a building [14], or a city [11]. In some cases, 
Morris water maze [15] are used to assure a totally controllable 
environment. 

The VR also provides better protection against physical 
hazards, and thus is widely applied in research on the increase or 
decrease of spatial ability [16]. This is especially useful for user 
groups with limited abilities, such as the disabled, children or 
elderly. 

Fig. 1. Example of CAVE setting (source: [12]). 

C. AR For Spatial Learning  

Numerous studies are dedicated to the deployment of AR for 
spatial learning [17], [18]. Many kinds of AR devices including 
hand-held [19], head-mounted [18], head-up displays (HUD) 
[20] and auditory AR [21] have been tried and proved useful to 
enhance user’s spatial learning. Some AR studies are also 
combined with VR. Fig. 2 Shows an example, where driving 
simulator is used to test the usability of head-up display cars 
[20].  

 

Fig. 2. Example of HUD (source: [20]). 

Nevertheless, there are some inherent challenges in applying 
AR to assist spatial learning. For instance, users see unnatural 
things with AR and have to switch their attention between 
holograms and the real world. An interface designed for a certain 
purpose might as well interfere with the learning of other 
information [17]. 

II. SPATIAL LEARNING ASSESSMENT AND DATA ANALYSIS 

In this section we summarize user studies on the assessment 
of spatial learning and applicable methods of data analysis. 

A. Training/Learning 

In VR studies, usually the VE is “invented” by the 
researchers and participants have no prior knowledge to the 
study areas. Thus, participants need time to learn and get familiar 
with the environment [22]. A learning session can also be 
required for AR-based studies, where the “AR” experience is 
combined with VE (Fig. 2).  

In the learning session, participants are normally required to 
watch prepared video clips or explore the VE actively. 
Depending on the research questions, the training session can be 
terminated within a strict time limit or it continues until the user 
has learnt the VE properly. A sample task or a task of scene 
recognition is used to confirm the learning results. 

B. Task Design 

In user study of spatial learning, the landmarks-route-survey 
knowledge framework is widely used to guide the design of 
proper tasks for the assessment of spatial learning. 

1) Landmark Knowledge - Landmark recognition is a 
straightforward task and often used as a measurement of 
landmark knowledge or basic knowledge acquisition. In this 
task, users need to identify the landmarks of the learned area. 
Since landmarks are normally shown as pictures, this task is 
also referred to as scene recognition [8] or photograph 
recognition [23]. Landmarks may also be shown in text, for 
example, as names [24], rather than pictures. In comparison 
researches of different navigation designs, landmarks are 
labelled with numbers or letters to avoid direct description and 
make sure equivalent task difficulties [25]. 

2) Route Knowledge - Landmark ordering is used to assess 
the learning of route knowledge [23]. In this task, users need to 
put the landmarks in a certain order (usually the order of 
appearance in the learning session). Retracing is another 
popular task reflecting the route knowledge [5], where users 
need to go back to the start point (or vice versa) independently.  

3) Survey Knowledge - While route retracing reveals users’ 
memory of the route, finding a shortcut or detouring between 
two locations requires survey knowledge [5]. Orientation tasks 
are often used to measure the survey knowledge acquisition. In 
such tasks, users need to estimate the direction of a predefined 
place to the standing point, or the direction of two places [11].  

Sketch maps are often used as an indicator of spatial 
knowledge [13]. Users are usually given a blank piece of paper 
and required to draw the information they remember about the 
environment in a map-like figure. A similar task is 
landmark/map completion task [26], [27], where users are given 
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an overview map to label certain information on the map based 
on their spatial knowledge. 

Spatial term judgement [28], where participants are given 
statements about spatial objects or relations and need to judge 
the correctness of these statements, is also applied for spatial 
knowledge assessment. During this process, it’s necessary to 
adjust the task description and prevent participants from random 
guessing.  

More recently, eye movement [16] and neuroscience 
technologies [29] are also used to assess the cognition process of 
spatial learning. 

C. Influencing Factors 

Spatial learning is a complex process and influenced by 
many factors. Such factors are often evaluated by questionnaires 
or side tasks. In this section, we introduce some key factors: 

1) Spatial Ability - Personal spatial ability is a key factor that 
influences spatial learning. One of the mostly adopted 
questionnaires for spatial ability is the Santa Barbara Sense of 
Direction Scale [30], often referred to as SBSOD. This 7-point 
questionnaire estimates personal spatial ability in directly-
experienced environments by self-report. It was initially 
developed in English, validated also in other languages and then 
widely used in spatial ability related studies [31].  

Tests assessing spatial ability in a small scale space may also 
be applied in research of spatial learning at a geographic scale. 
For example, Corsi block-tapping test is used as an objective 
measurement of spatial working memory [27], [32], and mental 
rotation test [33] or card rotation test [34] are also used.  

Spatial ability can be improved through training. To better 
control experiment factors, some studies deliberately recruit or 
exclude participants with certain background [35]. 

2) Cognitive Workload - In our daily life, spatial learning is 
usually not the only or even the main aim during navigation. 
People may also conduct other activities at the same time. 
Therefore, the required cognitive workload needs to be 
considered in the evaluation of spatial learning. This can be 
tested either using questionnaire or by performing secondary 
tasks. A widely used questionnaire is NASA-TLX questionnaire 
[6], [13], [36]. Secondary tasks can be tapping keyboard in 
certain order [12] or responding to auditory information [37].  

3) Vision and Hearing test - Concerning vision test, vision 
and Ishihara color deficiency test [5], [38] is widely used to 
assure sufficient visual ability. For researches using auditory 
information, hearing test using specific devices [38] is 
conducted.  

4) Cybersickness - Cybersickness is a common issue for XR. 
It harms users’ experience and may interfere with the spatial 
learning. Simulation sickness questionnaire is designed for this 
purpose [12], [13], [39]. Some research also applied sense of 
presence surveys [13].  

5) Other Factors - For instance, gender difference is often 
discussed in spatial learning. The differences might be (partly) 
explained by stress and anxiety, which can be evaluated by 
corresponding surveys or scales [12], [22], [37]. 

D. User Group 

Participants recruited in spatial learning studies may cover 
different generations with diversified backgrounds. The major 
user group of general spatial learning studies is young adults 
[28], [36]. Children and older adults are mainly involved in 
studies of human development [15].  

Most studies recruit young adults and university students in 
user studies, as they are more easily available. On the one hand, 
this is convenient and can enrich our understanding of spatial 
learning in VR/AR quickly. On the other hand, we know little 
about how VR/AR will influence the spatial learning and spatial 
ability development of other user groups, e.g., children and older 
people, who might also benefit a lot from VR/AR.  

Experiments using VE to assess spatial learning of elderly 
people or children need to be carefully designed. Current devices 
are not specifically designed for them. They may get tired or sick 
more easily compared with young adults [40]. Thus the results 
may be quite different from those in real world.  

Sample size always depends on the research question and 
experimental design. Usually a user group needs to involve at 
least 20 participants to assure a meaningful result [13], [36]. 

E. Data analysis 

Many researches aim to find better solutions for spatial 
learning and compare the acquired knowledge in different 
situations. For the comparison, statistical tests, e.g. t-test, , are 
usually needed [12], [28]. 

Sketch maps are widely used to assess spatial knowledge. 
However, it is not easy to generate quantitative results out of 
them. Indices commonly used for sketch map analysis include: 
number of landmarks, number of streets, object classes and 
relative object positioning [41]. A plausible software for 
quantitative analysis of sketch maps is Gardony Map Drawing 
Analyzer (GMDA [42]), which requires a standard reference 
map and the sketch maps are ideally square. It also depends on 
the specific task whether a quantitative analysis is needed as a 
mental map is usually just a rough representative of the space 
instead of a precisely projected map, and a qualitative analysis 
may be already sufficient. 

III. ISSUES REVEALED IN VE-BASED SPATIAL LEARNING 

People behave differently in real world and in VR/AR, even 
though the current VR can be quite immersive and holograms in 
AR can be occluded very well. Whether the findings about 
spatial learning drawn from VR/AR can be transferred to real-
world life is a long-lasting topic for discussion. Some research 
works have proved the transferability of certain knowledge 
acquired in VR in real world [35]. However,  the abstract virtual 
environments might be more difficult to navigate, especially for 
people with limited spatial abilities [43]. It’s neither necessary 
nor realistic to verify every finding generated in VR/AR in the 
real world. Instead, an inductive theory based on studies about 
such differences is needed to expand the previous findings into 
real world scenarios. This requires a clear definition of VR/AR. 
Still, different kinds of VR/ARs share common issues and the 
behavioural differences in VR/AR and real world may be caused 
by several aspects: 
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1) Walking Experience in VR - The incomplete sensory 
experience of VR-based spatial learning has long been proposed. 
People collect information mostly by vision and most VRs 
provide only visual cues. In real world, spatial knowledge is also 
acquired from kinaesthetic (moving), acoustic (hearing) and 
tactile (touching) information. VR allows users to navigate at a 
more flexible scale than the real space, which can be a room or 
even just a table. However, with such settings, people lose 
proprioception and the body’s self-locating ability. Thus, people 
need to reason more explicitly and consciously than in real 
world. In this sense, CAVE or simulator with motion sensors 
shall be applied to allow users to really navigate rather than just 
moving their fingers.  

2) Depth Cues - VR/AR is usually displayed on a 2D screen 
and creates a 3D sensation. This introduces the accommodation-
vergence conflict, where the brain receives mismatching cues 
between the distance of virtual objects. This conflict interferes 
the depth perception and spatial learning results. 

3) Texture - Building up a highly realistic VR/AR requires a 
lot of efforts. Moreover, researchers sometimes expect a simple 
VR/AR so that the otherwise hidden effects can be revealed. 
Thus, some findings are based on highly abstract VR/ARs, for 
example, water mazes. In the much more complex real world, 
people need to constantly filter the relevant information from 
vast input [41]. Therefore, the general learning results might still 
hold true, but the process and people’s behaviour can differ 
greatly.  

4) HMD Device - While the emerging VR/AR HMD will 
allow users a much more immersive experience, it also 
introduces new concerns. HMDs are usually heavy, or tethered 
with other devices. This may not necessarily be a big obstacle 
for general users. But some user groups, for example, elderly 
people, may be sensitive to any extra weight. 

It is possible to combine aforementioned or include 
innovative tasks to moderate the influence of these issues. 
However, there are no comprehensive discussions yet and a 
systematic review of user studies is needed to identify feasible 
solutions. 

IV. CONCLUSION AND FUTURE WORK 

Spatial learning as a fundamental human behaviour has been 
intensively explored in VR/AR since decades. In this study, we 
revisited the theoretic framework of spatial learning with the 
focus on how VR/AR is deployed in spatial learning 
experiments. We summarized the methods and processes in 
previous studies. Moreover, we pointed out the factors that need 
to be considered in user studies and related issues of transferring 
findings from VR/AR to real world. Our work serves as a 
reference for new researchers who intend to conduct further 
studies of spatial learning using VR/AR. In particular, we want 
to keep them alerted to some inherently different experiences 
between VR/AR and the reality. For the future, we plan to 
conduct a systematic review and explore how tasks can be 
combined to alleviate the concerns identified in this paper. 
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Abstract—With the sudden shift to online learning during 

the global pandemic, there is an increased interest in earth 

science virtual field trips (VTFs). This work in progress poster 

describes a project to increase diversity and information access 

to introductory geology training through physically accessible 

VTFs. The pilot study investigates the effectiveness of an 

undergraduate introductory geology VFT in meeting the same 

real-world lab learning objectives in both desktop and 

immersive virtual formats.  
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I. INTRODUCTION 

Introductory earth science students need to develop 
diverse skills such as, critical thinking, pattern identification, 
within incomplete datasets and spatio-temporal reasoning to 
move onto advanced coursework and tackle some of the most 
pressing challenges of our time. Geoscientists are responsible 
for assessing risks in active tectonic regions, developing a 
sustainable Earth resource supply, predicting Earth’s response 
to changes in climate, and communicating this important 
knowledge with diverse audiences. However, barriers to the 
inclusion of real-world field trips often make it difficult for 
many undergraduates to gain and practice these geoscience 
skills. A lack of physical access to geology field sites 
contributes to the persistent lack of diversity in the earth 
sciences [1],[2]. In this study, we define access and inclusion 
planning in field site experiences as including: “consideration 
of how to identify and alleviate barriers to participation by 
designing purposeful content engagement” [3]. This pilot 
study investigates the question: “Are students able to 
demonstrate domain specific learning outcomes within an 
accessible virtual environment as they would in a real-world 
geology field site lab experience?”. Our hypothesis is that 
students in both the desktop VR (dVR) and immersive VR 
(iVR) conditions will demonstrate equivalent proficiency in 
the lab’s primary field work concepts and skills as measured 
by selected response accuracy. If students demonstrate 
equivalent levels of performance in both conditions as 
compared to the students in the real-world field site this would 
allow more options for geology lab instructors who want to 
provide their students access to foundational field experiences 
even if they cannot access the field site. This would benefit 
students in remote learning or large class settings where field 
experiences are not available and students with physical 

mobility constraints. In theory, high quality VFTs would 
allow more students to engage in formative earth science field 
work skill learning and skill building experiences.  

II. RELATED WORK 

A. Virtual Field Trips in the Earth Sciences 

Virtual field trips (VFTs) were introduced as an alternative 
teaching method to traveling to geology field sites in the late 
1990’s using 2D displays of field site photos and GIS data on 
desktop computers [4],[5]. As immersive technologies have 
become more affordable, instructors are able to create custom 
STEM content for immersive virtual field trips (iVFTs). 
Domain specific applications designed to recreate STEM data 
collection experiences using a head mounted display (HMD) 
provide an increased sense of presence and a wider 3-
dimension Field of View (FOV) [5]-[7]. Several studies 
suggest students using iVFTs can achieve similar learning and 
engagement outcomes to real-world geology labs with 
increased engagement [1, 5-8], while other studies report 
students were unable to achieve the lab’s learning objectives 
despite gains in student engagement [9],[10]. 

One challenge in conducting research on the effectiveness 
of iVFTs has been the lack of standardized metrics to evaluate 
findings. Recently, several new tools have been developed for 
better evaluation of iVFTs that allow researchers to compare 
experimental parameters, metrics, and assessments across 
studies and more effectively compare their findings. One such 
tool [11] provides a framework with two primary dimensions. 
The framework uses a VFT taxonomy for the classification of 
VFTs based on the levels of immersion and access. The 
framework also includes a continuum for classifying and 
measuring the trade-offs that occur when increasing the 
amount of VFT sensory input (i.e., immersion/presence) with 
providing the VFT at scale (i.e., increased learner access). 
This pilot study falls under the Plus VFT category defined as 
“offering perspectives and information that cannot be 
provided in the normal confines of physical reality but also are 
replications of the actual physical reality” [11]. The conditions 
in this pilot fall within the low (dVR) and mid (iVR) ranges of 
the sensory/scalability continuum as described in [11]. 

B. Earth Science Diversity and Access 

Earth science has a long-standing diversity problem when 
it comes to recruiting, training, and retaining students from 
underrepresented and marginalized groups, including students 
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with physical disabilities [12],[13]. Some of the barriers that 
discourage students with disabilities from pursuing earth 
science education pathways include, inaccessible training or 
field sites, negative perceptions of instructors or employers 
about their abilities to conduct field work, and concerns about 
costs and liability when including students with disabilities in 
training experiences [14]. However, research suggests that full 
inclusion that retains academically rigorous curriculum and 
geoscience training experiences can lead to success in the 
geosciences for students with disabilities [15],[16]. Recent 
recommendations include helping geology instructors design 
more inclusive geoscience educational experiences, including 
use of VTFs, to teach the required geoscience skills necessary 
to be successful in the field. 

III. METHODOLOGY 

The VFT created for this pilot study is based on an 
introductory lab field site used by undergraduate earth science 
programs in the Northeast region.  

A. Virtual Environment Design 

Using Unity (v. 2019.1) [17], we created a VFT that can 
be deployed to both desktop VR (dVR) and in an immersive 
setting (iVR). First, the environment presents a series of 
overview maps showing the field site at several spatial scales 
to orient the student to the location of the field site in coastal 
Maine.  Next, the student is placed into the model at ground 
level and asked to perform a series of tasks during a training 
phase to demonstrate they understand how to navigate and use 
the virtual compass for orientation tasks (Fig. 1). In the 
experimental phase, students move to glowing features in the 
environment using on screen text prompts These locations 
signal tasks where the students are asked to identify different 
types of rock formations through observation.  They can 
access additional information in the model (e.g., photos of the 
field site, rock formations, and microscopic images). 

  
Fig. 1. Training phase view (left)     Experimental phase view (right) 

The students are then prompted to perform a series of lab 
tasks and answer the same questions as students would answer 

in the real-world lab, such as: “Please identify Rock A, 
based on the following choices: a) granite, b) shale, c) 
basalt, d) gabbro, f) shist”. The final component of the 

experimental phase consists of spatial memory and orientation 
tasks that are not included in the real-world lab to evaluate 
how well students understood the spatial configuration of the 
site and where features are located in the virtual environment. 
Upon completion of the experimental phase, students are 
asked to complete a short evaluation of the VFT experience. 
The survey questions focus on student perceptions about the 
effectiveness of VFT in providing access to information 

without physically being present at the field site, levels of their 
own learning engagement, and recommendations for 
improvements of future versions of the VFT. 

B. Data Collection 

The iVFT condition is administered in the virtual reality 
lab tracking space (3.8 m2) through an HTC Vive HMD. 
Students are asked to visually explore, move within, and 
interact with the virtual environment using their own body 
movement along with HTC Vive hand controller to navigate 
and select answers to question prompts. The dVFT is 
administered to participants in a non-immersive mode using 
their own computers and without an HMD. They are asked to 
explore and interact with the online virtual environment using 
the keyboard to navigate and respond to question prompts. 
Participant responses in the iVFT are recorded: (1) using the 
hand controller to select answers to multiple choice questions, 
and (2) using the headset’s microphone to record their input to 
open response prompts. Participant responses in the dVFT are 
recorded using the keyboard to type answers to open response 
and multiple-choice questions. The entire study protocol may 
take from 30 to 60 minutes depending on the familiarity and 
comfort level of each student. Students receive a  participation 
grade for completing the lab. 

C. Participants 

The pilot study will recruit undergraduate students 
enrolled in an introductory earth science course in a small, 
liberal arts college setting (n = 25 self-id. F = 13 M = 12). It is 
a convenience sample where approximately half of the 
students are attending the course remotely but have access to 
the on-campus VR lab (iVFT) and the remaining students are 
attending the course remotely, off-campus due to COVID-19 
restrictions (dVFT). Both conditions will be administered 
using the same virtual environment, activities, and structured 
protocol questions and supervised by a project researcher 
during each session. Participants will complete an informed 
consent form prior to the experiment and the study is approved 
by the Institutional Review Board (IRB). Prior to the start of 
the training phase, participants will complete the Santa 
Barbara Sense of Direction Scale [18] to screen for potential 
underlying group differences in the construct of self-reported 
sense of direction. The scale is a useful measure that has 
shown the same cognitive processes used in maintaining 
orientation in real-world environments are also used when 
operating in virtual ones [18]. 

IV. RESULTS 

Student performance on lab tasks in both conditions will 
be validated by the course instructor and reported metrics are 
based on the accuracy of selected responses, the accuracy of 
open response descriptions, and the completion of required 
VFT lab activities. Survey data on student perceptions of the 
VFT’s ability to provide remote information access, levels of 
student engagement, and recommended improvements for 
future versions of the VFT will be shared. 

V. CONCLUSION AND FUTURE WORK 

The goal of this pilot study is to evaluate if VFTs might be 
able to provide opportunities for more students to pursue earth 
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science educational and career pathways by creating 
physically accessible experiences that build early conceptual 
knowledge and skills central to geoscience field work. 
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Abstract—Although navigation system allows users reach 

destination easily, spatial learning is always necessary, especially 

in emergency situations. Intentional spatial learning is effective 

but always requires more attention. In this work-in-progress, we 

explore ways to improve incidental spatial learning with mixed 

reality-based (MR) navigation. We analyze how people structure 

space from volunteered geographic information (VGI) verbal 

navigation instructions, chunk the space accordingly and use 

different visual instructions among chunks in MR user interface. 

A user study is to be conducted to test if spatial learning is 

improved such design. The findings contribute to the design 

principles of MR-based navigation.  

Index Terms—spatial learning, chunking, volunteered 

geographic information (VGI), navigation instruction, mixed 

reality 

I. INTRODUCTION 

Current navigation aids can guide users to the destinations 
conveniently. However, too much passive following navigation 
results in declined spatial ability, which causes severe problems 
in emergency situations and especially for elder people. 
Researchers are seeking opportunities to improve spatial 
learning and preserve people’s spatial ability.  

In this work-in-progress, we explore the possibility to 
improve users’ spatial learning during MR-based navigation by 
chunking navigation instruction. We analyze how people learn 
space by categorizing volunteered geographic information 
(VGI) navigation instructions, chunk route instructions 
accordingly and apply different visualizations among chunks in 
mixed reality-based (MR) navigation. User studies are to be 
conducted to test if such design indeed improves spatial 
learning.  

II. BACKGROUND 

A. Navigation and Spatial Learning 

Negative effect of navigation systems on spatial learning has 
long been studied [1]. Spatial learning happens both 
intentionally and incidentally. Intentional spatial learning, e.g. 
active decision making, has proved to be effective [1], [2]. 
However, it interferes the navigation process, requires users to 
pay more attention and thus introduces more cognition 
workload. Incidental spatial learning takes place naturally and is 
the main difference between people with good and poor sense of 
direction [3]. Therefore, we propose to improve incidental 

spatial learning by well-designed visualizations. We aim to help 
users to learn spatial layout without interfering other tasks 
during navigation, such as taking phone calls and chatting with 
colleagues. 

B. Spatial Chunking 

A possible solution to improve learning is to chunk the 
information. Chunking is the process that people group the 
individual pieces of information into larger units, for example, 
we remember a phone number as three or four groups instead of 
11 separate numbers. Chunking allows people to bypass the 
limit of working memory capacity. It also helps content 
processing and help users process, understand and remember 
text and multimedia content better [4]. Diverse ways are used to 
chunk text content or multimedia content, e.g. use bold, black 
headings and meaningful pictures to separate the long articles. 

In navigation, chunking orientation instructions results 
better spatial learning than metric instruction [5]. Min and Ha 
[6] found that color scheme significantly contributed to 
landmark and route knowledge acquirement, which also implies 
that chunked space can be better remembered.  

With highly interactive MR, many visualizations are 
available for navigation instruction. In this work in progress, we 
apply different visualizations to indicate chunks within the same 
route and test if chunked navigation instruction can improve 
spatial learning. We also explore if repeated use of chunked 
navigation instruction could encourage users to chunk space and 
navigation spontaneously. 

C. VGI and Spatial Learning 

Spatial layout influences how people learn the space. For 
example, Cock et al. [7] has found that users’ preferences of type 
of route instruction (3D-simulation video, text or photo) varies 
according to decision point type and adapted system reduces 
wayfinding errors. We used VGI to understand how people 
chunk the space.  

VGI is the harnessing of tools for collecting, analyzing, and 
sharing geographic data provided by individuals. VGI is used in 
this work for two reasons: a) the crowdsourced geospatial data 
from VGI are usually fully or at least partially accessible, thus 
this approach can be applied to different spaces; b) the VGI is 
based on random and pervasive individuals with their personal 
and local knowledge. The spatial knowledge contained in the 
VGI is the outcome of a long term perception of their daily living 
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and working environment [8], which reveals people’s general 
and natural perception of the local space. 

Over the past decade, VGI in navigation has collected 
massive verbal route descriptions to advance navigation 
research [9], [10]. Verbal route instructions reflect how people 
describe routes in order to navigate and are proved to be an 
effective tool to study how humans chunk space [11].  

In this work, we explore how people structure and learn 
space based on the crowdsourced route instructions and apply 
the results into chunking of navigation instructions. Our 
hypothesis is that similar to non-spatial chunking, the chunked 
navigation instruction can improve spatial learning. 

III. METHOD 

An example of the chunking is to use a different 
visualization to show the heading direction after each turn, i.e. 
different visualization in different route segment. If chunking 
does improve spatial learning, users shall remember more spatial 
knowledge when using chunked instruction than using non-
chunked one. 

A. VGI Analysis 

To conclude the spatial chunking pattern, a linguistic 
analysis will be carried out to analyze three main components of 
route descriptions: movement descriptions, direction 
descriptions, and place descriptions [12]. The route instructions 
analysis will preliminarily study route segments in route 
descriptions and where the decision point is. 

Further analysis is required to classify decision points which 
divide a route into several route segments, some potential 
candidate points, e.g., a turn and a transfer of the floor in the 
route are likely to cut the route into route segments based on 
preliminary verbal instruction observation.  

Several spatial chunking patterns with different granularities 
are identified in different verbal route descriptions of the same 
route. The relationship between the types of decision points and 
granularities of spatial chunking is to be identified and applied 
in chunking the route in the user study. We performed statistical 
analysis on a route description collection of one route in S8 
building of Ghent University. The instructions were collected 
from employees who work in the building. The initial results 
show an average of three times spatial chunking. The route 
descriptions are chunked in a hierarchical structure in which the 
three most important chunking points are the location where 
floor change is required (100% chance), the location where an 
orientation change is required (88.9% chance) and the location 
where a transition between two spatial units (66.7% chance), for 
example, a hall and a corridor. 

B. Device and Interface Design 

Microsoft HoloLens 2 is used in the user study. We use 
visualizations for pedestrian navigation proposed by Cron et al. 
[13], which includes floating cubes, arrows, tapered polyline and 
animated bird avatar (Fig.1), in different chunks. 

 

Fig. 1. Visualizations for pedestrian navigation [13] a) floating cubes, b) 

arrows, c) tapered polyline, d) animated bird avatar. 

C. Experiement Design 

We use within-subjects design in the user design. Forty users 
are to be recruited to assure the reliability of the study. The users 
are to navigate 3 routes with different levels of chunks HoloLens 
2: a) no chunks, where only one visualization is used for the 
whole route; b) rough chunks, where the route is chunked based 
on a rough level of chunks; and c) detailed chunks, where the 
route is chunked into more chunks than in b). 

The spatial learning results are to be tested with scene 
recognition, sketch map [14] and landmark locating tasks. 

IV. EXPECTED RESULTS 

If our hypothesis holds true, we expect the users to perform 
better in routes with roughly and highly chunked instructions 
than in route with no chunks. However, the difference between 
the two chunked routes are to be tested. 
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Abstract—Interest is raising around eXtended Reality Training
Systems (XRTSs), which started to be considered as a credible
option to train companies’ workforce. Even though there is a
growing body of literature on best practices and techniques to
be adopted for teaching individuals how to perform a variety of
operations (e.g., for assembly and maintenance procedures), there
are also training situations which have gone mostly unexplored
yet. In this paper, we propose and evaluate three different
metaphors to face the key challenges associated with training
procedures involving parallax-dependent tasks, i.e., tasks in
which the instructor needs to make the trainee reach a target
observation point and guide his/her attention towards a given
point of interest at the same time. Effects observed through a
user study that was run in a testbed environment indicated that
metaphors based on 3D avatars and frustum visualization can
provide important advantages over video-based techniques.

Index Terms—VR training system, shared view, parallax-
dependent task, head pose control, HCI

I. INTRODUCTION

The advancements in the field of eXtended Reality (XR)
over the last decade are unprecedented for this technology,
and the availability of cost-effective hardware is promoting
its diffusion at a mass scale. Due to the disruptive potential
of XR, both the industry and the academia are dedicating
significant efforts to help it attain maturity in a variety of
fields, encompassing engineering, arts, design, architecture,
medicine, etc. [1].

Since the first developments, for both the main media in the
XR family, i.e., Mixed Reality (MR) and Virtual Reality (VR),
training represented the application attracting most of the
interest. This statement is even more true now that eXtended
Reality Training Systems (XRTSs) are moving from laboratory
settings to the industry, being more and more frequently
integrated into the companies’ training programs [2]. This is
the case especially for teaching how to carry out activities that
are mainly composed of practical and manual tasks and, hence,
could benefit from learning-by-doing and hands-on training
approaches [3].

An emblematic family of tasks that matches these features
are the so-called machine tasks (MTs). MTs are those in which

a human worker in a workshop or factory environment is
required to perform a mixed sequence of various types of
interactive steps on a machine or a piece of equipment [4].
Such tasks include well-studied assembly and maintenance
operations [3], [5], in which actions to be frequently performed
are, for instance: fixing connectors, manipulating and mount-
ing objects either directly or by means of tools or machine-
specific remote controllers, machinery programming, and so
forth.

Even though the use of XRTSs as complementary tools
meant to be employed by a human trainer in a simulation-
based or remote-learning setting is indeed valuable (especially
when it suits the goal of minimizing costs and safety risks),
there is an increasing interest in automatic XRTSs able to
guarantee a comparable transfer of skills to trainees without
involving a human trainer [6]. This goal is commonly tackled
by employing so-called scaffolding systems, e.g., in the form
of multi-modal step-by-step guidance (voice-overs, video-
clips, MR hints, instructional animations, etc.), with the aim
to support the trainees in acquiring the knowledge of interest
[3].

The absence of a human trainer could, however, negatively
affect the experience, since automatic scaffolding systems
remain limited in the ability to adapt to the trainees’ possibly
mutable needs. What is more, countermeasures to mitigate this
drawback are often prone to induce frustration and boredom
[6]. Moreover, due to the relieved social pressure, trainees
could be induced to be way too relaxed and lazy during the
training. This effect is particularly noticeable in VR training
systems (VRTS), due to the more prominent sandbox nature
of the medium if compared to MR counterparts (in which it is
common to use real piece of equipment to deliver the training
experience instead of a fully synthetic virtual environment).

Although having a trainee behaving slothful when he/she
is taught by an automatic VRTS on a machine task does not
necessarily entail a compromised learning outcome [4], in the
case of parallax-dependent tasks (PDTs) that could represent
a major hurdle. PDTs are a subset of machine tasks in which
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the operator, to successfully (and/or more easily) complete the
task, is required not only to look at a specific point-of-interest
(POI) but also to do that from a given observation point. This
requirement poses a peculiar challenge for a VRTS (automatic
or not) on how to convey to the trainees the importance of
simultaneously looking at the POI and doing that from a
preferential point-of-view (POV), an ability that needs to be
transferred through the training without negatively impacting
the experience.

So far, a plethora of studies focused on guiding the attention
of the user towards a given object [7]–[16]; a fair amount of
studies also proposed techniques for inducing the user to reach
a target position in the work area [17]–[19] or teach how to
assume a specific body pose [20]–[23]. Nevertheless, since
when teaching a PDT a combination of these three features is
required, it is unknown if and when the proposed techniques
are still valid and able to meet the above requirements. With
the aim of filling this gap, in this paper we propose and
compare three metaphors inspired by the literature that are
intended to be used in a VRTS for training workforce on PDTs.

II. RELATED WORKS

As anticipated, a decent amount of works explored tech-
niques to direct the user’s attention towards the desired target
POI. This aspect got the interest of researchers in the field of
immersive cinematography [7]. For instance, in [8] techniques
based on continuously restricting the in-focus part of the scene
or vignetting to black its non-salient regions were used with
the aim of inviting the user to concentrate on the subject
chosen by the director. In spite of the good results obtained,
these techniques imply that the user’s observation point is
planned or fixed in the space. A similar drawback can be found
in works related to immersive remote collaboration such as
[16]. In this study, a setup where an assisted user is wearing
a MR head-mounted display (HMD) and shares a 360◦ live
video feed with a remote expert that is using a VR HMD
is arranged. In this setup, the VR user’s observation point
is actually decided by the MR user. Besides this limitation,
there are also important takeaways. The MR user is indeed
continuously made aware of where the other user is looking at
by means of a colored rectangle frame. This metaphor enables
both users to gain view independence, which together with
deictic gestures and ray-pointing was an aspect that was found
to positively impact the collaboration and the effectiveness of
the users’ interplay.

These and other view sharing techniques were adopted
also by works in which each user is able to move in the
collaborative space (independently of the medium type, either
VR or MR), thus enabling a shoulder-to-shoulder collaboration
paradigm [9]. The use of a 3D avatar (or part of it), of
2D video sharing from ego-views, or of frustum/field-of-view
visualization and gaze-rays [10], [11] are indeed all metaphors
studied in the literature.

Findings in [13] indicate that avatars should be preferred
to 2D video sharing. As demonstrated by the authors of
[24], the combination of an avatar with head-gaze is superior

in terms of ease of use and usefulness to other forms of
avatar embellishment such as, e.g., the eye-gaze obtained with
an eye-tracker. The head-gaze was successfully replaced by
a view-frustum both in combination with a full 3D avatar
[25] as well as with a simplified head representation [14].
Despite the promising results, in all of these works the user
is never supposed to assume the head position and orientation
of the reference metaphors; hence, it is unclear whether these
metaphors could be used also to teach a PDT.

The problem of guiding the user to a target position in the
environment was indeed tackled by a few studies. In [19],
the use of metaphors to let the user trigger a repositioning in
the virtual environment (VE) was studied, finding that all the
proposed methods were well tolerated by the users in terms of
sense of embodiment and induced sickness. Similarly, in [18]
it was proved that infinite velocity transition style, the same
transition style of the techniques investigated in [19], had to
be preferred to other forms of animated displacements not
controlled by the user. Recently, the authors of [17] presented
a comparison of four methods to be used for forcing the user
to reach a shared viewpoint. This is a use case very similar
to the one of interest for the present work; differently than
in aforementioned studies, the authors found that the infinite
velocity transition style was worse compared to animated
displacement (fly) in terms of disorientation and discomfort.
However, the different outcome w.r.t. [18] could have been
due to the white empty environment used, in which the users
had as a sole visual reference the object of interest. This is for
sure not the use case of training on machine tasks that usually
take place in real or virtual industrial facilities. In addition,
the authors found that the user would prefer to have a manual
move option than to fly in the case he/she could choose just
one movement style. Finally, in [4], different metaphors to
drive the user attention in an automatic XRTS for teaching
machine tasks were evaluated. It was noticed that some users
had the tendency to instinctively stand inside the tutor avatar
and follow it in synchronously even though not expressly
instructed by the system to do that.

It is worth noticing that, although all the mentioned findings
could in principle be applied to an XRTS, none of the above
studies investigated the effectiveness of the presented tech-
niques in terms of skill transfer to the trainees. Furthermore,
by considering in particular the PDT training scenario, it is
important to determine whether the trainees will tend to reach
the recommended head-pose both during the training, as well
as after the training should they be requested to perform the
task autonomously.

In other studies, techniques for teaching body pose em-
ploying XRTSs have indeed been proposed, by leveraging the
avatar follower effect [23]. This is the case, e.g., of teaching
dance and sports movements [20]–[22]. However, since in
PDTs it is sufficient to instruct the user to reach just a certain
head-pose and it is not of interest which full-body pose the
trainee would use to do so, these techniques can be regarded
as a bit disproportionate for the considered use case.

The work reported in this paper builds on these recent
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insights with the aim to found an appropriate metaphor to
be used in a XRTS for teaching PDTs.

III. MATERIALS AND METHODS

This section describes three metaphors that we propose as
possible ways to solicit the trainees to match a target head-pose
when learning how to perform a given PDT. For the sake of
performing experimental analyses under repeatable conditions
and to include a variety of PDT categories, we developed a
testbed. The testbed, consisting of an automatic VRTS for
the self-learning of a procedure in which several PDTs are
included, was used to evaluate the metaphors by means of a
user study. The devised VRTS supports two operation modes,
a first one used to train the user with the help of a scaffolding
system, and a second one to be used for assessment.

A. Technology

The VRTS was developed targeting an experience with an
immersive VR HMD and hand controllers. Specifically, the
HTC Vive Pro kit and ecosystem [26] were used in the study.
This HMD features a display resolution of 1400×1600 pixels
per eye, spanning a horizontal 110◦ FOV with a 90Hz refresh
rate. The native positional tracking leverages the infrared lasers
emitted by the so-called base stations (built upon the Valve’s
Lighthouse technology) which, combined with the HMD’s
built-in sensors, enables a 6DOF outside-in tracking over an
area of up to 10m×10m. The user interacts with the VE using
the tracked controllers and their physical buttons.

The VRTS application was implemented using the Unity
(v2020.2.2) game engine [27] and the SteamVR framework
(v2.7.2). The VE was populated with 3D assets available free
of charge and by custom-created ones modeled with Blender
(v2.91) [28]. The user is allowed to freely navigate the virtual
environment using the ArmSwinging locomotion technique,
implemented as in [29].

B. Metaphors

In the following, the implementation of the three metaphors
(Fig. 1) proposed to complement a classic scaffolding system
when dealing with the training of PDTs is illustrated. As
said, the given metaphor should provide the user with clear
instructions about where the trainee is requested to look at
(target object) and from which POV/direction he/she should
look at it. This could also be declared as the problem of
enforcing the trainee to match a given head-pose settled by
the training provisioner.

• Avatar (A): As discussed in Section II, one of the most
promising metaphors for PDTs appears to be the use of
3D avatars. In particular, a stylized human mesh without
sexual connotation was used in this work, and the avatar
size was automatically adjusted to match the real user’s
height. To encourage the trainee to enter inside the avatar,
it was shaded like in [20] with a Fresnel effect. As
suggested by [24], a head-gaze line was included (Fig. 1i).
Moreover, to provide the user with feedback on the fact
that he/she is pairing correctly the target head-pose, it

(i) Avatar outside (ii) Avatar in pose

(iii) Frustum outside (iv) Frustum in pose

(v) PiP (vi) Relocating PiP

Fig. 1. Implemented metaphors.

was decided to modulate the transparency of the shading
so that the user is stimulated to match the head-pose
by endeavoring to minimize occlusions. The head-gaze
line was implemented to proportionally fade based on
the angular difference between the target gaze direction
and the current head-gaze direction assumed by the user
(Fig. 1ii), and this transparency modulation was allowed
only if the user’s head is inside the avatar’s one.

• Frustum (F): Since in PDTs it is relevant just the tar-
get head-pose and not how it is reached by the user,
a metaphor based on frustum visualization similar to
the one used in [14] and [24] was devised. However,
to further differentiate the Frustum metaphor from the
Avatar metaphor and with the aim to provide a higher
affordance, the stylized head mesh was replaced with one
similar to a facemask (Fig. 1iii). The frustum is visualized
in two different ways depending on the current user’s
head position: if the user’s head is not near the target
pose, he/she will see a pyramid trunk (similar to [14]);
in the other case (“user wearing the mask”), the frustum
is visualized as a rectangle frame like in [16] (Fig. 1iv).
Finally, a gaze-line with the same fading mechanism of
Avatar was inserted to complete the metaphor.

• Picture in Picture (PiP or simply P): This metaphor
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was included since very popular in previous studies [4]
and in real-world applications. The metaphor consists of
a panel displaying a prerecorded video loop from ego-
view (Fig. 1v). It is worth noting that the video does not
explain how to perform the given task, but focuses just
on a possible move to reach the target head-pose and to
fixate the target object to look at (otherwise PiP would
deliver additional information w.r.t. Avatar and Frustum,
introducing a possible unfair advantage). The panel was
programmed to automatically follow the user by placing
itself in his/her FOV at such distance so the video surface
covers 15% of the FOV. Furthermore, the user is allowed
to relocate the panel as he/she wishes by grabbing and
moving it to the desired location (Fig. 1vi).

C. Scaffolding

In the training mode, the VRTS scaffolds the trainee in
learning the procedure (described in Section III-D) using a
step-by-step guidance system. For each task to be executed, a
voice-over (a prerecorded human voice) instructs the trainee
on the actions to perform to accomplish the task. To oblige
the trainee at paying attention to the instructions, he/she is
made unable to move or interact with the VE until the voice-
over is finished. The user is provided with the ability to
replay the last voice-over if he/she wishes. The instructions
are complemented by moderate MR hints (blinking outline
of certain objects) and by the particular metaphor, which
is activated concurrently to the voice-over by the guidance
system. When the task is completed successfully by the
trainee, sound feedback is provided and the guidance system
moves to the next task. The latter feedback is the only one
provided when the VRTS is instead set to assessment mode.

D. Procedure and Tasks

In the following, the testbed procedure encompassing PDTs
that was arranged for the experiments is described. It was
decided to assemble a fictional, though realistic, procedure
instead of reproducing faithfully a real one. Reasons for this
choice are manifold. Firstly, by doing so it was possible to
devise a scenario where the metaphors could be stressed under
diverse PDTs. Secondly, it was possible to make the assump-
tion about the fact that participants had no previous knowledge
about the procedure they were going to be taught about.
This fact is of paramount importance, since it is speculated
that prior experience plays a major role in assuming a given
head-pose when performing a PDT. For an analogous reason,
the PDTs were designed to have a non-obvious, privileged
observation point, since considering a task with high intrinsic
affordance would have been reflected in a target head-pose
trivial to be deciphered by the trainees. Hence, the included
tasks were designed to be possibly accomplished even though
the trainee is not performing them by assuming the correct,
recommended head-pose, although this fact will have side-
effects on the understanding of task execution and on the mark
obtained from the training provisioner.

The PDTs were designed taking into account two different
factors. Firstly, considering the classification of machine-tasks
proposed in [4], so-called local (L), spatial (S), and body-
coordinated (C) PDTs were included: a local task is a task
that can be accomplished using one-hand from the current
trainee’s location (i.e., arms reach distance); in a spatial task
it is necessary to reach another place in the environment before
performing the required operations; finally, a body-coordinated
task requires the operator to coordinate his/her body (e.g.,
using both hands simultaneously) to complete the interaction.

Each of the three classes above was further declined based
on the type of machine control, assuming that a machine
can be operated either directly (D) or by means of a remote
controller (R) (it is speculated that operations belonging to the
former category provide implicit hints to the user on the target
head-pose to assume). It is worth noting that the difference
between the two categories is not about the fact that the task is
executed directly by the operator’s hands or mediated by a tool
(e.g., leverage, screwdriver, buttons, etc.), but about the fact
that during the machine operation the operator is constrained to
a given location rather than able to move unobstructed (could
in principle stay close or far from the controlled machine).

Task.1 (L, D): inspired from the activity of mounting a wheel
on a hub. The task consists in aligning the holes of
a wheel to the spines on a wall-mounted hub, by
keeping the wheel as much parallel as possible to the
hub plane (Fig. 2–Task.1). The wheel is moved by the
user via direct grabbing (D). The ideal head-pose for
performing the task is located about 50cm from the
hub and lined up to the central spine. It is worth noting
that this first task was deliberately chosen of L kind,
so when the metaphor is activated (for the first time),
the trainee is already in the nearby of the target head-
pose. This is key to prime the avatar follower effect
for A metaphor [23].

Task.2 (S, D): the operator should unlock a container located
a few meters away from the hub (S) to access a remote
controller that is required for the next task. To unlock
the container, a button must be pressed. The unlock is
valid if and only if the button is pressed when (D) a
moving green tick indicator collimates with a white
reference sign that is placed inside a box (Fig. 2–
Task.2). The collimation could be correctly seen if the
white reference is observed with an angle of 20◦ from
the plane’s normal.

Task.3 (L, R): this task and the next one are inspired by
the mastering procedure of industrial robots [30]. The
operator is requested to control the robot by using
the remote controller (R) obtained in the previous
step to make the robot assume a given pose. The
robot’s position is determined by the alignment of two
visual references on the robot body (Fig. 2–Task.3).
For this task, the head-pose is 1.50m above the floor
(L) pointing to one of the two references (the one the
operator cannot move with the remote) and about 1m
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Task.1 Task.2 Task.3

Task.4 Task.5 Task.6

Fig. 2. PDTs devised for the VRTS testbed.

away from it.
Task.4 (S, R): task analogous to the previous one, but for

another robot’s axis; hence, this time the optimal
observation point is placed a couple of meters far from
the previous location (S); the trainee is also required to
assume an uncomfortable and annoying pose to reach
it well (Fig. 2–Task.4).

Task.5 (C, D): the operator should reach a table distant a few
meters. On this table, there is a ball that the operator
needs to place in the middle of two rings by having the
ball aligned with the two rings’ holes. The ball position
is controlled using two handles connected to the table
(D) that should be operated simultaneously (C). The
target head-pose is a bit uncozy to reach due to the
angle at which the rings should be observed while
keeping the hands on the handles (Fig. 2–Task.5).

Task.6 (C, R): the last task is inspired by connector fixing. A
socket is placed on a pillar about 2.5m from the floor.
The operator has to insert a connector by controlling
its position and rotation through a belt-mounted remote
controller (R) using both hands (C), making the color
code of the connector spines match the ones on the
socket (Fig. 2–Task.6). The target head-pose is a little
distressing to sustain due to the socket high placement
that could induce neck-strain in the trainees (wearing
an HMD).

IV. EXPERIMENTS

This section presents the user study that was run to evaluate
the proposed metaphors.

A. Experiment Design

The study’s sample included 15 volunteers (13 males, 2
females) aged between 24 and 30 (µ = 26.87, σ = 2.47) and
of height between 160cm and 189cm (µ = 175.2cm, σ = 6.9),
selected among students enrolled in computer engineering
courses at Politecnico di Torino and the authors’ network of
contacts. None of them suffered of color blindness.

As illustrated in Fig. 3 the experiment was split in two parts
following a mixed-design. For the first part, a between-subject
design was adopted, by splitting the participants into three
equal-sized groups. They were allowed to practice interaction
with objects and locomotion in the VE in a “sandbox” VR
environment before actually getting into the VRTS. After-
wards, they experienced the VRTS in training mode configured
with a different metaphor for each group. After completing
the training, the participants were requested to perform the
procedure using the VRTS in assessment mode. During both
performances we collected video recordings that were later
used to evaluate the participants by assigning a score for each

Participants

BTQ
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F

A

ATQ

As
se
ss
m
en
t

Part 2

F/A

P/A

P/F

A/F

A/P

F/P

PEQAAQ

Part 1

Training
Score

Assessment
Score

Fig. 3. Experiment design and analysis tools.
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PDTs execution, by considering: the exactitude in matching
the recommended head-pose (POV), whether the right POI
was observed or not, and the correctness of task execution
(MARK). In order to minimize possible evaluation biases,
the videos were annotated by one confederate that was not
involved in the administration of the user study activities.
What is more, the recordings were actually collected in such
a way (at runtime directly via the application instead of using
a screen-recording) so that the current metaphor appearance
is actually replaced by a dummy representation of it in the
resulting video, hence equal for all the recording at the time
of the annotation from the confederate perspective. In addition
to the measures gathered through the video analysis, partici-
pants’ feedback was collected by means of a multi-section
questionnaire. The first section, administered before starting
the training (BTQ), included items concerning demographics,
previous knowledge and expertise with technology related
to the experiment, and the Simulator Sickness Questionnaire
(SSQ) [31]. The second part, administered after the training
(ATQ), was made up of items to evaluate the perceived quality
of the training and the suitability of the metaphor; the i–
group Presence Questionnaire (IPQ) [32] was also included
in this section. Another section was administered after the
assessment (AAQ) to collect feedback about self-evaluation
and confidence while performing the learned procedure; a post
SSQ was incorporated.

Subsequently, the participants entered the second part of
the experiment, for which a within-subject design was used.
They were requested to experience again the training using
the remaining two metaphors (in Latin square order), and then
fill in the last section of the questionnaire (PEQ), which was
meant to measure human-computer interaction (HCI) aspects
of the three metaphors. PEQ included a System Usability
Scale questionnaire (SUS) [33], and a custom section where
the participants were requested to rank the metaphors with
no ties for each of the investigated features. At the end
of the experiment, open feedback about the experience was
additionally collected. The standard questionnaires mentioned
above (SSQ, IPQ, and SUS) were used in their original form.

B. Results and Discussion

According to information collected through the BTQ, 53.3%
of the participants had never or just rarely used an HMD,
whereas 46.7% of them stated to use immersive VR technol-
ogy quite often. No statistical difference was observed between
the three groups; hence, no bias was apparently introduced by
the random participants selection.

A discussion of the most relevant results is reported here-
after. Data collected for Part I were analyzed with the Kruskal-
Wallis test and Conover post-hoc, whereas for Part II the
Friedman test with Conover post-hoc was used. Pre/Post
exposure effects were investigated using the Mann-Whitney
U test.

1) Part I: No significant difference was spot for any of the
Pre/Post SSQ indicators, meaning that none of the metaphors
had induced a higher sickness w.r.t. the other. By looking at

(i) IPQ (ii) VRTS perception

Fig. 4. ATQ Results. Significant differences are marked with baffles.

the outcome of the IPQ (Fig. 4i), it is possible to observe
that Frustum was moderately superior to the other metaphors,
inducing a higher sense of presence w.r.t. PiP, and providing a
more prominent spatial presence and realism w.r.t to both PiP
and Avatar. It was also observed that the three metaphors had
a significant impact on the perception of the VRTS (Fig. 4ii).
In particular, the group that experienced Frustum found the
information provided by the VRTS clearer and its overall
quality higher compared to the other two groups. A significant
difference was also found for the metaphor suitability, which
poses Frustum as the best of the three designs, then Avatar
and PiP, in this order.

A slightly different conclusion can be drawn from the
video analysis scores collected during the training and the
assessment. It is worth noting that pre/post analysis which
was ran on the two sets of scores (training/assessment) for all
the tasks did not reveal any statistical difference for the three
metaphors. This fact suggests that the participants were able
to reproduce the procedure during the assessment faithfully
and on pair of what they learned in the training step, whether
they grasped and performed the procedure correctly or not.
Thus, for the sake of brevity, in Fig. 5 are reported just the
scores from the assessment step. As speculated, the impact
of the metaphors was less pronounced for the S tasks (1, 3).
For the other tasks, both Avatar and Frustum scored markedly
better than PiP, whereas no significant difference was observed
between Avatar and Frustum, except for Task 4 (S, R), in
which Frustum was able to better stimulate the trainee to reach
the target head-pose. By looking at the corresponding items
of the AAQ, no statistical difference was found among the
groups, meaning that participants in the PiP group had no
clue of the fact they were not performing particularly well.

2) Part II: After trying all the three metaphors, participants
confirmed to some extent the preference pattern observed
previously. As shown in Table I, both Avatar and Frustum
obtained a significantly enhanced SUS score w.r.t. PiP, and a
clear winner did not emerge between the two. The same trend
can be also observed from the ranking given for the various
HCI dimensions.
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Task.1 Task.2

Task.3 Task.4

Task.5 Task.6

Fig. 5. Assessment scores: exactitude of matching the recommended head-
pose (POV), observing the right point-of-interest (POI), task execution cor-
rectness (MARK). Significant differences are marked with baffles.

V. LIMITATIONS

The generalisability of these results is subject to certain
limitations. In particular, it is plausible that the limited sample
size of the study was not sufficient to elicit possible differences
between Avatar and Frustum metaphors. Moreover, the sample
characteristics (even though balanced between the groups, e.g.,
in terms of familiarity with immersive VR) might have been
only partially representative of the population of interest. In
spite of these limitations, we believe that this exploratory
work could help to better understand the possible subtleties
of training PDTs by means of an XRTS.

TABLE I
RANKINGS AND P-VALUES FOR FRIEDMAN AND CONOVER POST-HOC
PAIRWISE COMPARISONS. RANKINGS ARE OBTAINED DIRECTLY FROM

PEQ ANSWERS. INVERTED ITEMS ARE MARKED WITH *

P F A P-F-A P-F P-A F-A

Overall 3 1 2 .000 .003 .012 .751
Assertive 3 2 1 .000 .009 .002 .643
Learnability 3 2 1 .003 .044 .032 .930
Affordance 3 1 2 .000 .003 .012 .751
Mental workload* 3 1 2 .010 .044 .113 .850
Efficiency 3 1 2 .000 .003 .012 .751
Ambiguity* 3 1 2 .000 .009 .012 .982
Ease of use 3 2 1 .000 .003 .012 .751
Latency* 3 2 1 .000 .009 .005 .930
Frustration* 3 2 1 .642 .982 .643 .751
Boredom* 3 2 1 .010 .113 .044 .850
Visibility 1 3 2 .778 .751 .930 .930

SUS score (SD) 74.8(17.4) 86.3(7.5) 86.0(7.3) .031 .030 .021 .599

VI. CONCLUSIONS AND FUTURE WORK

In this work we proposed and evaluated three different
metaphors to be used in XRTSs to encourage the trainees
to reach a target observation point and guide their attention
towards a POI selected by the training provisioner. These two
features are essential to be enforced by an XRTS intended to
teach how to perform a PDT. The metaphors were evaluated
in an automatic VRTS testbed scenario that was developed
to teach a fictional procedure encompassing six types of
PDTs. In the experiments, both the Avatar and Frustum
metaphors performed markedly better than PiP, although no
clear difference emerged between Avatar and Frustum. Future
investigations should focus on grasping the differences for
Avatar and Frustum, in particular for scenarios not included
in this work such as MR training systems. It would also be
of interest to evaluate the impact on social presence when the
metaphors are not activated by a scaffolding system but by a
human trainer in shared and/or remote XRTSs experiences.
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Abstract—The use of VR in training groups for wind turbine
engineers can cause didactic and practical problems. Integrating
the whole group into the lesson and retaining attention and
motivation while only one or two trainees wear a VR head
mounted display (HMD) can be challenging for the trainer.
Whereas VR HMDs isolate the users, engineering on wind
turbines is a group effort. The problem is exacerbated when
trainees need to use remote access to participate in the lesson,
as can be the case under pandemic restrictions. We propose to
use methods from asymmetrical game design and constructivist
didactics to integrate participants without VR headsets into VR
trainings for engineers.

Index Terms—VR, engineer training, remote training, asym-
metrical gameplay

I. INTRODUCTION

VR applications can be valuable tools to train engineers for
restricted-access and high-risk environments such as offshore
wind turbines, but these trainings raise a number of practical
questions, for both didactics and venue design in VR. How
can VR, which isolates the user while wearing a head mounted
display (HMD), be integrated into a group training situation?
How can the trainer retain attention when there are fewer VR
set-ups than trainees, and a large group has to wait? How
can a single VR set-up be used to train cooperation? These
questions are amplified by the rising need to separate and
integrate training groups under the hygiene protocols for the
Covid-19 pandemic.

To better understand the requirements for VR engineer
trainings, we conducted quantitative and qualitative surveys
with offshore turbine engineers and trainers. We found that a
large part of the training is hands-on, either in training facilities
or on-site with a more experienced engineer.

These training methods are best understood in the context of
constructivist and constructionist didactics, including methods
such as learning through teaching, collaborative learning or
quest- and problem-solving-based learning.

In our surveys, we also found a high degree of interest in
virtual trainings in both the trainers and the engineers, and a
high computer simulation and computer game literacy in the
engineers. These combined findings of constructivist learning
methods and computer game affinity led us to a game design-
based approach for the training application.

In game design, a set-up that integrates participants with
different hardware, camera view or abilities into one game is
known as asymmetrical game play. Asymmetrical VR games
often have a high degree of usability and an equally high
entertainment value.

We propose to apply methods from construc-
tivist/constructionist didactics and technical and interaction
principles from asymmetrical game design to integrate
on-location or remote-access user groups into VR trainings
for engineers.

II. RESEARCH CONTEXT

A. VR Training for engineers
VR trainings rely on the following didactic mechanisms,

which are suitable to simulate hands-on and on the job
engineer training: [1]:

• Embodied cognition, or “learning with the body”
• Constructionist activity
• Directed immersive narrative
Tracking technology in VR, i.e. tracking user position in

virtual space, tracking hand or finger movement, or other
specialised tracking methods (foot tracking etc), is the basis
for “learning with the body”. It allows the user to interact
within the virtual world with physical body movements, and
to understand the physicality of environments, objects and
processes, their inside and outside shape, their behavior, and
so on. This spatial body tracking can also be used for training
constructionist activity in VR [2].

Additionally, VR allows the user to learn and test behaviour
in “as if” situations through directed immersive narrative.
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Similar to conventional role-playing trainings, for example
security or emergency trainings, the user can experience an
approximation of the stress of real-life situations. Additionally,
VR scenarios can incorporate dangerous conditions that would
be difficult to simulate in physical settings into the training
narrative, including height, fire or high voltage. These “as-if”
trainings are intensified by place illusion in VR, i.e. the illusion
that the user is physically present within the environment [3].

Fig. 1. VR training environment for wind turbine engineers.

Training scenarios in VR can be categorized as follows.
Note that most scenarios belong to more than one category
[1]:

• Environment: Including movement-in-space- and
orientation-based scenarios.

• Situation: Experience-based scenarios that demand ac-
tions and reactions, often with a focus on psychology.

• Procedure: Scenarios that rely on the correct execution
of interdependent chains of actions, e.g. trouble-shooting
scenarios.

• Artifact: The focus is on interacting with an object or
objects, for example repairing or assembling.

B. Venue design
The hardware and interaction design requirements of VR

trainings depend not only on the content but also on the venue,
i.e. is it single-player or multi-player, seated, standing, is there
space for physical movement and how much, and so on.

Even single-player VR applications are often de-facto com-
munal events: other people might be present for safety reasons,
as an audience, or just waiting for their turn. Watching
someone wearing a HMD and physically interacting with an
invisible environment can be highly entertaining in itself, often
turning the HMD user into a visual spectacle.

Some VR applications acknowledge the physicality and
communality of VR venues by integrating non-HMD users,
and even introducing an element of role-play. Instead of
breaking immersion for the VR player, this opportunity for
social interaction can actually increase immersion [4], [5].
By expanding the game space beyond the virtual space, these
integrative VR set-ups become quasi-mixed reality (MR).

When the social interaction between VR player and spec-
tators is a core interaction mechanic, it can cause a shared
cognitive immersion for both the HMD participant and the
non-HMD participants [4]. The cognitive immersion of such
a scenario lends itself for didactic purposes.

Fig. 2. Highlighting interaction objects via the UI.

C. Asymmetrical VR Applications

Asymmetrical VR applications integrate users with different
types of hardware, or with unevenly distributed degrees of ac-
cess to interaction abilities and knowledge [6]. The asymmetry
of the hardware is usually reflected in different interaction
roles, e.g. the HMD user may act as a protagonist while the
non-HMD participant is a guide/helper, or even an antagonist
[6]. Asymmetrical applications have been categorized along a
scale from high to low asymmetry [7]:

• High asymmetry Verbal communication: the non-HMD
user holds information e.g. a manual.

• Medium asymmetry Digital communication: the non-
HMD user has access to the UI.

• Low asymmetry The non-HMD user can see the virtual
environment and has controller access.

A growing number of VR computer games make use of
asymmetrical set-ups, with one user wearing the HMD while
the other users either interact with the virtual environment via
a 2D display and a controller or communicate verbally with
the user. Asymmetrical games balance the interaction between
the unequally equipped participants by distributing knowledge
and “power”, i.e. the means to interact.

Interactive “powers” are often implemented relative to the
scale of the player character, e.g. a huge VR player character
helps a tiny 2D player character, or the antagonistic 2D player
looks at the position of the tiny VR player character on a map.

Typical game mechanics for asymmetrical VR games are:

• Artifact: In an asymmetrical artifact-based game, one
participant might have knowledge, while the other has
access to tools, and both need to communicate verbally.
For example: Keep Talking and Nobody Explodes, a game
with high asymmetry [8].

• Environment: In an asymmetrical exploration game, one
participant may see a map or bird’s eye view of an envi-
ronment, while the other is immersed in it, which gives
one participant an edge over the other. For example: Carly
and the Reaper Man, a game with low asymmetry [9] or
Reiko’s Fragments, a game with medium asymmetry [10].
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• Situation: In an asymmetrical situation-based game, the
non-HMD participant may influence how the HMD-user
experiences the situation, or play the role of a friend or
antagonist. Cooperation and antagonism are experienced
strongly. Examples: Reiko’s Fragments [10] or Playroom
VR: Monster Escape, a game with low asymmetry [11].

• Procedure: In an asymmetrical procedure-based game,
one participant may act as an active guide or helper for
executing chains of actions and reactions in the correct
order or time. Examples: Carly and the Reaper Man [9]
or Keep Talking and Nobody Explodes [8].

D. Training Didactics

Hands-on training methods on the job as they are practised
in engineering can be understood as methods of constructivist
and constructionist didactics.

These didactic methods provide multimodal and
communication-based environments that reference already
acquired knowledge and competences, while offering
pragmatic, interactive and creative quests [12]. Constructivist
didactic methods to integrate learning groups include learning
by teaching (German LdL, English: RPT), collaborative
learning, and role play, which can foster shared cognitive
immersion [13]. These methods are easily adapted into
asymmetrical VR training designs and gamification [14], [15].

Fig. 3. An asymmetrical training set-up with three types of asymmetry
(BLUE= high asymmetry, GREEN= medium asymmetry, RED= low asym-
metry).

III. REQUIREMENTS

To understand the real-life requirements of VR engineer
trainings, we conducted quantitative and qualitative interviews
with engineering trainers and engineers for wind turbines.

Our quantitative surveys contained questions about private
and professional use of computer simulation, games and
VR, and about general interest in using these technologies
for training purposes, both before and after testing an early
prototype.

Additionally, during one-hour, in-depth interviews with se-
lected trainers, we assessed engineer training methods and
training conditions. We evaluated these interviews using a
qualitative content analysis and coding system after Mayring
and Fentzel [16], to identify core themes such as a focus on
practical, project-oriented training and teamwork, but also the
importance of trainee motivation and constant adaption of the
trainer.

The surveys and interviews were supplemented by regular
communication between the VR developers and engineers.

Our results showed that the size of training groups is
usually between 5 and 15 participants. Training rooms provide
enough space for free physical movements of one HMD user
(minimum 3 x 3m). It is necessary to keep the VR technology
transportable. For this reason, only one VR set-up per group
is available.

Engineer trainings are usually hands-on, while classroom
teaching or theoretical education play a minor role. For wind
turbine engineers, the education happens to a large degree
on-site and via learning by doing with a more experienced
engineer.

We found a high computer game and simulation affinity
in the engineers and younger trainees, often with regular
use patterns (1 x week or more), and a surprisingly high
degree of VR experience. As expected, the trainers in the
older age group had a somewhat lower computer game affinity.
But all groups showed a high interest in using VR or other
XR technology for training purposes. Two trainers already
used an MR application regularly. When testing the early VR
prototype, all engineers rated it realistic and useful.

Our surveys showed that a successful VR application for
training engineers should ideally integrate the whole learning
group into the experience, both to retain attention and to reflect
the hands-on, teamwork character of the training. But at the
same time, the VR set-up needs to be transportable and easy
to operate for the trainer, so that complex set-ups with several
HMDs are out of the question.

The high computer game affinity of the engineers and
younger trainees suggested that we could implement gami-
fication elements without causing confusion.

IV. APPLICATION

A. Interaction Design

We built two VR training prototypes (see Fig. 1) with
asymmetrical game design, one for an environment-based
scenario and one for a situation-based scenario. Each scenario
integrates the following user types:

• HMD user
• trainee group
• guide (this role can be taken by the trainer or trainee/s)
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To facilitate group interaction and a shared cognitive im-
mersion between the HMD user, the trainee group and the
guide, we implemented three degrees of asymmetry:

• High asymmetry (see Fig. 3, blue line): We allowed
verbal interaction between the participants as the basis for
role play. While the HMD user plays the role of a wind
turbine technician on the wind plant, the trainee group
and the trainer can take on roles such as colleague, land
crew or ship crew, or injured engineer, depending on the
scenario. They can also act as guides for the VR user.

• Medium asymmetry (see Fig. 3, green line): The trainee
group and trainer have access to the VR scenario via a 2D
display with the real-time first person view of the HMD
user. The UI provides additional information about the
position of the HMD user and of the interaction objects
in the scene via a map (see Fig. 2). A real-time counter
shows different types of mistakes on the 2D screen. The
final results are also displayed on the end screen.

• Low asymmetry (see Fig. 3, red line): With a controller
or gamepad, the learning group and guide can interact
with the maps on the 2D display and trigger real-time
highlighting on interaction objects in the virtual environ-
ment (see Fig. 2). That way, the trainees can help the
HMD user to find objects or perform interaction chains
in the correct order.

B. Venue Design

The transportable training set-up includes a HTC Vive
HMD, a 2D screen and a mouse or gamepad controller.

The different levels of asymmetry can potentially be adapted
for remote training:

• HMD user and trainee group communicate and role-play
via a group call.

• The first-person view of the HMD user and the UI is
streamed in real-time.

• Object highlighting via maps can be triggered by remote
control.

V. DISCUSSION AND CONCLUSION

By embracing the asymmetry that is inherent in VR set-ups,
we were able to solve the problem of integrating a large group
into engineer training applications with only one HMD. The
solution is relatively low–tech in comparison to large facilities
with several HMDs, and it is transportable.

By understanding VR not just in terms of the content
“inside” of the HMD, but focusing on the venue design, we
were able to turn the VR set-up into a quasi-Mixed Reality
tool for training facilities.

To integrate the HMD user and the trainee group into
a shared cognitive immersion within the respective train-
ing scenario, we implemented different communication chan-
nels with the full range of asymmetry levels (high=verbal,
medium=visual, low=controller). This allowed us to integrate
different user types who may feel more comfortable with
different interaction types, e.g. a shy trainee may feel more

comfortable with using a controller to highlight an interaction
object, than with role-playing.

By implementing different degrees of asymmetry, the trainer
also has a number of tools to balance knowledge and interac-
tion power during the training session, for example by giving
the learning group information that the HMD user does not
have, or by allowing the learn group to help the HMD user
with highlighting.

The option for remote training has become increasingly
more important since 2020, with pandemic restrictions and
lockdowns that split up groups or confine participants at home.
Remote technology is just another form of asymmetry and
can therefore be easily evaluated on a scale from high to low
asymmetry:

A high or medium degree of asymmetry (=verbal commu-
nication, display access) means a lower technological effort,
and vice versa. Even if it is not possible to implement low
asymmetry with remote control access, the central interactions
of the training application, such as verbal role-playing and
visual real-time access, can be maintained with a minimum of
technological effort. For sensitive content it may be necessary
to build a closed system with a server.

In the next steps we will evaluate the system in training
contexts with end-users, and build prototypes for procedure-
and artifact-based trainings.
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Abstract—Soft skills training is considered important for 

employees to be successful at work. Several companies are 

offering immersive virtual soft skills training with head-

mounted displays. The main contribution of this paper is to 

provide an overview of the research literature within the field of 

using immersive virtual soft skills learning and training of 

employees. The results of this preliminary scoping review show 

that there is a lack of research literature and empirical studies 

within this topic. 

Index Terms—soft skills, immersive virtual reality, HMD 

I. INTRODUCTION 

There is a growing interest in the market for using 
immersive virtual reality (IVR) with head- mounted displays 
(HMDs) for soft skills learning and training in organizations. 
Several companies are offering virtual learning and training 
for soft skills development with IVR, e.g., Talespin [1], 
Virtual Speech [2], and Equal Reality [3]. A recent report by 
PwC [4], shows that using IVR with HMDs to train employees 
to develop their soft skills is more effective compared to 
traditional training methods. The report is not peer-reviewed 
and there are few references to research literature [4]. 
Immersive virtual reality has attracted widespread attention 
and has been increasingly adopted in education [5]. Even 
though there is a growing interest in using this emerging 
learning technology for virtual soft skills training, there seems 
to be a lack of research literature about the use of this 
technology for soft skills training of employees in 
organizations. Hence, the purpose of this paper is to contribute 
to an overview of research within this field by investigating 
the research question "What is known from the research 
literature about the use of immersive virtual soft skills learning 
and training of employees with HMDs in organizations?". A 
scoping review was selected as the method considering that 
the field of immersive virtual soft skills learning and training 
has not been extensively reviewed, and because it is a complex 
topic [6]. Also, because it is a suitable method when it is 
uncertain what other, more specific questions can be asked and 
addressed through a systematic review [7]. 

II. THEORETICAL BACKGROUND 

A. Soft Skills in the 21st Century Workplace 

   Soft skills are a set of non-technical skills that are closely 
connected with personal attributes and attitudes like 
confidence, discipline, self-management, and social abilities 
like communication and emotional intelligence [8]. A variety 
of names are often used as synonyms of soft skills, such as 

generic skills, essential skills, basic skills, people skills, and 
employability skills [8]. Soft skills are increasingly being 
rewarded in the job market, e.g., by improving employee's 
performance and project success [9]-[11]. The ability to 
develop and use soft skills can contribute to job offers and job 
success [12]. It is often difficult to measure the transfer of the 
results of soft skills training [13], [14]. Nevertheless, 
employers invest a lot of money in training to develop their 
employees´ soft skills. Soft skills are non-job specific [8], 
however, job-related factors and the organizational facilitation 
of learning influence the transfer of soft skills [14], and it is 
essential to develop and implement strategies for successful 
soft skills training programs to address soft skills shortages 
[15].  

B. Immersive Virtual Reality for Learning and Training 

Virtual Reality (VR) is a computer technology that 
immerses people into a virtual environment where they can 
view, interact, and be engaged with content created by 360-
degree videos or 3D animations [16]. The first developer 
versions of VR HMDs at consumer-price were introduced in 
2013 [17], while high-end HMDs such as the Oculus Rift 
became commercially available in 2016 [16].  

 IVR with HMDs seems to be preferred compared to 
desktop VR because of the feeling of presence, motivation, 
and enjoyment [18]. The use of HMDs is useful for skills 
acquisition including cognitive skills, psychomotor skills, and 
affective skills [17].  The technology allows people to have an 
experience that might be impractical, impossible, or unsafe in 
real life, and to manipulate size and scale to improve their 
understanding [16]. The use of VR for learning and training is 
often rooted in learning theories like constructivism that 
emphasizes the importance of learners being active and 
engaged [19] and situated learning where the relationship 
between the learners and the social situation in which the 
learning occurs is of major importance [20]. An example of 
this is using IVR to learn and train first aid [21]. VR 
technology can support experiential learning processes [22]. 
The theory of experiential learning has had a major influence 
on the design and conduct of educational programs in 
management training and the development of formal 
management education [23]. VR technology allows users to 
closely recognize virtual experiences as direct experiences, 
which enhances the learning effect. With continued 
technological development, experiential learning in a virtual 
environment that is identical to an experience is seen as 
possible in the near future [24]. 
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III. METHOD 

  This scoping review was conducted based on the 
framework recommended by Arksey and O'Malley [25], 
following the five stages: (1) identifying the research question, 
(2) identifying relevant studies, (3) study selection, (4) 
charting data, and (5) collating, summarizing, and reporting 
the results. A description of the term immersion was important 
in the process of identifying the research as recommended by 
Morgado & Beck [26]. While acknowledging that there are 
many perspectives on what the concept of immersion entails, 
e.g., system immersion, narrative immersion, and challenge-
based immersion [27], the term IVR is in this scoping review 
based on the definition of immersion as being an objective 
property of a system that describes the experience of using 
immersive technology that exchanges sensory input from 
reality with digital input [17], [28], [29]. The focus is therefore 
limited to the use of immersive technology by focusing on the 
use of VR with HMDs, e.g., the Oculus Quest.   Concept-
based, - participant-based, - and context-based inclusion 
criteria were identified to assess if the papers were eligible for 
inclusion. While concept-based inclusion criteria stem from 
the foundational concepts, purpose and theoretical 
background, participant-based criteria determine who the 
participants under analysis should be, and context-based 
inclusion criteria delimit the scope regarding the context of 
relevant studies [26]. The three inclusion criteria in this 
scoping review were: 1) immersive virtual reality with HMDs, 
2) soft skills, and 3) learning and training of employees in 
organizations.  The identified keywords for the search process 
were: Soft skills, skills, empathy, VR, immersive virtual 
reality, HMDs, virtual reality, and employees. These 
keywords were selected based on the inclusion criteria and the 
description of soft skills. There are many synonyms to soft 
skills. Soft skills are closely connected with personal attributes 
and attitudes like social abilities and emotional intelligence 
[8].  

A total of 7 searches were conducted with the search 
engines Oria which has an interface to the Ex Libris and 
ProQuest database, Google Scholar, and Science Direct. The 
keyword searches resulted in few eligible results, therefore 
relevant literature was also identified through a snowballing 
technique by going through reference lists of relevant papers 
and identifying papers through my network. The various 
mechanisms for searching, generated in total, 192 results 
which were screened.  Of these results, 39 papers were read in 
full to assess if they were eligible for inclusion. Ultimately, 7 
papers were included in the review. See Table I.   

Few of the full-text articles that were assessed for 
eligibility were included. E.g., an article about IVR for fire 
safety behavioral skills training was not included since the 
application was being made for and tested by residents and not 
firefighters or other professionals [30]. Also, one article had 
police interaction in the title, but the study population and 
target group were persons with autism spectrum disorders and 
not police professionals [31]. See Fig. 1. 

 

 

TABLE I.  THE KEYWORD SEARCES 

 Criteria Search words Screened Eligible Included 

O
ri

a 

last 10 

years, 

English, 

Full text 

online, 

From Peer-

reviewed 

Journals, 

2013-2020, 

ANY field 

contains "soft-

skills" AND Any 

field contains 

"VR" 

50 12 1 

O
ri

a 

last 10 

years, 

English 

language, 

Peer -

reviewed 

journal, 

full text 

documents, 

Open 

Access, 

2013- 

2020. 

ANY field 

contains "soft 

skills" AND Any 

field contains 

"Virtual Reality" 

AND Any field 

contains 

"HMDs". 

24 2 1 

O
ri

a 

English, 

last 10 

years, Peer 

-reviewed 

journal, 

full text 

documents, 

Open 

Access, 

2013- 

2020. 

ANY field 

contains "soft 

skills" AND Any 

field contains 

"Virtual Reality" 

AND ANY field 

contains "HMDs" 

AND ANY field 

contains 

"employees". 

15 0 0 
O

ri
a 

English, 

last 10 

years, Peer 

-reviewed 

journal, 

full text 

documents, 

2013- 

2020. 

ANY field 

contains 

"empathy" AND 

Any field 

contains "Virtual 

Reality" AND 

ANY field 

contains "HMDs" 

AND ANY field 

contains 

"employees". 

4 0 0 

G
o

o
g

le
 S

ch
o

la
r "all in 

title" 

period 

2013–

2020. No 

citations, 

no patents. 

Soft skills virtual 

reality. 
5 5 0 

G
o

o
g

le
 

S
ch

o
la

r 

"all in 

title", no 

citations, 

no patent. 

Period 

2013-2020. 

skills immersive 

virtual reality. 
24 6 0 

S
ci

en
ce

 

D
ir

ec
t 

2013- 

2020. 

Virtual Reality 

+soft skills+ 

hmd. 

61 5 2 

S
n

o
w

- 

b
al

li
n

g
 

Relevant 

topic, peer 

reviewed. 

 9 9 3 

Total   192 39 7 
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Fig. 1.  Process from identifying results to including results. 

IV. FINDINGS 

The included papers are presented in an overview of 
general characteristics. See Table II.   

4 of the 7 included papers include testing and data 
collection. The remaining articles consist of 2 reviews and 1 
conceptual paper. One of them includes the word "case 
study" in the title, but the article refers to use cases and no 
data collection or tests are mentioned.  

In total, the study population included in this review 
consists of 85 people who have participated and provided 
data for different tests and evaluation methods. This is based 
on the assumption that two articles [32], [33], are based on 
the same project and were tested with the same participants, 
and that there were in total 5 experts who contributed to the 
study of [32].  

The articles describe the same subject area, systems, and 
are written by several of the same authors. The subject areas 
are divided. 7 results represent 7 different topics. However, 
two articles [32], [33], are probably from the same project 
and they both represent a target group of production 
companies. Also, public speaking and speaking anxiety 
represent the same topic, which narrows it down to 5 
different topics.  

26 different keywords are written in the papers. Virtual 
Reality, training, and public speaking are the only keywords 
mentioned in several of the papers. The keyword "Virtual 
Reality" is mentioned in 6 of the papers, "training" in 3 of 
the papers, and "public speaking" in 2 of the papers. 

 

TABLE II. GENERAL CHARACTERISTICS OF THE IDENTIFIED PAPERS 

Paper 

Method and 

study 

population 

Aims Conclusions 

[32] Tested two 

systems on 

20 people. 

5 experts 

in each 

case. 

To develop and 

test two VR- 

systems for 

training skills 

necessary in 

modern 

production 

companies. 

An effective and 

attractive form of 

training. Hard skills 

more effectively taught 

than soft skills. Future 

work will focus on 

preparation for 

industrial 

implementation in 

daily use. 

[34] Review and 

case study. 

11 use cases 

presented.  

Highlight the 

application of 

multimodal 

teaching and 

learning as 

a pedagogical 

strategy. Increase 

researchers' 

attention and 

inspire to design 

VR 

experimentations. 

Identified a lack of a 

robust evaluation 

framework to evaluate 

optimized use. A gap 

between scientific 

knowledge and 

industrial practices 

when VR is deployed. 

[35] 

 

Review. Provide an 

overview of how 

immersive virtual 

environments can 

be used to train 

surgical skills. 

They explore the 

development of 

high-fidelity 

multimodal 

immersive 

environments to 

train higher- level 

skills 

characteristics of 

expert surgeons. 

IVR is important to 

gain mastery. The path 

towards IVR is 

challenging. High-

fidelity interface 

devices will remain the 

major obstacle in the 

foreseeable 

future. 

[36]  Conceptual 

paper. 

Reviewing 

features of IVR 

and its 

potential strengths 

and limitations for 

interpersonal 

skills 

training.  

Based on a pressing 

need for more 

empirical evidence, 

they propose a research 

agenda to establish 

IVR interpersonal 

skills training for 

developing human 

resources. The goal 

should be to avoid 

investing training 

resources without 

empirical evidence of 

its effect, and to come 

up with best practices 

for using IVR in 

training. 

[33] 20 

operators 

and 

quality 

staff 

workers 

in 

production 

companies. 

Presentation of an 

innovative system 

for the teaching of 

quality tools, 

facilitating 

decision-making 

in the scope of 

solving quality 

problems in 

production 

processes. 

VR can be successfully 

used to teach abstract 

concepts and decision-

making 

methodologies. The 

main disadvantage of 

the VR systems is the 

user interface and ways 

of interaction. The 

main challenge in 

creating the VR system 

is to balance out the 
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Paper 

Method and 

study 

population 

Aims Conclusions 

complexity of tasks 

while ensuring a 

suitable level of 

presented knowledge. 

[37]  44 MBA 

students 

from 

24 to 50 

years 

who were 

employed. 

Evaluate if there is 

an acceptance for 

practicing a 

presentation in a 

VR-Speech 

Training session. 

The acceptance of VR 

is not just necessary at 

an individual level but 

also at the company 

level. If enterprises 

want to take advantage 

of its full potential and 

allow employees to 

improve their 

performance, they 

should embrace the use 

of this technology for 

training. The results 

demonstrate, an 

acceptance of the 

technology, which led 

to positive learning 

outcomes. 

[38] 6 

software 

engineers. 

Improve novice 

software 

engineers’ public 

speaking 

experiences by 

proposing a 

virtual reality 

approach to 

construct a 

practice 

environment. 

The virtual public 

speaking environment 

did successfully 

provoke high anxiety 

in the participants and 

can be used to manage 

this anxiety 

appropriately. 

V. DISCUSSION AND CONCLUSION 

 The main contribution of this paper is an overview of the 
research literature about using IVR with HMDs for soft skills 
training of employees in organizations.  

The search process itself indicates that there is a lack of 
research literature within this field. Many papers were 
excluded because they did not meet the inclusion criteria of 
using VR with HMDs, as well as the criteria that the target 
group and study population are employees and not students, 
customers, or patients. When narrowing it down to the use of 
learning and training of employees in organizations, the results 
were reduced immensely. Thus, the combination of the three 
inclusion criteria IVR with HMDs, soft skills, and learning and 
training of employees in organizations, is a rare combination. 
This might have contributed to excluding articles that could 
contain valuable information regarding learning effects, 
especially on an individual level considering that soft skills are 
non- job specific [8]. However, the inclusion criteria in this 
scoping review are aligned with the need for evaluating the 
use of IVR in natural settings [39] and providing for evidence-
based guidelines for best practices for using IVR for learning 
and training soft skills in an organizational context [36].  

Only 4 of the 7 papers included empirical research. This is 
in accordance with what was mentioned in many of the 
included papers as well, e.g., that there is a lack of empirical 
evidence and a need to come up with evidence-based advice 
for best practices for IVR training [36]. There is a gap between 
scientific knowledge and industrial practices [34], and a lack 

of a robust evaluation framework to evaluate how tools can be 
used in an optimized way has been identified [34]. Even 
though soft skills are non-job specific [8], job-related factors 
and the organizational facilitation of learning, influence the 
transfer of soft skills training [14]. Furthermore, it is essential 
to develop and implement strategies for successful soft skills 
training programs to address soft skills shortages [15]. 
Acceptance of VR is not just necessary at an individual level 
but also at the company level [37]. Also, since publicly 
available and affordable IVR with HMDs is a relatively recent 
phenomenon [16], [17], IVR represents a new and distinct 
technology for many employees and employers. This might 
make the implementation processes in organizations 
challenging. Hence, evidence-based guidelines are important 
to support and enable effective implementation and use of 
immersive virtual soft skills learning and training of 
employees. 

Methodological strengths and limitations of this study 
must be considered when interpreting the results. To ensure a 
broad search of the literature, the search strategy included 
different search engines and electronic databases, and the 
snowball technique by going through the reference lists of 
different articles. To maintain a wide approach to generate a 
range of coverage, wide definitions were included to reduce 
the likelihood of missing relevant articles as recommended by 
Arksey & O´Malley [25]. The fact that there are many 
definitions of the three terms soft skills, immersion, and virtual 
reality may have contributed to relevant research not being 
identified through the searches. The quality of the papers has 
not been evaluated in this scoping review and there is a lack 
of empirical research. Because of this, recommendations and 
guidelines for organizations who want to use this technology 
for soft skills training are not included in this study.   

Using IVR with HMDs for soft skills learning and training 
in organizations is a relatively new and emerging field. 
Hopefully, the results of this study can contribute to shed light 
on the need for more research literature and empirical research 
within this field. 
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Abstract—This work-in-progress paper describes a case study 

of an augmented reality enriched learning material, created for 

mechanical engineering students that learn computer aided 

design. The case study learning material details the systematic 

process of designing a 5 degree of freedom robotic arm. The 

purpose of this research is to highlight the advantages of 

immersive learning experiences based on augmented reality in 

engineering. The augmented reality application is designed as a 

complementary class material along with the project guide. 

Augmented reality elements tracked directly on top of the existing 

project guide has the potential to make both teaching and learning 

more effective.  

Index Terms—augmented reality, learning, computer aided 

design, mechanical engineering, visualization. 

I. INTRODUCTION  

Augmented reality is a technology that enriches the real-
world environment by superimposing digital information over 
the video stream acquired by a camera sensor. This specific 
technology makes use of the video stream acquired in real time 
by a digital camera. The user has a perception on the real world 
through the display of the device, where additional elements are 
superimposed on the real-world elements.  

Other researchers [1] have presented that teachers that make 
use of augmented reality have significantly increased the 
students’ interest towards the learning material, therefore 
improving the learning process from both a psycho-pedagogical 
and technical point of view. 

This type of hands-on approach is widely used in higher 
education, especially in mechanical engineering. Most students 
have a hard time understanding complex mechanical assemblies 
when they are presented with a 2D drafting drawing. As 
presented by other researchers [2] implementing real mechanical 
systems directly in the classroom helps students, especially fresh 
university students that have lesser technological skills 
developed during their high school education, to better 
understand the processes related to computer aided design and 
computer aided manufacturing. 

II. RELATED WORK 

As presented by Kapadia [3] teaching methods are different, 
depending on the domain, but also on the teacher, some teachers 

lecture, while other demonstrate. In mechanical engineering 
some focus more on principles, while other focus on the practical 
applications. Teaching methods within computer aided design 
are more focused on practical application and general 
understanding of the CAD software’s functionality. 

Based on the existing applications and the current practices 
in mechanical design engineering teaching, we have identified 
the following problems encountered by students, with no or 
lesser technical background: 

• Struggle to understand the functionality of a specific 
component within an assembly; 

• Struggle to identify the dimensions on the 2D drawing 
and transpose them into a 3D design part; 

• Problems to visualize section and breakout views of a 
component or assembly; 

• Problems to identify the correct joints between 
components to define kinematic simulations; 

• Understanding and analyzing the degrees of freedom of 
a mechanical assembly; 

Investigating these problems encountered by our students 
with no or lesser technical background, we decided to make use 
of augmented reality technologies to enrich their learning 
experience during their practical computer aided design course 
project. The practical project is focused on the design 
engineering aspects of a 5 degree of freedom robotic arm suited 
for 3D printing. The software solution chosen as the case study 
computer aided design software is SolidWorks®. 

III. DEFINING THE AUGMENTED REALITY APPLICATION 

After a complete understanding of the students’ learning 
problems regarding the practical aspects of the computer aided 
design course and associated project, we have defined the 
augmented reality application with the goal of motivating and 
engaging the students. As other researchers [4] have revealed, 
the students’ motivation and engagement are defined as the self-
empowering property to initiate and to focus on a particular task.  

Using augmented reality enriched class materials for various 
design engineering related courses has the advantage of having 
pre-existent digital content, either as 3D models or as 3D 
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simulations/animations, which are the backbone digital elements 
for immersive digital applications. 

A. The Proposed Augmented Reality Development Workflow 

The augmented reality application workflow presented 
within this research paper is illustrated in Fig. 1 and it is based 
on the Vuforia Engine® tracking system. The application real-
time functionality is illustrated by the red arrows, starting from 
the augmented reality device’s camera (in this case a 
smartphone) that is processed by Vuforia’s target manager 
embedded within the developed application, which is scripted to 
render on the device’s display the digital elements superimposed 
on the predefined image markers. 

The proposed workflow is presented in Fig.1, the workflow 
can be customized to integrate 3D models from any 3D 
modeling software solution with ease, since 3ds Max® can 
convert various CAD native files without having to use external 
plugins or other software solutions. 

 

Fig. 1. The augmented reality application’s functionality and the pre-existing 

content that defines the enriched learning experience. 

B. Initial Student Guide 

The initial student guide represents the starting point of the 
proposed augmented reality application. The robotic arm has a 
unique design that makes use of multiple part covers that hide 
all the servomotors and their cables to facilitate a better cable 
management. The project guide presents step-by-step text, 
paired with screen captures from SolidWorks® software to 
highlight the features and specific values related to 3D modeling, 
joint definition between components, the robotic arm kinematic 
simulation, as well as the preparation of the 2D technical 
drawings. 

The objective of this practical course is aimed at helping 
students to acquire basic skills regarding the development of 3D 
printed plastic components and define the tolerances and fittings, 
so that the plastic parts can be assembled with the two different 
types of standardized servomotors (MG996R and Micro 9G). 

 The project guide, presented in Fig. 2, has been prepared in 
digital form to facilitate the students’ access. The student guide 
is available in a PDF file format on the university’s library 
website [5] and has 3D interactive models embedded directly 
within the PDF file, so that the students have the possibility to 
rotate individual components to better visualize and understand 
each components’ shape and function. 

The image targets used by the augmented reality application 
have been extracted from the PDF file of the student guide. 
Having the pre-existing project guide published as well as the 
associated 3D CAD files, has greatly improved the development 
process of the augmented reality application. 

  

Fig. 2. The student guide cover (left) and the interactive 3D model embedded 

within the PDF file (right). 

C. The Development of the Augmented Reality Application 

The augmented reality application has been developed using 
Unity® 2020.2.0f1 paired with the Vuforia Engine® plugin for 
Unity®. The augmented reality application makes use of the 
local tracking system, which Vuforia Engine® integrated in the 
final build application. It currently uses 83 images that have been 
extracted from the PDF project guide to be used as targets, which 
enables various augmented reality contents.  

Having multiple 3D section cut models overlapping the 2D 
drawing of the same design part is one of the main features of 
the developed application and it is aimed to help students that 
have a lesser technical background to better understand part 
sectioning. The case study of these features is highlighted on the 
robot base (Fig. 3), which is the first component from the 
laboratory practical course. Interactive sectioning visualization 
greatly improves the students’ perception regarding the detail 
views of the part. 
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Fig. 3. Multiple target images extracted from the same 2D technical drawing 

of the robotic arm’s base. 

IV. RESULTS AND DISCUSSION 

The proposed work intends to give mechanical engineer 
students that are learning their first computer aided design 
software an immersive experience focused on interactive 
visualization of both individual parts, section parts, but also 
assembled animation, regarding the design, and simulation of a 
5 degree of freedom robotic arm. The image below (Fig. 4) 
highlights the possibility to augment multiple section cuts at the 
same time.  

  

Fig. 1. Enriched section cut detail models for the robot base (left) and for the 

robot waist (right). 

The other functionality of the application is to allow students 
to see step-by-step screen record video from SolidWorks® that 
also has audio to guide the students during the process of 
designing each individual component. Having access to screen 
recorded videos greatly improves the learning process of 
computer aided design software since there are various elements 
that are harder to explain using only text and screen captures. 
This functionality of this feature is presented in Fig. 5. 

 

Fig. 5. Step-by-step video with audio played within the application. 

The digital content can be further expanded by positioning 
3D arrows over the 3D models to indicate smaller design 
elements.  

For future works, the authors would like to evaluate the 
performance of the AR application and to create a questionnaire, 
to get the students’ feedback. Getting valuable insights from 
students can greatly improve the overall experience with this AR 
application.  
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Abstract—The effective pedagogy strategy for teaching 

circular economy is essential. Industry 4.0 influenced educations 

in different ways. This working paper presents the perspectives of 

the application of digital twin and gamification in teaching circular 

economy. A preliminary conceptual framework is proposed for 

teaching End of Life (EoL) products recovery topic. 

Index Terms—digital twin, gamification, circular economy 

education, EoL product recovery  

I. INTRODUCTION  

The circular economy has emerged as a new paradigm and 
a few scholars addressed the educational approaches for this 
topic [1]. Sustainability topics include the complexities from 
multi perspectives. Different factors including the short-
term/long-term tradeoff, the triple bottom line, the role of 
different stakeholders, and the ecosystem of the players in the 
macroeconomic perspective should be integrated into the 
business and decision models. Along with the familiarity with 
different tools and quantitative approaches, students should 
consider the context of problems, the values from a different 
player's perspective, and practice decision-making in a 
multidisciplinary and dynamic context. Some studies addressed 
the applications of serious games in teaching circular economy 
[2], [3]. The cause and effect, feedback loops, and the 
interconnection between systems are essential elements of 
decision-making in the circular economy [3]. Industry 4.0 
influenced the life cycle management of the products. The new 
approaches and tools are required for analyzing and modeling 
the different stages of the product life cycle. The digital models, 
advanced simulation environment, and connectivity play an 
essential role in the circular economy. The digital twins provide 
visualization and real-time data analytics. For the management 
of the products at the end of life, comparing the recovery 
options considering the different databases is vital.  Developing 
a simulation environment provides the opportunity for testing 
the different scenarios and optimize the decision based on 
different parameters [4]. Design and developing a virtual lab 
provide an advanced simulation environment for students for 
analyzing the recovery options and working on the different 
scenarios. This study plans to design and develop a virtual lab 
for digital mapping capability enabled with multidimensional 
data processing, optimization, and visualization for delivering 
the optimum learning experience in the circular economy. The 
application of Industry 4.0 in teaching circular economy topics 
is nascent and more studies are required to address the 

opportunities and challenges. Hence, the following research 
questions should be answered: 

• How the application of mixed reality, digital twin, and 

gamification improve students learning experience in 

the circular economy? 

• What are the key aspects for shifting from the 

traditional circular economy classes to a life-long and 

personalized learning experience? 
The rest of this working paper is organized as follows: 

section Ⅱ provides a brief background, section Ⅲ discusses 
teaching circular economy in the new digital paradigm and 
proposes a preliminary conceptual framework and finally, 
section IⅤ provides a summary.   

II. BACKGROUND  

In this section, a brief review of applications of digital twin 
and serious games in educations and the evolutions in teaching 
engineering courses is provided.  

Sepasgozar discussed the role of digital twin and mixed 
reality in construction education. The author explained that new 
educational platforms provide a collaborative environment and 
improve the students’ engagement. In a large class size, this 
active pedagogy strategy could enhance the learning experience 
of the students in engineering fields [5]. Kuts et al. studied the 
influences of virtual reality and digital twin on the teaching 
factory. In the context of industry 4.0, the factories become a 
learning environment enabled by digital technologies. Digital 
twin and mixed reality support these learning factories [6]. 
Fernandez-Antolin et al. studied the role of gamification and in 
innovative teaching materials and increasing the students' 
motivation and help them to consider multi aspects of the 
problems [7]. Olszewski et al. also explained the application of 
serious games and digital twins for teaching the design of 
sustainable cities. The virtual model of a city can aid students 
to learn economic social and environmental factors in the 
development of the cities [8].   

Osinski discussed the challenges of digital twin 
development due to the dependency on large databases. The 
author proposed a serious game approach and a simulation 
environment for assessing the impacts of digital twin on a 
fictitious factory. Hence, the simulation game is an affordable 
option rather than the pilot projects that provide the 
opportunities to test and experience the benefits of the digital 
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twin at acceptable costs [9]. Rocca et al. presented a laboratory 
application case of the disassembling of electrical and 
electronic equipment using virtual reality and digital twin 
models. They used CIROS Studio 6.0 software for modeling the 
disassembly line, designing the disassembly process, process 
simulation, integrating robots, and uploading the resulted 
configuration on the real system [10].  

Brundiers and Wiek discussed the challenges of teaching 
sustainability courses and their need for using project-based 
learning for addressing real-world sustainability problems. In 
the sustainability courses, we face the complexity of 
sustainability problems and different solution alternatives as 
well as the need for collaboration of different stakeholders [11]. 
In teaching sustainability courses, the successful 
implementation of active learning methods requires the top-
down commitment from the administration to lecturers and 
students and the active collaboration of all stakeholders 
[12]. Demestichas and Daskalakis performed a literature review 
on the role of communication technology in the circular 
economy. The authors emphasized the need for developing the 
appropriate educations and training tools for learning circular 
economy and improving sustainability awareness. The software 
and simulation technologies, as well as cyber-physical 
environments, enhance the learning experiences in the 
sustainable development context [13]. Catal and Tekinerdogan 
proposed a conceptual framework for adapting the curriculums 
with industry 4.0 technologies. This approach includes 
identifying the current teaching approaches, students’ skills, the 
industrial needs, performing a gap analysis, developing the 
strategies, and validation [14].  

Coşkun et al. also proposed a framework for the application 
of industry 4.0 in the engineering field. This framework based 
on Kolb´s experimental learning theory includes curriculum, 
visuals production lab, and student club. Kolb's theory includes 
four steps: accommodating (imitating, taking the risk, being 
practical), diverging (being imaginative, open-minded, 
brainstorming), assimilating (planning, being patient, and 
creating model), and converting (solving problem, reasoning, 
and decision making) [15]. 

The research on the implications of Industry 4.0 on circular 
economy is at an infancy stage. However, several scholars 
confirm the benefits of applications of digital technologies in 
the education field. Hence, the interaction and dynamics among 
circular economy, industry 4.0, and teaching approaches are 
required for preparing the new generations for the digital 
transformation era (Fig.1).  

 

 

 

 

 

 

 

Fig. 1. Objectives or teaching circular economy in the new paradigm. 

III. PROPOSED APPROACH  

The principles of circular economy are closing the loop for 
reducing resource consumption and energy, reducing the 
wastes, and optimize the material value chain. Fig. 2 shows the 
sustainable development goals aligned with the circular 
economy. The core concepts for teaching circular economy are 
shown in Fig. 3. These concepts include engineering and 
business topics. In this study, the active pedagogy approach 
including team-based games, collaborative projects, and 
application of the digital twin is considered for improving the 
students' experience. The target learners are graduate and last 
year undergraduate students in engineering schools.  

The next part describes a proposed framework for teaching 
EoL product recovery.  

 
Fig.2. Sustainable development goals aligned with circular economy. 

 

Fig.3. Core concepts in the circular economy and proposed teaching approach.  

Fig. 4 shows a preliminary framework for integrating 
simulation games and digital twin in teaching EoL products 
recovery topics. One effective teaching approach for 
sustainability courses is the project and team-based method. 
Teamwork is essential in learning CE considering the 
complexity of the topic and transdisciplinary context. Hence, 
the first approach is forming student teams. Different 
collaborative online platforms such as Slack, Wiki, Asana are 
available for real-time monitoring of the teams' activities. These 
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tools could help instructors to follow students' projects and 
provide real-time feedback. The dynamic data stored inside the 
digital twins is the core of the digital models. Hence, the first 
step is developing a data model considering the main categories 
of data attributes and the involved entities in the EoL products 
treatment process. 

A digital twin for selecting the best product recovery options 
will be designed. A simulation and game aid students to learn 
different sequence planning and test different scenarios. A 
performance measurement module is designed to provide real 
feedback based on the team's performance based on the costs, 
time, and recovery rate. A configuration tool based on VR for 
disassembling and dismantling process should be considered. 
Different tools could be considered:  CIROS studio provided by 
Festo-Didactics and TechViz for 3D modeling, simulation, and 
programming and creating VR scenarios.  The software should 
have the capability to capture developed 3D models (e.g. CAD, 
digital mockup, or open-source web-based platforms such as 
Clara.io) and provide part selection and manipulation features 
for disassembling operation. After designing the 3D models, the 
related assembly/maintenance and disassembly information can 
be added. A multi-purpose GUI will be designed for the data 
management system, front-end application, and visualized 
interactive decision-making dashboard. The optimization 
model and data analytics module will be able to identify the 
proper disassembling scenario based on the retrieved detailed 
data. 

A virtual tour and a team-based game will be developed to 
provide the opportunity for students to virtually visit an EoL 
products collection, disassembly, and recycling sites, as well as 
the other recovery facilities. 3D models and games offer an 
interesting and exceptional learning experience for considering 
the ecosystem of product recovery logistics networks. The 
students could communicate together and exchange in real-time 
via an online collaborative platform. 

 
 

 

 

 

 

 

 

 

 

              

Fig.4. A preliminary conceptual framework for integrating gamification and 

digital twin in teaching EoL recovery products. 

IV. CONCLUSION  

This study aims to discuss the new teaching approaches in 
teaching circular economy. The digital transformation could 
lead to an effective learning experience for educators. Digital 
twin and gamification are promising in the field of sustainability 
considering the complexity, multidisciplinary and multi actors’ 
context. A preliminary conceptual framework is proposed. The 
development of this proposed framework and providing a 
simulation environment for showing the applicability of this 
approach is the research agenda of the author.  
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Abstract—The advancements in technology and the reduction 

in devices' cost are propelling the adoption of immersive 

technologies for workplace training. This paper presents a work-

in-progress immersive virtual reality (VR) simulator that aims to 

enhance and facilitate the hands-on training process for field 

service telecommunication engineers. This work-in-progress 

paper describes an implementation of the simulator and 

preliminary results of users’ evaluation. Additionally, it presents 

a usability comparison between web-based and immersive VR 

training based on our previous work. 

Index Terms—immersive learning, virtual reality, training, 

technology-enhanced-learning, usability, SUS 

I.  INTRODUCTION  

Day by day, more organizations are using augmented reality 
(AR), virtual reality (VR) and mixed reality (MR) to help their 
workforce developing soft and practical skills [1]. One 
advantage is that the adaptation of traditional and on-the-job 
training content to VR can provide a safer and more engaging 
learning environment. The telecommunication industry requires 
service engineers to specialize in a mix of legacy and new 
equipment to maintain and support telecoms infrastructure. 
Factors such as task schedules and delivery deadlines or limited 
access to equipment (or physical mock-ups), amongst others, 
can create logistic challenges for setting up multiple training 
sessions [2]. Immersive training could help tackle these 
challenges by using simulated real-life scenarios to distribute the 
workforce's knowledge. 

In our previous work [3], we presented a web-based VR 
simulator to deliver 5G equipment training for onboarding 
telecoms engineers. One of the main observations was the lack 
of spatial awareness that navigating through a 3D environment 
in a 2D screen caused to the users. This paper extends from our 
previous usability evaluation using an immersive VR version. 
The rest of the paper is structured as follows: Section II 
introduces related work, whereas section III describes our 
proposed immersive VR training simulator. Section IV 
describes the experiments and results, and a discussion on 
preliminary findings is presented in Section V. Finally, Section 
VI presents conclusions and future work. 

II. LITERATURE REVIEW 

Virtual Reality (VR) attempts to superimpose reality with a 
computer-generated environment. VR simulators are used for 
training purposes in various industries such as emergency 
services [4], surgical techniques [5] and crane operators [6]. 

Moreover, the use of VR in vocational training has shown slight 
improvement in knowledge retention compared to a group who 
had undertaken the training in the form of 2D multi-media 
content and a more significant improvement than text-based 
learners in vocational training [7]. A VR training environment 
can be further enhanced with storytelling and gamification to 
improve learner engagement [7]. Gamification refers to the use 
of game design elements and game principles in a non-game 
context. Examples include progressive level designs, 
achievement, or reward systems [8]. The importance of 
gamification, engagement or realism depends on the purpose 
and the audience of the training application. 

III. AN IMMERSIVE VIRTUAL REALITY TRAINING APPLICATION 

FOR FIELD SERVICE TELECOM ENGINEERS 

In our previous work [3], we presented a web-based VR 
simulator to deliver 5G equipment training to support 
knowledge transfer amongst telecommunication engineers. The 
motivation was to update the current traditional classroom 
learning methods used in workforce training to provide better 
tools to ensure frictionless training experiences. Our previous 
evaluation has shown that navigation through a 3D simulated 
environment on a flat screen confused our participants because 
it was hard for them to orientate and perceive depth [3]. This 
observation was more evident in participants with little gaming 
experience. The evaluation presented here extends from that 
work by using an immersive VR version of the training activities 
(Fig. 1).  

A. Learning Activities 

The application presents four different rooms, each designed 
for a specific learning activity. Activities are not timed; thus, 
users can take as much time as needed to complete the tasks, but 
they are only allowed to complete the activities in sequential 
order as the previous activity's knowledge is required to 
complete the next one. Learning activities (Table 1) are the same 
as the ones on the web-based simulator [3]. 

TABLE I.  LEARNING ACTIVITIES 

Activity Code Description 

1 INDV Intro to equipment components. 

2 COMP Intro to the equipment (as a whole unit). 

3 CONF Equipment configuration. 

4 QUIZ Final evaluation. 
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Fig. 1. Immersive VR Training Simulator    Fig. 2. User’s feedback on activities 

 

B. Implementation 

The application was implemented using Unity, a cross-
platform game engine widely popular to create extended reality 
(XR) experiences using custom C# scripts. We used an Oculus 
Quest device for the experiments, a standalone immersive VR 
headset that provides 6 degrees of freedom (DOF). The device 
can detect directional head rotations (rolling, pitching, yawing) 
and three directional movements (elevating, strafing, surging) 
for navigation in a virtual environment. The application works 
on Oculus Quest versions 1 and 2 using the Oculus Integration 
package. For our implementation, we used Oculus’ in-built 
hand-tracking functionality rather than the device controllers. 
The hand tracking enables users to interact with the environment 
using gestures such as pinch and grab. However, this 
functionality is still in experimental mode, and it requires 
improvements. 

IV. EXPERIMENT AND PRELIMINARY RESULTS 

The training content was based on the Distributed Base 
Stations’ modular platform (equipment used to support 5G 
wireless technology). It consists of a Base Band Unit (BBU) and 
a Remote Radio Unit (RRU). Training is usually delivered with 
a traditional classroom training focus, where a group of 
engineers travel to a location to meet with an instructor and look 
at the appropriate equipment. Moreover, it can take several days, 
depending on the course content.  

The immersive VR training was made up of four training 
activities following the structure previously mentioned in Table 
1. Task 1 introduced BBU’s components, and the users were 
asked to match each part with their name. Task 2 was an 
introduction to the overall equipment. Furthermore, task 3 asked 
users to complete several instructions on how to connect their 
laptop to the BBU and configure an ethernet port. Finally, in task 
4, the users had to answer a series of multiple-choice questions 
to test their knowledge from previous activities. 

A total of 6 participants took part in our trials, 3 females and 
3 males (age group 18-40). Trials were done with a small 
number of participants following the approach suggested by [9]. 
None of the participants had theoretical nor practical knowledge 
of the BBU and the RRU units used in the training activities. All 
the participants had different backgrounds: one person works in 
TV media production; three participants were undergraduate 
students (medicine, pharmacy, business); and two participants 
were computer science researchers. Four of the trials were 
carried out using the Oculus Quest 2, and the other two used the 
Oculus Quest 1. 

The participants were asked about their computing skills in 
the pre-trial questionnaire, where 66.67% reported above 
average, 33.33% reported average, and 16.33% reported below 
average. All except one person said they find using new 
technology sometimes challenging, and the other said they never 
find using new technology difficult. All participants said they 
like using new technology (50.00% - Strongly Like, 50.00% - 
Like). All participants were also questioned on their gaming 
skills where 50.00% said they do not play video games at all, 
33.33% said they play video games at least 1-3hours per week, 
and 16.67% said they play video games 4-7 hours per week. 

A. Experiments 

The experiment started with a brief on the project's purpose 
by the facilitator, followed by the pre-trial participants’ 
background questionnaire. After this, participants were briefed 
on using the Oculus Quest’s hand controls to use their hands 
only to complete the activities. Two more surveys concluded the 
trial: post-trial feedback on usability; and an engagement 
questionnaire. Responses were designed based on 4-point Likert 
scales using different semantic labels, and questionnaires were 
implemented using an online tool for survey creation and data 
collection.  

B. Results 

To measure participant insights, we used the System 
Usability Scale (SUS), which allows a simple way to evaluate a 
product's usability [10]. SUS consists of a 10-item questionnaire 
with 5-point Likert responses (‘Strongly Agree’ to ‘Strongly 
Disagree’) [11]. The returned value from the calculations is not 
a percentile; therefore, it is necessary to normalize the results. 

The reported average of our immersive VR training was 
63.75, which can be regarded as Acceptable (SUS Grade D) 
[11]. A SUS score above 68 would be considered above average 
and anything below 68 is below average. The average SUS score 
of the immersive VR training was significantly lower than the 
one obtained by the web-simulator (79.11) (SUS Grade = Good) 
[3]. Participant 6 scored the app significantly lower than the 
other participants (SUS Score = 35.00, Poor). This participant 
struggled to complete the trial due to problems caused by the 
hand tracking mechanism. 

Activity 2 (COMP) was the most difficult to complete and 
understand, followed by activity 3 (CONF) (Fig. 2a and 2b). The 
most challenging activities required the user to grab and place 
small objects in precise locations on the equipment, which 
caused frustration amongst most users. Finally, all participants 
reported using the system as interesting (83.33% - Strongly 
Agree, 16.67% - Agree), and 83.33% reported that they enjoyed 
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using the system (66.67% - Strongly Agree, 16.67% – Agree, 
16.67% – Don’t Know). 

TABLE II.  ACTIVITIES USER PREFERENCES 

Activity Code User Preference Percentage Totals 

1 INDV 1 30.00% 18 

2 COMP 2 25.00% 15 

3 CONF 4 21.67% 13 

4 QUIZ 3 23.33% 14 

In previous trials with the web-based simulator [3], activity 
2 (COMP) was the most preferred, and activity 4 (QUIZ) was 
the least preferred. In trials with the immersive VR simulator 
(Table 2), we can see that activity 3 (CONF) is the least 
preferred and activity 1 (INDV) is the most preferred activity. 
The difference in preference of the activities is less evident in 
VR than in the web-based simulator. This difference could be 
due to controls not playing a significant role in each activity's 
enjoyment but performing consistently on all, but further 
evaluation is needed to confirm this.  

V. DISCUSSION 

Preliminary results from the trials indicate that the users 
found using the system very interesting and intuitive. Most 
expressed that they found themselves more immersed in the 
content than their previous experiences with classroom training. 
Some expressed frustration with hand tracking and how the 
system allows them to manipulate objects in the 3D 
environment, but this was expected since the hand tracking 
system provided by the Oculus Integration package is still in 
experimental mode. All participants expected the hands to work 
as in real life; however, the application depended on hand 
gestures such as pinch and held to move objects. This difference 
confused participants in the early stages of the training, but each 
participant got progressively better with practice. Moreover, the 
hand tracking works with the cameras in the Oculus Quest 
headset's front panel; therefore, when all the users tried to grab 
an object, they know is behind them, it would stop the tracking. 
This behaviour confused many participants; therefore, 
explaining how the hardware operates is necessary for future 
trials.  

The 3D network equipment simulations impressed the users, 
and many mentioned that it made it easier to differentiate 
between the more similar equipment components in activity 1 
(INDV). Moreover, the immersive environment presented the 
equipment on an accurate scale (1:1), helping users to better 
understand the equipment’s dimensions relative to their height. 
Users pointed out that in addition to scale, the system should 
provide haptic feedback to reflect each object's weight when the 
user is interacting with them to ensure that no one acts too 
confidently in a real-life situation after training long hours in 
VR.  

The preliminary results from the previous web-based 
simulator trials using the same application structure show that 
the users struggle with new controls regardless of the technology 
used [3]. However, the participants on both trials enjoyed having 
3D representations of the relevant equipment. Before using the 

application, they need to go through an extensive introduction to 
using the system on their first attempt. Although a web 
application using a first-person controller is more widely 
available, participants showed more issues with controls and 
navigating through the web-based environment than with 
immersive VR. 

VI. CONCLUSION & FUTURE WORK 

In this paper, we studied an immersive VR system built for 
telecom engineers training. Benefits of this approach include 
reducing logistics for setting up training sessions, reducing 
travel and accommodation costs, and the availability of 
simulating low-frequency events that may not occur during on-
the-job training. Moreover, this approach could provide a more 
in-depth insight into user experience by capturing users’ metrics 
towards enhancing knowledge transfer. 

The results presented in this paper gave us an indication of 
participant interest and enjoyment of immersive training. 
Additionally, we presented a usability comparison between 
web-based and immersive VR training based on our previous 
work. The comparison showed similar limitations on navigation 
and control in the 3D environment. For our future work, we plan 
to do trials with more participants to evaluate if current hand 
tracking allows users to achieve a better sense of immersion as 
opposed to using game controls using inferential statistics. 
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Abstract—The main goal of Virtual Training Environments
(VTEs) is to maximize training effectiveness, which can be
achieved by increasing the degree of immersion. While prior work
mainly focused on the visual, auditory, and navigational aspects
of immersion, proprioceptive aspects may be particularly impor-
tant. In this work-in-progress paper, we explore this potential by
implementing an industrial VTE, which can be interacted with,
using VR gloves and a tracked real tool. Further, we evaluate
the VTE in a pilot study with industry apprentices, providing
initial evidence that participants experienced high presence and
low task load, while being generally satisfied with the training.

Index Terms—virtual reality, visualization, tracked objects,
training simulator, haptics

I. INTRODUCTION

The unique ability to provide highly immersive experiences
makes Virtual Reality (VR) a promising technology for cor-
porate education and training procedures. Training industrial
tasks virtually comes with a variety of benefits, such as
avoiding the waste of real raw material, reduced risk of
injury, as well as location and language independence. In this
context, the degree of immersion plays a key role in achieving
high training effectiveness and usability [1], [2]. The most
straightforward way to reach higher degrees of immersion is
to increase the visual fidelity (e.g. by using Head-Mounted
Displays (HMDs) with high resolution [3]). However, in the
context of industrial VR training, haptic feedback may play a
more dominant role, as most tasks to be trained heavily rely on
workers’ dexterity. Thus, the inclusion of real objects and tools
into Virtual Training Environments (VTEs) might not only be
appealing, but essential to achieve high training effectiveness.

Generally, industrial tasks require workers to possess proce-
dural knowledge [4] (e.g. executing the required steps in the
correct sequence) and the corresponding psychomotor skills
[5] (e.g. muscle memory and dexterity). While procedural
knowledge can be trained in VTEs with low immersion
(e.g. controller-based, no real-walking), the acquisition of
psychomotor skills requires a “learning-by-doing” approach,

including preferably real, manual interaction with tracked real
objects or tools. However, prior works have either focused
on other VTE contexts (e.g. sports training [6], [7]) or other
immersive features (e.g. display fidelity [3]).

In this work, we develop and preliminarily evaluate a VTE
for an industrial task, including manual interaction using
VR gloves and a tracked real tool. This allows trainees not
only to acquire procedural knowledge, but also psychomotor
skills including the correct positioning and operation of the
equipment required to accomplish the task.

We organize the remainder of this paper as follows: In
section II, we outline the related work on real objects and
manual interaction in the context of industrial VTEs and
beyond. Subsequently, in section III, we describe the method-
ology consisting of the task to be trained, the VTE itself, the
employed apparatus and the integration of the real tracked tool.
In section IV, we present and discuss the results of our pilot
study, whereas we conclude the paper and address potential
directions for future research in section V.

II. STATE OF THE ART

VTEs have been studied in various industrial contexts, such
as assembly [1], safety [3], [8], and maintenance [9]. Prior
works discussed multiple VTEs and compared fully immer-
sive approaches to other training media (e.g. smartphones or
printed materials [8]) and investigated on training transfer to
corresponding real tasks (e.g. tank maintenance procedures [9]
or sequential assembly [2]). Further, the influence of certain
immersive features on training effectiveness has been studied
(e.g. vision [3], or interaction and navigation [2]). Beyond
the industrial context, the integration of real objects in VTEs
has been investigated, e.g. a real tracked sphere for process
model exploration [10], a real baseball in a sports training
simulator [6], or a real putter in a golf VTE [7]. While users’
interest was significantly higher for the real tracked sphere in
a process model exploration VTE, it did not increase training
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(a) Pipe pressing tool with adapter and trackers. (b) Red hologram appears if the tool is positioned incorrectly.

Fig. 1: Tracked tool (left) and an instructional feature (right).

effectiveness compared to a conventional controller setup [10].
However, in the context of the golf VTE, a real tracked putter
resulted in significantly better user performance compared to
the controller setup [7]. Drawing from these promising prior
implementations of real objects in non-industrial VTEs, we
hypothesize that these benefits could also be harnessed in our
context, which is industrial training.

III. METHODOLOGY

To improve the external validity, research on training in VR
should cover more industry-related tasks and should be evalu-
ated within authentic settings, i.e. the actual target group of the
VTE [1]. Therefore, we collaborated with an industry partner
from the field of building services engineering to identify a
suitable task (see subsection III-A). Next, we implemented a
VTE to train this task (see subsection III-B) and integrated the
real tool (see subsection III-D). Finally, we conducted a pilot
study within an authentic setting, which consisted of industry
apprentices (see section subsection III-E).

A. Pipe Pressing Task

The task at hand is the pressing of steel pipes with a diame-
ter of 108 mm using a handheld pressing tool, which is shown
in Fig. 1a. The pressing procedure consists of four specific
steps that need to be conducted in a predefined sequence
(i.e. procedural knowledge), as well as the correct positioning
and operation of the tool (i.e. psychomotor skills). Training
this task is relevant for plumbers and heating engineers, since
improper execution could damage the equipment, which would
eventually lead to costly disruptions on job sites.

However, this task is currently not trained in vocational
schools due to high costs for raw material, amounting to
hundreds of USD per training session. Consequently, the
pipe pressing task is particularly appealing for VR training,
requiring both procedural knowledge and psychomotor skills,
while allowing for substantial cost savings.

B. Virtual Training Environment

The VTE was implemented in Unity (Version 2019.4.16f1),
including models of the required equipment, text-based in-
structions that guide a trainee through the process, and generic
virtual objects (e.g. walls, table, and lights). Furthermore, an

audiovisual instructional feature notified trainees, whenever
they were handling the tool improperly, i.e. when the tool was
not positioned correctly, the apprentices would hear a beeping
sound and see a flashing red hologram of the tool’s correct
placement (see Fig. 1b). A side-by-side comparison of the
VTE rendered in the HMD and a trainee experiencing it is
shown in Fig. 2.

C. Apparatus

The VTE was rendered at 90Hz on a computer with an
Intel i7-9700K, an Nvidia RTX 2080, and 32 gigabytes RAM.
We used an HTC VIVE Pro Eye HMD and two SteamVR
base stations 2.0 to allow real walking in a 6m × 3m room-
scale tracking space. The hands and fingers of the trainees
were tracked with a pair of sensoryx VRfree Gloves [11]. The
VRfree Gloves were integrated using the VRfree Unity SDK
provided by their vendor. The pressing tool was tracked using
two HTC VIVE Trackers 2018. Both trackers were attached
to the tool using 1/4” photographic screws.

Fig. 2: Side-by-side comparison of the VTE rendered in the
HMD (left) and a trainee experiencing it (right).

D. Real Tool Integration

To integrate the handheld pressing tool in the VTE, two
core functionalities are required: i) tracking the tool’s position
with respect to the user and ii) tracking the manipulation of the
pressing tool’s adapter (i.e. opening and closing, see Fig. 3).
This was accomplished using two HTC VIVE Trackers 2018
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(see Fig. 1a). The first tracker (T1) was mounted to the back
of the pressing tool to determine the position of the pressing
tool with adapter in the VTE. The second tracker (T2) does
not contribute to the tracking of the pressing tool’s position
in the VTE. It was used exclusively to map the manipulation
of the pressing tool adapter (i.e. opening and closing) into
the VTE. Based on the distance between t he two trackers
|∆T |, the claws of the pressing tool’s adapter in the VTE were
either closed (see Fig. 3a) or open (see Fig. 3b). To match the
appearance of its real counterpart, the adapter in the VTE fully
opened if |∆T | was smaller than an empirically determined
threshold and remained closed otherwise.

E. Pilot Study

The pilot study included 17 participants and was conducted
at a vocational school. All participants were male sanitary
apprentices. Their mean age was 20.35 years with a standard
deviation (SD) of 5.51 years. The study was conducted in
single-user sessions, which lasted 45 minutes each on average.
After being informed about the study procedure, participants
signed a consent form and filled out a demographic question-
naire. Afterwards, the provided hardware (HTC VIVE Pro
Eye, VRFree Gloves [11], and tracked tool) was introduced
and the tutorial scene was started, which allowed participants
to familiarize themselves with the virtual environment. Then,
the participants proceeded to the actual VTE. Finally, partic-
ipants answered standardized questionnaires concerning their
sense of presence (SUS presence, 6 items), task load (NASA
TLX, 6 items), and learner satisfaction (LS, 4 items) after
completing the VTE.

IV. PRELIMINARY RESULTS AND DISCUSSION

On average, participants scored their sense of presence in
the VE at 4.65 (SD = 1.06) on a Likert scale from 1 to 7
(higher is better). Participants felt an average task load of
18.88 (SD = 7.82) out of 100. Finally, participants reported
an average satisfaction with the VTE of 5.79 (SD = 0.73) out
of 7.

Our application invoked a reasonably high sense of pres-
ence. Our results indicate that – despite the tool’s considerable
weight of approximately 10kg – the integration of the tracked
tool did not put too much strain on participants’ perceived task
load. The reported learner satisfaction shows that enhancing a
VTE with a real tracked tool and hand tracking is generally
appreciated by trainees. This is also supported by informal
feedback from participants that we received after the study
sessions.

V. CONCLUSION AND FUTURE WORK

In this paper, we developed and preliminarily evaluated a
VTE for an industrial pipe pressing task, including VR gloves
and a tracked real tool. By these means, trainees can acquire
both, procedural knowledge and psychomotor skills, which
are needed to successfully accomplish the pressing procedure.
Further, we conducted a pilot study with N=17 participants,
which provided initial evidence that the VTE satisfies the

(a) Tool adapter closed. (b) Tool adapter opened.

Fig. 3: The model of the pressing tool in different states,
showing only the front end of the tool and the adapter.

trainees, while evoking a reasonable sense of presence and
imposing not too much task load on them.

Future work should focus on measuring training effective-
ness and validating the implemented VTE, e.g. by comparing
it to an implementation using commercially available VR
controllers only. Finally, also the potential of providing in-
structions in a language-independent way to make it more
accessible for trainees with language deficiencies should be
investigated.
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Abstract—When augmented reality (AR) technology is used in 

the learning and development field, it is often viewed from a 

training perspective. Human Performance Technology (HPT) 

professionals start to explore the potential of adopting AR on 

mobile devices as a performance support tool to help field workers 

across industries. This paper captures the adoption of how mobile 

AR is used in organizations to address performance issues. The 

study will use the Critical Incident Technique (CIT) to interview 

ten organizations. The purpose is to uncover the critical events on 

why mobile AR is considered an appropriate intervention, what 

benefits and challenges the organizations encounter, what 

processes are followed when designing and implementing mobile 

AR, and what types and functions of mobile AR are used to assist 

job performance.  

Index Terms—augmented reality, mobile technology, human 

performance improvement, performance support, training, 

critical incident technique 

I. INTRODUCTION 

Training is often viewed as a solution to develop workforce 
knowledge, skill, and attitude to improve job performance [1]. 
However, training solutions have challenges in learning transfer 
issues, high cost to maintain, design and development, and 
turnover [2]. As Human Performance Technology (HPT) 
professionals seek an alternative to training solutions, studies 
suggest that providing performance support tools could be more 
effective than offering training only [3].  

Performance support emphasizes the moment of applying 
knowledge and skills while workers are in the process of 
completing a task [4]. It introduces an opportunity to bridge with 
augmented reality (AR) technologies and mobile technologies 
to assist the worker on the job. Because AR can enhance human 
perception through digital and other types of information 
positioned on top of the physical environment [5], it has great 
potential to strengthen performance support. Meanwhile, mobile 
AR allows workers to carry or wear the devices in flexible work 
settings such as in design, assembly, maintenance, quality, and 
logistics [6].  

A few preliminary studies about mobile AR demonstrate the 
benefits to the job, the worker, and the organization [5], [6]. 
First, mobile AR benefits the job by increasing productivity, 
reducing errors, improving processes, and assisting decision-

making [7]–[10]. Second, it benefits workers by reducing the 
cognitive load and maintaining motivation [11], [12]. Third,  
mobile AR helps organizations address the lack of talent 
shortage and reduce training costs [13]. 

While research reveals the great potential of using mobile 
AR in the workplace, most of them were conducted in labs and 
test sites. When adopting mobile AR as a performance support 
intervention, many HPT scholars suggest focusing on the root 
cause of the performance problems instead of on the 
technologies alone [14], [15]. Researchers in computer science, 
engineering, and HPT call for the need to examine the adoption 
of mobile AR in organizations to assist job performance and 
meet organizational goals [5], [16], [17]. Therefore, this study 
aims to explore how mobile AR is adopted in North American 
organizations to solve problems and meet organizational goals.  

II. BACKGROUND 

A. Performance Support Interventions 

According to Van Tiem et al. [18], performance support 
interventions use various types of technologies such as print, 
computer, hand-held, wearable, and others to provide workers 
with "just-in-time and just enough information to perform a 
task." The most widely used performance support intervention 
is job aids, an external repository to provide information, 
procedures, and decision guides to employees just in time [14]. 
Traditionally, job aids are in print format and are static. As 
computer technologies are used in the workplace, job aids are 
developed in electronic format and evolved into electronic 
performance support systems (EPSS). EPSS integrates 
information, tools, and methodology to help employees with 
minimal support from other people [19].  

The issues with print format job aids and EPSS are that 
workers still need to stop in the middle of the workflow to seek 
help. The numerous breaks lead to extra time to complete a task, 
potential errors, and even body fatigue for workers. Meanwhile, 
the print format job aids and EPSS are hard to be carried around 
to assist mobile workers, who often do not sit at a desk to work. 
Mobile and AR technologies can be integrated seamlessly into 
the workflow and allow workers to move freely to perform tasks. 
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B. AR Types 

AR has been around since the 1960s and is widely applied in 
different fields such as manufacturing, marketing, and 
entertainment [6], [20]. AR can be used in both fixed and mobile 
environments. The fixed AR environment usually involves a 
static screen and projector, which is suitable for exhibitions and 
sports events [6]. The mobile AR could be used on head-mount 
devices (HMD) such as Google glasses or hand-held devices 
(HHD), such as smartphones or tablets [21]. For both HMD and 
HHD, a worker uses a camera to scan an image (marker-based) 
or an actual physical environment (markerless) to trigger the 
related digital information [5]. 

Mobile AR can deliver various information such as visual, 
audio, olfactory, and haptic information. Visual information 
such as texts, labels, or graphics is the commonly used 
information in augmentation. An example of audio information 
is found in a study when maintenance engineers fixed 
complicated auto parts while receiving audio information from 
remote experts who could see their computers' augmented 
information [13]. In a study on odor recognition, the AR HMD 
helped crew members to identify maintenance issues based on 
smell [22]. The haptic information includes two types – the 
kinesthetic sense, such as force—and the tactile sense, such as 
touch [6]. Hedayati et al. [23] demonstrated an example of 
mobile AR using the sensory tough for factory workers to feel 
the object force resistance based on the visual feedback on the 
screen. 

C. Mobile AR Functions as Performance Support 

Mobile AR inherits, extends, and redefines the job aid 

functions [15], [24]. Table I. illustrates the six performance 

support scenarios supported by mobile AR functions and the 

examples based on the functions. 

TABLE I.  MOBILE AR FUNCTIONS AND EXAMPLES 

Functions Examples 

Retrieve 
information 

Display the organized codes or catalogs for product and 
price information  

Cue workers of important information 

Compare the work against an example 

Offer standard words in a customer service situation 

Locate abundant information needed for the job 

Guide 
procedures 

Provide a step-by-step action guide to complete a task 

Coach 

decision-

making 

Decision guide: provide guide and cues for works to 

identify what actions to take and the immediate 

hypothetical consequences of the selection.  

Interaction 
Provide proactive and adaptive feedback to fit the 

change of the context 

Identify 
location 

Display information based on different geographic 
location 

Authoring 
Create, label, select, and upload information on site to 

update the manual and process 

Bring in 

experts 

Share view with experts at a distance and receive 

guidance 

 

The literature review about performance support 
interventions, mobile AR types, and functions illustrates the 

opportunity that mobile AR can be integrated well to improve 
job performance in industries. However, how organizations 
adopt mobile AR to solve performance problems and meet 
organizational goals still lacks empirical data. The mobile AR 
adoption by organizations is slow and occasional [5], [6] and 
most challenges are from an organizational perspective [5]. 
Therefore, the study will explore why mobile AR is considered 
an appropriate intervention and the critical decisions and actions 
made by project leaders during designing and implementing 
mobile AR to assist job performance in the workplace. 

III. DETAILS OF THE STUDY 

The study will employ a qualitative inquiry method with a 
critical incident technique (CIT). Qualitative inquiry generates 
knowledge through studying "how things work" and elucidating 
how systems function and their consequences [25]. The CIT is a 
set of processes to collect data directly from participants to 
identify useful methods to solve practical problems and develop 
psychological principles [26]. The critical incident is human 
experience significant to the individual’s concern [27]. It is 
appropriate to be implemented to delve further into the critical 
events and analyze the decisions and actions to adopt mobile 
AR. 

The study will use a purposeful sampling strategy. The 
population will be project leaders or owners of mobile AR 
projects from companies, organizations, vendors, and 
consultants in North America. Flanagan [26], [28] suggested to 
keep tracking of the first 100 incidents, then check again at the 
halfway point. If every 100 incidents add two to three new 
incidents, data collection can end.   

A. Methodology 

The study will follow a systematic and sequential research 
process of CIT: (1) establish the general aims; (2) determine 
plans and specifications; (3) collect data; (4) analyze the data; 
(5) interpret and report the data [26], [29]. The interview 
questions will be an open-ended structured interviews to trigger 
thoughtful and in-depth responses. The interview questions will 
be pilot-tested in advance to ensure the wording is meaningful 
and appropriate to the participants. 

B. Data Collection 

Data collection will be interviews and artifact review. Once  
Institutional Review Board (IRB) approves, participants will 
receive a cover letter to understand the purpose of the study and 
a consent form to agree to participate. The researcher will follow 
the interview protocols to make sure all participants get the equal 
opportunity to answer questions. Throughout the interviews, the 
researcher will repeat back to the participants in a summary to 
confirm the understanding of the topic discussed. The researcher 
will encourage more details but not give any judgment or ask 
leading questions. Participants can demonstrate a sample of the 
mobile AR if they could during the interview.   

C. Data Analysis 

The researcher will transcribe the recording and document 
the scripts in Microsoft Word. Then the researcher will extract 
incidents from the scripts. Once incidents are identified, the 
researcher will classify the incidents based on CIT criteria. 
Three steps to build the criteria are: (1) establishing a frame of 
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reference, (2) forming categories, and (3) determining the level 
in the specificity-generality continuum [26]. The frame of 
reference is established based on the purpose of the study. The 
categories are formed based on the induction of incidents. 
Groups will be given titles for reporting. The title will be 
determined based on the specificity-generality continuum. The 
specificity refers to more complex and detailed titles and the 
generality results in broader and fewer titles.  

The Nvivo software will be used in the data analysis for 
documenting, analyzing, coding, and classifying. A codebook 
will be generated to assist the researcher in label and group 
critical incidents. 

IV. CONCLUSION AND FUTURE WORK 

By reviewing the performance support interventions, types 
of mobile AR, and mobile AR functions in performance support, 
this paper demonstrates the great potential of using mobile AR 
as a performance support intervention to benefit the job, the 
worker, and organizations. With the sparse empirical research 
dedicated to adopting mobile AR as performance support, this 
study draws on established theories and empirical evidence to 
develop further insight. Next, the researcher will recruit 
professionals who are project leaders or owners of mobile AR 
projects from companies, organizations, vendors, and 
consultants in North America to conduct the qualitative research 
with CIT to report the in-depth of the study.  
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Abstract—Inquiry based learning is a modern and innovative 

learning strategy that aims to stimulate students’ interest in a topic 

and target Bloom’s higher order cognitive process. Reflective 

tasks, such as mind mapping, support inquiry-based learning. 

Virtual Reality (VR) presents novel opportunities to help scaffold 

reflective tasks in inquiry-based learning by supporting use of the 

3D space which is not available via existing 2D mind mapping 

applications. In this paper we present VERITAS, a VR application 

for mind-mapping based reflective tasks operating on the low-cost 

Oculus Go device. We discuss the interaction design for the mind-

mapping task and evaluate the system from a usability perspective. 

Our results show that novice participants are able to learn how to 

use the interactions quickly and utilize them effectively to build 

mind-maps in 3D. VERITAS establishes the usability of VR and 

essential interactions to successfully perform abstract and complex 

reflective tasks like mind-mapping. 

Index Terms—virtual reality, engagement, education, 

reflective tasks, inquiry-based learning 

I. INTRODUCTION 

VR (Virtual Reality) has the potential to significantly impact 
education and specifically students’ engagement in the learning 
process [1]–[3]. Recent advances in VR technology have made 
low-cost untethered VR headsets accessible to more users. Low 
cost VR devices such as the Oculus Go are untethered and 
consequently more manageable in a traditional classroom 
environment. Due to the untethered nature, these devices also 
present the intriguing possibility of being included by 
educational institutions in their flipped learning strategy [4]. 

Beyond the novelty factor of VR headsets, it is essential to 
understand the exact use which benefits the learning process. 
Commercially, low-cost devices are geared toward content 
consumption rather than content creation. Educational 

institutions commonly use VR as exploration devices, such as 
viewing 360-degree videos of interesting places on earth, 
visualizing chemical structures or viewing parts of the galaxy. 
These activities are typically passive in nature, with limited 
interactivity and as such address only the lower cognitive 
processes, such as those illustrated in Blooms Taxonomy [5] of 
remembering and understanding. Conversely, inquiry based 
learning [6] incorporates reflective tasks such as categorising, 
organising, differentiation and interpretation. The aim is to 
trigger the more advanced cognitive processes of applying and 
analysis. Examples of reflective tasks currently used within 
education include white boarding and mind maps [7], [8]. These 
reflective tasks are known to show benefits over teacher-led 
learning [9]. However, in the VR domain there are very few 
applications that support interactive reflection. For VR and 
consequently our developed application, VERITAS, these tasks 
are particularly interesting as they present an opportunity to 
explore abstractly structured reflection within a 3D spatial 
environment. We focus on individual reflection and the role of 
VR in supporting this process as a starting point for investigating 
VR supported reflection in paragogy (peer-based learning). 

The main contributions of this paper are:  

• The concept and analysis of a VR mind mapping 
application to be used as a scaffolding tool for inquiry-
based learning. 

• The implementation and analysis of specific complex 
interactions required for the VR mind mapping 
application. 

• The results of a user experience study and discussion on 
the learnability of the application.  

 

Fig. 1. Mind-mapping using VERITAS. (a) Initial 'carousel' of interactive tiles. (b) Completed "War of Roses" mind-map with animated links showing 

directional   relationships. (c) Visualization of tile movements by users showing tile movements. 

 

250



II. BACKGROUND 

A. Reflective Tasks and Inquiry-based Learning 
 

Inquiry-based learning forms one of many innovative 
modern approaches to learning. Kirschner et al. [10] state that 
inquiry based learning is key to stimulating students’ desire to 
learn more and discover information semi-independently of the 
teacher and/or classroom. It promotes the ability to construct 
ways of presenting discovered information and a way to reflect 
on the effectiveness of discovering and presenting new 
information. To make this minimally guided learning strategy 
effective, sound scaffolding strategies need to be implemented 
[11]–[15]. Scaffolding allows learners to engage in tasks that 
otherwise might be too complex for them to manage given their 
current abilities. Examples of scaffolding include undertaking 
reflective tasks, such as mind mapping, diagramming or diary 
keeping and using technology-based solutions, such as 
applications and constructing websites to display information. 

Inquiry-based learning relies on interest or active 
engagement in a cognitive exercise [16]. Interest plays a core 
part in regulating our emotional engagement in undertaking a 
task [17], what we choose to learn [18], and the efficacy of 
learning that information [19]. Situational interest arises from 
the appeal of the actual activity to the learner rather than their 
predisposition towards the topic [16], [20]. When designing 
educational tools, situational interest is a key consideration as it 
also develops personal interest for learners and is critical to 
positively enhance learning [21]. Sotiriou and Bogner [22] 
identified that Augmented Reality (AR), a technology closely 
related to VR, can elevate students’ interest and motivation, 
leading to them developing enhanced investigation skills while 
gaining topic knowledge. 

With VERITAS, we explore how to best exploit VR as a 
reflective task while simultaneously providing a scaffolding tool 
for teachers that assists the inquiry process for students, 
promotes situational interest and aids the overall learning 
experience. 

B. Mind-mapping and Virtual Reality 

Virtual reality is well-established as an educational tool 
throughout a broad range of fields. These tools operate as a 
custom environment and require interactions to simulate real-
world tasks. For example, VR educational tools in the medical 
field allow clinical protocols to be simulated, practiced [23] and 
assessed [24] risk-free, thus enhancing student learning. Similar 
results are observed in engineering by Kaufmann et al. [25], 
where students found the Construct3D tool easy and quick to 
learn and appreciated the tool’s ability to let them experiment 
with their ideas. There are demonstrable advantages of 
supporting reflection to explore a specialized topic but limited to 
an environment similar to where the knowledge would be 
applied. 

Mind-maps are an educational tool that allow learners to 
offset difficulties commonly ascribed to natural limitations with 
working memory and its capacity. Recalling and managing 
disparate elements of information are recognized as learning 
tasks with a high cognitive load [26]. Mind-maps can alleviate 
this cognitive load by allowing the learner to interact with a 
graphical representation of ideas and relationships. Mind-maps 
are implemented as an abstraction of the knowledge from the 

environment of application, cognitively a step closer to how the 
mind organizes the information than how the information is 
applied. The simplest form of the mind-map tool is a pen and 
paper activity which can be extended to a white-board and sticky 
notes. The information is organized in a 2D planar space with 
interconnecting links formed between related keywords. The 
digital form of this activity has been explored in the context of: 
information organization [27]; collaborative thinking [28], [29] 
and as a research tool to understand collaboration between 
young learners [30]. 

VR presents a unique opportunity for mind-mapping 
exercises as it can inherently support spatial organization of 
information in 3D. Within AR, the existence of virtual objects 
has already been demonstrated to assist students in visualizing 
abstract concepts and complex visual relationships [31]. VR can 
also support interesting interactions and collaboration, acting as 
a “one-world multiple-perspectives” environment for 
exploration of concepts. As a learning tool in the classroom, it 
provides unique opportunities for the educator to direct and 
shape the conversation around a pre-determined set of keywords 
while allowing unique behaviours and interaction strategies to 
emerge among the learners. 

Digital implementations of mind-mapping are criticised for 
being slower than traditional pen and paper mind mapping, often 
turning into an exercise in tool management, rather than 
spending time on the actual core mind mapping activity itself 
[32]. The challenge for VR is to identify efficient and intuitive 
ways of using VR concepts to create mind maps. VR based 
mind-mapping is less understood and very few examples [33] 
are available. The open question is how to converge the existing 
concepts of VR-based interaction into a fluid interaction 
experience such that the focus of the user is on reflection and 
abstract thinking arising from mind-mapping rather than 
wielding of the tools to operate within the VR environment.  

VERITAS aims to address this challenge by focusing on 
designing and evaluating a mind-mapping experience for a 
single user by leveraging existing validated VR interaction 
paradigms. 

C. Virtual Reality and Interaction Design 

High-fidelity interaction with virtual environments is still an 
active area of research despite spanning many decades. Early 
research [34] identified that users have difficulty understanding 
three-dimensional space. Interaction recommendations from 
these early studies included using ray casting for target 
acquisition coupled with a ‘silk cursor’ to provide feedback and 
context to the user [35]. Further research [36] identified design 
strategies to allow users to estimate size and distance within 
virtual worlds by way of providing landmarks and reference 
objects that act as visual clues. With the recent advances in 
virtual reality hardware in terms of both headsets and controllers, 
recent research has centered on implementing real word 
interactions within the virtual world [37]–[39]. However, there 
is an inherent risk that the designed interaction can end up being 
worse than low fidelity interactions [40]. The balance between 
implementing natural, low fidelity and metaphorical interactions 
is an important factor in the user experience associated with VR 
application design. VERITAS leverages well-known interaction 
techniques while trying to understand their effect on user 
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experience when these are integrated into a single interaction 
workflow.  

Feedback is another important consideration within 
interaction design for virtual environments. Haptic feedback for 
hand motions [41], [42] can assist in immersion but requires 
special hardware. Immersion can be also enhanced by audio cues 
in digital experiences [43]. Sound plays a critical role in 
providing essential feedback to the user, such as providing 
warnings, indicating errors or confirmation of user actions  [44], 
[45] where sound quality has greater effect than image quality 
on presence [46]. Low-cost commercial VR headsets generally 
lack high-fidelity haptic feedback controllers but support higher 
quality sound. With VERITAS, we choose to exploit audio 
feedback to augment visual feedback for specific notifications 
during interaction. 

The most common physiological issue with VR is simulator 
sickness resulting from visually induced motion. Hettinger et al. 
[47] identified that vection and motion sickness can occur at the 
same time and further studies have shown strong links between 
both [48]–[50]. Vection is even more pronounced in VR systems 
that only employ 3DoF (Degrees of Freedom) versus a 6DoF 
through their hardware. VERITAS uses a seated experience with 
no sudden in-application locomotion to reduce simulator 
sickness by minimizing vection. 

III. SYSTEM DESIGN 

A.  VR Platform 

The motivation for VERITAS is a classroom-based setting 
where reflective tasks like mind-mapping are to be carried out. 
This presents constraints related to choices like tethering, 
tracking and control in addition to unit cost and supporting 
infrastructure. A pilot survey of available hardware indicated 
that the entire spectrum supported 3DoF controller input at 
minimum with additional features like clickable buttons, swipe 
surfaces or joystick alternatives. This formed our baseline for 
selecting our test hardware. While 6DoF controllers with higher 
fidelity exist, the interactions we explore can only be further 
improved by 6DoF (when such become a low-cost option), while 
continuing to work on existing hardware. The Oculus Go 
controller includes a touch surface which can interpret swipe 
gestures in the form of thumb swipe up, down, left and right in 
order to expand the possible interactions available to the 
application. The controller also includes a gyroscope for 3DoF 
input and interactions were built around this also. As a low-cost 
untethered unit, the Oculus Go acts a flexible VR platform for 
implementation. VERITAS is implemented using the Unity 
game development platform and the Oculus Integration 
framework (v1.35). To retain full control of interaction 
development, no other VR toolkits were used. The application is 
forward compatible with Oculus Rift and Quest series of 
headsets. 

B. Implementation 

1) System Overview 
The primary design goal of VERITAS is to allow 

participants to build a mind map from pre-defined objects based 
on information they had previously been exposed to outside of 
VERITAS. These pieces of unique information could be images 
or text and needed to be presented as interactive objects. From 

an interaction perspective, participants can manipulate and 
arrange these objects and display relationships between these 
objects. The information objects are represented as double-sided 
tiles. A tile carries the same content (image or text) on both sides. 
The tiles are initially presented as a rotating carousel (Fig. 1a) so 
users can see all available tiles before deciding on which tile to 
interact with. Relationships between objects are represented by 
a curvilinear link object. The link connects a parent and child tile 
and a pulsing animation is applied to the link to show this ‘from-
to’ relationship. The links are designed to redraw themselves as 
the connected tiles are moved.  

The working volume is a 10×10×10 unit cube (1 Unity unit 
≈ 1 metre), bounded by a floor with a grid pattern and transparent 
walls on the remaining 5 sides. A neutral skybox is applied to 
the entire scene. The tile carousel is located at (0, 2.5, 1). A 
model representing the physical controller and the controlling 
hand is displayed on the lower half of the viewing frustum. The 
model mirrors any change along the 3DoF as well as button 
clicks and swipes on the touch-pad. Further feedback of the 
interaction state is provided using a heads-up display (HUD) 
panel at the lower edge of the view. It shows actions available to 
the user in the current interaction state as well as highlighting the 
actions as they are performed. These elements are shown in Fig. 
1a, 2a, 2b and 2c. 

2) Interaction Workflow 
The interaction workflow is based on a state-model 

approach. The start point is a controller in tracking mode waiting 
for target selection. The tracking is in the form of a ray-cast 
pointer emanating from the controller model. The direction 
vector for the ray is determined by the orientation of the 
controller. When the ray intersects a tile, the tile is highlighted 
yellow (Fig. 1a). Once a tile is selected, the highlight color 
changes to green (Fig. 2a) and the interactions available for the 
tile are linked to the controller inputs. The HUD updates to show 
what actions are available. 

The user can perform the default action or enter a deeper 
interaction mode as required. In all cases, the ‘Back’ controller 
button reverts the user to the prior state without undoing any 
previously completed actions. We provided a full set of audio 
cues and notification prompts for confirmation of actions and 
invalid actions.  

We took certain design decisions based on pilot tests of 
particular interactions and situations that could arise during the 
use of the mind-map. For example, tiles cannot occupy the same 
3D space. If a user tries to position an object into a location 
which is already occupied by another object, the selected object 
will slide over, under or to the side of the existing object in the 
direction of its trajectory. 

To aid operation while only using a 3DoF controller, the tile 
translation action was separated into planar and depth 
movement. For the planar motion (Fig. 2a), once selected the 
user can move the tile up-down and right-left but keep the tile at 
the same fixed distance from themselves thus moving the tile on 
a cylindrical curved surface. The decoupled depth motion is 
available as an independent interaction using a push-pull 
metaphor through up-down swipe gestures on the touchpad 
producing movement along the z-axis (away from or towards the 
user). These interactions are placed orthogonally to the scale 
interactions (swipe right-left). This placement was intended to 
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accentuate the difference between the two interactions as both 
produce visually similar outcomes from the perspective of the 
user. 

For rotation, the naïve approach of linking the controller 
orientation to rotation was quickly discarded. In pilot tests, this 
approach was extremely difficult to control and angles 
exceeding 30 degrees were hard to achieve without 
uncomfortable contortion of the wrist. Instead, we chose to use 
a hysteresis-based implementation (Fig. 2c). Once the rotation 
state is entered, any change in the controller orientation is 
ignored till it exceeds a threshold angle value. Once exceeded, 
the tile rotation is then controlled by coupling the tile rotation 
rate to the controller orientation angle along the specific axis. 
This is analogous to a steering wheel of a car and it prevented 
users from accidentally triggering rotation before they were 
ready to perform the action. The HUD’s feedback was analogous 
to a crossing-based interactive widget [51] (Fig. 2c).  

The link creation interaction is tied to tiles. The user can 
enter the link creation state once a tile is highlighted. The 
highlighted tile is treated as the parent tile (Fig. 2b). The user 
then points to the child tile and selects it to complete the link 
between the two. Deletion similarly starts by highlighting the 
parent tile and entering the delete-link state. 

3) Simulator Sickness Considerations 
Simulator sickness resulting from visually induced motion is 

a common and well-studied physiological issue associated with 
VR [47]. Due to the disparity between the users’ vestibular and 
visual systems, vection is even more pronounced in VR systems 
that only support 3DoF versus 6DoF through their hardware 
[52], [53]. VERITAS is a seated experience with no sudden in-
application locomotion or change in the position of the user. This 
alleviates simulator sickness by minimizing vection. 

IV. EXPERIMENT 

The mind-mapping task supported by VERITAS is well-
known in inquiry-based learning approaches. The individual VR 
interactions implemented in VERITAS are based on existing 
literature. However, the motivation of the experiment is to 
understand if the interaction workflow can allow a user to focus 
on the mind-mapping activity instead of focusing on tool 
management. We would also like to understand if the interaction 
workflow can be learnt quickly enough by novice users. Finally, 
as an exploration of mind-mapping in 3D, we wish to identify 
the emergence of interesting interaction patterns that can inform 
future work in a collaborative context. With this in mind, we 
conducted a study. 

A. Apparatus 

We used an Oculus Go stand-alone VR headset for the study. 
The default factory settings were retained for the purpose of the 
study, including interpupillary distance, brightness and volume. 

The headset was configured to store the desired logging 
information and videos. 

B. Participants 

24 participants over 18 years of age were selected from 
Lancaster University and Blackpool and the Fylde College to 
participate in the study. Participants did not require prior 
experience of virtual reality and there were no stipulated 
exclusion criteria that would prevent potential participants 
taking part in the study. The experiment was conducted after 
acquiring the requisite ethical approvals from Lancaster 
University. 

Our participant sample included twenty males, four females, 
with ages ranging from 18 to 50 years of age. Fifteen of 
participants were from the 18-25 age-range. Four participants 
had no prior VR experience, while one participant had used VR 
headsets only once before. 

C. Task 

We chose three unrelated topics to explore the mind-
mapping exercise – the animal kingdom, a web technology 
hierarchy and a branching history timeline. The topic, selected 
via a round robin approach, was presented to the participants as 
a one-page document containing information related to the topic. 
We then setup a mind-mapping exercise in VERITAS for each 
of these topics. The exercise consisted of keywords and pictures, 
with pictures either representing physical entities (i.e., animals, 
people or objects) or illustrative entities (i.e., maps, actions or 
symbols). Keywords also included dates and numerical values. 
An example of a completed activity based on one of the above 
three scenarios can be seen in Fig. 1b. 

The tasks consisted of a pre-activity, the main task and a post 
activity. The pre-activity task and post-activity task were simple 
instruction tasks that asked the participant to perform interactive 
actions like scaling a tile and linking two tiles. The participant 
had to complete each interaction step before moving to the next 
task. The required steps were the same for both activities. The 
main activity consisted of an open-ended exploration of the topic 
as a mind-mapping exercise. The participants were instructed to 
build the mind-map based on the text they had read and 
reproduce the relationships between the tiles as best as they 
could. Once they were satisfied with the mind-map, they could 
signal completion. 

D. Metrics 

Participants’ activities within the system were recorded by 
way of a video screen capture and system logging that recorded 
different parameters. 

All interactions using the controller were logged along with 
the context within the interaction workflow. We treated inputs 
in an incorrect context as errors and logged these. For example, 
attempting to select a tile when none was highlighted would be 
treated as an error. We also logged the position, orientation and 
size of all the tiles on a periodic basis. The video feed of the VR 
space was captured to obtain a participant view of what was 
visible on the headset. 

Participants completed a standardized User Experience 
Questionnaire (UEQ), a standard Simulator Sickness 
Questionnaire (SSQ) and were given an opportunity to provide 

 

Fig. 2. Interactions for mind-mapping a) Moving a tile out of the carousel 

(tile highleted green), b) creating links between tiles (tile 

highlighted blue), c) rotating a tile (tile highlited purple). 
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open-ended feedback about their experience. The UEQ is a 
widely used tool for measuring user experience and the quality 
of applications. The UEQ is designed to elicit a quick and 
spontaneous response regarding the application or product being 
assessed and generates statistics for six elements – 
attractiveness, perspicuity, efficiency, dependability, 
stimulation and novelty. It also includes a benchmark for 
comparison against existing applications [54]. A well-designed 
application is expected to score positively on the UEQ. Scores 
in the range of +2 represent a very positive result. Negative 
scores indicate poor user experience with the application. 
Extreme scores above +2 are rarely returned due to the common 
occurrence of respondents avoiding answering at the extreme 
ends of scales. The UEQ has a high internal consistency [55]. 

E. Procedure 

A repeated measures within-subjects design was used. Each 
participant was given a pre-selected topic to ensure equal 
participation for each topic. They participated in the experiment 
in one continuous session lasting up to 25 minutes plus 5 minutes 
to complete questionnaires. Before starting the tasks, the 
participants undertook a short tutorial inbuilt to the device to 
familiarize themselves with the headset and controls. The pre-
activity task and the post-activity task were identical in structure. 
For the post-activity we removed the helper tips that were 
provided to assist in performing the interaction (e.g., ‘hold 
button B to select an object’ for the pre-activity versus ‘select an 
object’ for the post-activity). This tested the ability of the 
participants to recall how to effectively interact with the 
application and undertake all the required interactions without 
instruction. We expected that there would be a reduction in 
interaction errors and a shorter activity completion time for the 
post-activity versus the pre-activity task. 

The UEQ generates statistics for six elements – 
attractiveness, perspicuity, efficiency, dependability, simulation 
and novelty. It also includes a benchmark for comparison against 
existing applications [54]. However, the benchmark is based on 
non-VR applications it should be noted that dataset used to 
construct the benchmark does not specifically include other VR 
applications. Overall, a well-designed application could be 
expected to score positively on the UEQ. 

V. RESULTS 

The logged data was analyzed for the following: pre-post 
activity completion times, interaction errors, UEQ, SSQ and free 
responses. 

A. Pre/Post Activity Completion Times 

For the Pre and Post activity completion times (TCT) we 
performed an ANOVA with repeated measures. There was a 
statistically significant difference in TCT between the Pre and 
Post activity tasks (F(1,23)=33.07, p<.05) with the Post activity 
(µPo=111.54s) being completed significantly faster than the Pre 
activity (µPr=194.54s). 

The individual comparison of Pre and Post task completion 
times is shown in Fig. 3. There’s a clear trend of reduced 
completion time in post activity tasks.  

B. Interaction Errors 

We analyzed the error rates for each interaction category 
(translate, select, rotate and link) and using an ANOVA with 
repeated measures test, found no significant difference between 
the error rates for both pre-activity and post-activity tasks. 
Overall, we observed that the error rates were very low (μ 0.31% 
for pre-activity and μ 0.68% for post-activity) in all categories. 

C. Main Activity Analysis 

We observed that every user successfully created a clear and 
recognizable mind map with complete relationships and good 
spatial positioning, including in the z-axis.  They made full use 
of all the available interactions to manipulate the tiles and build 
their mind-map. We observed that completed mind-maps 
followed one of three styles – radial, tree or star (see Fig. 4), with 
radial being the most common style with twelve occurrences, 
seven for tree and five for star.   

Quantitatively, we also looked at error rates, how users 
utilized the 3D space and how long they took to complete the 
main activity task.  We noted that most users made use of the z-
axis in some dimension (μ 3.58 unity units) and the overall error 
rates were low (μ 0.97% or all interactions).  The average time 
to complete the main activity task was 398s with no outliers. We 
explored the possibility that the topic selected for the mind-map 
activity could present itself as an experimental confound. To 
eliminate this, we used one-way ANOVA, with ‘topic’ as the 
between-subjects factor for analysis against error rate, activity 
completion times and tile movement and found no statistically 
significant difference to suggest that the topic was a factor. 

D. UEQ 

The UEQ is provided with an automated analysis tool for 
generating results. Results from the tool are reported here. The 
participants scored VERITAS high in terms of attractiveness, 
stimulation and novelty (see Fig. 5). The scores for perspicuity, 
efficiency and dependability were also positive but lower. 
Expert VR users could bias the Hedonic Quality metric of UEQ. 
However, previous work [55]–[57] does not discuss the bias as 
a factor affecting UEQ scores for familiar users (mere-exposure 
effect versus expertise). Since none of our participants identified 

 

Fig. 3. Pre and post activity completion times. 

 

 

Fig. 4. Hierarchical organization styles used by participants, (a) Radial, 

(b) Tree and (c) star. 
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as "Expert", we approach the question of bias in line with 
previous work. 

E. SSQ 

Responses to SSQ showed no notable increase in discomfort 
or any form of nausea. Only one participant noted an increase in 
discomfort (pins and needles in hands). The same participant 
noted existing issues with fine motor control for their thumb. 

F. User Responses 

The participants were asked to reflect upon their experience 
in an open-ended format. Seven participants noted that the HUD 
location was too low in the viewport and one didn’t notice the 
HUD at all.  Two participants stated they felt there were too 
many steps required to delete a link. Three participants stated 
they would like to be able to select multiple objects and move 
them as a group. 

G. Visualisation 

Using the logged tile position data, we created a 3D 
visualization to explore tile movements (Fig. 1c shows a 
composite of five participants tile movements) during the main 
activity. The plot displays the movement of every tile for each 
user. The time (t) spent by a tile at each location is represented 
by a shape enclosed in a sphere of diameter = log10t.  This plot 
shows that participants used the full space afforded by the virtual 
environment for creating a mind-map. 

VI. DISCUSSION 

Our aim was to investigate if a simple yet usable interaction 
workflow could be developed for interacting with a mind-map 
in VR. 

A. Usability of VERITAS 

The quantitative analysis of the Pre/Post Activity tasks is the 
first indicator for the usability of VERITAS. We find an 
expected reduction in task completion times (TCT) for the post-
task. Apart from learning effect, the positive observation of low 
error rates indicates that the participants were able to work with 
the interaction metaphors without extra effort. If the interaction 
metaphors were harder to recognize or recall, the absence of the 
helper prompts in the post-activity would have affected the TCT 
or error rates, which was not the case. All users completed the 
main activity to a reasonable standard of completeness and 
quality, indicating that all the essential interactions are in place. 

The main activity and completeness of the resulting mind 
maps demonstrated that the participants were able to understand 
and use the state-model for the interaction workflow with 

relative ease. Even if some interactions (like rotation) were 
placed deeper than the default state, the participants navigated 
the states without difficulty. This state-model is supported by 
low-cost 3DoF controllers that are commonly available. 
However, if 6DoF controllers become commonplace, the state-
model can be mapped to the controller inputs with minimal 
modifications. 

The UEQ provides further insight into the usability. The 
strong results for attractiveness and novelty metrics would be 
normally expected for a well-designed VR application. The 
stimulation metric indicates higher motivation to continue using 
the product. This observation is particularly important as 
situational interest is essential to inquiry-based learning and 
strengthens the argument for performing mind-mapping 
exercises in VR. Perspicuity, efficiency and dependability 
metrics are positive though not as strong as the prior metrics. 
The perspicuity metric measures the pragmatic qualities and 
learnability of the application. The metrics indicate that users 
found the application to be a different learning experience than 
usual.  

The SSQ responses indicate that our design choices did not 
result in increased discomfort while using the application. The 
feedback from the participants were mainly positive. One 
participant mentioned that the interactions appeared to be a 
blend of intuitive versus learnable. The participant with high 
select and rotate errors mentioned that they had an issue with 
fine-motor control of their thumb. This led to accidental clicking 
of the touchpad when trying to swipe, causing selection and 
rotate errors. The participant also noted that they were able to 
recover from the accidental inputs and continue successfully 
without much effort. This raises a point for consideration about 
accessibility of controllers but is beyond the scope of current 
research. 

B. Mind-mapping in VR 

The motivation for VERTIAS was to identify a suitable 
interaction workflow to support creation of mind-maps in VR. 
We also wished to see how users would make use of the 3D 
space available to them for organizing the information. The 
video analysis and the tile position visualizations showed a very 
good use of 3D space with each participant producing a clearly 
identifiable mind-map in one of three styles. Participants made 
ample use of the spatial positions, logging interactions to move 
the tiles back and forth along the Z-axis (depth interaction). They 
also focused on the orienting the tiles to suit a view that they 
preferred. The use of the Z axis suggests that mind mapping in 
VR may offer advantages over traditional 2D implementations. 

The participants were able to understand and use the state-
model for the interaction workflow with relative ease. Even if 
some interactions (like rotation) were several layers deep from 
the default state, the participants navigated this without 
difficulty. This state-model is supported by low-cost 3DoF 
controllers that are commonly available. However, if 6DoF 
controllers become commonplace, the state-model can be 
mapped to the controller inputs with minimal modifications. 

C. Design Discussion 

The interaction workflow of VERITAS is designed for use 
with low-cost 3DoF controllers. While we ran the studies on an 
Oculus Go headset, VERITAS could be easily ported to a low-

 

Fig. 5. UEQ Scales A = Attractiveness, P = Perspicuity, E = Efficiency, 

D = Dependability, S = Stimulation, N = Novelty. UEQ scale range 

is [-3, 3] but is truncated due to absence of negative values. 
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fidelity smartphone setup (e.g., Cardboard) making it even more 
accessible or to the Oculus Quest for increased interactions 
possibilities afforded by a 6DoF headset and controllers.  

While the current scope of VERITAS is a single-user mind-
map activity, the leap to a collaborative mind-mapping 
application is obvious. When collaborative mind-mapping is 
carried out on tabletops, the collaborative exercise results in 
specific patterns of communication and strategies for managing 
conflict [58]. These arise due to the need to control shared pieces 
of information (e.g., tiles) and their relative positions. Users do 
try to move objects at the same time; however, users will 
relinquish control of an object if they perceive another’s actions 
is correct (termed collaborative interplay). Collaborative mind-
mapping in VR has the opportunity to support richer interactions 
and collaborations since the independent headsets can support 
‘one-world, multiple perspectives’ for the task. Collaborative 
strategies involving shared workspaces and personal workspaces 
[59] can be applied to VR with relative ease while continuing to 
foster communication between the peers. A key to enabling 
effective collaboration within VR is the need for communicating 
system state of all objects (i.e., an item being moved) to all users 
and that the users’ actions are apparent to all other users (i.e., 
gaze directions, pointer direction, if they are modifying an 
object). 

With the usability of VERITAS established, exploration of 
user behaviours within the application is required to develop the 
application further to support collaborative learning. There is 
also the obvious question - Does learning indeed occur within a 
VR mind mapping application (and how to measure such 
learning)? The current design of VERITAS provides a baseline 
system that can be expanded in the future and trivially 
instrumented to further understand collaborative interactions as 
well as evaluation of learning effectiveness and user mind-
mapping strategies. 

CONCLUSION 

This study demonstrated that low-cost devices, in spite of 
their limited input controls, are capable of supporting complex 
reflective task activities, specifically in the form of mind 
mapping. The required interactions were complete and minimal 
interaction errors were generated. An important factor to 
consider is the learnability of such applications. While 
interactions can be complex, supporting them through means 
such as audio feedback and a UI to communicate system state to 
the user can create an environment where a user can learn how 
the system functions and their performance improves within the 
system over time. Furthermore, there does appear to be an 
advantage in conducting a mind mapping activity within VR as 
several participants utilized the full 3D spatial area that VR 
affords to manipulate their mind map in ways not traditionally 
available in existing 2D applications.  

REFERENCES 

[1] E. A. O’Connor and J. Domingo, “A Practical Guide, With Theoretical 
Underpinnings, for Creating Effective Virtual Reality Learning 
Environments,” J. Educ. Technol. Syst., vol. 45, no. 3, pp. 343–364, 2017, 
doi: 10.1177/0047239516673361. 

[2] D. Parmar et al., “Programming moves: Design and evaluation of 
applying embodied interaction in virtual environments to enhance 
computational thinking in middle school students,” in 2016 IEEE Virtual 

Reality (VR), 2016, vol. 2016-July, pp. 131–140, doi: 
10.1109/VR.2016.7504696. 

[3] A. A. Rizzo et al., “The Virtual Classroom: A Virtual Reality 
Environment for the Assessment and Rehabilitation of Attention 
Deficits,” CyberPsychology Behav., vol. 3, no. 3, pp. 483–499, 2002, doi: 
10.1089/10949310050078940. 

[4] J. Abdullah, W. N. Mohd-Isa, and M. A. Samsudin, “Virtual reality to 
improve group work skill and self-directed learning in problem-based 
learning narratives,” Virtual Real., no. 0123456789, 2019, doi: 
10.1007/s10055-019-00381-1. 

[5] S. Bloom, Taxonomy of Educational Objectives. New York: Mckay, 1956. 

[6] M. Pedaste et al., “Phases of inquiry-based learning: Definitions and the 
inquiry cycle,” Educ. Res. Rev., vol. 14, pp. 47–61, 2015, doi: 
10.1016/j.edurev.2015.02.003. 

[7] I. Abi-El-Mona and F. Adb-El-Khalick, “The Influence of Mind Mapping 
on Eighth Graders’ Science Achievement,” Sch. Sci. Math., vol. 108, no. 
7, pp. 298–312, 2008, doi: 10.1111/j.1949-8594.2008.tb17843.x. 

[8] C. J. Wenning, “Whiteboarding and Socratic dialogues: Questions and 
answers,” J. Phys. Teach. Educ. Online, vol. 3, no. 1, pp. 3–10, 2005. 

[9] T. S. Shin, J. Ranellucci, and C. J. Roseth, “Effects of peer and instructor 
rationales on online students’ motivation and achievement,” Int. J. Educ. 
Res., vol. 82, pp. 184–199, 2017, doi: 10.1016/j.ijer.2017.02.001. 

[10] P. A. Kirschner, J. Sweller, and R. E. Clark, “Why Minimal Guidance 
During Instruction Does Not Work: An Analysis of the Failure of 
Constructivist, Discovery, Problem-Based, Experiential, and Inquiry-
Based Teaching,” Educ. Psychol., vol. 41, no. 2, pp. 75–86, 2006, doi: 
10.1207/s15326985ep4102_1. 

[11] A. Collins, J. S. Brown, and A. Holum, “Cognitive apprenticeship: 
Making thinking visible,” Am. Educ., vol. 15, no. 3, pp. 6–11, 1991. 

[12] R. Golan, E. A. Kyza, B. J. Reiser, and D. C. Edelson, “Scaffolding the 
Task of Analyzing Animal Behavior with the Animal Landlord Software,” 
Annu. Meet. Am. Educ. Res. Assoc., pp. 1–24, 2002. 

[13] S. L. Jackson, S. J. Stratford, J. Krajcik, and E. Soloway, “Making 
Dynamic Modeling Accessible to Precollege Science Students,” Interact. 
Learn. Environ., vol. 4, no. 3, pp. 233–257, 1994, doi: 
10.1080/1049482940040305. 

[14] W. A. Sandoval and B. J. Reiser, “Explanation-driven inquiry: Integrating 
conceptual and epistemic scaffolds for scientific inquiry,” Sci. Educ., vol. 
88, no. 3, pp. 345–372, 2004, doi: 10.1002/sce.10130. 

[15] E. E. Toth, D. D. Suthers, and A. M. Lesgold, “‘Mapping to know’: The 
effects of representational guidance and reflective assessment on 
scientific inquiry,” Sci. Educ., vol. 86, no. 2, pp. 264–286, Mar. 2002, doi: 
10.1002/sce.10004. 

[16] G. Schraw and S. Lehman, “Situational Interest : A Review of the 
Literature and Directions for Future Research Author ( s ),” Rev. Educ. 
Psychol., vol. 13, no. 1, pp. 23–52, 2014, doi: 10.1023/A:1009004801455. 

[17] U. Schiefele, “Interest and Learning From Text,” Sci. Stud. Read., vol. 
8438, no. 1999, pp. 37–41, 2009, doi: 10.1207/s1532799xssr0303_4. 

[18] S. E. Wade, G. Schraw, W. M. Buxton, and M. T. Hayes, “Seduction of 
the Strategic Reader: Effects of Interest on Strategies and Recall,” Read. 
Res. Q., vol. 28, no. 2, p. 92, 1993, doi: 10.2307/747885. 

[19] P. A. Alexander and T. L. Jetton, “The role of importance and interest in 
the processing of text,” Educ. Psychol. Rev., vol. 8, no. 1, pp. 89–121, 
1996, doi: 10.1007/BF01761832. 

[20] L. Linnenbrink-Garcia et al., “Measuring situational interest in academic 
domains,” Educ. Psychol. Meas., vol. 70, no. 4, pp. 647–671, 2010, doi: 
10.1177/0013164409355699. 

[21] S. Hidi and K. Ann Renninger, “The four-phase model of interest 
development,” Educ. Psychol., vol. 41, no. 2, pp. 111–127, 2006, doi: 
10.1207/s15326985ep4102_4. 

[22] S. Sotiriou and F. X. Bogner, “Visualizing the Invisible: Augmented 
Reality as an Innovative Science Education Scheme,” Adv. Sci. Lett., vol. 
1, no. 1, pp. 114–122, 2008, doi: 10.1166/asl.2008.012. 

[23] R. S. Haluck, “Computers and Virtual Reality for Surgical Education in 
the 21st Century,” Arch. Surg., vol. 135, no. 7, p. 786, 2000, doi: 
10.1001/archsurg.135.7.786. 

256



[24] W. English, “Virtual reality and surgical education.,” J. Surg. Simul., vol. 
5, no. 2–2, 2000, doi: 10.1102/2051-7726.2018.a002. 

[25] Kaufmann H. Schmalstieg D. Wagner M., “Construct3D: A Virtual 
Reality Application for Mathematics and Geometry Education,” Educ. 
Inf. Technol., vol. 5, no. 4, p. 14, 2000, doi: 10.1023/A:1012049406877. 

[26] S. Tergan, “Digital Concept Maps for Managing Knowledge and 
Information,” in Conference: Knowledge and Information Visualization, 
Searching for Synergies, 2005, pp. 185–204. 

[27] J. Beel and S. Langer, “An exploratory analysis of mind maps,” in 
Proceedings of the 11th ACM symposium on Document engineering, 
2011, p. 81, doi: 10.1145/2034691.2034709. 

[28] H. Faste and H. Lin, “The untapped promise of digital mind maps,” in 
Proceedings of the 2012 ACM annual conference on Human Factors in 
Computing Systems - CHI ’12, 2012, p. 1017, doi: 
10.1145/2207676.2208548. 

[29] H. Lin and H. Faste, “Digital Mind Mapping : Innovations for Real-time 
Collaborative Thinking,” CHI’11 Ext. Abstr. Hum. Factors Comput. Syst., 
pp. 2137–2142, 2011, doi: 10.1145/1979742.1979910. 

[30] I. Jamil, K. O’Hara, M. Perry, A. Karnik, and S. Subramanian, “The 
effects of interaction techniques on talk patterns in collaborative peer 
learning around interactive tables,” in Proceedings of the 2011 annual 
conference on Human factors in computing systems - CHI ’11, 2011, p. 
3043, doi: 10.1145/1978942.1979393. 

[31] T. N. Arvanitis et al., “Human factors and qualitative pedagogical 
evaluation of a mobile augmented reality system for science education 
used by learners with physical disabilities,” Pers. Ubiquitous Comput., 
vol. 13, no. 3, pp. 243–250, 2009, doi: 10.1007/s00779-007-0187-7. 

[32] V. Chik, B. Plimmer, and J. Hosking, “Intelligent Mind-mapping,” in 
Conference: Proceedings of the 2007 Australasian Computer-Human 
Interaction Conference, 2007, pp. 195–198, doi: 
10.1145/1324892.1324931. 

[33] Coding Leap LLC, “NODA.” 2019, [Online]. Available: http://noda.io/. 

[34] K. Hinckley, R. Pausch, J. C. Goble, and N. F. Kassell, “A survey of 
design issues in spatial input,” in Proceedings of the 7th annual ACM 
symposium on User interface software and technology - UIST ’94, 1994, 
pp. 213–222, doi: 10.1145/192426.192501. 

[35] S. Zhai, W. Buxton, and P. Milgram, “The ‘Silk Cursor,’” in Proceedings 
of the SIGCHI conference on Human factors in computing systems 
celebrating interdependence - CHI ’94, 1994, pp. 459–464, doi: 
10.1145/191666.191822. 

[36] N. G. Vinson, “Design guidelines for landmarks to support navigation in 
virtual environments,” in Proceedings of the SIGCHI conference on 
Human factors in computing systems the CHI is the limit - CHI ’99, 1999, 
no. May, pp. 278–285, doi: 10.1145/302979.303062. 

[37] C. Lai, R. P. McMahan, and J. Hall, “March-and-Reach: A realistic ladder 
climbing technique,” 2015 IEEE Symp. 3D User Interfaces, 3DUI 2015 - 
Proc., pp. 15–18, 2015, doi: 10.1109/3DUI.2015.7131719. 

[38] R. P. McMahan et al., “Evaluating natural interaction techniques in video 
games,” 3DUI 2010 - IEEE Symp. 3D User Interfaces 2010, Proc., pp. 
11–14, 2010, doi: 10.1109/3DUI.2010.5444727. 

[39] M. Nabiyouni, A. Saktheeswaran, D. A. Bowman, and A. Karanth, 
“Comparing the Performance of Natural , Semi-Natural , and Non-
Natural,” IEEE Virutal Real. 2015, pp. 243–244, 2015, doi: 
doi:10.1109/3dui.2015.7131717. 

[40] R. P. McMahan, C. Lai, and S. K. Pal, Virtual, Augmented and Mixed 
Reality, vol. 10280. Cham: Springer International Publishing, 2017. 

[41] H. Benko, C. Holz, M. Sinclair, and E. Ofek, “NormalTouch and 
TextureTouch,” in Proceedings of the 29th Annual Symposium on User 
Interface Software and Technology, 2016, pp. 717–728, doi: 
10.1145/2984511.2984526. 

[42] M. Azmandian, M. Hancock, H. Benko, E. Ofek, and A. D. Wilson, “A 
Demonstration of Haptic Retargeting,” in Proceedings of the 2016 ACM 
on Interactive Surfaces and Spaces, 2016, no. May, pp. 501–504, doi: 
10.1145/2992154.2996883. 

[43] I. Ekman, “On the desire to not kill your players: Rethinking sound in 
pervasive and mixed reality games.,” Ext. Abstr. Publ. Annu. Symp. 
Comput. Interact. Play, pp. 142–149, 2013. 

[44] C. Johanson and R. L. Mandryk, “Scaffolding Player Location Awareness 
through Audio Cues in First-Person Shooters,” Proc. 2016 CHI Conf. 
Hum. Factors Comput. Syst., pp. 3450–3461, 2016, doi: 
10.1145/2858036.2858172. 

[45] K. Jørgensen, “Left in the dark: playing computer games with the sound 
turned off,” in From Pac-Man to Pop Music, K. Collins, Ed. Farnham: 
Routledge, 2017, pp. 163–176. 

[46] J. J. Cummings and J. N. Bailenson, “How Immersive Is Enough? A Meta-
Analysis of the Effect of Immersive Technology on User Presence,” 
Media Psychol., vol. 19, no. 2, pp. 272–309, 2016, doi: 
10.1080/15213269.2015.1015740. 

[47] L. J. Hettinger, K. S. Berbaum, R. S. Kennedy, P. Dunlap, and M. D. 
Nolan, “Vection and Simulator Sickness,” Mil. Psychol., vol. 5605, no. 
March 2012, pp. 37–41, 2009, doi: 10.1207/s15327876mp0203_4. 

[48] G. C. H. Lee, Y. Yoo, and S. Jones, “Investigation of driving performance, 
vection, postural sway, and simulator sickness in a fixed-based driving 
simulator,” Comput. Ind. Eng., vol. 33, no. 3–4, pp. 533–536, Dec. 1997, 
doi: 10.1016/S0360-8352(97)00186-1. 

[49] S. Classen, M. Bewernitz, and O. Shechtman, “Driving simulator 
sickness: An evidence-based review of the literature,” Am. J. Occup. 
Ther., vol. 65, no. 2, pp. 179–188, 2011, doi: 10.5014/ajot.2011.000802. 

[50] L. Stoffregen, T; Smart, “Postural instability precedes motion sickness,” 
Brain Res. Bull., vol. 47, no. 5, pp. 437–448, 1997. 

[51] J. Accot and S. Zhai, “More than dotting the i’s --- foundations for 
crossing-based interfaces,” Proc. SIGCHI Conf. Hum. factors Comput. 
Syst., no. 4, p. 73, 2002, doi: 10.1145/503376.503390. 

[52] E. M. Kolasinski, “Simulator Sickness in Virtual Environments,” United 
States Army Research Institute for the Behavioral and Social Sciences, 
vol. 1027, no. 4. Alexandria, VA, p. 68, 1995, doi: 10.1121/1.404501. 

[53] J. J. LaViola, “A discussion of cybersickness in virtual environments,” 
ACM SIGCHI Bull., vol. 32, no. 1, pp. 47–56, 2000, doi: 
10.1145/333329.333344. 

[54] M. Schrepp, A. Hinderks, and J. Thomaschewski, “Construction of a 
Benchmark for the User Experience Questionnaire (UEQ),” Int. J. 
Interact. Multimed. Artif. Intell., vol. 4, no. 4, p. 40, 2017, doi: 
10.9781/ijimai.2017.445. 

[55] H. B. Santoso, M. Schrepp, R. Yugo Kartono Isal, A. Y. Utomo, and B. 
Priyogi, “Measuring user experience of the student-centered E-learning 
environment,” J. Educ. Online, vol. 13, no. 1, pp. 1–79, 2016. 

[56] B. Laugwitz, T. Held, and M. Schrepp, “Construction and Evaluation of a 
User Experience Questionnaire,” in Proceedings of the 4th Symposium of 
the Workgroup Human-Computer Interaction and Usability Engineering 
of the Austrian Computer, 2008, pp. 63–76, doi: 10.1007/978-3-540-
89350-9_6. 

[57] J. Hinderks, A; Schrepp, M; Thomaschewski, “User Experience 
Questionnaire (UEQ),” 2018. https://www.ueq-online.org (accessed Sep. 
24, 2020). 

[58] I. Jamil et al., “Collaborating around Digital Tabletops,” ACM Trans. 
Comput. Interact., vol. 24, no. 3, pp. 1–30, May 2017, doi: 
10.1145/3058551. 

[59] A. Karnik, D. Martinez Plasencia, W. Mayol-Cuevas, and S. 
Subramanian, “PiVOT,” in Proceedings of the 25th annual ACM 
symposium on User interface software and technology - UIST ’12, 2012, 
p. 271, doi: 10.1145/2380116.2380151. 

 

257



978-1-7348995-2-8/21/$31.00 ©2021 Immersive Learning Research Network 

Space, a Central Frontier—The Role of Spatial 

Abilities When Learning the Structure of 3D AR 

Objects 
 

Jule M. Krüger  

Media-based Knowledge Construction 

University of Duisburg-Essen 

Duisburg, Germany 

jule.krueger@uni-due.de 

Daniel Bodemer 

Media-based Knowledge Construction 

University of Duisburg-Essen 

Duisburg, Germany 

bodemer@uni-due.de

Abstract—Learning about three-dimensional (3D) objects is 

the focus of many augmented reality (AR) applications. Although 

this underlines the importance of spatiality in AR experiences, 

learners’ spatial abilities should be considered in this context. 

While spatial abilities may compensate for the lack of spatial 

information in 2D representations (ability-as-compensator 

hypothesis), they may also be necessary for learning with 3D 

representations in the first place (ability-as-enhancer hypothesis). 

In the current study, we examine the role 3D spatial visualization 

abilities and 2D spatial memory abilities may play when learning 

with 3D AR objects. Both variables were measured in an 

exploratory pilot study in which N = 33 participants learned about 

the spatial structure of the modules of the International Space 

Station (ISS) with either an AR or a non-AR mobile application. 

We found that spatial abilities indeed had moderating effects on 

achievement in the learning task and knowledge test, although the 

results are inconclusive concerning an ability-as-enhancer 

or -compensator hypothesis. We discuss the results and conclude 

that it is necessary that researchers take a closer look at the role 

of learners’ spatial abilities when learning with 3D representations 

in AR. With additional insights, practitioners can then make 

informed decisions on using AR applications. 

Index Terms—augmented reality, spatiality, three-

dimensional, spatial abilities 

I. INTRODUCTION 

In augmented reality (AR), virtual elements can be 
visualized inside the real world. This may be beneficial for 
learning processes and outcomes when used in educational AR 
experiences, which could already be shown in various studies 
(see for example [1]–[4]). One aspect that plays an important 
role for learning with AR is the spatiality of the representation 
[5]. When learning about spatial, three-dimensional (3D) 
structures, a 3D representation provides learners with more 
information than a two-dimensional (2D) representation, 
specifically concerning spatial aspects of the object. AR has the 
potential to deliver 3D representations that are placed inside the 
real world and can be interacted with intuitively and thus viewed 
from various perspectives by walking around them. This enables 
a more realistic visualization of 3D objects which may even be 
processed more easily due to additional depth cues (e.g., motion-
based depth cues [6]) and a spatial reference to the real world. 
Although it is apparent that presenting spatial objects is a goal 

in most AR applications, as can for example be seen in studies 
cited in [3], [7], the role of spatial abilities has not been taken 
into account in most studies on AR in education. The current 
paper shows the results of an exploratory pilot study which 
indicates the importance of and could serve as a starting point 
for studies that examine the role of spatial abilities in learning 
with and about 3D objects in AR. 

II. THEORETICAL BACKGROUND 

A. Learning About 3D Objects in AR 

As mentioned before, learning about spatial structures or 
relationships is one area in which AR is often reported to be 
superior to other forms of visualizing information. Wu and 
colleagues refer to the usage of 3D content which can be viewed 
from different perspectives as one of the main features of AR 
[4]. In his meta-review, Radu describes different studies 
comparing AR to more traditional formats, which show positive 
results for learning with AR in particularly spatial domains [3]. 
In a study in the area of carpentry, for example, viewing a 
mortise-tenon joint in 3D AR resulted in better spatial 
recognition skills than using 2D instructions [8]. In another 
study with a focus on geography, using 3D AR representations 
also led to better understanding of spatial concepts concerning 
the earth-sun relationship [9]. Although it seems clear that AR 
can support spatial learning, a more nuanced look considering 
learners’ characteristics may be necessary. A cluster of 
characteristics that deserve attention in the context of learning 
about spatial structures and relationships in AR due to potential 
interferences with learning processes and outcomes, are 
learners’ spatial abilities [7]. 

B. Spatial Abilities 

Spatial abilities in general concern the processing of how 
elements are distributed in 2D or 3D space, with an important 
aspect being the competence to form and manipulate mental 
representations [10]. When memorizing its spatial structure is 
the goal of learning about a 3D object, it seems to be especially 
important to be able to hold a 3D mental representation of the 
object in your mind to review it from all perspectives. 
Constructing such a 3D mental model may be supported by 
learning with a 3D representation of the object even when 
learners’ spatial visualization abilities are low, because a 3D 
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mental representation can be stored directly without the 
necessity of mental transformation from a 2D format. This can 
potentially reduce mental demands and support the construction 
of more accurate mental models [11], [12]. 

While 3D spatial visualization abilities are clearly important 
when learning about the spatial structure of objects, another way 
to save the structure of the object as mental representation could 
be based on 2D pictures of different perspectives of the object. 
In one study it was found that key views of a 3D object that were 
shown to participants and perspectives near to those views were 
remembered better, suggesting that the objects in this study were 
memorized as 2D visualizations from different perspectives 
[13]. This supports theories stating that mental representations 
of 3D objects are saved as 2D images based on different 
perspectives [14]. Another important form of spatial abilities for 
learning about the spatial structure of 3D objects may thus be 
the ability to memorize the spatial composition of a 2D 
visualization representing a specific perspective on a 3D object. 

In general, it was found that spatial abilities can play a role 
when learning with 3D visualizations. In a meta-review on 
learning with visual representations, Höffler found that when 
using a 2D visualization, learners’ spatial abilities play a bigger 
role than when using a 3D visualization [15]. Here, an ability-
as-compensator hypothesis is supported, showing that especially 
learners with lower spatial abilities profit from using a 3D 
visualization. On the other hand, a study by Huk showed that 
especially learners with higher spatial abilities profited from 
learning with 3D visualizations, which supports an ability-as-
enhancer hypothesis [16]. The empirical basis is thus not 
completely clear on how learners with high or learners with low 
spatial abilities profit from learning with a 3D instead of a 2D 
visualization. Additionally, as stated above, learning about 3D 
objects in AR is a more specific case, which may differ from 
learning with other media especially due to the additional depth 
cues that can be delivered. To gain more insights in this area, the 
current study thus aims at further exploring the role of spatial 
abilities when learning the spatial structure of 3D objects in AR. 

C. Research Question 

As described above, the literature shows that spatial abilities 
have an influence on learning with and about 3D objects, which 
may also be true for the specific case of 3D objects in AR. 
Because in AR spatiality can be delivered with the help of more 
depth cues, it may be the case that learners with lower spatial 
abilities benefit from using AR for learning about 3D objects 
(ability-as-compensator hypothesis). On the other hand, more 
depth cues may deliver more complex information than less 
depth cues, which can only be processed with sufficiently high 
spatial abilities (ability-as-enhancer hypothesis). The current 
study takes an exploratory look at the role that spatial abilities 
play in learning with AR with different tasks and at different 
stages of the learning process. The general research question that 
should be answered is ‘Which role do spatial abilities play when 
learning about spatial objects in AR?’. Specifically, we will 
explore the two forms of spatial abilities which we identified as 
important for learning about the structure of a 3D object in the 
previous section, namely 3D spatial visualization and 2D spatial 
memory abilities. 

III. METHOD 

A. Design 

A between-subjects design with two conditions was applied 
in the current study, which was converted to an online setting 
due to the global COVID-19 pandemic during which no studies 
in the laboratory were allowed. Both groups received a mobile 
device application including the 3D model of the International 
Space Station (ISS) for a learning task, one in AR and one in a 
usual mobile version. Dependent variables we measured are the 
intermediate learning task achievement and the final learning 
outcome. Measured moderator variables are 3D spatial 
visualization and 2D spatial memory abilities. 

B. Participants 

N = 33 participants aged 18 to 30 (M = 24.64, SD = 2.69), 
18 male and 15 female, remained in the dataset after filtering out 
two outliers based on their age. Because the application was 
programmed as an APK for Android devices, participants 
needed to have access to a compatible device to take part in the 
study and had to be willing to download and install an external 
APK on their device. Furthermore, they needed to either be able 
to print the AR marker or use a second screen with the AR 
marker on it. Also, participants had to be 18 years or older. 
Otherwise, there were no requirements for taking part in the 
study. When asked about how often they had used mobile AR 
applications before, on a scale from 1 (“never”) to 5 
(“regularly”), the sample did not indicate a lot of experience 
with using mobile AR applications (M = 2.33, SD = 1.02) and 
using mobile AR learning applications (M = 1.42, SD = 0.71). 
The study with the ID psychmeth_2020_AR11_15 was 
approved by the department’s ethics committee. 

C. Mobile Applications 

For the study, two applications for Android devices were 
programmed using the Unity engine (version 2019.3.13.f1, 
[17]). For the AR version, the Vuforia Augmented Reality 
Development Kit version 9.2.7 [18] was required as a plugin for 
the Unity software. For both applications, a virtual 3D 
representation of the modules of the International Space Station 
(ISS) was created with the 3D modelling software Blender 
(version 2.79b, [19]). To simplify visual search processes for the 
learners, the solar panels and details were not included into the 
virtual model and it was only composed of a simplified 
representation of the 16 pressurized modules of the ISS (i.e., 
Columbus, Destiny, Harmony, JEF, JELM, JEM, JEMRMS, 
Leonardo, Pirs, Poisk, Quest, Rasswet, Sarja, Swesda, 
Tranquility, Unity). The model was built as a low-poly, low-
fidelity version so that the focus could be on the spatial structure 
of the modules without additional visual anchors and 
distractions like antennas. The model was based on an official 
virtual model of the ISS as of 2015/2016, which is provided by 
the NASA online [20]. To each of the 16 modules, a virtual label 
with its name was attached. The labels were automatically 
aligned with the user’s view so that they were always readable. 
When clicking on a label, it expanded with additional 
information about the respective module. Only one label could 
be expanded at once. The information for each module was 
compiled from the NASA’s website about the ISS [21].  
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Two versions of the application were programmed, one 
showing a 3D AR visualization of the virtual model and one 
showing a completely virtual 3D visualization on a black 
background during the learning phase. In Fig. 1 and Fig. 2, 
screenshots are shown respectively of the AR and the non-AR 

version of the model in the learning phase. Here, also the labels 
with the names can be seen with one label expanded to show the 
additional information for the respective module. For the AR 
version of the application, an AR marker was used to which the 
virtual model was anchored. Interaction with the virtual 3D 
model in the AR application was possible by either moving the 
device in relation to the marker or moving the marker itself to 
view the model from different perspectives, distances, and 
viewpoints. For the non-AR version, the same viewpoint 
changes were possible through touch-based interaction with the 
application. Participants could move the model either with the 
buttons in the right bottom corner of the application (see Fig. 2) 
or through swiping on the screen, but zooming was only possible 
through the buttons in the left bottom corner of the application.  

D. Instruments 

1) Learning Task Achievement: To make sure that each 
participant looked at every module and its position in the ISS at 
least once, a task was integrated into the learning phase of the 
study. In this learning phase, the participants answered one 
question per module of the ISS, so that a total of 16 questions 
were answered. These questions were asked in a multiple-choice 
format, where four answer options were shown from which one 
was correct (see Fig. 3 for a screenshot of the question interface 
of the learning task in the AR condition). These questions did 
not have a specific connection to the spatial structure of the 
model but could be answered based on the label-texts with 
additional information. Example questions are “Which module 
was the first module of the ISS?” and “Which module serves as 
an airlock?”. For each correct answer, the participants received 
one point, so that for the learning task a score from 0 (no 
question answered correctly) to 16 (all questions answered 
correctly) was possible. 

2) Learning Outcome: To measure the final learning 
outcome of the participants, a knowledge test for the spatial 
structure of the ISS was applied. The participants received a 
static picture of the ISS modules from a fixed viewpoint and 
matched the name of the module shown in the top left corner to 
the visualization by ticking the box of the respective module and 
confirming their selection (see Fig. 4 for a screenshot of the 
knowledge test interface). This was repeated for each of the 
modules’ names. The previous selections were not visible for the 
following mappings, so that modules could be matched with 
multiple names. Again, for each correct answer, the participants 
received one point, so that for the learning task a score from 0 
(no name matched correctly) to 16 (all names matched correctly) 
was possible. In comparison to the learning phase task, in the 
knowledge test the focus was specifically on spatial, structural 
object knowledge. 

3) 3D Spatial Visualization Abilities: For measuring 3D 
spatial visualization abilities, the revised Purdue Spatial 
Visualization Test with a focus on the visualization of rotations 
(PSVT:R, [22]) was used. This test was designed to measure 
cognitive abilities concerning the mental rotation and spatial 
visualization of 3D objects, which makes it a fitting measure for 
3D spatial visualization abilities. In the test, different 3D figures 
are shown. Above a line, a picture of a figure is shown on the 
left and a rotated version of that figure on the right. Below the 
line, a picture of a different figure and five rotated versions as 
answer options are shown (pictures of example items of the test 
can be found in, e.g., [22], [23]). The participants had to indicate 

 

Fig. 1.  Screenshot of the AR app with one ISS module activated. 

 

Fig. 2.  Screenshot of the non-AR app with one ISS module activated. 

 

Fig. 3.  Screenshot of the question interface (learning task) in the AR app. 

 

Fig. 4.  Screenshot of the knowledge test (same in both conditions). 
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which of the five figures in the answer options was rotated to the 
figure below the line in the same way as the figures above the 
line were rotated to each other. They thus had to mentally 
visualize those rotations in order to answer the items. The test 
consisted of 30 items and the participants got one point for each 
correct answer, so that for the PSVT:R a score from 0 (no item 
answered correctly) to 30 (all items answered correctly) was 
possible. 

4) 2D Spatial Memory Abilities: To test participants’ 2D 
spatial memory abilities, the Corsi-Block-Tapping task [24] was 
administered. This test can be used to measure the memorization 
of a spatial order of elements [25] and its 2D presentation makes 
it a fitting measure for 2D spatial memory abilities. In the test, 
the participants saw nine green squares (the blocks) which were 
placed in random positions on a black background. In the first 
round, two of those blocks were colored red in a random 
sequential order (see Fig. 5 for a screenshot of a trial in our 
implementation of the task). The participants were then asked to 
indicate the order in which the blocks changed their color by 
tapping on them. This was repeated with a new random 
arrangement of blocks. If the participant indicated at least one of 
the two sequences correctly, another sequence started in which 
now three of the squares changed the color. This was repeated 
with two sequences per number of color-changing blocks until 
both sequences in one set were indicated incorrectly or until the 
sequence including the maximum number of nine color-
changing blocks was mastered. Each participant received thus 
between 2 and 18 block-tapping sequences. The score of the test 
is taken from the longest sequence that was indicated correctly, 
so that scores can range from 1 (no sequence correct) to 9 
(sequence with highest number of color-changing blocks 
correct).  

5) Additional Instruments: In order to get a more complete 
picture on how learning with 3D AR may be influenced by 
learners’ spatial abilities, additional data were collected about 
exploratory variables including cognitive and motivational 
factors. In reference to the learning phase, the Cognitive Load 
Questionnaire by Klepsch and colleagues [26] was administered 
to capture information concerning the intrinsic, extraneous, and 
germane cognitive load [27] of the participants during task 
execution. Also, the NASA TLX measuring mental demand, 
physical demand, temporal demand, performance, effort, and 
frustration [28], [29] and the Intrinsic Motivation Inventory 
measuring interest/enjoyment, perceived choice, perceived 
competence, effort/importance and pressure/tension [30], [31] 
were administered in reference to the learning task. Both the 
Cognitive Load Questionnaire and the NASA TLX were 
additionally administered at the end of the data collection in 
reference to the knowledge test.  

E. Procedure 

As part of the study, the participants were randomly 
distributed to one of the two conditions and provided with the 
APK-file of the respective version of the mobile application. 
Because the study took place as an online study, the participants 
were asked to install the APK-file on their own Android device. 
The participants in the AR condition also printed the necessary 
AR marker. For all communication and to offer participants the 
possibility to contact the experimenter if they had any technical 
difficulties or questions, a live connection through a (video or 
voice) chat was kept during the whole experiment. This way, the 
situation was also more similar to a laboratory study than a usual 
online survey. Before the start of the study, the participants 
received a verbal introduction, describing the terms and 
procedure of the study. Afterwards, they read and accepted an 
informed consent form before the data collection started in a 
survey on their computer screens. First, the PSVT:R was 
administered. Afterwards, the participants were asked to start 
the mobile application, in which they received the Corsi-Block-
Tapping task. After they finished this test, the learning phase 
started. They first read two pages of instructions and preparatory 
information about the learning task in the mobile application 
before then being forwarded to the respective learning task scene 
as displayed in Fig. 1 and Fig. 2. The participants could look at 
the model and after answering the 16 questions on the modules 
(as displayed in Fig. 3), they were forwarded to a page telling 
them to address the experimenter in the live chat. The three 
questionnaires (Cognitive Load Questionnaire, NASA TLX and 
Intrinsic Motivation Inventory) followed in reference to the 
learning task and were administered as part of the survey on their 
computer screens again. Afterwards, the participants were again 
asked to use the mobile application and executed the 16 items of 
the knowledge test as shown in Fig. 4. In the last block of the 
study, both the Cognitive Load Questionnaire and the NASA 
TLX were administered again, this time with reference to the 
knowledge test. After finishing, the participants received a 
debriefing, and the study was over. A visual representation for 
clarification of the procedure of the study can be seen in Fig. 6. 
The two conditions only differed in the visualization of the 3D 
model in the learning phase of the study.  

IV. RESULTS 

A. Learning Task and Knowledge Test 

In order to get a first impression on how the use of the 
different applications had an influence on task and test results in 
general, we tested for differences between the two groups. The 
first test included the score on the task including questions about 
the different modules of the ISS in the learning phase as 
dependent variable and the type of application as grouping 
variable. In the task, a score from 0 to 16 could be accomplished. 
The score on the learning task was found to be descriptively 

 

Fig. 5. Screenshot of our implementation of the Corsi-Block-Tapping task. 

 
Fig. 6.  Procedure of the study. 
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lower for the AR than the non-AR condition (MAR = 12.18, 
SDAR = 3.36; MnAR = 13.06, SDnAR = 2.57). Because when tested 
with a Shapiro-Wilk test the data in the two conditions were not 
found to be normally distributed (WAR = 0.86, p = 0.017; 
WnAR = 0.76, p < 0.001), we applied a Mann-Whitney U test to 
test for differences between the groups. No significant 
difference was found between the two groups, U = 113.50, 
p = 0.420, d = 0.30. 

The second test included the score on the knowledge test 
including the matching of names to modules after the learning 
phase as dependent variable and the type of application as 
grouping variable. In the knowledge test, a score between 0 and 
16 could be accomplished. The score on the knowledge test was 
found to be descriptively higher for the AR than the non-AR 
condition (MAR = 5.65, SDAR = 2.96; MnAR = 4.63, 
SDnAR = 2.83). Because when tested with a Shapiro-Wilk test the 
data in the two conditions were found to be normally distributed 
(WAR = 0.95, p = 0.435; WnAR = 0.96, p = 0.734), we applied a 
Welch’s t-test to test for differences between the groups. Again, 
no significant difference was found between the two groups, 
t(31) = -1.01, p = 0.318, d = -0.35. 

Although the two groups did not differ significantly on their 
task and test results, it is interesting to see that descriptively the 
differences of the means go into different directions, both with 
a small effect size. This suggests that although using the 3D AR 
visualization of the ISS may have decreased the performance in 
the learning task itself, it may have improved the final learning 
outcome concerning the spatial structure of the ISS modules. In 
the next sections, the results will be specified in relation to the 
two forms of spatial abilities. 

B. 3D Spatial Visualization: PSVT:R 

In order to see how the PSVT:R score had an influence on 
the relationship between the type of application and the task and 
test results, two analyses concerning the two dependent 
variables (learning task score and knowledge test score) were 
executed. In general, the scores on the PSVT:R test were 
descriptively a little lower in the AR condition (MAR = 20.18, 
SDAR = 5.95; MnAR = 22.00, SDnAR = 4.52). Because we found 
no significant interaction effect between the type of application 
and PSVT:R score in relation to the knowledge test score 
(Z = -0.07, p = 0.948), no further analyses concerning 
moderation effects were executed here. 

We did find a significant interaction effect between the type 
of application and PSVT:R score in relation to the task score 
(Z = -2.21, p = 0.027). Further simple slope analyses were 
executed, where standard errors were calculated based on the 
bootstrap percentiles method with 10,000 bootstrapped samples. 
In Fig. 7 it can be seen that participants with a lower PSVT:R 
score (mean – 1SD) benefitted most from AR in comparison to 
non-AR (b = 1.79, 95% CI [-0.30, 5.00], SE = 1.32, Z = 1.35, 
p = 0.177) with a mean increase of 1.79 points in the learning 
task, although the effect is not significant on this level. 
Participants with an average score did not really profit from the 
AR visualization (b = -0.74, 95% CI [-3.08, 1.68], SE = 1.20, 
Z = -0.62, p = 0.535) and participants with a higher score 
(mean + 1SD) were even hindered in their learning (b = -3.27, 
95% CI [-6.92, 0.02], SE = 1.79, Z = -1.82, p = 0.068) with a 

mean decrease of 3.27 points in the learning task, although the 
effect is also not significant on this level. 

Concerning 3D spatial visualization abilities measured by 
the PSVT:R it was thus found that learners with lower abilities 
were mostly supported by AR in their successful task execution, 
while learners with higher abilities were even hindered. To find 
an explanation for these results, we looked at the cognitive and 
motivational variables that we measured in the study directly 
after the learning task. In the measured variables, we found a 
significant moderation effect of 3D spatial visualization abilities 
with a similar pattern concerning intrinsic cognitive load 
(Z = -2.25, p = 0.025). The simple slopes, which can also be 
seen in Fig. 8, show that intrinsic cognitive load, which 
according to Cognitive Load Theory gets higher when either 
task complexity is higher or prior knowledge is lower [27], for 
people with lower spatial abilities was higher when learning 

 

Fig. 7.  Simple slopes for the moderation effect of PSVT:R score on the effect 

of application type on learning task score. 

 

Fig. 8.  Simple slopes for the moderation effect of PSVT:R score on the effect 

of application type on intrinsic cognitive load. 
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with the AR than with the non-AR 3D visualization. Participants 
with a lower PSVT:R score (mean – 1SD) had the highest 
increase in intrinsic cognitive load from non-AR to AR 
(b = 1.38, 95% CI [-0.55, 2.94], SE = 0.90,  Z = 1.54, p = 0.123), 
there was not really a difference for participants with an average 
score (b = 0.09, 95% CI [-0.91, 1.05], SE = 0.50, Z = 0.18, 
p = 0.860) and participants with a higher score (mean + 1SD) 
had a decrease in intrinsic cognitive load (b = -1.20, 95% CI 
[-2.74, 0.08], SE = 0.65, Z = -1.86, p = 0.063). Although the 
simple slopes at these levels were not significant, this may 
suggest that solving the learning task in the AR version of the 
application increased perceived cognitive load from the 
complexity of the learning material for learners with lower 3D 
spatial visualization abilities, but not for learners with higher 
abilities. 

C. 2D Spatial Memory: Corsi-Block-Tapping Task 

To examine the influence of the Corsi-Block-Tapping score 
on the relationship between type of application and task and test 
results, again two analyses concerning the two dependent 
variables were executed. In general, the scores on the Corsi-
Block-Tapping test were descriptively a little higher in the AR 
condition (MAR = 7.18, SDAR = 1.19; MnAR = 6.94, 
SDnAR = 1.12). We found no significant interaction effect 
between type of application and Corsi-Block-Tapping score in 
relation to learning task score (Z = -0.70, p = 0.481), so no 
further analyses concerning moderation effects were executed. 

We did find a significant interaction effect between the type 
of application and Corsi-Block-Tapping score in relation to the 
knowledge test result (Z = 2.24, p = 0.025) and further simple 
slope analyses were executed. Standard errors were again 
calculated based on the bootstrap percentiles method with 
10,000 bootstrapped samples. In Fig. 9 it can be seen that 
participants with a higher Corsi-Block-Tapping score 
(mean + 1SD) benefitted most from using AR in the learning 
phase compared to non-AR (b = 3.27, 95% CI [0.27, 5.74], 
SE = 1.40, Z = 2.33, p = 0.020) with a significant effect showing 
a mean increase of 3.27 points in the subsequent knowledge test. 
For participants with an average score a not significant but 
positive effect can be found, showing that descriptively they 
might have profited from the AR visualization (b = 1.05, 95% 
CI [-0.86, 2.99], SE = 0.99, Z = 1.06, p = 0.288). Participants 
with a lower score (mean – 1SD), on the other hand, were 
descriptively hindered by learning with AR (b = -1.71, 95% CI 
[-3.62, 1.97], SE = 1.42, Z = -0.82, p = 0.413) with a mean 
decrease of 1.71 points in the subsequent knowledge test, 
although this result is also not significant on this level.  

Concerning 2D spatial memory abilities measured by the 
Corsi-Block-Tapping task it was thus found that learners with 
higher abilities profited from learning with a 3D AR 
visualization of the ISS resulting in a higher knowledge 
concerning the spatial structure, while learners with higher 
abilities had even decreased learning results. In order to find an 
explanation for these results, we looked at cognitive variables 
that we measured in the study directly after the knowledge test. 
In the measured variables, we found a significant moderation 
effect of 2D spatial memory abilities with an opposite pattern 
concerning mental demand (Z = -3.04, p = 0.002). The simple 
slopes, which can also be seen in Fig. 10, show that mental 
demand, which describes how much mental activity was 
required to solve the task [28], [29], for lower spatial abilities 
learners who learned with AR was higher than for those who 
learned with the non-AR 3D visualization. Participants with a 
lower Corsi-Block-Tapping score (mean – 1SD) had the highest 
increase in mental demand when they learned with 3D AR 
compared to non-AR (b = 3.86, 95% CI [-2.75, 9.08], SE = 3.00,  
Z = 1.29, p = 0.198), there was a small negative difference for 
participants with an average score (b = -1.05, 95% CI [-4.85, 
2.64], SE = 1.91, Z = -0.55, p = 0.581) and participants with a 
higher score (mean + 1SD) had a decrease in mental demand 
(b = -5.97, 95% CI [-9.68, -1.37], SE = 2.09, Z = -2.85, 
p = 0.004). This moderation pattern is opposite to the one found 
concerning knowledge task results and may suggest that using 
the AR version of the application during the learning phase 
increased the amount of mental demand that was necessary for 

 

Fig. 9.  Simple slopes for the moderation effect of Corsi-Block-Tapping score 

on the effect of application type on knowledge test score. 

 

Fig. 10.  Simple slopes for the moderation effect of Corsi-Block-Tapping 

score on the effect of application type on mental demand. 
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solving the subsequent knowledge test concerning the spatial 
structure for learners with lower 2D spatial memory abilities, but 
not for learners with higher abilities. 

V. DISCUSSION 

In the current study, we found that the effect of learning with 
a 3D AR application instead of a 3D non-AR application on a 
mobile device on intermediate and final task results can be 
differently influenced by different spatial abilities. In the 
intermediate task, which was part of the learning phase and in 
which learners answered questions about the different modules 
of the ISS based on information presented to them in either an 
AR or a non-AR 3D visualization, learners with lower 3D spatial 
visualization abilities profited more from using AR than learners 
with higher 3D spatial visualization abilities. This supports an 
ability-as-compensator hypothesis. In further analyses, the same 
pattern was supported concerning intrinsic cognitive load, 
showing that learners with lower 3D spatial visualization 
abilities had an increase in intrinsic cognitive load from non-AR 
to AR, while a decrease was found for higher abilities learners. 
This result is somewhat surprising. Intrinsic cognitive load in 
Cognitive Load Theory is dependent on prior knowledge and 
complexity of the learning material [27]. Both factors should not 
have differed between the two conditions. An explanation for 
the found effect could be that learners with lower 3D spatial 
visualization abilities felt overwhelmed by the 3D AR 
representation in a way that they reflected this onto the 
complexity of the learning material. This could have been the 
case despite the non-spatial nature of the questions asked in the 
learning phase, because the 3D AR representation may have 
suggested a more spatial task. Furthermore, concerning the 
achievements in the task, the perception of the task as more 
complex may have led the lower abilities learners to put more 
effort into the task and thus reach better task results. The learners 
with higher 3D spatial visualization abilities, on the other hand, 
also may have expected a more spatial task but were then 
underwhelmed by the task complexity and did not put that much 
effort into task completion. Although the effort hypothesis may 
be a possible explanation, it is not supported by the other 
measured variables of the study. For more insight, more research 
is thus necessary on how spatial abilities have an influence on 
learning processes and task achievement when executing a 
learning task in a 3D AR environment. 

In the final knowledge test, in which learners assigned the 
names of the different modules of the ISS based on their recall 
from the previous learning phase, learners with higher 2D spatial 
memory abilities profited more from having learned with 3D AR 
in the previous learning phase than learners with lower 2D 
spatial memory abilities. This supports an ability-as-enhancer 
hypothesis. In further analyses, the opposite pattern was 
supported concerning mental demand, showing that learners 
with lower 2D spatial memory abilities had an increase in mental 
demand from the non-AR to the AR condition, while a decrease 
was found for higher abilities learners. This may explain the 
results concerning knowledge outcomes showing that 
participants with lower 2D spatial memory abilities, who had 
lower knowledge test scores in the AR than the non-AR 
condition, rated the test as more mentally demanding when they 
had learned with the AR representation. This may suggest that 
they had insufficient skills to better solve the knowledge test. 

For solving the knowledge test, only a complete mental model 
of the model of the ISS from one specific viewpoint was 
necessary, because the test was administered with a static 2D 
picture. As suggested by Bülthoff and colleagues, 3D objects 
may be saved in the brain as 2D images from different 
perspectives [14]. The 3D AR representation may in general 
have been more inviting to look at the model from different 
perspectives, including the viewpoint of the test, which learners 
with higher 2D spatial memory abilities could then memorize 
and recall during the knowledge test easily. Learners with lower 
2D spatial abilities, on the other hand, may have been 
overwhelmed by the more spatial AR visualization, even leading 
to a slightly better learning result in the less spatial non-AR 
visualization. As the participants in this study did not indicate a 
lot of experience with AR applications, this effect may even 
have been increased by the novelty of 3D AR in comparison to 
usual 3D visualizations. Learners may have had some time to 
learn compensating for lower spatial abilities when dealing with 
usual 3D models but may not have this experience with AR 
models. For more insight, more research is necessary on how 
spatial abilities have an effect on the influence learning with 3D 
AR has on subsequent learning results especially concerning 
spatial learning topics like the structure of 3D objects. 

These results suggest that if and how different spatial 
abilities are beneficial for task execution and learning results 
depends on the specific tasks being executed. This shows that 
spatial abilities may improve or hinder learning with 3D AR, 
where both the specific tasks and the specific type of spatial 
abilities need to be considered. It is thus not completely sure, if 
an ability-as-compensator or ability-as-enhancer hypothesis can 
be supported and if this even differs with different tasks and 
spatial abilities. 

The current study is only a pilot study with a small sample 
size, so more research is of course necessary. Also, the study 
was implemented on an exploratory basis, so future research 
needs to confirm the findings guided by specific hypotheses. 
Especially concerning potentially influential cognitive and 
motivational process-related variables, which were constricted 
but exploratorily included in the form of cognitive load, taskload 
and intrinsic motivation in the current study, informed 
assumptions and research guided by theory and empirical results 
can and should be made in future research on the effects of 
spatial abilities on learning with 3D visualizations in AR. 
Nonetheless, we suggest that the current study can be a starting 
point for more research bridging 3D AR and spatial abilities. 

If in more confirmatory future research it is supported that 
learners with higher spatial abilities profit more from specific 
3D AR learning tasks than learners with lower spatial abilities, 
a goal might be to increase spatial abilities in all learners before 
including AR applications into a curriculum. There is no 
evidence that spatial abilities are fixed [32], so training is 
possible and could even be implemented in AR itself. Martín-
Gutiérrez and colleagues, for example, designed an AR book to 
train spatial abilities in engineering students, which showed 
positive effects on both spatial relation and spatial visualization 
abilities [33]. 

In conclusion we can say that it is important to pay more 
attention to learners’ spatial abilities when using 3D AR material 
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for teaching the spatial structure of objects. The current study 
provides a hint that the relationship between different forms of 
spatial abilities and learning with 3D AR is not always straight 
forward. It also suggests that different kinds of spatial abilities 
are important for different kinds of tasks in 3D AR. The study 
can be seen as a pilot study connecting spatial abilities and 3D 
AR that motivates further experimental research with bigger 
sample sizes and a systematic variation of tasks, spatial abilities 
and learning material complexity to corroborate, deepen and 
disentangle these findings. 
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Abstract—A series of virtual reality (VR) sessions was developed 

to explore students’ perceptions of the use of VR as a teaching 

intervention during lectures in an undergraduate taxation module. 

The study was based on the theoretical framework of the 

Technology Acceptance Model (TAM) and the Educational 

Framework for immersive Learning (EFiL) and made use of a 

longitudinal multi-method research design approach. Data was 

gathered from 566 students over the academic year using three 

questionnaires which were statistically analyzed. Written 

reflections were also collected from students and these reflections 

were thematically analyzed. The results show that students were 

positive about participating in a VR teaching intervention before 

they had been exposed to VR in the classroom and that they 

remained positive throughout the academic year as the VR 

interventions were rolled out on three different occasions. Students’ 

reflections were also overwhelmingly positive, and students believe 

that VR is an effective and innovative way to enhance learning. The 

contribution of this research can be found in its use of a longitudinal 

study to provide understanding of the perceptions of 

undergraduate taxation students of the use of VR.  

Index Terms—virtual reality environment, immersive learning, 

students’ perceptions, enhanced learning, teaching intervention, 

longitudinal study, mixed-method research design 

I. INTRODUCTION 

The Global Investment Research division at Goldman Sachs 
predicts that by the year 2025, the digital market will expand to 
US$ 95 billion, of which 75 percent will be invested in 
entertainment [1]. The digital market will consist of augmented 
reality/virtual reality (AR/VR). Additionally, the Fourth 
Industrial Revolution is due to peak in 2025, and it will be based 
on cyber-physical devices [2]. VR falls within this category. VR 
is used in various disciplines and fields of research. The potential 
for research when applying VR in an educational environment 
has not yet been entirely explored. The research question driving 
this study is thus: What are students’ perceptions of the use of VR 
as a teaching intervention during lectures in an undergraduate 
taxation module?  

The contribution of this research can be found in its use of a 
longitudinal study to provide understanding of the perceptions of 
undergraduate taxation students of the use of VR. Students from 
the University of Pretoria originate from vast and diverse 
backgrounds. As many of these students are from the first 
generation to attend a university, they have limited exposure to 
the bigger finance field. As taxation falls within the field of 
finance, many of the students do not have a sufficient 
understanding or experience to contextualize the content for 

themselves. The focus of this study is the exploration of the use 
of VR as a contextualizing tool in tertiary-level education in a 
developing country where the massification of classes is common 
and where there is limited access to technology. While VR 
headsets are limited in clarity and interaction, the fact that they 
are affordable, and the technology can be accessed via smart 
phones makes the application of VR in classrooms possible. 
Ultimately, this research will contribute to the preparation of 
future leaders to embrace the digital market and to manage cyber-
physical devices. 

The aim of the research is to establish whether or not students 
perceive the use of VR in the classroom as a tool that can enhance 
their understanding of the principles of taxation. The research 
thus deepens the researchers’ understanding of the impact of VR 
on the learning process of undergraduate taxation students. 

A longitudinal mixed-method research design is followed in 
the study. The design was selected to improve the in-depth 
understanding of the perceptions of the students when immersed 
in the VR teaching intervention. 

The discussion commences with a literature review on the 
application of VR in education. The research methodology is then 
highlighted, leading into an analysis and discussion of the 
research results and findings. Finally, the discussion concludes 
by addressing the research question. 

II. LITERATURE 

According to [3], “A virtual environment (VE) is a digital 
space in which a user’s movements are tracked and his or her 
surroundings are digitally composed and displayed to the senses, 
in accordance with those movements.” The tracking, composing 
and displaying of the senses allows for a more enhanced level of 
interactivity in comparison with traditional media. In the VE, the 
user is actively involved, and the user’s actions allow the user to 
experience a VR. Interactive motions result in increased 
cognitive engagement with the VE that may be in sharp contrast 
to a more passive viewing experience such as watching 
television. VEs can be created to reflect the reality around us 
(augmented reality), or they can represent a different or fantastic 
world (virtual reality). The hardware associated with VEs varies 
from cellular phones to complex and fully immersive equipment 
that allows the individual to move around in the VR. The sense 
of immersion can be further enhanced by the use of interactive 
gloves and similar devices [3].  

The first steps into the world of VR were taken by Edwin Link 
in the 1920s when he developed the world’s first flight simulator 
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to train novice pilots. Later, the first multimedia device for 
entertainment was invented by Morton Heilig in 1957 but was 
only patented in 1962. This device was called the Sensorama. 
Engineers at Philco Corporation developed the first head-
mounted display (HMD) between 1962 and 1968 and called it the 
Headsight. The intended use of the HMD was to enable helicopter 
pilots to view their surroundings during night flights. In 1968, the 
first HMD attached to a computer was created by Ivan Sutherland 
[4]. 

During the 1980s, VR was used in several projects for NASA, 
and in the 1990s, the VR profile received a public awareness 
boost, but by the end of the 1990s, interest in VR started to 
decline due to negative public sentiment towards this technology 
as a result of high prices and limited accessibility [4]. 

Although VR was applied in several fields of study, it was 
expensive, and only large corporations could afford it. Large 
corporations were mainly interested in the concept of the 
immersive virtual reality environment (IVRE) developments 
with extensive possibilities, such as Second Life [5]: a virtual 
world where the user can move around, ask questions and interact 
through an avatar.  

Technological advances during 2016 allowed the cost of VR 
equipment to decrease when more affordable HMDs were 
introduced at a low cost [1]. Although VR was already being used 
in various industries, the decrease in cost expanded the use of VR 
applications to a multitude of disciplines.  

One of the disciplines where this technology has been used is 
in education. In Second Life, for example, there are 
approximately 150 educational institutions where classes are 
presented to registered students [6]. The objective for using 
Second Life is thus to create an environment where time, space 
and money are not limiting.  A virtual space such as Firestorm 
can also be used for educational purposes [6] as they provide an 
advanced open-source viewer to improve the experience of the 
user. IVREs are mainly used for distance education programmes 
where students seldom (if ever) have the opportunity to interact 
with the lecturer or with class peers in real life. This environment 
provides opportunities for academic and social interaction 
without the cost and challenges of travelling. VR overcomes 
physical boundaries and offers a learning opportunity that may 
rarely be available in real life.  

VR is further used in education as a teaching and learning tool 
at an Australian University [7], in multigenerational classrooms 
in higher education [8], to ascertain the physical position of 
students in a classroom with regard to where they should sit for 
most effective learning [9], and for children with attention-deficit 
and hyperactivity disorder, or ADHD [10].  Students can 
experience new learning opportunities through digital 
enhancements, such as bringing a historical figure to life in class 
or creating a virtual classroom where every student receives equal 
attention from the teacher.  

In the field of finance education, VR has the ability to 
interactively facilitate learning of employees or customers by 
providing tools to transfer new information [11].   

VR is seen by 90% of teachers as an effective way to provide 
personalized and diverse learning opportunities while 97% of 
students suggested that they would prefer lectures with VR as an 

educational tool [12]. This is emphasized by research in the UK 
indicating that 96% of universities use AR or VR to some extent 
[13]. 

The VR Education Model (VEM) confirmed VR and its 
application as an educational tool [7]. The VEM consists of four 
elements: 

• Experiencing: The idea that one can be immersed in a 
historical or fantastic world where one can respond 
according to one’s own rules emphasizes the unique 
learning experience created by VR.   

• Engagement: VR should be created in such a way to 
ensure the continued and effective engagement of 
students with the VR.  

• Equitability: The potential of the VR to present the 
world as equal and different to every person is an 
advantage of the VEM. 

• Everywhere: For the VR experience, there is no 
limitation on where, when and how learning occurs. 

Clearly, as stated by [14], “The potential of VR to transform 
learning environments is significant.” 

Brickens commenced research with VR and immersive 
learning in education during the 1990s. Immersive learning can 
be defined as learning activities where a teaching intervention 
prompts a sense of presence. Based on Brickens’s work, further 
studies were conducted on immersive learning, and several 
factors that may influence the IVRE were identified. One of the 
factors described by Brickens is “presence”. Presence is a 
subjective feeling of “being there” and can be seen as a pivotal 
building block of perceptions and interpretation when associated 
with immersive learning [15]. According to [15], in their 
Educational Framework for immersive Learning (EFiL), 
immersion by itself does not influence learning, but the learning 
experience is influenced by perceptions. Perceptions are created 
through presence and interpretation. From an experiment 
conducted by [16] on the EFiL, learning with technology is 
facilitated through an individual’s perceptions of the learning 
environment as well as the individual’s specific personal 
characteristics.  

Several studies have investigated the perceptions of students 
receiving courses via IVRE, and the challenges identified by 
these studies are mainly the barriers created by the use of new 
technology. Such issues could be attributed to a resistance to the 
use of new technology or to the frustration of students who lack 
technological experience, confirming that students’ attitudes 
towards new technology are driven by perceived usefulness and 
perceived ease of use (thus by their perceptions). According to 
the Technology Acceptance Model (a theoretical framework for 
assessing how people make decisions regarding the adoption of 
new technology [17].), perceived usefulness and perceived ease 
of use are the two cognitive responses that drive the actual use 
behavior [17], [18], and these responses are driven by external 
factors such as social and cultural factors. The responses and 
external factors thus influence the attitude of the user towards the 
new technology [17], [19]. One of the meta-analyses of the TAM 
literature reviewed 88 articles. It was found that the TAM is a 
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powerful tool when using large samples; it is highly reliable and 
can be applied in a wide variety of contexts [20].  

The challenges experienced in the IVRE courses have 
consequently led to the idea that the IVRE has limited educational 
and social value. Adding to this is the technology itself, where 
students lack access to the necessary hardware or reliable 
internet/Wi-Fi signal [6], [5]. Some students reported dizziness 
(motion sickness) when using the IVRE while teachers found the 
development of an IVRE time-consuming [6].  

As perceptions facilitate learning in an immersive 
environment (with reference to the TAM model and EFiL 
framework), it is essential to understand students’ perceptions of 
the VR experience. The focus of this study is thus to determine 
the perceptions of students before, during and after the use of a 
VR application in the physical classroom. The TAM thus 
provides a theoretical basis for evaluating the perceptions of 
students before, during and after using VR (new technology) as a 
teaching intervention during undergraduate taxation lectures. The 
only source that could be found on the perceptions of VR was the 
study by [14], where the perceptions of teachers were gauged 
before and after the implementation of VR in the classroom. 

The current study follows a longitudinal mixed-method 
research design in order to establish the long-term perceptions of 
students during the immersive VR teaching interventions. [21] 
confirmed the appropriateness of a longitudinal design for VR 
research when they used a longitudinal study to gauge small 
group interaction in a social VR environment.  

The study was conducted at a South African University, using 
three different VR teaching interventions in the field of taxation, 
in a large class environment (932 students). The only evidence 
found of VR as a case study in a tertiary-level classroom in any 
financial science field was a study done with a taxation class (200 
students) at Swansea University in Wales, United Kingdom [22]. 
In South Africa, the phenomenon of large class sizes, or the 
massification at universities, is a substantial issue [23]. [23] 
concludes that the solution to superior quality of education in 
massive classes is the creative and innovative engagement of 
students in an interactive environment. A VR teaching 
intervention may thus be the envisioned student engagement that 
leads to superior quality of education. 

III. METHODOLOGY 

The application of VR as a teaching intervention was deemed 
to be new technology and therefore the application of the TAM 
was consulted. According to the TAM, the acceptance of new 
technology is dependent on perceived usefulness and perceived 
ease of use. Thus, the perceptions of the students regarding the 
new technology need to be assessed. The application of VR in an 
educational environment, leads to an immersive learning 
experience. The EFiL framework explained that perceptions of 
students will predict their engagement during the immersive 
learning intervention. Therefore, the TAM and the EFiL 
framework confirmed that gauging students’ perceptions will 
support an in-depth understanding of students’ learning 
experience.  

The current study is based on a longitudinal mixed-method 
research design where undergraduate taxation students at the 
University of Pretoria in South Africa were exposed to three VR 

teaching interventions during their formal lectures in 2019. Prior 
to 2019, contextualization of content took place via 2D-videos or 
discussion classes focused on relevant news reporting. During 
lectures, written case studies were used to incorporate real-life 
events into the learning environment. The VR teaching 
interventions consisted of a verbal introduction to the case study, 
the VR case study itself (via the YouTube application) and a 
group assignment to be submitted before the end of the session. 
Students’ perceptions were captured via questionnaires which 
were distributed to the students during the lecture before the 
teaching intervention (pre-questionnaire) and after (post-
questionnaire) the first VR teaching intervention (Session 1: 
February 2019) and after (post-questionnaire) the third teaching 
intervention (Session 3: September 2019). Written comments 
were requested from the students after the second intervention 
(Session 2: May 2019) to reveal their perceptive reflection on the 
immersive learning experience.  

A mixed-method research design was followed where the 
data captured from the pre- and post-questionnaires (Sessions 1 
and 3) were statistically analyzed (quantitatively) by frequency 
and paired. Wilcoxon signed rank tests were performed between 
the questionnaires (Sessions 1 and 3) and findings from the 
students’ written reflections (Session 2) were thematically 
analyzed (qualitatively). Ethical clearance for the research project 
was obtained from the Ethics Committee of the Faculty of 
Economic and Management Sciences. An informed consent form 
was also distributed to the students before each data collection 
opportunity which enabled them to decide to participate in the 
research or not.    

The cohort of undergraduate taxation students (932 students) 
at the University of Pretoria attend formal compulsory lectures 
with class sizes varying between 200 and 350 students. 
Traditionally, the larger class sizes are associated with inferior 
education practices [23]; there are minimal interaction 
opportunities between the lecturer and individual students due to 
the formal, restrictive layout and the high number of students 
attending each session. Using a VR teaching intervention allowed 
students to self-direct their immersive learning experience and 
interact with their peers (2-3 students per group) and lecturer, as 
the environment was more conducive to participation than the 
typical in-person classroom environment.  

Students used low-cost VR headsets (provided by the 
University of Pretoria) as well as their own cell phones (smart 
phones) for the VR intervention. The VR headsets were made of 
durable plastic for multiple usage. In preparation for the VR 
teaching intervention, the students tested their phones for 
compatibility and downloaded apps they would need during the 
lecture. This ensured that the students were ready for the 
immersive VR learning experience in class. 

Since South Africa is a developing country, not all students 
have access to smart phones that are compatible with VR. This 
was one of the reasons for students to work together in groups so 
that no student was excluded because the student’s cell phone was 
not compatible. The VR was presented to the students in the form 
of online media, using YouTube as the platform. Since the 
classrooms have Wi-Fi access available for all students, the 
students were able to stream the VR media from their phones. 
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According to Table I, the Session 1 pre-questionnaire (pre-
S1) was completed by 692 students, and the Session 1 post-
questionnaire (post-S1) was completed by 790 students. The 
Session 3 post-questionnaire (post-S3) was completed by 742 
students. The overall response rate of 60.7 percent was calculated 
by looking at the number of students who participated in all three 
questionnaires (566). 

TABLE I.  OVERALL RESPONSE RATE 

Overall Response Rate 

Questionnaire 
Registered 

Students 

Number of 

responses 

Response 

rate (%) 

Pre-S1 932 692 74.2 

Post-S1 932 790 84.8 

Post-S3 932 742 79.6 

Participation in all three 

sessions 
 932 566 

During the first session (February 2019), the students 
“visited” Parliament in Cape Town, South Africa. Parliament is 
significant to the taxation students, as many of the taxation 
legislative decisions are taken there. The timing was also 
important, as the National Budget Speech is delivered by the 
Minister of Finance in Parliament towards the end of February. 
The VR footage showed the various buildings and rooms in 
Parliament. Text boxes were added in the footage to provide 
students with more information. Once the students had viewed 
the footage, they had to complete a group assignment in class 
based on the information they had seen in the VR intervention. 
Students were able to watch the VR footage multiple times.  

The second session (May 2019) allowed the students to visit 
a stainless-steel manufacturer in Johannesburg, South Africa. 
This intervention coincided with the topic where corporate tax 
deductions (including capital allowances) were discussed in 
class. 

The third session (September 2019) invited the students to a 
medical practice in Franschhoek, a rural South African town. Tax 
issues for individuals, including fringe benefits, were discussed 
in class, and the students were able to contextualize the theory 
and associate the theory with practice using the immersive VR 
learning intervention. 

IV. DISCUSSION OF RESULTS AND FINDINGS 

In order to determine students’ perceptions of the use of VR 
in the classroom over the course of the academic year, the 
quantitative data analysis was only done on the 566 respondents 
who completed all three questionnaires. After the data was 
captured, they were analyzed by frequency and paired. Shapiro-
Wilk tests were conducted on the perception variables in order to 
determine normality. Based on the results the perception 
regarding VR in pre-S1 (p-value <0.05), post-S1 (p-value <0.05) 
and post-S3 (p-value <0.05) were not normally distributed. This 
necessitated the use of a non-parametric test (Wilcoxon paired 
signed rank test) to determine whether statistically significant 
changes in perceptions regarding VR in the classroom took place 
among the students included in the sample.  

The data obtained from Session 2 (S2) was summarized and 
thematically analyzed using the software program, ATLAS.ti. 

Themes that frequently recurred in the data were identified and 
thematically analyzed.  

A. General Competency of Technology and Previous Use of 

VR 

In attempting to understand the students’ perceptions, it was 
deemed important to gain insight into the students’ levels and 
experience in using technology and, more specifically, VR. 
Before commencing with the VR teaching intervention, students 
were asked in the pre-S1 questionnaire how they would describe 
their general competency in technology. These results are 
reflected in Fig. 1. From the results, it is clear that 68.1 percent 
of the students viewed themselves as reasonably or very 
competent with technology, while 31.9 percent of the students 
viewed themselves as incompetent or not interested in 
technology.  

 

Fig. 1. Students’ general level of competence in technology. 

The students were then asked if and where they had 
experienced VR before. These results are reflected in Fig. 2. 
From these results, it is clear that the majority of the students had 
never used VR before (57.2 percent), and of the 42.8 percent of 
students who had used VR before, only 6.0 percent of students 
had encountered VR in an educational setting. 

 

Fig. 2. Students’ previous use of VR. 

Although the majority of the students viewed themselves as 
reasonably competent in technology, most of them had never 
used VR in an educational setting before: this VR teaching 
intervention was the first encounter with VR in education for 93.9 
percent of the students. For inexperienced students, one must be 
careful not to underestimate the impact of the novelty factor when 
analyzing their long-term perceptions. In order to evaluate the 
effect of the novelty factor, the perceptions of the students were 
gauged in the pre-S1, post-S1 and post-S3 questionnaires. The 

269



 

 

descriptive analysis of the perceptions of students pre-S1 and 
post-S3 (refer to Table II) indicates the shift in perceptions when 
the novelty factor is not taken into account (i.e. the long-term 
perceptions of VR).  

TABLE II.  PERCEPTIONS OF VR 

  Perceptions of VR: pre-S1 questionnaire 
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Very 

negative 
0.2 0.4 0.7 0.4 0.2 1.8 

Slightly 

negative 
0.0 1.1 0.7 0.5 1.9 4.2 

Neutral 0.2 0.7 5.5 3.0 6.4 15.7 

Slightly 

positive 
0.2 1.1 6.5 10.2 14.8 32.9 

Very 

positive 
0.2 1.1 8.0 7.2 29.0 45.4 

TOTAL  

(%) 
0.7 4.2 21.4 21.4 52.3 100 

B. Student Perceptions 

In order to support the longitudinal research design, the 
students were asked how they perceived the use of VR in the 
classroom at three different times during the year. The focus of 
this study is to gain an understanding of the students’ perceptions 
and whether they changed over time as the students were exposed 
to VR on three different occasions in the classroom.  

In pre-S1, the students were asked how they perceived the 
idea of being exposed to a VR teaching intervention - “When the 
lecturer mentioned that VR will be used in class, my feelings 
towards the idea were:” From the students’ responses, it was 
deducted that 73.7 percent of the students were positive about the 
VR intervention, while 21.4 percent had neutral feelings and 4.9 
percent were negative. These results are included in Table II, and 
it is clear from the results that the students were positive about 
the anticipation of being exposed to VR in the classroom. 

Directly after the first VR teaching intervention, the students 
were asked the same question in the post-S1 questionnaire – 
“Now that I’ve had the opportunity to use VR in the BEL 200 
classroom, my feelings towards the process are:” The results of 
this questionnaire show that 80.9 percent of the students were 
positive about their first VR teaching intervention, while 14.7 
percent had neutral feelings and 4.4 percent were negative. In 
comparing the responses from pre-S1 and post-S1, the Wilcoxon 
signed rank test shows a statistically significant increase (Z-
value: -2.198; p-value: <0.05) in the respondents’ positive 
perceptions of VR after being exposed to it (refer to Table III). 
The novelty factor played a significant role in the perceptions of 

the students due to the majority of the students (93.9 percent) that 
had never been exposed to VR in an educational setting before, 
and the Wilcoxon signed rank test of the pre-S1 and the post-S1 
indicated a short-term increase in positivity.  

TABLE III.  RESULTS OF WILCOXON SIGNED RANK TEST 

Results of Wilcoxon Signed Rank Test 

Questionnaire Z-value Significance Result 

Pre-S1 & Post-S1 -2.198 0.028 Significant 

Post-S1 & post-S3 -3.507 0.000 Significant 

Pre-S1 & post-S3 -0.671 0.502 
Not 

significant 

After the novelty effect wore off, would the students still have 
the same positive perception of the VR teaching intervention? To 
answer this question, the perceptions of the students were gauged 
on the post-S3 questionnaire, after the students had been exposed 
to VR on multiple occasions. Upon comparing post-S1 and post-
S3 responses the Wilcoxon signed rank test showed a statistically 
significant decrease (Z-value: -3.507; p-value: <0.05) in the 
respondents’ positive perceptions of VR after being exposed to it 
(refer to Table III). When considering the students’ perceptions 
over the whole period, removing the initial novelty factor, the 
Wilcoxon signed rank test shows an insignificant decrease (Z-
value: -0.671; p-value: >0.05) in the positive perceptions between 
pre-S1 and post-S3 (refer to Table III). Therefore, there was an 
initial significant increase in positive perception after the first 
exposure to VR, but as the novelty wore off with more exposures 
during the year, there was a decline in positive perceptions. The 
distribution of these student perceptions across pre-S1, post-S1 
and post-S3 are summarized in Fig. 3.   

 

Fig. 3. Distribution of students’ perceptions over the academic year. 

Although the reason for movement in the positive perceptions 
towards a slight negative perception was not specifically 
investigated, it may be attributed to technical issues such as 
incompatible phones, physical inability (for example, wearing 
glasses), low-cost VR goggles and unreliable Wi-Fi connections. 
However, students remained positive overall throughout the 
academic year, as VR was used on multiple occasions. Table II 
shows the cross-tabulation for this question between the pre-S1 
and the post-S3.  

After being exposed to multiple VR teaching interventions 
during the academic year, 78.3 percent of the students perceived 
VR teaching interventions as positive in comparison with 73.7 
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percent in the pre-S1 questionnaire. The movement within the 
neutral group was most meaningful, as it changed from 21.4 
percent (pre-S1) to 15.7 percent (post-S3), indicating that 
students were initially unsure about what exactly the VR would 
entail (novelty factor). Specifically, 14.5 percent of those with a 
neutral opinion in pre-S1 had a positive perception in post-S3. 
Meanwhile, the shift in the students’ perceptions from 4.9 percent 
to 6.0 percent negativity may be attributed to disappointment in 
the quality of the technology. Specifically, 3.0 percent of students 
had a positive perception pre-S1, but had a negative perception 
of VR in the classroom post-S3. 

To further understand students’ perceptions over time of VR 
being used as a teaching intervention in the classroom, the 
students were asked in the post-S1 questionnaire and in the post-
S3 questionnaire if they would like to experience VR more often 
during their current taxation module. The students’ responses to 
this question are summarized in Fig. 4. 

 

Fig. 4. VR in future taxation classes. 

From Fig. 4 it is clear that there was a decrease in the positive 
responses, from 81.2 percent post-S1 to 72.8 percent post-S3. 
This may be accredited to the novelty factor after S1, and then the 
experience gained during S2 and S3 may have influenced the 
students’ perceptions. One should therefore be cautious not to 
over-expose the students to too many VR sessions within a 
specific academic year.  

For the S2 reflections, the students were asked: What are your 
thoughts and feedback on using VR in the classroom? The 
findings from the thematic analysis of their responses is presented 
in Fig. 5; the analysis reveals that 87 percent of the students 
perceived the VR teaching intervention as positive, while 6 
percent perceived the experience as neutral.  

 

Fig. 5. Students’ perceptions from S2. 

The overwhelming positive perceptions of the students are 
confirmed with the following examples of reflections from the 
students (directly quoted from their responses in the 
questionnaire): 

• “The VR experience in class was fun and an exciting 
way to help us understand the concepts of tax. 10/10 
would recommend doing it again”. 

• “The VR made us think in a wider perspective than just 
seeing it on paper. VR really could help us visualize it 
in reality”. 

• “In my opinion it is a good way to build critical 
thinking”. 

• “VR experience is an amazing way to work, as it makes 
the work we do, more relatable to life experience and 
makes you think of tax effects on all assets around us.” 

• “The VR gives a better understanding of the reality that 
we will one day be facing. It makes the theory more 
practical and more fun and interesting.”  

Descriptive words were extracted from the thematic analysis 
to ensure that the authentic voices of the students when describing 
the immersive experience were heard. Fig. 6 shows the words 
used by the students.  

 

Fig. 6. Words describing the immersive VR experience. 

As can be seen from Fig. 6, students perceived the VR 
immersive experience as a visualization of reality where they 
could engage in an interactive and innovative way for effective, 
different, and creative solutions to enhance the future. 

As part of the research, the students also provided some 
negative feedback. Some of the feedback is included as quotes 
from the students: 

• “I would rather prefer a real practice questions and 
scenario. To do it for real to go to a company and see 
how it’s like.” 

• “I would rather experience this in real life than through 
VR, because it doesn’t give the same effect.” 

• “The technology is not clearly visible enough with the 
provided goggles. The experience is better through the 
phone screen.” 
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• “Virtual reality is interesting, but it is a huge challenge 
if you have a bad eyesight because you can’t see 
anything.” 

• “I don't think it is an effective method since not 
everyone has compatible devices to use.” 

In considering the negative perceptions of students regarding 
the VR teaching intervention, the areas for improvements are 
highlighted. 

V. CONCLUSION 

The research question guiding this study was: What are 
students’ perceptions of the use of VR as a teaching intervention 
during lectures in an undergraduate taxation module? The results 
and findings from the longitudinal multi-method research design 
indicate that the students perceived the VR teaching intervention 
as overwhelmingly positive. The negative perceptions that 
surfaced were mostly regarding the technological failures and the 
inability of VR to accommodate all of the students. Students with 
optical disabilities, for example, found it difficult to access the 
VR video; they were assisted by the provision of a 2D video 
option. The results from the longitudinal study establish that 
students perceived the VR immersive teaching intervention as a 
tool that can enhance their understanding of the principles of 
taxation. This is confirmed by quotes from some of the students:  

• “Virtual reality helps understanding aspects of tax that 
may be difficult for one to imagine thus seeing it makes 
it a lot easier to understand.” 

• “I think it serves the purpose of helping us as students 
to actually see what the real-world looks like and gain a 
better understanding of the work we do.” 

• “The VR is interesting and makes the work more fun. It 
helps us to understand how to apply what we have learnt 
in class to practical situations.” 

The contribution of this study is a deeper understanding of the 
perceptions of undergraduate taxation students of the use of VR 
through a longitudinal study. Students perceive VR teaching 
interventions as positive and find that the real-life application of 
the theory enhances their understanding of the principles of 
taxation. The application of VR in a developing country, where 
field trips are impossible with the massification of classes, funds 
are limited and technology lags behind that of developed 
countries, is a step towards providing superior quality education. 
This research is the first study of its kind (known to us) to explore 
the use of VR in big classes in a developing country with limited 
access to technology. 
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Abstract—This study proposed MARAM, a mobile augmented 

reality acceptance model that determines the factors that affect 

teachers’ intention to use AR applications in their teaching. 

MARAM extends TAM by adding the variables of perceived 

relative advantage, perceived enjoyment, facilitating conditions, 

and mobile self – efficacy. MARAM was tested in a pilot empirical 

study with 127 teachers who used educational mobile AR 

applications and developed their own ones. The results of 

regression analysis showed that MARAM can predict a 

satisfactory percentage of the variance in teachers’ intention, 

attitude, perceived usefulness and perceived ease of use. Attitude, 

perceived usefulness, and facilitating conditions affected intention. 

Both perceived usefulness and perceived enjoyment affected 

attitude. Furthermore, perceived relative advantage and perceived 

enjoyment affected perceived usefulness. In addition, mobile self-

efficacy and facilitating conditions affected perceived ease of use. 

However, perceived ease of use did not have any effect on attitude 

and perceived usefulness. MARAM could serve as the basis for 

future studies on teachers’ acceptance of mobile AR applications 

and be expanded through the addition of other variables. 

Index Terms—mobile augmented reality, technology 

acceptance model, teachers, education 

I. INTRODUCTION  

Over the past 10 years, a growing research interest in the use 
of Augmented Reality (AR) in formal and informal learning 
environments has been reported [1], [2]. According to recent 
literature reviews, AR lends added value to many subjects, 
contributes to positive learning outcomes and increases the 
students’ motivation and engagement [3], [4], [5].  

At the same time, the evolution of mobile technologies has 
encouraged many researchers as well as several organizations to 
develop a variety of mobile AR applications and books for 
educational purposes [6], [7], [8]. In addition, various AR 
authoring platforms and tools have been developed, thus 
teachers and students can easily create their own AR learning 
activities, either image based or location based, without 
requiring programming skills [9], [10]. ARIS [11], Zapworks 
[12], Blippar [13] and Metaverse [14] are some examples or such 
tools. Many schools may be ready to adopt such tools and 
applications because a growing number of them use their own 
smart mobile devices (e.g. tablets) for educational purposes [2]. 
However, the availability of these AR tools, applications and 

mobile devices does not guarantee their use in teaching and 
learning.  

Research has shown [15], [16] that teachers have a key role 
for the effective integration of any educational innovation, such 
as digital technologies. According to [16] every innovation 
requires that teachers change their beliefs and attitudes. In this 
context, a number of researchers in the field of digital learning 
technologies has adopted theories or models from social 
psychology to examine the factors that influence teachers to use 
various technologies in teaching. The most widely used 
theoretical model is the Technology Acceptance Model (TAM) 
[17]. According to this, factors influencing technology 
acceptance include perceived usefulness, ease of use and 
attitude. 

Although research on digital technologies acceptance in 
education has been carried out extensively [18], there are not 
many empirical studies regarding the acceptance of AR 
applications by in-service teachers. After studying the existing 
limited literature, several conclusions can be drawn. Firstly, 
there are studies focusing on the acceptance of AR applications 
for a specific subject, but not for education in general. For 
instance, [19] applied the ΤΑΜ to examine teachers’ perceptions 
toward the use of an AR application in Geography teaching. Ibili 
et al. [20] examined mathematics teachers’ level of acceptance 
and intention to use an AR Geometry Tutorial System. Secondly, 
few studies have extended the TAM to statistically explain the 
interactions between the core variables of the model (i.e., 
perceived ease of use and usefulness) and other external 
variables, which may influence teachers’ intention to use AR in 
teaching [20]. Thirdly, there is a study which examined the 
acceptance of VR and AR together using an extended TAM 
(eTAM) [21]. We believe that each of these technologies has its 
own unique potential and affordances, and that from a 
methodological standpoint they should be studied separately. 

Considering the above mentioned conclusions, our study 
seeks to contribute to the existing literature with respect to the 
limited number of studies regarding models of acceptance of 
mobile AR by in-service teachers. The aim of this study is to 
propose an AR acceptance model to investigate the 
psychological factors that explain and predict teachers’ intention 
to use mobile AR applications in their teaching. For this purpose, 
we extend the TAM by adding the variables of perceived relative 
advantage, perceived enjoyment, facilitating conditions, and 
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mobile self – efficacy to the already existing variables of 
attitude, perceived usefulness and ease of use. 

II. THEORETICAL FRAMEWORK 

Previous research has used a variety of models and theories 
from social psychology and information systems fields to 
investigate the acceptance and use of digital technologies by 
teachers in the classroom. Examples of these are the Theory of 
Reasoned Action (TRA) [22], the Theory of Planned Behaviour 
(TPB) [23], the Technology Acceptance Model (TAM) [17], the 
Combined TAM and TPB [24] and Technology Acceptance 
Model 3 [25]. Among these, the TAM is one of the most widely 
used in education to explore teachers’ adoption of a broad range 
of technologies in teaching. The TAM, based on the TRA, was 
developed by [17]. According to this model, the use of 
technology is determined by intention. In turn, intention to use a 
specific technology is affected by attitude and perceived 
usefulness (PU), which is defined as “the degree to which a 
person believes that using a particular system would enhance his 
or her job performance” [17]. Attitude, in turn, is affected by 
perceived usefulness and perceived ease of use (PEOU). The 
latter refers to “the degree to which a person believes that using 
a particular system would be free from effort” [17]. Finally, PU 
is affected by PEOU. Results from recent meta-analysis studies 
regarding teachers’ intention to integrate technology in teaching 
have shown that the TAM is still a valid model [18], [26]. In 
addition, these studies show that the TAM variables (i.e., PU, 
PEOU) continue to constitute the core for a number of extended 
TAMs. Studies regarding the use of TAM to examine teachers’ 
intention to use mobile AR applications in their teaching are 
limited. However, there are studies that have used TAM or other 
variables in order to examine the acceptance of AR applications 
in non-educational settings such as tourism [27], [28] and 
commerce [29]. There are also studies that adopted the 
theoretical framework of TAM and investigate the acceptance of 
glasses based AR [30], [31].  

Some of the studies that used the TAM model in teachers’ 
acceptance of mobile AR applications are presented below. 
Pasalidou and Fachantidis [19] used the variables of PU and 
PEOU of the ΤΑΜ to examine 216 primary school teachers’ 
intention to use an educational mobile AR application in their 
teaching. The application represented the near and far side of the 
moon, its rotation and orbit around the earth. The results of their 
study showed that the teachers’ intention to use the application 
was related both to PU and PEOU.  

Ibili et al. [20] examined 148 mathematics teachers’ 
intention to use the AR Geometry Tutorial System. This is a 
mobile AR application developed to enhance students’ 3D 
geometric thinking skills. They used the TAM and added the 
variables of anxiety (ANX), social norms (SN), and satisfaction 
(SF) to it. They found that PEOU had a direct effect on PU and, 
in turn, both variables together affected SF. Furthermore, SN had 
a direct effect on PU and PEOU, while ANX and SF affected 
PEOU. However, the results showed that PEOU had no direct 
effect on attitude, SN had no effect on intention, ANX had no 
effect on PU and SF, and SF had no effect on intention. In their 
study, among other things, Mota et al. [9] presented the Visual 
Environment for Designing Interactive Learning Scenarios 
(VEDILS), which allows users to create their own mobile AR 

learning applications. One of the aims was to evaluate VEDILS 
using the TAM with 47 university lecturers. The results of the 
mean scores showed high scores for the variables of intention, 
PU and PEOU. 

More recently, [21] used an extended TAM (eTAM) to 
investigate 292 in-service teachers’ willingness to integrate AR 
and VR technologies in teaching practices. This new extended 
model added the following variables to the ΤΑΜ: technological 
pedagogical and content knowledge (TPACK), social norms 
(SN), and motivational support (MS). The analysis of their 
results showed that TPACK influenced PU and PEOU, while SN 
influenced PU. Furthermore, MS influenced PEOU. The latter 
affected attitudes, which in turn, affected intention.  

The aforementioned results indicate the necessity of adding 
other variables to TAM that can explain to a greater degree the 
acceptance of mobile AR applications by teachers. More 
specifically, previous studies did not consider the role of 
perceived enjoyment, facilitating conditions, perceived relative 
advantage and mobile self-efficacy in teachers’ acceptance of 
AR applications. As discussed in the following section, research 
has shown that these four variables play an important role in the 
success of ICT adoption. This study contributes towards this 
direction, proposing these new variables in the TAM.  

III. RESEARCH MODEL 

Considering the conceptual framework of TAM, we 
developed a research model - the Mobile Augmented Reality 
Acceptance Model (MARAM). The proposed model includes 
eight variables (Fig. 1). MARAM incorporates all the TAM 
variables (i.e., attitude, PU, PEOU). Most previous studies show 
that these variables affect teachers’ use of technology [18], [26]. 
We added Facilitating Conditions (FC). This term refers to the 
“degree to which an individual believes that an organizational 
and technical infrastructure exists to support the use of the 
system” [32]. We hypothesized that in order for teachers to use 
AR, they need to feel that they meet all the conditions necessary 
to facilitate its use (e.g., infrastructure, internet connectivity, 
time and knowledge). We assume that this variable affects both 
intention and PEOU, as previous studies supported similar 
hypotheses [33].  

Furthermore, we introduced the variable of Perceived 
Relative Advantage (PRA). This came from the Diffusion of 
Innovation Theory [34] and “refers to the degree to which an 
innovation is seen as better than the idea, program, or product it 
replaces… The greater the perceived relative advantage of an 
innovation, the more rapid its rate of innovation adoption will 
be” [35]. We considered that PRA affects PU. Teachers will 
have a higher PU for AR when they believe that this specific 
technology will be more advantageous to their teaching 
compared to other digital applications and tools they have been 
using up until now. PRA was recently used to measure adoption 
of mobile applications [36].  

Moreover, we used the variable of Perceived Enjoyment 
(PE). Perceived enjoyment can be defined as “the extent to 
which the activity of using the computer is perceived to be 
enjoyable in its own right, apart from any performance 
consequences that may be anticipated” [37]. In our study, PE 
declares the degree to which teachers find the integration of 
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mobile AR applications in their teaching enjoyable or 
interesting. Previous studies have shown that PE affected the 
attitude and PU of users in terms of their use of emerging 
technologies [38], [18].  

Finally, we involved Mobile Self-Efficacy (MSE). This 
variable relates to “an individual’s perceptions of his or her 
ability to use mobile devices in order to accomplish particular 
tasks” [33]. MSE has been used in mobile learning and has been 
found to affect PEOU [33]. We assume that the greater the self-
confidence teachers have in using various applications on their 
mobile devices, the easier they will find it to use mobile AR 
applications in their teaching. Therefore, based on the previous 
discussion, we hypothesize that: 

 

Fig. 1. The Proposed Mobile Augmented Reality Acceptance Model 
(MARAM.). 

• H1a. Perceived ease of use (PEOU) has a positive 
effect on perceived usefulness (PU).   

• H1b. Perceived ease of use (PEOU) has a positive 
effect on attitude (Att).  

• H2a. Perceived usefulness (PU) has a positive effect on 
intention (I).  

• H2b. Perceived usefulness (PU) has a positive effect on 
attitude (Att).  

• H3a. Perceived enjoyment (PE) has a positive effect on 
attitude (Att).  

• H3b. Perceived enjoyment (PE) has a positive effect on 
perceived usefulness (PU).  

• H4. Attitude (Att) has a positive effect on intention (I).  

• H5a. Facilitating conditions (FC) has a positive effect 
on intention (I).  

• H5b. Facilitating conditions (FC) have a positive effect 
on perceived ease of use (PEOU).  

• H6. Perceived relative advantage (PRA) has a positive 
effect on perceived usefulness (PU).  

• H7. Mobile Self-Efficacy (MSE) has a positive effect 
on perceived ease of use (PEOU). 

IV. METHOD 

This study was conducted during the Covid 19-period in the 

2020 spring semester. A proposed Mobile Augmented Reality 

Acceptance Model called MARAM was developed to examine 

the factors explaining teachers’ intention to use AR applications 

in their teaching. A questionnaire was used and filled out by in-

service teachers after they had previously created their own AR 

applications or downloaded commercial ones. The subsections 

that follow present the sample of the study, the questionnaire, 

and the data collection and analysis procedure.   

A. Participants 

The sample was consisted of 127 in-service primary (Ν=98, 
77.2%) and secondary (Ν=29, 22.8%) school teachers. 105 
(82.7%) were women and 22 (17.3%) were men. 48 (37.8%) 
teachers were post-graduate students studying ICT in Education 
and 79 (62.2%) were registered in a seminar offered by the 
Department of Education of the National and Kapodistrian 
University of Athens, Greece.  

B. Instrument  

The questionnaire was developed by assembling validated 
items derived from earlier TAM studies with a few changes to 
their wording in order to adapt them to the specific AR context 
for our research. The questionnaire consisted of two parts. The 
first part required teachers to provide their demographic 
information, such as gender and age. The second part consisted 
of 29 items for the eight variables used in our proposed model 
(see Fig. 1). 

For intention we used the three-item scale based on [22]. 
Attitude, perceived ease of use and perceived usefulness were 
measured by using three items per variable that were taken from 
a study by [17]. Perceived relative advantage was measured 
through five items from [39], [40], [41] and [42]. Facilitating 
conditions were measured by using three items based on the 
study of [32]. Finally, mobile self-efficacy was measured with 
five items, based on items used by [33] and [43]. All items were 
measured using a 5-point Likert scale (i.e. from 1=Strongly 
disagree to 5=Strongly agree).  

We implemented the following steps to arrive at the final 
version of the questionnaire. In step one, the questionnaire was 
translated into Greek by two bilingual researchers. The back-
translation method was used for the purpose of examining 
whether all the items had been translated according to the 
original version of the questionnaire. In the second step, the 
translated questionnaire was examined by three researchers in 
AR technologies to evaluate the clarity of the wording for the 29 
items. In the third stage, the questionnaire was pilot tested by 
eight postgraduate students who used AR applications during 
their studies. The second and third steps resulted in slight 
revisions for some items. The final version of the items is 
presented in Table II. 

C. Procedure 

During the 2019-2020 academic year 127 teachers attended 
a unit of study on AR and mobile learning. This unit was taught 
via the ZOOM platform in Spring 2020, due to COVID-19. The 
duration of the unit was 12 hours, and it was composed of the 
theoretical (e.g., definitions, image-based and location-based 
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AR, learning theories and AR, AR affordances) and the practical 
part of AR. During the practical part, the participants developed 
an AR application by using ARIS 
(https://fielddaylab.org/make/aris/), Zapworks 
(https://zap.works/), Blippar (https://www.blippar.com), Roar 
(https://www.theroar.io) and 3DQR (https://3dqr.de/en/). In 
addition, they used various commercial AR books and mobile 
AR applications. At the end of the practical part, the participants 
were asked to fill out the research questionnaire online in Google 
Forms.  

D. Analysis 

 The data were coded and analyzed in SPSS 26. Initially, the 
reliability of the eight variables of the proposed model were 
examined by using Cronbach’s coefficient alpha. Afterwards, a 
descriptive analysis of the data was conducted. Specifically, the 
mean (M) and standard deviation (SD) of each variable was 
calculated, along with those of each of the 29 items. Then, 
Pearson Correlation (two tailed) analyses were conducted to 
determine statistically significant relationships between the eight 
variables according to our proposed model.  

Finally, in order to examine the direct effects of: (a) 
perceived usefulness, attitude and facilitating conditions on 
intention, (b) perceived ease of use, perceived usefulness and 
perceived enjoyment on attitude, (c) perceived relative 
advantage, perceived enjoyment and perceived ease of use in 
perceived usefulness, and (d) facilitating conditions and mobile 
self-efficacy on perceived ease of use, four hierarchical 
regression analyses were conducted. 

V. RESULTS 

A. Internal Consistency and Descriptive Analysis 

 Table I shows the Cronbach’s alpha for each variable of the 
proposed model. The Cronbach’s alpha values were satisfactory 
ranging from .674 to .899. Table II shows the descriptive 
statistics among the eight variables and their items. The results 
showed that the means of all variables, except the facilitating 
conditions and perceived relative advantage, were on average 
relatively high, indicating that the teachers had positive scores 
for these variables. Attitude had the highest mean score 
(M=4.45, SD=.489) and facilitating conditions (M=3.39, 
SD=.756) the lowest.  

TABLE I.  CRONBACH ALPHA OF ITEMS 

Variables 

 
Number of 

items 

Cronbach 

alpha 

Intention (I) 3 .714 

Attitude (Att) 3 .785 

Perceived ease of use (PEOU) 3 .860 

Perceived usefulness (PU) 3 .897 

Perceived relative advantage (PRA) 5 .869 

Facilitating conditions (FC) 3 .674 

Perceived enjoyment (PE) 4 .899 

Mobile Self-Efficacy (MSE) 5 .710 

TABLE II.  MEANS (M), AND STANDARD DEVIATIONS (SD) FOR 

VARIABLES OF THE PROPOSED MODEL MARAM 

Variables 

 M SD 

Intention 4.27 .594 

I intend to use AR applications in my future teaching. 4.53 .517 

I plan to use AR applications in my future teaching. 4.05 .844 

I predict I would use AR applications in my future 

teaching. 

4.23 .828 

Attitude 4.45 .489 

Using AR applications is a good idea. 4.57 .497 

I like using AR applications. 4.43 .599 

It is desirable to use AR applications. 4.35 .647 

Perceived ease of use 3.92 .727 

My interaction with AR applications is clear and 
understandable. 

3.93 .799 

It is easy for me to become skillful at using AR 

applications. 

4.02 .850 

I find AR applications easy to use. 3.80 .820 

Perceived usefulness 4.12 .635 

Using AR applications enhances my teaching 

effectiveness. 

4.19 .675 

AR applications are useful for my teaching. 4.17 .664 

Using AR applications increases my teaching 

productivity. 

4.01 .751 

Perceived relative advantage 3.75 .577 

AR applications would be more advantageous in my 

teaching than other technologies. 

3.77 .726 

AR applications would make my teaching more 

effective than other technologies. 

3.69 .740 

AR applications are relatively efficient in my teaching 
compared to existing technologies. 

3.65 .719 

The use of AR applications offers new learning 

opportunities compared to existing technologies. 

4.19 .545 

Overall, AR applications are better than existing 
technologies. 

3.44 .803 

Facilitating conditions 3.39 .756 

I have the resources (e.g., Internet connection, tablets) 

necessary to use AR applications in my teaching. 

3.02 1.019 

I have the knowledge needed to use AR applications in 
my teaching. 

3.83 .935 

I have the time needed to use AR applications in my 

teaching. 

3.33 .960 

Perceived enjoyment 4.34 .529 

Using AR applications is truly fun. 4.42 .583 

I know using AR applications to be enjoyable. 4.39 .550 

The use of AR applications gives me pleasure. 4.34 .633 

The use of AR applications makes me feel good. 4.23 .645 

Mobile Self-Efficacy 3.97 .571 

I could complete a job or task using a mobile device. 3.91 .855 

I could complete a job or task using a mobile device if 
someone showed me how to do it. 

4.09 .877 

I was fully able to use a mobile device before I began 

using AR applications. 

4.13 .810 

I am confident that I can effectively use AR 

applications using mobile technology. 

4.02 .761 
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Variables 

 M SD 

I believe I can use AR applications using mobile 

technology even if I have never used a similar 

technology before. 

3.69 .888 

 

 More specifically, an inspection of the means of the eight 
variables shows that the teachers had strong intention to use AR 
applications in their teaching, very positive attitude toward this 
use, as well as positive perceptions regarding the usefulness and 
ease of use of these applications. In addition, the results show 
that teachers had a very positive perception of enjoyment 
regarding the use of AR applications in teaching. Furthermore, 
they had relatively positive perception of self-efficacy about the 
use of mobile devices with AR applications in their teaching. As 
can be seen from Table II, the teachers tended to have positive 
perceptions regarding the advantages of AR applications 
compared to other technologies. However, examination of the 
means and standard deviations for the facilitating conditions 
variable shows that teachers scored relatively low on two items. 
This result means that teachers perceived that the available 
resources (M=3.02, SD=1.019) and time (M=3.33, SD=.960) 
would not facilitate them in the use of AR applications in their 
teaching.  

B. Pearson Correlations Analysis 

Table III presents the Pearson correlation coefficients among 
the eight variables. The correlations ranged from .273 to .685.  

TABLE III.  PEARSON CORRELATIONS 

Variables Att PU PEOU PRA FC PE MSE 

I 
.598* 

(.000) 

.580* 

(.000) 

.504* 

(.000) 

.374* 

(.000) 

.529* 

(.000) 

.561* 

(.000) 

.501* 

(.000) 

Att 
 .554* 

(.000) 

.491* 

(.000) 

.357* 

(.000) 

.477* 

(.000) 

.685* 

(.000) 

.395* 

(.000) 

PU 
  .465* 

(.000) 
.482* 
(.000) 

.423* 
(.000) 

.595* 
(.000) 

.504* 
(.000) 

PEOU 
   .273* 

(.002) 
.617* 
(.000) 

.657* 
(.000) 

.661* 
(.000) 

PRA 
    .392* 

(.000) 
.306* 
(.000) 

.488* 
(.000) 

FC 
     .508* 

(.000) 

.532* 

(.000) 

PE 

      .515* 

(.000) 

a. *p-value<.05 

All the variables were correlated according to our hypotheses 
for the proposed model. More specifically, intention had the 
strongest correlation with attitude, followed by facilitating 
conditions and perceived usefulness. Attitude strongly 
correlated with perceived enjoyment, followed by perceived 
ease of use and usefulness. Similarly, perceived usefulness was 
correlated with perceived enjoyment and perceived relative 
advantage. However, the correlation between perceived 
usefulness and perceived relative advantage was low. In 
addition, significant correlations appeared between perceived 
ease of use, mobile self-efficacy and facilitating conditions. 
Finally, all the variables intercorrelated with intention, while in 

addition, each variable correlated with the other variables (Table 
III). 

C. Regressions Analysis 

 Table IV shows the results of the four hierarchical regression 
analyses which were conducted to predict teachers’ intention to 
use AR applications in their teaching. All the hypotheses for our 
proposed model, except H1a and H1b, were confirmed by the 
data. Perceived ease of use had no effect on perceived usefulness 
and attitude. 

TABLE IV.  REGRESSION ANALYSIS OF THE PROPOSED MODEL 

VARIABLES ON TEACHERS’ INTENTION 

Depe-

ndent 

variable 

Adju-

sted 

R2 

Indepe-

ndent 

variable 

F 

Beta t p 

Intention  .481 

Attitude 39.985 .310 3.804 .000* 

Perceived 

usefulness 

.301 3.808 .000* 

Facilitating 

conditions 

.254 3.394 .000* 

Attitude  .492 

Perceived 
usefulness 

41.670 .222 2.789 .000* 

Perceived 

ease of use 

.044 .517 .606 

Perceived 
enjoyment 

.525 5.614 .000* 

Perceived 
usefulness  

.445 

Perceived 

ease of use 

34.617 .090 1.014 .313 

Perceived 

enjoyment 

.437 4.884 .000* 

Perceived 
relative 

advantage 

.324 4.624 .000* 

Perceived 

ease of use  
.528 

Mobile 

Self-
Efficacy 

71.350 .464 6.423 .000* 

Facilitating 

conditions 

.370 5.113 .000* 

b. *p-value<.05 

More specifically, in the first regression analysis, attitude, 
perceived usefulness and facilitating conditions explained 
48.1% of the variance in teachers’ intention to use mobile AR 
applications in their teaching. Attitude was the first important 
predictor of intention, and perceived usefulness was the second 
important predictor. The results of the second regression 
analysis indicate that the variables of perceived usefulness, 
perceived ease of use and perceived enjoyment explained 49.2% 
of the variance in teachers’ attitude toward the use of AR 
applications in teaching. The variable of perceived enjoyment 
was the first significant predictor of attitude and perceived 
usefulness was the second. The variable of perceived ease of use 
was not a significant predictor. In the third regression analysis, 
perceived ease of use, perceived enjoyment and perceived 
relative enjoyment explained 44.5% of teachers’ perception of 
usefulness of AR applications in teaching. As can be seen from 
the results of beta, perceived enjoyment was the most important 
variable in the prediction of perceived usefulness, followed by 
perceived relative advantage. However, perceived ease of use 
was not a significant variable. Finally, in the fourth regression 
analysis, mobile self-efficacy and facilitating conditions 
explained 52.8% of the variance in teachers’ perceived ease of 
use regarding AR applications. These two variables were 
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statistically significant, whereas mobile self-efficacy was the 
most important predictor. 

VI. DISCUSSION 

This study proposed MARAM, a mobile augmented reality 
acceptance model that determines the factors that affect 
teachers’ intention to use AR applications in their teaching. 
MARAM was tested in a pilot empirical study with teachers who 
used educational mobile AR applications and developed their 
own ones. The proposed model includes eight variables (see Fig. 
1) that were adopted from previous studies on technology 
acceptance models.  

According to the MARAM, the teachers comprising the 
sample demonstrated strong intention to use AR applications in 
their teaching and evaluated most of the model’s variables on 
levels ranging between relatively positive to very positive. 
Among the variables with a relatively high mean were attitude, 
perceived usefulness, and perceived enjoyment. Similar positive 
findings for these variables have also been found in previous 
studies which examined teachers’ intention to use digital 
technologies in their teaching [44], [45]. The variable of 
facilitating conditions received a relatively low score. This result 
indicates that teachers felt that the conditions that would 
facilitate them in using AR applications were not present in their 
schools. With regard to the results of the correlations, these 
showed that the higher the teachers’ scored on positive attitude, 
perceived ease of use, perceived usefulness, perceived relative 
advantage, enjoyment, perception of the availability of 
facilitating conditions and mobile self-efficacy, the stronger 
their intention was to use AR applications in their teaching.  

Although this study is the first attempt of using MARAM, 
the following conclusions can be drawn and guide future 
research for the validation of the proposed model and the 
statistical weights of the involved factors. Firstly, in order to 
support teachers’ use of AR applications in their teaching, 
educational policy must take into account the direct factors that 
were found to affect intention that is, attitude, perceived 
usefulness, and facilitating conditions. More specifically, 
teachers must be supported through appropriate education and 
training in order to acquire positive attitude toward the use of 
AR. Additionally, according to the results regarding facilitating 
conditions, the objective of future educational policy concerning 
the use of mobile AR should be to support schools and teachers 
to establish the necessary infrastructure and resources (e.g., 
Internet connection, mobile devices). Furthermore, another 
objective should be to offer teachers the necessary time required 
to prepare their lessons using AR. Therefore, increasing 
teachers’ feelings of control over these facilitating conditions is 
likely to generate the greatest increase in their intention to use 
AR in their teaching. Secondly, although perceived ease of use 
was found to correlate with attitude and perceived usefulness, 
the regression analyses showed that it did not have any effect. 
This finding is in line with previous research about technology 
acceptance [46]. This may be due to the existence of the variable 
of perceived enjoyment in the acceptance model. In other words, 
this should mean that teachers have a positive attitude or high 
degree of perceived usefulness not because AR applications are 
easy to use, but because they consider them more enjoyable. 
Thirdly, one interesting result of this study is that mobile self-

efficacy has a significant effect on perceived ease of use. The 
importance of this finding is in line with an earlier study in 
mobile technologies in education [33]. This means that teachers 
who are more familiar with using mobile devices may consider 
AR applications easier to use in their teaching.  

One of the limitations of this study concerns the sample. The 
teachers comprising the sample had the opportunity to be taught 
on the use of AR in teaching. Aside from studying the theoretical 
and pedagogical approaches of AR in education, they had the 
opportunity to be trained on how to develop their own 
applications and review commercial AR books and applications. 
Therefore, the results of the study cannot be generalized to 
teachers who have not received training in the use of AR. 
Another limitation is that this study examined only the effects of 
direct variables on teachers’ intention to use AR applications in 
their teaching, but not the indirect ones. 

VII. CONCLUSION AND FUTURE WORK 

This study contributes to the existing literature regarding the 
acceptance of mobile AR in teaching. More specifically, it 
contributes by proposing a specific model of acceptance, 
MARAM. This may serve as the basis for future studies on 
teachers and be expanded through the addition of other variables. 
With regard to the model, the results of our study showed that 
the majority of the research hypotheses were confirmed. The 
results of the four regression models indicated that specific 
variables predicted approximately 50% of the variance among 
dependent variables. This is a high percentage compared to the 
range of other intentions explained in previous TAM studies 
[18], [26].  

Future studies should examine whether the proposed 
acceptance model remains valid when applied to a larger and 
more representative sample of teachers. Moreover, studies must 
examine whether there are additional effects among the already 
existing variables, as well as whether the model’s predictive 
validity can be enhanced through the addition of other 
psychological or external variables (i.e., ICT skills). For 
instance, future studies could consider the impact of gender on 
MARAM, since most of the sample in this research was 
composed of women. Finally, given that a previous study [47] 
has investigated the learners’ perspectives in VR, future work in 
AR could propose a model that examines factors related to how 
learners and teachers interact together within the learning 
processes associated with Immersive Learning. 
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Abstract—As many of the common mistakes made by 

engineering students are based on weak spatial imagination, the 

use of virtual reality could help to enhance those skills in 

undergraduate teaching. As part of a university lecture in product 

development that covers methods of product development and 

technical design, the use of virtual reality was integrated into an 

engineering exercise. Supplementing the usual technical tools like 

CAD, half of the 14 student groups were allowed to use a dedicated 

VR-application to review their machine designs in virtual reality. 

While the objective performance of those groups was not better in 

comparison to the “non-VR” groups, most of the student groups 

were able to identify design issues or mistakes through the use of 

VR, which they couldn’t find using only CAD. According to 

interviews, 69.7% of the VR-users reported that they were only 

able to experience and realize “the true spatial dimensions” 

through the use of VR. 

Index Terms—university teaching, virtual reality, engineering, 

product development 

I. INTRODUCTION 

Since the 1980s factors like globalization, constantly 
improving communication and rising competitive pressure has 
been leading to product life cycles getting shorter and shorter 
prompting product development processes to speed up as well 
[1], [2]. To meet demands, companies must digitalize and 
increasingly use technologies like virtual reality (VR) as part of 
their advance to an ideal, called work 4.0 [ger.: Arbeit 4.0] as 
part of industry 4.0 [3]–[5]. 

A. VR Utilization in Engineering 

As the boom of private VR sales makes VR hardware more 
affordable, VR usage in companies is on the rise. Worldwide 
market potential for VR hardware had been prognosed to be 
more than 160 billion US dollars in 2023 before the start of 
corona pandemic [6]. However, it is estimated that worldwide 
lockdowns and resulting compelled virtual collaboration could 
further increase this value [7]. More than half (57%) of the 

companies that already use VR technology - like Beneteau and 
Ford Motor Company - report positive effects of the 
implementation [6]. Lockheed Martin even claim yearly savings 
of 10 billion US dollars in the departments of product 
development and education of maintenance personnel [8]. 

B. VR Use in Education 

Currently VR is mainly used as a method of reviewing or 
presenting designs, especially as the focus is set on three-
dimensional visual issues [9]. Successful examples like the 
companies mentioned above as well as hardware costs 
decreasing furthermore suggest an accelerated prevalence of VR 
in engineering professions. Therefore, future engineers will most 
likely come in contact or actively work with virtual reality [10].  

Against this background, engineering students must be 
trained and professionalized in the use of their anticipated virtual 
work environment [11]. However, even though its principles are 
often taught, the practical use of VR by students within the frame 
of university engineering education is relatively rare [12]. 

C. The ViRAI Project 

The research project “Virtual Reality in Engineering 
Education” (ViRAI) is a collaborative undertaking of Stuttgart 
University’s Institute of Human Factors and Technology 
Management, the Fraunhofer Institute for Industrial Engineering 
as well as Tübingen University’s Ludwig-Uhland Institute of 
Empirical Cultural Studies. This project is intended to introduce 
students to VR as well as enable them to use it as an engineering 
tool on their own while they design machines as part of 
engineering exercises [13]. ViRAI intends to develop a VR 
supported learning unit as well as examining differences in 
learning success and retention in comparison to the conventional 
teaching concept. The motivation is to teach the use of VR to 
make engineers-to-be fit for their future work life. Concurrently 
the aim is to improve learning success as well as retention 
through immersion, as suggested by [14] and [15]. According to 
the media richness theory a high rate of immersion as well as 
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being able to manipulate and control virtual elements leads to a 
more intense learning experience, which results in a higher user 
happiness when compared to non-immersive methods and might 
even cause a “flow state”, from which higher motivation of the 
students and higher learning success may result [16], [17]. This 
theory has already been confirmed in the field of medicine 
education. Here VR learning concepts have been implemented 
successfully, as part of which medical students train surgical 
intervention with virtual bodies before applying what they 
learned to physical models or living patients. VR-trained 
students tend to make fewer mistakes in the real world than their 
conventionally trained counterparts [6], [18]. What has not yet 
been deployed is a learning concept as part of which engineering 
students can use VR as a tool to improve their construction 
capabilities and spatial awareness within the frame of machine 
design exercises. Current VR concepts are confined to 
demonstrations of three-dimensional components and 
subassemblies as well as manufacturing or assembly instructions 
[18], [19]. As part of ViRAI students shall therefore improve 
their engineering capabilities through the use of VR within the 
exercises of the existing studying module, which will be further 
described in the next section. 

II. BASIC PRINCIPLES OF PRODUCT DEVELOPMENT 

The compulsory module Basic Principles of Product 
Development I + II is intended for undergraduates with the major 
of Technology Management in the 3rd and 4th semester at the 
University of Stuttgart [20]. It is divided into lectures and 
exercises over a two-term period. In the lectures the students 
learn the methods of product development and get an 
introduction into virtual engineering and current innovations. 
The exercises comprise the calculation and technical design of a 
transmission in the 3rd and a complete - although simplified - 
development of a machine according to customer requirements 
specification in the 4th semester. For the time of those two 
semester projects students work together in groups of six, 
designing their version of a transmission or machine, 
respectively, that meets the requirements. Even though the 
learning objective is the same in every term, the project contents 
vary from year to year. For example, the following transmissions 
have been designed in the past: 

• Planetary gearing between a wind turbine and a 
generator, 

• 5-speed manual transmission for a rear-wheel-drive 
automobile, and  

• a spur gearing between an overshot waterwheel and a 
millstone as well as an electric generator. 

Examples for machine design project topics are: 

• An Autonomous robot for emptying office bins, 

• a self-cleaning and -sanitizing restaurant table, and 

• a machine for automatic cleaning of shoes in large 
quantities for mosques and kindergartens 

The education goal is for the students to utilize methods of 
product development, learned in the lectures, while also 
improving their CAD modelling and drawing skills. The 
development process in each semester project is separated into 

milestones (MS) which are based on the four steps of product 
development according to [21] and [22], respectively. The 
process as well as the accompanying quality gates - the dates at 
which the tutors mark the studen’s progress - are shown below 
in Fig. 1. 

 

Fig. 1. Semester project’s development process and milestone (MS) as well 

as improvement (MS-I) quality gates. 

The first milestone consists of planning - for example 
generating a list of requirements or calculating cost as well as 
strength values - and sketching first concepts. After the concept 
phase the 3D-CAD program Siemens NX12 [23] is used to 
construct a three-dimensional virtual model. At the second 
milestone single parts and smaller subassemblies are designed 
and drawn using NX. The third milestone includes the finalized 
machine design and technical drawings of the entire assembly. 
Those milestones are used by the supervising tutors to check and 
mark the student’s calculations and technical drawings. Issues 
with student’s submissions e.g., calculation or construction 
errors, have then to be corrected within a time span of one week. 
The milestone improvements (MS-I) are then checked and 
marked again. Between assessments students are free to contact 
their tutor for support and discuss design details with each other. 

III. LIMITATIONS, REQUIREMENTS AND EXPECTATIONS 

The following basic conditions need to be considered when 
developing both the teaching concept and choosing a suitable 
VR-application.  

A. Limitations 

These conditions result from the fact that the use of VR will 
be implemented into the aforementioned existing teaching 
module Basic Principles of Product Development I+II (see 
chapter II). Hence, in this process of VR implementation the 
general framework of the module mustn’t be altered. For the 
same reason, the number of participants in the study is limited to 
the amount of students taking the module in the respective 
semester. All interviews conducted in this study are voluntary 
and contain exclusively open questions (see chapter 0). 

B. Requirements 

It must be ensured that the students do not suffer any 
disadvantages resulting from the procedure or evaluation. This 
leads to the fact, that the VR application must be as easy to use 
as possible and not require any additional learning effort. To 
benefit from the spatial representation provided by the virtual 
environment, basic interactions such as grasping and moving 
individual components or slicing the whole assembly for a cross 
section view are necessary. Due to the mandatory use of the 
CAD program Siemens NX12 by the students, a workflow for 
exchanging files between NX and the VR-application has to be 
provided. As the students are creating their CAD models in NX, 
the VR-application doesn’t need to provide modelling tools. 
Rather, it should be limited to features essential for reviewing 
machine designs to prevent cognitive overload [18]. The goal of 
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the project ViRAI as well as the university’s claim is to provide 
a teaching unit that provides verifiable learning success to the 
students. Thus, the project progress needs to be evaluated over 
the 3-year project term, as objectively as possible.  

C. Expectations 

The associated hypothesis is that the resulting teaching unit 
won’t only introduce students to the possibilities and challenges 
of VR technology and methods in engineering but also improve 
their learning success when designing their machines as part of 
the engineering exercises. A true-to-life spatial representation as 
well as the immersive experience, should lead to a better and 
quicker understanding of machine designs, as further researched 
by [24]. In addition, design errors and inconsistencies may be 
detected more quickly [14], [15], [25]. 

IV. VR REVIEWING APPLICATIONS 

In order to incorporate VR technology into the exercises, 
various available software solutions were considered and 
examined in a preliminary investigation by [26]. In this study, 
five suitable and accessible software solutions were identified 
and examined for their applicability regarding the following 
criteria: 

• Compatibility – Refers to the adaptability of the 
software with respect to different VR systems (hardware 
and software). 

• Cost – Software pricing models and fees. 

• Functionality – The variety of functions that the 
software offers to the user. 

• Performance – Response time, stability and 
prerequisites for hardware. 

• Usability – Combination of understandability 
(intuitively), learnability (ease of learning controls and 
functions) and operability (ergonomics and 
convenience). 

The examination of the five programs as shown in Fig. 2 
revealed that none of the programs considered fully met the 
criteria due to lack of usability or high cost [26]. 

 

Fig. 2. Ratings and rankings of the five candidate VR applications, 

investigated by [26]. 

In order to fulfill the requirements as comprehensively as 
possible, it was therefore decided to develop a specially tailored 
VR-application. In this way, further requirements can be met 
more easily and flexibly in the later project progression, and 
seamless integration into the didactic concepts can be ensured. 

V. FIRST IMPLEMENTATION CYCLE 

The implementation of both the didactic concept and the VR-
application is subdivided into a first and second implementation 
cycle, as shown in Fig. 3, both lasting two semesters. 

 

Fig. 3. Explanation of the implementation cycles throughout the semesters. 

This chapter describes the integration of the didactic concept 
and the VR-application into the semester project of winter 
2019/2020. 

A. Didactic Concept 

As in the engineering exercises of semesters before (see 
chapter II), students were split into groups of six. The groups 
were then equally and randomly categorized into non-VR and 
VR groups. Both group categories were given the same task, and 
both used the CAD-application Siemens NX to create their 
designs. In addition to this, members of the VR group could 
review their designs in VR. In a first tutorial session, students of 
the VR groups were introduced to the basic usage and features 
of the VR-application. Subsequently, the students were allowed 
to attend self-organized VR-sessions at any time to review their 
own machine designs. In these sessions the students weren’t 
overseen by their respective tutor but rather by a neutral 
technical advisor. This is due to the fact, stated by [22] and [14], 
that the best results are to be expected from not only showing 
students new information and skills but rather letting them get 
creative themselves and trying their own hand at it. As shown in 
Fig. 4, [14] outlines how learning retention is directly associated 
with the learning channel used. 

 

Fig. 4. Correlation between learning channel and learning retention [14]. 

Persike [18] additionally states that it may be challenging for 
students to overcome their inhibition threshold when working 
with VR for the first time. In preceding studies most of initially 
hesitant subjects rated their VR experience highly and 
voluntarily made appointments for subsequent VR-sessions. 
Thus, the first of the VR-sessions after the tutorial was set to be 
mandatory for the students. Fig. 5 shows the chronological 
placement of both the VR tutorial and the VR-sessions in the 
frame of the semester project progression. 
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Fig. 5. Integration of VR tutorial and sessions into the semester project’s 

development process, as shown in Fig. 1. 

B. VR Setup 

The tutorial and all VR-sessions took place in a dedicated 
room with a separated tracking area and a large flat panel screen 
serving as a spectator display, as shown in Fig. 6.  

 

Fig. 6. Student’s actions in VR, visible on the spectator display. 

Due to the ongoing COV-19 pandemic, a maximum of three 
students were allowed to physically meet at the same time. 
Students sequentially used the VR-application, whilst the others 
participated via the spectator screen. The student wearing the VR 
headset was able to move within an approximately 4x5m large 
tracking space, as shown in Fig. 7.  

 

Fig. 7. Practice room at the Institute of Human Factors and Technology 

Management, separated into tracking space and spectator seats corresponding 

to the rules regarding hygiene in times of the COV-19 pandemic. 

The hardware setup kept consistent throughout the whole 
evaluation period. Due to the high resolution of 2160x2160 
pixels per eye, a lightweight setup and availability, a HP Reverb 
G1 was used together with two motion controllers [27]. Based 

on the predefined requirements and the preliminary investigation 
results, a custom VR-application for CAD-Review was 
developed using the Unity Game Engine [28]. The application 
provided the required programming environment and was 
developed with expandability in mind. The current development 
state of the VR-application includes the following features: 

• Runtime file-Import – Multiple 3D datasets can be 
loaded, reloaded and deleted via an easy-to-use GUI at 
runtime. Currently supported file formats are .glb, .gltf, 
.fbx and .blend. 

• Import as static objects – 3D datasets can be loaded as 
static and therefore non-interactive objects. 

• Interaction with model-components – The user can 
virtually grab, move and rotate individual assembly parts 
of the loaded datasets. 

• Cut-Plane – A moveable cut-plane can be used to create 
cross section views for further examination of the loaded 
designs. 

• Lock Parts – Objects can be locked in place. 

• Hide Parts – Object’s visibility can be toggled. 

• Axis-Snapping – Objects will snap onto their respective 
coordinate axis or origin when moved to close proximity. 

• Spectator-View – The software allows VR-independent 
on-screen movement and object manipulation via mouse 
and Keyboard. This way, a second user can assist or hand 
over objects to the VR-User. 

For a design review, students had to export their CAD model 
as STEP [29] or Jupiter Tesselation (JT) [30] file from NX. This 
file must then be converted into one of the compatible file 
formats mentioned above, so that it can be loaded into the VR-
application. The free-to-use Software CAD Assistant by Open 
Cascade was used for file conversion [31]. 

C. Description of Evaluation Methods 

To assess how the use of VR affects the student’s 
performance and how well the course design was perceived by 
the students, the evaluation methods described below were used 
over the course of the winter semester. The evaluation will be 
continued in the following semester to further validate the 
findings to complete the first implementation cycle. 
Additionally, the evaluation of both the first and the second 
implementation cycle in subsequent semesters will be used to 
show differences as the didactic concept and the VR-application 
are improved, as well as to validate the respective 
improvements. Regarding comparability several interference 
factors have been taken into account: 

• Preexisting differences in education between students in 
non-VR groups and VR groups. 

• Variation of the tutor’s assessment leading to different 
marks. 

• Student’s hesitation to talk openly to their tutor who 
marks their work about their subjective perception. 
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1) Grouping 

To consider preexisting differences in education and 
experience between the students, the 14 project groups were split 
equally and randomly into seven non-VR groups and seven VR 
groups, using the non-VR groups as reference. Each tutor 
supervised the same amount of both group categories. To include 
possibly remaining deviations into the evaluation, category 
assignments will be switched around in a second half of the 
evaluation period, as shown in Fig. 8, beginning in the summer 
semester, so that the results can be compared. 

 

Fig. 8. Categorization of groups in each implementation cycle#. 

As every group has to take both the winter course as well as 
the summer course, every group A1 and B1 will once be 
categorized as non-VR and VR group. At the end of the summer 
semester, all students finish the module with the module exam. 
Therefore, in winter semester 2021/2022, new and 
inexperienced students A2 and B2 will take the course, which is 
why a new implementation cycle can be begun without 
disadvantaging any student from A1 or B1. 

2) Mistake Tally Chart 

To counter subjective imbalances between the three tutors 
involved in marking the student’s mistakes, an objective 
assessment method was needed. Thus, every tutor used the same 
tally chart for every milestone to mark each group they 
supervised. The chart divides the mistakes into four categories: 

• Conceptual – Basic requirements were not met (e.g., the 
transmission wasn’t lubricated although oil lubrication 
was explicitly mentioned in the list of requirements) or 
mechanical components were poorly constructed (e.g., 
shaft-hub connection misfit or incorrectly calculated). 
Unnecessary high material cost or a design that 
endangers the user also fall in this category. 

• Assembly – Obstructed or nonexistent assembly paths as 
well as misfit components. Furthermore, a mistake was 
sorted into this category whenever a component couldn’t 
be assembled without colliding with other components. 

• Manufacturing – Parts were impossible or 
unnecessarily expensive to manufacture. 

• Formal – Mistakes relating to technical drawing not 
conforming to standards (e.g., DIN 3966: simplified 
representation of cogwheels [32]) 

Theoretically, a machine made from 100 components could 
lead to twice as many mistakes as a machine with only 50 
components. To avoid the resulting imbalance when comparing 
different students and groups, mistakes were only counted per 
category and student. As part of the statistical analysis then the 
average probability of a student making a mistake in a certain 
category was calculated and plotted on an arithmetic scale 

between 0% and 100%. As the tally charts were generated over 
the course of the semester project, progression could be observed 
as well as the impact of VR usage, as the dates of each group’s 
VR-sessions were documented. The following Fig. 9 shows the 
mistake progression over the course of the winter semester 
2020/2021. 

 

Fig. 9. Mistakes as per category and separated into non-VR and VR groups. 

In Fig. 9 VR and Non-VR groups are compared over the span 
of the milestones. An exemplary percentage of 79% (MS3, VR, 
formal) means that 79% of all students in VR groups made at 
least one formal mistake at the third milestone’s assessment. 

3) Open Interviews 

Open Interviews with the students were conducted over the 
course of the semester project. Students used voluntary and 
confidential conversations between with a dialog partner that 
wasn’t involved in assessment and grading to talk about their 
subjective impressions. These talks included topics like 
everyday life at university as well as the student’s experiences 
within the semester project. They were stretched over the course 
of the semester and their summarized results were especially 
helpful to shed a light on topics that the students wouldn’t talk 
about with their tutor, like for example perceived unfairness or 
workload. 

4) Questionnaires 

Before each semester project the students were asked in 
closed questions about their expectations and goals for the 
upcoming exercise, how they thought they learned the best and 
the fastest and whether they already have had any experiences 
with VR before the project. Furthermore, they were questioned 
in which area of engineering they thought the use of VR could 
be of help. After the semester project, similar questions were 
asked to see if and how the student’s view had changed. The VR 
groups were additionally asked where VR helped them in their 
design process and where it hadn’t been beneficiary. Every 
questionnaire finished with an open question about possible 
challenges and own thoughts that were not covered by the closed 
questions. 

5) Research Journal 

The journal contains subjective impressions from both 
tutorial and self-organized VR-sessions. This includes direct 
feedback from the students using VR as well as observations by 
the technical supervisor regarding teamwork, ease of use and 
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success in finding errors in machine design. To organize the 
notation, they were segmented into the following categories: 

• What went well? 

• What went wrong? 

• Frequently asked questions. 

• Wishes/requests of tutors and/or students. 

• How often did the students use VR and how long did their 
VR-sessions take? 

Recurring observations were then highlighted and further 
investigated. 

D. Prelimitary Findings 

As mentioned above, evaluation of the VR implementation, 
as it is described in the chapter First Implementation Cycle, will 
continue for another semester. Nevertheless, several interim 
findings from the winter semester of 2020/2021 could be 
excerpted from monitoring this semester and interpreting the 
insights gained so far. The assessment of student’s mistakes 
(Fig. 9) doesn’t show clear tendencies of neither non-VR groups 
nor VR groups improving significantly in comparison with each 
other. All VR groups timed their VR-sessions to be between the 
second milestone (MS2) and third milestone (MS3). As shown 
in chapter 0 no major differences between the error probabilities 
of students in non-VR groups or VR groups can be seen. There 
are two possible explanations for this.  

Firstly, differences between individual groups are greater 
than differences between non-VR and VR groups. For example, 
groups that perform better or worse on average could be in both 
categories. In that case, the continued evaluation in the next 
semester, observing the same groups solving similar tasks but 
with their roles switched over, should validate this hypothesis. 

Secondly, the improvement of a groups learning success is 
smaller than the fluctuations between the marked mistakes of the 
same group between milestones. For example, a VR-session 
could have helped a group in finding an assembly error and 
fixing it for good, thus generating learning success. If this, 
however, was one of several assembly errors within the overall 
machine design, the group’s tutor will still count up to one 
mistake per person (= 100% mistake probability for that group), 
even if the absolute number of mistakes was reduced. Therefore, 
only a greater impact in learning success - e.g., a group finding 
and fixing almost every assembly mistake of their machine 
design - could be seen in the results. To validate this hypothesis, 
the subjective impressions of the students have to be taken into 
consideration as well as the annotations from the research 
journal. 

The attitude towards the use of VR varied between the 
students interviewed over the course of the semester. In a 
voluntary online survey before the start of the semester in which 
16 students participated, most of them (93.75%) expected that 
VR would help them creating better machine designs. 75.00% 
had never used VR before. The total of 33 students, later 
desginated to a VR-group, quickly got used to the controls taught 
in the tutorial. There, a slight advantage in learning VR controls 
was observed by students that reportedly played games - be it on 

computer or console - before. When beginning their self-
organized VR-sessions, a majority of the students involved 
(96.97%) still recollected the controls as well as functions, 
learned in the tutorial five to six weeks before. Therefore, no 
additional introduction was needed when they started their own 
VR-session. All of the 7 groups using VR in their respective 
sessions identified and later fixed design mistakes, as 
documented in the research journal. In detail five conceptual 
issues, five problems with assembly, and one part that couldn’t 
be manufactured were found. In most sessions the experience of 
the true-to-life spatial representation of the machine designs was 
described as “cool”, “innovative” and “helpful for understanding 
correlations between components” by the students. Furthermore 
69.70% of the students reported that through the experience in 
the virtual environment they realized “the true spatial 
dimensions” of their machine. In the following, the collection of 
student’s frequently asked questions, requests and suggestions 
are summarized from the open Interviews, the questionnaires 
and the research journal: For one thing, students would like to 
have design reviews of their machines by their respective tutor 
to talk about details, relevant for grading, instead being on their 
own in the VR-sessions. Additionally, they prefer their machine 
getting reviewed by another person over them reviewing their 
own machine as they fear, they won’t find their own mistakes as 
easily. As part of this request, often the complaint was raised that 
collaboration between vr-participants and spectators was 
challenging as long as both didn’t share the same view or 
environment. A common suggestion was some sort of group 
selection of components within the assembly. Another request 
was to be able to save their situation in VR for a later review at 
home in the form of snapshot. That way it would be possible to 
re-analyze their findings at home or add sketches or annotations. 
Similar to this was the suggestion of enabling shorter, more 
spontaneous VR-sessions and providing accessible CAD 
workstations in the same place. That way adjustments could be 
quickly made and re-checked in the virtual environment within 
a more productive workspace.  

Another evaluation phase using the same setup is necessary 
to generate a wider dataset and ensure that no student suffers an 
imbalanced workload through a change in procedure. 
Nevertheless, the interim findings described in this chapter can 
already be taken into account whilst further developing both VR-
application and didactic concept. The results of these 
considerations, that will be implemented in the second 
implementation cycle (winter semester 2021/2022 and summer 
semester 2022), are described below. 

VI. CONCLUSION 

Whilst the focus of the first implementation cycle was on 
assessing the effect of VR use on the students - with as little 
interference by tutors or supervisors as possible - the next step is 
to increase the didactic effectiveness through increased 
collaboration and communication. In detail this means that VR 
won’t just be used as a working tool by the students but 
additionally as a review and teaching instrument by tutors and 
students alike. The separation between VR tutorial and VR-
sessions will be kept, as it has provided a good introduction of 
VR controls in the last iteration cycle and was especially 
welcomed by students without VR or gaming experience. To 
increase the supporting and teaching efficiency of the tutors 
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especially regarding machine design’s flaws and possible 
improvements, VR design reviews will be established. Here the 
group members can collaborate with their respective tutor using 
VR. This is expected to improve communication, especially 
regarding complex three-dimensional components and 
assemblies, compared to the current state of reviewing two-
dimensional technical drawings and sketches. To benefit from 
other group’s learning success and critical thinking, an 
additional reviewing scenario will be introduced. In group 
review sessions, students from different groups discuss each 
other’s design. This way groups can exchange their different 
methods of finding and fixing construction mistakes and 
complement each other’s problem-solving creativity [33]. 

Alongside with the basic functionality already available, the 
VR-application will be expanded with more advanced features 
to further support students in problem-solving and trouble-
shooting tasks. The following feature requirements were partly 
planed and intended beforehand and developed from of findings 
and observations of the first evaluation phase.  

• Group selection – Currently only the smallest individual 
part of an assembly can be selected. As any of the 
compatible file formats includes the original document 
structure and object hierarchy, that information can be 
used to interact with whole subassemblies. This was one 
of the most requested features by students in the first 
evaluarion phase. 

• 3D Sketches and drawing – During design reviews and 
discussions, problems and errors within the design will 
get identified. To note keep a record of these findings, 
spatial anchored annotations or 3D-sketches will be made 
possible. Students of thef irst evaluation phase had 
problems describing their findings to group while being 
in VR. Drawing a line and sketch ideas could be helpful 
and enhance collaboration. 

• 3D-Snapshots – To review the findings, the previously 
named sketches and assembly states should be preserved. 
With the functionality to save Snapshots of the current 
design state, spatial annotations and 3D-sketches as 3D-
files, this information could be persisted to review it 
again at any point without the need of VR-equipment. 

• Multiuser capability – Observations during the VR-
sessions showed, that due to missing visual 
communication between VR-participants and spectators, 
it was challenging to collaborate during the review phase. 
To foster a more intense exchange among students, a 
joint VR experience could support efficiency and 
productivity [34]. 

The implementation of those features requires an adjustment 
of the current user interface concept which will be evaluated in 
additional individual user-studies.  

The study, conducted so far, initially shows the successful 
integration of the didactic concept into the engineering exercises. 
Although no measurable differences in the student’s 
performance have been identified in the first evaluation phase, 
the VR-application could be successfully integrated into the 
teaching concept and project exercises. Some students 

successfully were able to find faults in their machine designs. 
The result of the interviews, conducted among the VR groups, 
furthermore, suggest increased motivation and acceptance of the 
technology as well as the teaching and application concept used. 
As the learning and designing improvements of VR groups were 
visible but not measurable by the tutors, the didactic concept will 
be altered for the second implementation cycle. New and 
creative teaching and learning methods focussing on VR 
collaboration should further increase the student’s learning 
success. Although none of the existing solutions met the 
requirements and the in-house development entailed an 
increased effort, a robust and user-friendly VR-application could 
be provided. This paid off, as a stable and user-friendly software 
environment could be created, which allows for quick 
adaptability to new or reweighted requirements and integration 
of new features and user interfaces in the future.  
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Abstract—With the emergence of different types of Head-
Mounted Displays (HMDs), researchers and educators must make
informed decisions on what HMDs best support their needs.
When performing experiments with relatively large populations,
these decisions are largely affected by the sensing-scaling tradeoff
between high-end tethered HMDs and lower-end standalone
systems. Higher sensing affords a richer experience, but it is
also associated with higher costs in terms of the HMD itself
and the need for VR-ready computers. These limitations often
impede instructors from using high-end HMDs in an efficient
way with larger populations. We report on the results of a study
in the context of place-based immersive VR (iVR) Geoscience
education that compares the experiences and learning of 45
students after going through an immersive virtual field trip, using
either a lower-sensing but scalable Oculus Quest or a higher-
sensing but tethered HTC Vive Pro. Our results indicate that
students who used the Quest reported significantly higher levels
of satisfaction but also more simulator sickness (although still
a very low number on average) compared to those who used
an HTC Vive Pro. Our findings suggest that with content design
considerations, standalone HMDs can be a viable replacement for
high-end systems in large-scale studies. Furthermore, our results
also suggest that in the context of place-based iVR education,
the spatial abilities of students (i.e., sense-of-direction) can be
a determining factor in their experiences and learning, and
therefore an important topic of study for designing effective
place-based iVR experiences.

Index Terms—virtual reality, interactive learning environ-
ments, user studies, Oculus Quest, HTC Vive Pro

I. INTRODUCTION

The mainstreaming of immersive experiences is transform-
ing education. A new paradigm is emerging that promotes
distant, active, implicit, adaptive, and explorative learning
with interactive content. A variety of educational experiences
such as games, simulations, interactive visualizations, and
immersive virtual field trips (iVFTs) have been designed and
implemented in formal and informal educational settings [1].
With the emergence of cost-effective immersive head-mounted
displays (HMDs), we have observed a radical shift from

conventional virtual experiences such as desktop applications
(also sometimes considered as VR in the literature) and Cave
Automatic Virtual Environments (CAVE), to fully immersive
VR (iVR) experiences facilitated through HMDs. Although
both desktop and CAVE systems are considered immersive
technologies, iVR experiences afforded through HMDs are on
a higher level of immersion. As argued by Dede [2], HMDs
offer sensory immersion since users can touch virtual objects
using interactive cues that are natural to them, and the virtual
experience reacts to the motions of the user (i.e., head rotations
and physical movements in the space). Although a tremendous
amount of research has studied the design, implementation,
and implications of educational iVR experiences, we are
still far away from fully comprehending the effects of this
technology on the experiences and learning of users.

Given the range of HMDs available on the market, and
considering their associated costs, requirements (i.e., tethered
to a VR-ready computer or standalone), and capabilities (e.g.,
display resolution, hand tracking, degrees of freedom (DOF),
and field of view (FOV)), one of the pertinent questions in
the immersive learning research domain is to what extent the
associated attributes of different HMDs affect their applica-
bility in education? Do the superior tracking and sensing of
high-end HMDs justify their shortcomings in scalability and
mass dissemination in educational settings? For instance, in
2018 Oculus released the Oculus Go, a standalone and rather
limited HMD. The entry-level Oculus Go had a lower display
resolution, refresh rate, FOV, DOF, and sensing capabilities
compared to tethered HMDs from Oculus (e.g., the Rift S) or
other companies (e.g., the HTC Vive). However, its attractive
pricing and standalone features made it an appealing candidate
for scalable iVR research experimentation and classroom
applications with larger participant populations [1]. This is a
rather important logistical advantage, particularly in relation
to population size. Standalone (not requiring a VR-ready
computer) and economical HMDs can be disseminated in
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higher quantities among learners for distant, group, and indi-
vidual evaluation/learning sessions. In 2019, Oculus released a
new generation of standalone HMDs, the Oculus Quest, with
specifications closer to more powerful tethered HMDs (i.e.,
offering inside-out tracking and 6 DOF), which led to the
discontinuation of the Oculus Go in late 2020.

We have explored the scalability and applicability of two
different VR HMDs (Oculus Quest and HTC Vive Pro) in an
educational immersive virtual field trip based on 360-degree
imagery that focuses on Geoscience education. Our results
indicate that although the Oculus Quest is slightly inferior
to the HTC Vive Pro in terms of display resolution, refresh
rate, and FOV, its standalone feature and pricing make it
a much more desirable choice for large-scale evaluations in
educational settings.

Going beyond this comparison of two HMD types, a second
aspect that we are addressing in this research pertains to the
impacts of spatial abilities when applying iVR in place-based
education. A plethora of research promotes the use of iVR
for educational purposes (e.g., [3], [4]). In particular, place-
based education in Geosciences has been commended as one
of the fields that can clearly benefit from the power of iVR [5].
Notwithstanding, place-based learning requires a good degree
of spatial ability on the learner’s part [6]. Compared to desktop
experiences, iVFTs perceived through HMDs more closely
resemble actual field trips. Therefore, one can argue that
spatial abilities of learners can affect their learning and general
experiences in educational iVR interventions that focus on
place-based learning. Despite this rationale, not much is known
about whether individual differences among learners in light
of their spatial abilities can determine their learning outcome
and experiences in this novel educational medium. We have
explored this topic in light of students’ sense of direction
(SOD) [7] as an indicator of their large-scale spatial abilities.
Students’ SOD was shown to potentially predict learners’
assessment of their spatial situation model, self-location, per-
ceived usefulness, reflective thinking, and perceived learning
effectiveness of the immersive educational intervention.

The rest of this article is organized as follows: Section II
discusses the background and related work. Section III reports
on the experiment, including the used iVFT, the methodology,
and the results. Section IV discusses the implications of our
findings, and Section V concludes the paper while addressing
the limitations of our research and highlighting directions for
future work.

II. BACKGROUND AND RELATED WORK

A conceptual research framework for studying iVR in
education is proposed by Klippel et al. [1]. In this framework,
SENSATIUM, the SENsingScAlability Trade-off contInuUM
(Fig. 1), is introduced to differentiate between immersive
technology platforms in light of their sensing capabilities,
scalability, interaction opportunities, and associated costs.

This continuum, which ranges from conventional desktop
displays at the lowest end of sensing but the highest end of
scalability, to–for example–the HTC Vive Pro with eye and

body tracking at the highest end of sensing but the lowest
end of scalability, demonstrates the associated trade-off of
different VR technologies. Evidently, greater sensing can result
in the production of richer and more interactive experiences.
However, it is also associated with considerable costs in terms
of developer/designer time and necessary equipment (high-
end HMDs, VR-ready computers, sensors, etc.) which reduces
scalability, particularly in relation to conducting evaluations
with medium to large sized populations, and mass dissemina-
tion in classrooms.

Although there are similarities in terms of sensing capabil-
ities between the two HMDs (Quest and Vive Pro) studied
in this paper, they are still different in display resolution
(2560*1440 for Quest and 2880*1600 for Vive Pro), frame
rate (72Hz for Quest and 90Hz for Vive Pro), and FOV (100
for Quest and 110 for Vive Pro). But more importantly, the
Oculus Quest is a standalone HMD which does not require a
VR-ready computer and is considerably cheaper than an HTC
Vive Pro. This places the Quest closer to the high end of the
SENSATIUM scalability spectrum compared to the Vive Pro.
In light of this, we argue for the importance of investigating
whether a standalone and scalable HMD (i.e., Oculus Quest)
can replace a high-end one (i.e., HTC Vive Pro), particularly
in educational settings such as classrooms.

A. Effect of HMD Type

It has been argued that compared to desktop VR, iVR
experiences perceived through HMDs result in better user
experiences (e.g., presence, immersion) and learning/skill de-
velopment [8]. However, we can also find opposing arguments
and experimental results in the literature that demonstrate
lack of distinguishable differences, or not in favor of modern
HMDs, when comparing them with desktop VR or CAVE VR
setups, and therefore question the rationale of the investment
into HMDs [9]–[11]. Notwithstanding, not a lot of research has
been done on comparing different VR HMDs with different
sensing and scalability attributes. Buttussi & Chittaro [12]
provide an overview of different display fidelity comparisons
(including desktop, HMDs, and CAVE systems), which cor-
roborates the differences in research findings reported in the
literature. In some works, higher fidelity is commended to
result in better performance and experience (either HMD or
CAVE compared to desktop), albeit resulting in higher levels
of simulator sickness, whereas in other research works no
significant differences in the performance or knowledge gain
of users were observed.

With respect to comparing different HMDs, Singla et al.
[13] have compared Oculus Rift and HTC Vive in the context
of omnidirectional 360-degree video experiences. Three types
of content (low, medium, and high motion) were compared
across both HMDs. Their results indicate that the HTC Vive
slightly outperforms the Oculus Rift due to its audio/visual
superiority in the participants’ ratings of the 360-degree video
experience. Furthermore, Singla and colleagues state that
content and its resolution also have an effect on how people
rate the different videos, as well as their scores on experiencing
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Fig. 1. SENSATIUM, the SENsingScAlability Trade-off contInuUM (modified and extended from [1]).

simulator sickness. Lastly, the authors conclude that female
participants experience higher levels of simulator sickness than
male participants.

On similar grounds, Papachristos et al. [14] have compared
the Oculus Rift HMD with low-cost smartphone VR headsets
(Cardboard) in light of spatial presence, usability, simulator
sickness, satisfaction, workload, and learning outcome. Using
a between-subject design approach, 30 participants (15 in
each condition) explored the differences between these devices
when experiencing the “Titans of Space” VR tour. Despite the
overwhelming technological differences between the used VR
HMDs, no significant differences between the experiences and
learning of participants were observed. Based on these results,
Papachristos et al. argue that even low-tech devices such as
phone-based VR platforms can elicit acceptable levels of user
experience in educational environments. These findings are
also corroborated by the research of Amin et al. [15] when
comparing Oculus Rift against Cardboard VR and desktop VR
in light of immersion (i.e., perceived sense of presence).

Buttussi & Chittaro [12] have also compared desktop VR
(low fidelity) with a low sensing and narrow FOV HMD
with 3-DOF (medium fidelity) and a high sensing and wide
FOV HMD with 6-DOF (high fidelity) in light of knowledge
gain, self-efficacy, engagement, and presence in the context of
aviation safety training. Their results of an experiment with
96 participants indicate that device type affects engagement
and presence, while knowledge gain and self-efficacy seem
to be similar across devices. A high fidelity HMD with a
wide FOV and 6-DOF was significantly more engaging while
eliciting a higher level of presence compared to a low fidelity
device. However, no significant difference between the high
and medium fidelity conditions, or between medium and low
fidelity conditions were observed.

Although scarce, the state of the art shows that in most cases
the effect of HMD type on the experiences and learning of
users is negligible. Notwithstanding, most of the comparisons
between different HMDs are based on rather diverse devices
with significant technological differences, which makes the
reported findings even more surprising. To the best of our
knowledge, however, no research work has attempted to com-
pare technologically similar HMDs (i.e., Oculus Quest and

HTC Vive Pro) in the context of Geoscience iVFTs based on
360-degree imagery.

B. Spatial Ability and iVR

Spatial ability is defined by Poltrock et al. [16] as the
capacity to produce, transform, and interpret mental images.
The definition of Poltrock et al. refers to small-scale spatial
ability, while in place-based disciplines such as Geosciences,
the focus is mostly on large-scale spatial ability. The latter is
defined by Yuan et al. [17] as “the ability of individuals to
carry out cognitive processing of spatial information in the
large-scale environment” (ibid, page 2).

As summarized by Lee et al. [18], the spatial abilities of
learners can affect their achievement. This is corroborated by
research findings showing the importance of spatial abilities
for the success of learners in STEM education [19], [20].
Therefore, spatial abilities can be considered as an important
learner characteristic that predicts their success. One of the
most important objectives in the design and implementation of
educational experiences is creating one that caters to different
types of learners with different preferences and abilities [21].
As noted by Norman [22], the effectiveness of a digital
educational artifact is a function of the individual abilities
of the users. Furthermore, Norman states that the spatial
visualization ability (the ability to manipulate or transform the
image of spatial patterns into other arrangements) of users is
the primary individual difference that affects their performance
in digital educational experiences. As such, understanding how
individual differences among learners in light of spatial abil-
ities can affect their experiences and learning is an important
topic of study. It is worth noting that numerous research works
have focused on the use of iVR to train and improve the
spatial abilities of users (e.g., [23], [24]). Notwithstanding,
our focus in this research is on understanding how educational
iVR affects people with low/high spatial abilities, and not on
training or improving the abilities themselves.

Based on a review of the existing literature by Lee et al.
[18], there is a large body of research highlighting the effect
of spatial visualization ability on the performance and 3D
comprehension of learners. Lee and colleagues have argued
that students with different levels of spatial abilities benefit
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differently in relation to learning in VR. This benefit is
argued to be dependent on learners’ ability to extract relevant
information and reconstruct it into their mental model. In
light of this, Lee et al. [25] have concluded that the spatial
ability of learners is a determining factor for their learning in
VR. In the context of desktop VR, Lee and colleagues have
shown that low spatial ability learners can benefit more from
an educational desktop application compared to high spatial
ability learners. This benefit is signified in the performance of
learners. Similar observations are reported by Jang et al. [26]
in the context of anatomy learning. On similar grounds in [27],
it has been reported that providing an elevated perspective
in iVR (using Oculus Go HMD with 3-DOF) during spatial
learning benefits low spatial abilities users more than those
with high spatial abilities.

The work of Tussyadiah et al. [28] has explored the effect
of users’ spatial ability on their feelings of spatial presence
(the feeling of being there in the virtual environment) in iVR.
Their hypothesis is based on the argument of Wirth et al., [29]
who propose that people with high spatial ability can imagine
a VR environment and fill in the missing information from
their memory easier. Their results, however, indicate that the
spatial presence of users is not affected by their spatial ability.

Given that the focus of our educational iVFT is on Geo-
sciences, it is important to explicitly establish the link between
this discipline and spatial abilities. Learning in Geosciences
is fundamentally based on the concept of place-based learn-
ing through field site visits. Research has shown that high
spatial ability students are more likely to show interest and
succeed in place-based disciplines [6]. Place-based learning
requires the integration of visual-spatial information from the
environmental space and then translating them into knowledge
[5]. Environmental obstacles (e.g., rugged terrain, trees, etc.),
however, can often impede learners from easily extracting
and integrating the necessary information for knowledge con-
struction. Therefore, physical movements are required so that
learners can move around and access the information that
might otherwise be hidden from their immediate viewing. Such
movements and mental representation construction are directly
related to the large-scale spatial abilities of learners.

In light of the reviewed research, we argue for the impor-
tance of studying the implications of individual differences in
light of large-scale spatial abilities in the context of iVFTs
in Geosciences. To the best of our knowledge, no research
has explored the effect of spatial ability in terms of the sense
of direction on the experiences and learning of users in 360-
degree image-based iVFTs for Geoscience education.

III. EXPERIMENT

The immersive virtual field trip used in this research takes
the students to the Reedsville and Bald Eagle Formations in
Central Pennsylvania as part of an introductory Geoscience
course at The Pennsylvania State University. The iVFT is
based on 360-degree high-resolution images (from ground and
elevated perspectives Fig. 2), high-resolution outcrop photos,
diagrams, and a 3D model of part of the outcrop built using

Fig. 2. Sample snapshots of the iVFT from ground (a) and elevated (b)
perspectives. Example of a 3D model of the outcrop (c), and a diagram
providing additional information (d).

Structure-from-Motion. The entire iVFT is narrated with audio
clips that explain the specific features of the outcrop and/or the
tasks learners need to perform as they navigate between the
360-degree images in a predefined sequence (for more details
see [30]).

A. Methodology

A between-subject design approach was used to explore the
effect of VR HMD (Oculus Quest vs. HTC Vive Pro) on
the experiences and learning of participants in the iVFT as
described in the following.

1) Participants: A total of 45 students participated in this
study. Of these, 30 students (19 males, 10 females, and 1
other, with an average age of 19.7) went through the iVFT
using the Oculus Quest HMD and 15 (8 males and 7 females,
with an average age of 19.2) went through the iVFT using
the HTC Vive Pro HMD. All students were recruited from a
Geoscience class at The Pennsylvania State University. The
iVFT experience was embedded in this course as a laboratory
assignment and students were awarded course credit for their
participation.

2) Measures: The experiences and learning of the partici-
pants were assessed using self-reported questionnaires. As part
of the demographic information, participants were asked to
report on their age, gender, ethnicity, major and minor fields of
study, and year of study. Furthermore, participants were asked
to report on their feelings about experiencing the iVFT, a self-
reflection on which conditions they think they learn best, their
level of enjoyment when using technology, their opinion on
whether iVFTs can replace actual field trips, and their desire
to see more iVFTs in university teaching. Lastly, participants
were asked to report on their individual differences in light
of their sense of direction using the Santa Barbara Sense of
Direction scale (SBSOD) [7].

After going through the iVFT, the experiences of the par-
ticipants were measured in light of simulator sickness [31],
and spatial situation model and self-location (as two levels of
developing spatial presence through experiences in the virtual
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field site [32]). The learning experience and perceived learning
outcome of the participants were measured using the question-
naires from Lee et al. [33], in light of representational fidelity,
immediacy of control, perceived usefulness, perceived ease of
use, field trip enjoyment/motivation, cognitive benefits, control
and active learning, reflective thinking, perceived learning
effectiveness, and satisfaction constructs. All constructs were
measured on a scale of 1 to 5 and individual items were
averaged and collapsed into the final construct score. Lastly,
participants were asked to state what they liked the most and
the least about their iVFT experience, and what changes to the
iVFT would enhance their experience using three open-ended
questions. All of the used questionnaire items are from estab-
lished and tested instruments from the literature. Furthermore,
the Cronbach’s alpha reliability test was performed for each
of the used measures (results were between .73 and .93).

3) Procedure: The iVFT was administered in a Geoscience
classroom as a required lab assignment. Students who con-
sented to participate in the study (45 out of 70) used an HMD
to go through the iVFT. Students who did not consent to
the study experienced a non-immersive version of the VFT
on desktop computers in two different university labs. For
organizational purposes, the random assignment to the specific
conditions was performed based on the students’ lab sections
(three lab sections for the entire course with roughly 23
students in each). Each lab section was split into two iVFT
sessions with six Quest participants in each that were randomly
selected from all the students in the lab section. The remaining
HMD students were asked to sign up on an online platform to
reserve a 1-hour time slot at the VR center of the university
library to go through the iVFT using the Vive Pro.

Based on this setup, 36 students went through the iVFT
using the Oculus Quest in their regular lab section and 20
students went through the iVFT using the Vive Pro in the
library’s VR Center within a week after the lab session.
Six Quest participants were excluded from the data analysis
due to technical difficulties during the iVFT. Two teaching
assistants (TAs) and one researcher were present during the lab
periods for the Quest condition. Out of the 20 students in the
Vive Pro condition, only 15 students filled out the post-study
questionnaire, of which only 10 students completed the survey
immediately after the iVFT experience. The remaining 5 Vive
students filled out the post-study questionnaire within a week
after their exposure to the iVFT. Nevertheless, all completed
user data was included in the study. A student employee from
the university library moderated the Vive Pro sessions and was
provided with a protocol to follow when instructing/helping
the participants.

In the Quest condition, the participants were first briefed
about the purpose of the experiment. Then, they were asked
to fill out the pre-study questionnaire. Afterward, with the help
of the experimenters, they were assigned to different play
areas and were introduced to the buttons on the controllers
they needed to use in order to go through the iVFT. The
experimenters then assisted the participants with putting on the
HMD and starting the experience. The rest of the instructions

TABLE I
MEAN COMPARISON ON EXPERIENCE, LEARNING, AND PARTICIPANTS’

CHARACTERISTICS. THE TWO CONDITIONS ARE STATISTICALLY
SIGNIFICANT (p<.05) FOR SIMULATOR SICKNESS AND SATISFACTION

METRICS

Oculus Quest HTC Vive ProMetric M SD M SD t/W p Cohen’s d
Experience

simulator sickness 1.95 .73 1.58 .42 t(2.17)=39.84 .03* .58
Satisfaction 3.8 .84 3.21 .87 t(24.57)=2.10 .046* .69

Spatial Situation
Model 3.56 .87 3.23 .49 t(40.46)=1.61 .11 .43

Self-location 3.56 .86 3.23 .92 t(23.79)=1.6 .30 .35
Learning

Representational
fidelity 3.52 .85 3.43 .68 t(34.83)=.35 .73 .10

Immediacy of
control 3.92 .79 3.68 .77 t(25.9)=.94 .35 .30

Perceived
usefulness 3.58 .94 3.43 .78 t(30.26)=.57 .57 .17

perceived ease
of use 4.05 .88 3.68 .85 W=272 .11 .43

Field trip
motivation
/enjoyment

3.9 .87 3.54 .82 t(26.79)=1.35 .19 .43

Cognitive benefits 3.65 .95 3.25 .61 t(37.39)=1.68 .10 .47
Control and

active learning 3.72 1.0 3.21 .97 t(26.01)=1.58 .13 .51

Reflective thinking 3.53 .88 3.25 .67 t(32.73)=1.18 .25 .34
Perceived learning

effectiveness 3.56 .86 3.31 .65 t(33.15)=1.05 .30 .31

Individual difference
Sense of direction 3.35 .66 3.43 .61 t(30.32)=-.38 .7 .12

Technology
enjoyment 4.23 .65 3.93 .82 t(23.14)=1.23 .23 .42

on how to go through the iVFT were directly embedded
into the experience. Once the students finished the iVFT, the
experimenters helped them take off the HMD. Afterward, they
were instructed to complete the post-study questionnaire. The
same procedure was used for the Vive Pro condition, with the
exception that only one participant at a time went through the
iVFT and the experimenter was a library student employee.

B. Results

1) Oculus Quest Vs. HTC Vive Pro: Welch’s two-sample
t-tests were used to explore the effects of HMDs on the
experience and learning of participants (Table I). The two-
sample Mann-Whitney-Wilcoxon test was used if the main
required statistical assumptions were violated. Our results
show that differences in the experiences of users in the Oculus
Quest and HTC Vive Pro conditions were significant with
respect to simulator sickness with Quest participants reporting
significantly more simulator sickness issues than the Vive Pro
participants. It is important to note, however, that the average
scores for simulator sickness in both conditions are quite low
(1.95 and 1.58). Furthermore, it was revealed that with respect
to satisfaction, Quest participants reported significantly higher
satisfaction than Vive Pro participants. For all the remaining
measured metrics, the differences between the two conditions
were shown to be not significant (for more detail refer to Table
I).

2) Individual Differences: Given the larger sample size
in the Quest condition, we explored the effect of individual
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differences using only the results from the Quest participants.
Merging the responses from both conditions was avoided due
to the significant differences reported between them in the t-
test analyses.

In order to explore the effects of individual differences
in SOD, we performed a median split to convert the nu-
meric scores into two categories: low-SOD and high-SOD
participants. Using a similar approach, we also explored the
effects of technology enjoyment by splitting our population
into two categories of low-Tech and high-Tech. The experience
and learning metrics of participants in the Quest condition
were then compared based on gender, SOD, and technology
enjoyment.

Our results from performing t-tests on the Quest condition
indicate that from our population of participants, male students
(M = 4.53, SD = .46) reported significantly higher technology
enjoyment than the female students (M = 3.65, SD = .63),
t(14.17) = 3.92, p = .002, Cohen’s d = 1.69. However, with
respect to all other metrics, neither any significant differences
nor a clear trend between Male and Female could be ob-
served. With respect to technology enjoyment, no significant
differences between low and high groups could be observed.
Notwithstanding, a clear trend exists in favor of the high-Tech
group, where participants in this group scored higher for all
the measured metrics (expect for self-location) than those in
the low-Tech group. With respect to SOD, it was revealed
that the SOD category of participants had a significant effect
on several of the experience and learning metrics. Our results
show that with respect to the experience metrics, high-SOD
participants (M = 4.05, SD = .63) reported significantly higher
spatial situation model scores than low-SOD students (M =
3.16, SD = .77), t(25.23) = 3.39, p = .002, Cohen’s d = 1.27.
High-SOD participants (M = 3.97, SD = .68) also reported
significantly higher self-location scores than low-SOD students
(M = 3.26, SD = .70), t(26.72) = 2.77, p = .01, Cohen’s d =
1.03.

Further, it was revealed that with respect to the learning
metrics, high-SOD participants (M = 4.07, SD = .56) reported
significantly higher perceived usefulness than low-SOD stu-
dents (M = 3.25, SD = .85), t(22.35) = 3.03, p = .006, Cohen’s
d = 1.14. High-SOD participants (M = 4.07, SD = .46) also
had significantly higher reflective thinking scores than low-
SOD students (M = 3.04, SD = .91), t(18.9) = 3.82, p =
.001, Cohen’s d = 1.45. Lastly, high-SOD participants (M =
3.91, SD = .60) reported significantly higher perceived learning
effectiveness than low-SOD students (M = 3.21, SD = .98),
t(21.16) = 2.29, p = .03, Cohen’s d = .86. As such, our results
suggest that the sense of direction can be considered as a
determining factor influencing the experiences and learning of
participants in iVFTs.

IV. DISCUSSION

Our results indicate that although participants in the Quest
condition reported higher levels of simulator sickness, the
average score for this experience metric is quite low in both

conditions (1.95 for Quest and 1.58 for Vive Pro). Further-
more, participants in the Quest condition reported signifi-
cantly higher levels of satisfaction compared to the Vive Pro
condition. Considering that the other experience and learning
metrics of participants were not significantly different between
the conditions, our results suggest that the Oculus Quest can
be considered as a viable and cost-effective replacement for
learning via iVFTs.

Our findings have important implications in the academic
research domain and for classroom education with iVR tech-
nology. The logistics of administering an iVFT in a classroom
using the Vive Pro is significantly more complicated for both
the educators/researchers as well as the students. Evidently,
an HMD that requires a VR-ready computer can not be easily
transported into lab sessions or classrooms, which leads to
requiring students to interrupt their schedule and go to a
specified location to do their assignment. Although a minor
inconvenience on the students’ part, this extra level of re-
quirement could introduce a negative effect on the satisfaction
level of the students with the iVFT as a whole. This effect
can be potentially strengthened if the iVFT is considered
as a mandatory lab assignment, as it was in the context of
this research. With respect to simulator sickness, although the
average means are rather low for both conditions, we have
observed a higher and significant score in the Quest conditions.
This could be due to the inferiority in the display resolution,
frame rate, and the FOV of the Quest compared to Vive
Pro. Such inferiority might manifest itself in the perception
of the 360-degree images and the 3D model of the outcrop
used for the activities performed by students. Further, as was
mentioned, five Vive Pro participants filled in the post-study
questionnaire within a week after going through the iVFT due
to logistic issues, which could also explain the lower average
score for simulator sickness for this condition. Lastly, the
Oculus Quest has a smaller play area than the Vive Pro, which
could have negatively affected the simulator sickness scores of
Quest participants.

To better explain these results, we referred to the open-
ended responses of participants. Several participants in the
Quest condition reported feelings of nausea, headache, and
blurred vision because of the elevated perspective and the
quality of the images and 3D models. In contrast, other Quest
participants indicated their excitement about the elevated per-
spective and how it helped them gain a better understanding
of the geological formations. These comments combined with
the scores for simulator sickness indicate that perhaps the
elevated perspective was not a comfortable and appealing
feature for some Quest participants. In addition, several Quest
participants explicitly commented on or requested better image
and 3D model quality as part of the open-ended feedback. The
results of the open-ended feedback in the Vive Pro condition
are very similar to the ones in the Quest condition. Several
Vive Pro participants considered the elevated perspective an
advantage of the iVFT, and at the same time, several other
reported not enjoying the elevated perspective. A few Vive
Pro participants commented on how appealing the experience
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was, while several Vive Pro participants negatively commented
on the blurriness and quality of the 360-degree images and 3D
models in the iVFT, and requested better qualities for future
versions of iVFTs.

There is a division of opinion in the literature on whether
the HMD type actually affects the experiences of learners.
Our results indicate that such differences do exist. Although
inline with the results reported by Singla et al. [13] (com-
paring Oculus Rift with HTC Vive), we have compared a
standalone HMD versus a tethered one. Therefore, our results
not only pertain to the quality comparison of HMDs, but are
also relevant and important in understanding the potential of
standalone HMDs in large-scale classroom applications. In
light of this, our work partially confirms the findings reported
by Papachristos et al. [14], in that standalone devices are as
good as more advanced HMDs in educational environments.
We complement these results (in the context of Geosciences
VFTs) with the findings reported above highlighting that a
standalone and scalable HMD seem to cause higher levels of
satisfaction in users than a high-end tethered one, probably due
to practical advantages but potentially also the social aspect of
going through the experience as a group (albeit individually
within the iVFT).

Our study has highlighted the importance of scalability in
large-scale classroom applications. As we have reported, the
data collection process with high-end HMDs is associated with
higher costs, not only in terms of equipment but also time,
since evaluations have to be performed with one participant at
a time. We attempted to streamline this process with the help
of the VR center at the library of our institution. However,
this process introduced a new series of challenges such as the
lack of a constantly present experienced experimenter for data
collection to effectively moderate the data collection sessions.
These experiences, albeit negative, further motivate the utility
of scalable HMDs in evaluations and for integrating iVFTs
into the classroom.

Our findings also indicate that the individual differences
among learners in light of their spatial ability (sense of
direction) can be a significant factor affecting their experiences
and learning in a Geoscience iVFT. It was shown that high-
SOD participants had a better experience in light of the spatial
situation model, self-location, perceived usefulness, reflective
thinking, and perceived learning effectiveness compared to
low-SOD participants. It is important to note that we have not
measured the learning outcome/performance of participants
in the context of this study and, therefore, cannot draw any
conclusions on whether low-SOD participants have learned the
same from the iVFT compared to the high-SOD ones (poten-
tially because of the elevated perspectives as one contributing
factor). Notwithstanding, our findings indicate that spatial
abilities of learners are important factors to be considered
in the design of iVFTs. This opens the door for numerous
interesting research questions that address design decisions
and guidelines for immersive experiences with the objective
of catering to both high and low spatial ability learners.

V. CONCLUSIONS, LIMITATIONS, AND FUTURE WORK

We explored the effects of HMD type and spatial ability of
learners in light of their sense of direction on their experiences
and learning in an educational iVFT. Our results suggest
that the HMD type has an effect on the experiences of
users, where a low-cost and scalable HMD (Oculus Quest)
is generally perceived better compared to a high-end, more
expensive, and tethered one (HTC Vive Pro). In light of our
findings, we conclude that a low-cost and scalable Oculus
Quest HMD is not only a viable replacement for evaluations
and applications with large populations, but is also drastically
more convenient logistically and adds a social component to
the experience. Moreover, our results suggest that the sense of
direction is an important factor to consider when evaluating
the effectiveness of iVFTs. This learner characteristic is shown
to be an indicator for the scores of learners’ experiences
and perceived learning effectiveness, with high-SOD learners
scoring significantly higher than low-SOD ones. As such, we
conclude that the design, implementation, and evaluation of
iVFTs should be studied in light of individual differences,
and guidelines need to be established that aid designers,
educators, and practitioners in catering to individuals with
different abilities and preferences.

Although this study was designed with care, there are certain
limitations in our work that need to be acknowledged. First,
the iVFT used is primarily 360-degree image based and does
not make full use of iVR. Such immersive experiences lack
rich embodied interactions that signify the higher levels of user
presence. Therefore, as part of our future work, we will make
use of body-based sensory cues that can potentially facilitate
effortless and richer perception of the environment. Such a
design decision may in particular benefit low-SOD learners.
Moreover, we will integrate more 3D models into the experi-
ence to enrich tangible interactions with the environment.

Second, immersive technologies are still new to most peo-
ple. On the one hand, this new technology creates a sense of
new excitement and motivation that could influence students’
experience. On the other hand, iVR may present particular
challenges to new users in terms of exerting extra cogni-
tive load and technical/personal difficulties when using the
headset (e.g., simulator sickness). Although some of these
limitations are still open questions in the VR community,
certain limitations such as overwhelming cognitive load can be
alleviated by adaptive techniques such as intelligent feedback
and interventions by the system. Therefore, as part of the
proposed future work of this research, we will explore the
effect of adaptive feedback on the cognitive load of students,
and particularly those with low SOD. Third, our study is
limited to only two HMDs that were prominent in 2019 and
2020. With the introduction of the Oculus Quest 2 that has
higher resolution and frame rate (soon up to 120 Hz), and the
release of different high-end tethered HMDs with significantly
superior display quality and FOV, more research with a larger
sample size is needed to better establish the findings reported
in this paper.
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Lastly, it is important to also explore the effects of HMD
type and individual differences on objective learning measures
of students in formal and informal settings. We are, therefore,
planning to conduct further studies in the future, in which we
will employ quantitative measures of learning outcome rather
than self-assessments to investigate this aspect in more detail.
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Abstract—Learning software programming is challenging for
software engineering students. In this paper, students’ engage-
ment in learning software engineering programming is consid-
ered under the SimProgramming approach using the OC2-RD2
narrative technique to create an immersive learning context. The
objectives of this paper are twofold: presenting a narrative-driven
immersive learning approach to introduce software engineering
concepts and coding techniques to online undergraduate stu-
dents; and analyzing the students’ feedback on this approach.
Thematic analysis of the metacognitive tasks was performed on
the students’ fortnightly reflections about their learning progress.
Content analysis was based on interest categories, students’
perceptions, metacognitive challenges, narratives, examples and
aspects to be kept or to be improved. Data from the content
analysis were organized into categories, subcategories, indicators,
and recording units and their categorization was peer-reviewed.
The narratives were considered by the students as interesting,
appealing, akin to professional reality and promoting interaction.
Most students thought the approach was helpful for learning
software programming.

Index Terms—teaching methods, student surveys, distance
education, computer science education, learning processes

The knowledge and skills a software engineer must master
comprise: resilience; maintainability; adaptability; knowledge
of theoretical approaches and design methods; technology and
tools; recognizing, understanding, modelling, formalizing and
analyzing new problems; adapting known solutions; managing
an organizational process; interacting with people and coordi-
nating the work of different people [1]–[3]. A survey of 1,926
experts recommended requirements for software engineers’
professional performance [2]: writing good code; adjusting
behaviors to account for future values and costs; practicing
informed decision-making, avoiding making other people’ s

jobs harder; and learning continuously.
An aspect where software engineering students face sig-

nificant challenges developing these skills and knowledge
is learning large-scale computer programming techniques. It
involves combining abstract theoretical concepts of software
quality, advanced coding techniques, and anticipating human
and systemic problems and risks. Rather than focus on making
a piece of software work, software engineering cares about
aspects such as robustness and reliability of development,
and the end-product adaptability to changes in requirements,
circumstances, and similar abstract scenarios.

This prospective nature of the learning objectives of soft-
ware engineering raises the need to challenge and motivate
students for their learning. In this paper, we consider the im-
mersion dimensions of narrative and challenge [4], to explore
the use of narrative to drive immersion by supporting students’
engagement in learning software engineering programming
under the SimProgramming didactic approach [3], [5]–[10].
SimProgramming is a teaching approach concerned with pro-
viding a fruitful learning environment, self-and co-regulated
forms of learning and formative assessment processes.

The narrative-driven immersion was approached using the
educational narrative development technique OC2-RD2, de-
scribed in section II.

The objectives of this paper are twofold: presenting a
narrative-driven immersion approach to introduce software
engineering concepts and coding techniques to online under-
graduate students; and analyzing the students’ feedback on this
approach.
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I. BACKGROUND

The OC2-RD2, formerly OCC-RDD, is a technique for
creating educational narratives and their instructional use [11]–
[18]. The acronym parts stand for Objective, Complication,
Catastrophe (OCC or OC2), and Reaction, Dilemma and
Decision (RDD, RD2). The OC2 part introduces a third person
narrative, while the RD2 is a first person narrative, where
characters themselves tell their story through dialogues. The
technique includes character archetypes: Fubã, Fê, Ocara,
Spec, Mestre Lum, and Naum Q. Kaow, with personalities
described as social and psychological features (see. Table I).

The narratives developed with the OC2-RD2 technique
introduce challenges, generating an engagement-focused learn-
ing environment whose dynamics encompass interactive roles
among the actors (characters, learner, teacher) and the concep-
tual frameworks of the fields of knowledge under focus. Its
positive impact on the learning of computational concepts and
programming and its affinity with interactive learning methods
have been affirmed [16]–[18].

In contact with the characters via the narratives, students
engage in an immersive experience within the narrative (nar-
rative immersion) and outside it (challenge immersion). When
reading the narrative, the learner establishes a connection
between the imagery generated by the story and the real world
(its personal story) [12], [16]–[18].

The structure of the OC2-RD2 narrative technique com-
prises a narrative, its script, the characters, the places and set-
tings of the narrative plot and the actions involving characters
and settings (Fig. 1).

Fig. 1. Structural elements of the OC2-RD2 narrative technique. Scheme
adapted from Rosa et al. [16].

II. THE OC2-RD2 CHARACTERS: ADAPTATIONS AND
NEWNESS

This OC2-RD2 approach was applied at a 2nd-year course
in the fully online Informatics Engineering Undergraduate
Programme at Universidade Aberta (UAb) in Portugal: “Soft-
ware Development Laboratory” (LDS, Portuguese-language
acronym). The online e-learning format was asynchronous,
using the Moodle platform, over the 2nd semester of the 2019-
2020 academic year (12 academic weeks). The course goal is
to scaffold undergraduates transitioning from novice program-
mers into proficient programmers, over a six-topic syllabus
covering the Model-View-Controller architectural style and its
implementation in coding for various libraries, frameworks,
and APIs, following principles such as low coupling and high

cohesion. Thirty-two students accepted to participate in this
study.

The student cohort is heterogeneous in age (research par-
ticipants ranged from 25 to 60 years old), gender, location
(different regions of the country and abroad), and educational
level (a mix of secondary education, some college attendance,
and undergraduate degrees in fields other than computing),
and already part of the workforce. The asynchronous mode
means no specific hours are scheduled for activities, but rather
deadlines within a date span, as mandated by UAb’s pedagogic
model. In each topic, activities include forum discussions
with the teaching staff and colleagues, also asynchronously.
Students’ age span and occupations imply scheduling con-
straints of active professional careers and the need to care
for children or older relatives. Being disseminated across the
globe, students deal with varying time zones: small teams can
arrange to meet, but there is no live lecturing schedule that
would fit all.

The original characters in OC2-RD2 [17] were adapted to
the SimProgramming didactic approach followed in the course
[3], [5]–[10], which employs situated learning in business-like
context, and to the students’ profiles (the overwhelming major-
ity were from Portugal). This meant renaming characters with
nicknames more connected to Portugal’s cultural and business
reality rather than Brazil’s. It also meant rendering them as
professional colleagues, rather than teachers or students (see
Table I). Further, we corrected the gender imbalance of the
original character set. This led to impacts on their original
personality traits (see Table I).

To develop the OC2-RD2 narratives for the LDS course, for
each of the six syllabus topics, the process was organized into
five stages: first, identifying the educational goals according to
the cognitive process and knowledge dimensions of Bloom’s
taxonomy [22]; second, organizing those goals by matching
them to OC2 scenes - Objective, Complication, and Catastro-
phe; third, outline narratives for the dialogues and character
actions defined by RD2 (Reactions, Dilemmas, and Decisions),
as well as complementary narratives to maintain narrative
immersion when presenting to students the tasks and support
materials; fourth, checking for any resulting goal overlapping
or gaps; and fifth, final drafting of the narratives and their
transposition to the Moodle platform.

III. EXAMPLES OF NARRATIVES WITHIN THE
SIMPROGRAMMING FRAMEWORK

This section exemplifies the narratives presented to the stu-
dents of the LDS course. Narrative 1 focuses on the importance
of the concepts of low coupling between components when
using APIs and Narrative 2 is an example of metacognition
support via a questionnaire eliciting student recall of personal
perspectives about using software engineering techniques.

The narratives herein are translated from their original
written form in European Portuguese.

A. Narrative 1
The example below, retrieved from topic 3 of the course

syllabus, shows a narrative where characters interact with
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TABLE I
DESCRIPTION OF CHARACTERS’ SOCIAL AND PSYCHOLOGICAL TRAITS

Original character OC2-RD2 [19]: Mestre Lum
Adapted Portuguese Character: Boss
Adapted character archetype description: Manager who provides
instructions and guidance. The English-language word “boss” is often
used informally in this context in Portugal as a nickname by which
subordinates refer to their manager.
Personality traits [20], [21]: “willing to share at the personal and pro-
fessional level”; Extraversion: high; Agreeableness, Conscientiousness,
Neuroticism, and Openness: average.
Original character OC2-RD2 [19]: Fubã
Adapted Portuguese Character: Meiabola
Adapted character archetype description: An employee prone to snap
decisions, often recklessly. The name stems from the popular expression
“Meia bola em força” (lit. “half a ball with imparted strength”).
Personality traits [20], [21]: “skilled and capable for any task,
performed in accordance with previous training and preparation”. Neu-
roticism, Extraversion, Agreeableness, and Openness: low; Conscien-
tiousness: high.
Original character OC2-RD2 [19]: Ocara
Adapted Portuguese Character: Patavinas
Adapted character archetype description: A good-spirited colleague
eager to provide support, even if the contributions are not entirely
reliable. This nickname is the plural of a popular Portuguese-language
word meaning “nothing”, often used as “clueless”.
Personality traits [20], [21]: “tends to be an ideas salesperson”. Neu-
roticism and Conscientiousness: low; Extraversion and Agreeableness:
average; Openness: low.
Original character OC2-RD2 [19]: Spec
Adapted Portuguese Character: Ada
Adapted character archetype description: A knowledgeable em-
ployee, who is keen on providing guidance and contributing to man-
agement’s goals. The name is a tribute to Ada Lovelace.
Personality traits [20], [21]: “generally articulate, fluent, and persua-
sive communication”. Neuroticism: low; Extraversion: high; Agreeable-
ness and Conscientiousness: average; Openness: low.
Original character OC2-RD2 [19]: Fê
Adapted Portuguese Character: Fezada
Adapted character archetype description: An employee focused on
developing team bonding, consistently encouraging team collaboration
and communication. This nickname means “Sure bet” or “strong con-
viction” (lit. “somewhat big faith”).
Personality traits [20], [21]: “a person generally able to get involved
with those around, becoming a net value to the surroundings, both
personally and professionally”.
Neuroticism and Agreeableness: average; Extraversion and Conscien-
tiousness: high; Openness: low.
Original character OC2-RD2 [19]: Naum Q. Kaow
Adapted Portuguese Character: Catmming
Adapted character archetype description: Artificial intelligence char-
acter who challenges students to reflect through metacognitive tasks.
Unlike the other characters, the name Catmming does not result from a
traditional Portuguese popular expression. It is the name of a wordplay
association: the first part ”Cat”, the popular household pet, because it’s
an animal with an independent and challenging personality; the second
part results from a pun on Programming (”mming”).
Personality traits [20], [21]: “keen on details, especially those that
may impact results”.
Neuroticism, Extraversion, Agreeableness: average Conscientiousness:
high; Openness: high.

each other and with the students, taking into consideration
the following Bloom’s dimensions: Factual Knowledge, in
the Remembering process (to minimize coupling, students
have to remember concepts related to component coupling);
Procedural Knowledge, in the Applying process (to develop
students’ awareness of the importance of implementing low
coupling among components); Factual, Conceptual, and Pro-

cedural Knowledge, in the Creating process (coding with low
coupling among components).

Boss: Hi guys!! Feeling fine?! How is that demo app
development going?
Meiabola: Everything’s alright, Boss. I’m making
one with Patavinas. We’ve got our ideas in shape,
drew the preliminary structural diagrams, and started
coding this stuff, so that we can discuss it later on.
Ada: Likewise. We are in sync. I’m making one with
Fezada and we have been checking up with with
Meiabola and Patavinas, sharing our thoughts.
[Sequence diagrams from the apps of both teams are
shown in the narrative here]
Boss: Excellent! Since you are already coding, don’t
forget about our internal SimProgramming strategy:
minimize component coupling. That must impact
your demo apps. Are the ones you’re coding already
good examples of that or not?
Patavinas: But... weren’t we just supposed to show-
case what the company could do with these new
APIs?
Boss: Yes, showcase it, Patavinas, but that’s no mere
”just”... For our company to be efficient, whatever
is made with those APIs must have a way of
aligning with our global development strategy. And
that means low component coupling.
<awkward silence>
Boss: Uhm... Look, Meiabola and Patavinas, Ada
and Fezada, and all other teams: I assume your
silence means you were not considering this aspect.
So, each of you check if the coding you’re using
for your demo app is a good example of low
component coupling. An example fit to be part of
SimProgramming’s development strategy!
So go on, check it. In a few days I’ll be back to
catch up on your status.
<Each team picks its case: code and diagram, unsure
of what to look for.>

In summary, this narrative aims to raise learner awareness
about the importance of low component coupling, and of
coding strategies’ as impacting company adoption of a new
API.

B. Narrative 2

The following narrative, from topic 1 of the course syl-
labus, has a single character, Catmming. It is an example
of introducing metacognitive tasks immersively, following
Bloom’s “Metacognitive” knowledge dimension, and “Re-
member” cognitive process. By having students check whether
their personal perspectives changed regarding the value of
using software engineering techniques, its goal is to make them
realize that the use of such techniques is indeed relevant for
software development.

Catmming: Knock, knock.
Hey guys!
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Many factors must be considered in the software de-
velopment process! Are you able to develop software
with engineering principles in mind? Did your way
of thinking about software development change after
analyzing the post-mortems? Does the way in which
software is developed impact its progress?
Let’s think about it!

After reading this narrative, students had to answer a set
of questions (test format - a Moodle feature) about their
self-concept as programmers and their reflections about the
software development process. In this example, one of the
questions asked was: ”What is my level of awareness about
the importance of engineering techniques in software develop-
ment?” To answer, students select an alternative from a Likert
scale (Very Low; Low; Median; High; or Very high). After
choosing, students were asked to explain their choice.

IV. RESULTS AND DISCUSSION

We analyzed the metacognitive tasks (MT8, 12, 15, 17, and
partially 20) based on students’ fortnightly reflections (FR)
about their learning progress using thematic analysis [23].
Content analysis matrices were based on interest categories
and students’ perceptions on the following: 1) metacognitive
challenges posed by Catmming character; 2) narratives and
examples; and 3) aspects to be kept or to be improved.

Data from the content analysis was organized into cate-
gories, subcategories, indicators, and recording units (snippets
of sentences) as they emerged from the analysis by two re-
searchers. Then, a cyclical process of improvement, synthesis,
and reflection was conducted with two more researchers.

Throughout the metacognitive tasks, particularly in the
fortnightly reflections (Metacognitive Tasks 8, 12, 15 and 17,
comprising the 1st through 5th fortnightly reflections), we
observed that students included in their critical reflections
on their learning progress some perceptions related to the
SimProgramming narratives and characters.

We categorized these students’ perceptions under four sub-
categories: 1) immersion in the narratives; 2) perceptions about
the positive impact of narratives on their learning process; 3)
narrative aspects that needed to be improved; and 4) negative
perceptions.

Regarding narrative immersion (subcategory 1), students
(n=9) incorporated situated learning in their reflections,
through aspects associated with being part of the SimPro-
gramming company and viewing the characters as real col-
leagues/managers:

“(. . . ) The colleagues who were already here have
been of great help, and I confess that it is an honor
to be in the same company as Ada. (. . . )” S47,
03/14/2020 (MT8 - FR1)
“(. . . ) I dedicated myself to complying with the
procedures required by the company. (. . . ) I managed
to carry out all the tasks requested by the Boss (. . . ).”
S53, 04/04/2020 (TM12 - RF2)
“(...) in a project with my colleagues. The dialogues

helped maintain that perception (. . . ).” S6, 6/3/2020
(Tm15 - RF3)

Regarding the positive impacts of the narratives (subcate-
gory 2), the students found them interesting (n=3):

“(. . . ) Because this work method is very interesting
and motivating. ”S34, 04/04/2020 (MT8 - FR1)”

They also considered that the narratives supported task
awareness (n=10):

“It has been helpful how ”colleagues” have moved
into that direction. (. . . ) And references and collab-
oration from ”colleagues” have been useful. ” S44,
3/21/2020 (MT8 - FR1)
“(...) I’m adapting quite well to the way SimPro-
gramming works. The examples help my work a
lot.”S47, 13/04/2020 (MT12 - FR2)

They found them to be fun (n=1):
“The concept of SimProgramming is somewhat
funny.” S59, 03/22/2020 (Tm8 - RF1)

They found it akin to professional reality (n=5):
“(. . . ) The characters are a good simulation of real
people, and help to create the illusion that one is in
a real company.” S36, 4/13/2020 (MT8 - FR1)
“(. . . ) In the same way that I imagine it would go
if, in reality, it occurred in an organization with
some teammates having a collaborative attitude that
helped to internalize the organizational culture. ”S6,
04/04/2020 (MT8 - FR1)

Regarding the narrative aspects that need improvement (sub-
category 3), students reported difficulties interpreting the nar-
ratives: being confused (n=1); reading comprehension (n=2),
and lack of task completion awareness (n= 2), e.g.:

“The way the content was provided so far makes it
difficult to understand what one is supposed to do
in the activities” S38, 25/03/2020 (MT8 - FR1)
“Also, the interpretation of texts (. . . )” S56,
05/04/2020 (TM12 - RF2)
“The main difficulty has been the ability to find
where I am (. . . ) I end up getting lost and constantly
retracing my steps.” S56, 04/04/2020 (MT8 - FR1)

Regarding negative perceptions (subcategory 4), one student
expressed conflicts with his personal preferences:

“My introverted nature prevents me from making
this type of integration without difficulties. I can
even say that I am not a fan of any employee of the
company, however friendly they seem to be. (. . . )”
S57, 03/21/2020 (MT8 - FR1)

When students were asked directly about the narratives, in
Metacognitive Task 20 (in the 6th fortnightly reflection, MT20-
FR6), they expressed the following views on Catmming’s
metacognitive challenges and on the fortnightly reflections:
difficulties completing the challenges (view 1); the metacog-
nitive challenges are innovative (view 2); the approach is
motivating (view 3); they felt the narratives helped them de-
velop self-regulation learning strategies (view 4); and various
improvement suggestions (view 5).
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Three students were unable to complete the challenges
due to: lack of time because of professional demands (n=1);
time management difficulties associated with the COVID-19
pandemic (n=1); and unspecified time management difficulties
(n = 1):

”Professional work often interrupts what is necessary
to be able to complete the challenges posed.” S8,
5/30/2020 (Tm20 - RF6)
”The fact of being confined home since March 13th
has made me lose track of time, even on weekdays”.
(S56, 06/01/2020, Tm20 - RF6)
”I confess that I was unable to manage my work
time very well (...)” S6, 06/08/2020 (MT20 - FR6)

One student mentioned metacognitive challenges as innova-
tive and allowing one to go beyond readings (n=1):

“The organization in sprints is a new and innovative
way of approaching (...) seems very appropriate and
motivating to me, since it doesn’t just send us to
pages in a book.” S1, 6/1/2020 (MT20 - FR6)

Catmming’s challenges were also mentioned as a motivating
approach because it allows them to monitor the development
of their tasks (n=3):

”It keeps pace with our own development.” S1,
6/1/2020 (Tm20 - RF6)
“(...) the sprints were good to understand the point
of situation (...)” S53, 06/04/2020 (Tm20 - RF6)
“(...) they gave clues to the next challenges.” S54,
06/07/2020 (Tm20 - RF6)

It allows them to feel that there is an evolution at work
(n=1):

“(...) Catming’s challenges (...) were always pre-
sented in such a way that it felt a” natural ”evolution
of the themes. S54, 06/07/2020 (Tm20 - RF6)

They considered Catmming’s challenges interesting (n=2):

“I found all the challenges quite interesting (...)”
S53, 06/04/2020 (Tm20 - RF6)
“Catmming’s challenges are interesting (...)” S54,
06/07/2020 (Tm20 - RF6)

And that it is an appropriate approach:

“It seems very appropriate and motivating (. . . )” S1,
01/06/2020 (Tm20 - RF6)

The metacognitive challenges help in the development of
self-regulation learning strategies, such as reflection about
work done (n=1):

“The biweekly reflections help me to understand
how I managed to deal with the proposed challenges
(...)” S54, 07/06/2020 (Tm20 - RF6)

And at the organization level (n=2):

“(...) the sprints were good for (...) reorganizing.”
S53, 06/04/2020 (Tm20 - RF6)
”(...) organize my work.” S54, 06/07/2020 (Tm20 -
RF6).

However, there was one student who considered that an
aspect to be improved would be the integration of other
multimedia elements (n=1):

“(. . . ) I missed some support from videos to help
me.” S52, 06/03/2020 (Tm20 - RF6)

Regarding the opinions that students have about the narra-
tives and examples used by the SimProgramming company,
two dimensions of perceptions are found: 1) positive opinions
about the impact that narratives had on their learning and 2)
aspects to improve.

The students mentioned as positive aspects of the narratives,
namely, that they were interesting (n=2):

“I found it very interesting (. . . )” S34, 05/31/2020
(Tm20 - RF6)
”I feel they are very interesting (...)” S6, 06/08/2020
(Tm20 - RF6)

Students liked the experience (n=2):
”I liked the adopted approach.” S8, 5/30/2020 (Tm20
- RF6)
“I really enjoyed the experience of this course (...)”
S53, 06/04/2020 (Tm20 - RF6)

They are innovative and original (n=2):
“It is a very innovative way of approaching concepts
(...)” S1, 01/06/2020 (Tm20 - RF6)
“I really enjoyed the experience of this very original
UC (...)” S53, 06/04/2020 (Tm20 - RF6)

On the fact that the strategy could be applied to other
courses (n=1):

“This type of strategy could well try to be applied in
other curricular units.” S1, 6/1/2020 (Tm20 - RF6)

Helpful in guiding the work to be carried out (n=1):
“(...) they end up helping to enter the development
scheme. In fact, the dialogues were an asset helping
to understand what was requested. ” S6, 06/08/2020
( Tm20 - RF6)

It helped provide a picture of what software development
is (n=1):

“(...) gives us a small view of the software develop-
ment world.” S53, 06/04/2020 (Tm20 - RF6)

Finally, a student considered the narratives to be interactive,
i.e. originating engagement with the tasks (n=1):

“(...) becoming more appealing through interactivity.
(...)” S1, 06/01/2020 (Tm20 - RF6)

However, some students reported aspects to be improved
and difficulties they experienced with the narratives, such as
the lack of complementary feedback (n=1); being confusing
(n=2); making it difficult to concentrate (n=1) and the exam-
ples not being entirely adjusted to reality (n=1).

”(. . . ) I felt very disappointed and not sure if what
I am doing is correct. ” S34, 5/31/2020 (Tm20 -
RF6)
”Some have become very confused.” S56,
06/01/2020 (Tm20 - RF6)
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“It’s a bit confusing, especially in the videos and
that weird narrative with interpreters from the other
world. . . ” S54, 06/07/2020 (Tm20 - RF6)
”It doesn’t help concentration.” S54, 06/07/2020
(Tm20-RF6)
“Ideologically it’s very good, but I think it would
be easier if they were more suitable to reality.”S56,
06/01/2020 (Tm20 - RF6)

From the analysis of the students’ statements as those above,
we deduce that the narratives written with the OC2-RD2
technique were found to be appealing, interesting, innovative,
suitable, promoting enriching experience, increasing interac-
tivity and helping software development learning. They helped
students immerse themselves in a simulated business narrative
and its challenges, as well as reflect on their learning progress.
Most students thought the dialogues were helpful towards the
development of their software.

The fact that the narratives were considered appealing,
interesting, and promoting an enriching experience can be
interpreted as related to their constituent structure which
motivates learners because they include characteristics (Ob-
jective, Complication, Catastrophe, Reaction, and Dilemma)
which engage readers into the narrative plots. However, it is
necessary to understand what are the actual effects of these
characteristics on the students’ learning progress.

Also, the fact that the narratives were pointed out as suitable
for learning, suggests that the information presented in the
dialogues of the narratives was adequate to help learners start
to understand the process of large-scale software development.
Nevertheless, there have also been students reporting that
narratives match to reality could be improved.

Finally, the perception that the narratives promote interac-
tivity can be related to the possibilities of interaction among
participants (characters, teacher and learners). In future work,
we recommend analyzing how this interactivity contributes to
self-regulated and co-regulated learning.

Some students reported difficulties interpreting the narra-
tives, and lacking complementary feedback. It is also important
to find alternative approaches for students who, due to personal
characteristics, find it difficult to manage the narrative plots,
resulting in a psychological effect contrary to the one intended
(e.g. S57).

The limitations of this work concern the analysis of stu-
dents’ perceptions without triangulation with other data. How-
ever, test reliability has been ensured since the testing process
was reviewed by multiple project researchers through peer
review.

V. CONCLUSION

Throughout the course, particularly in the fortnightly re-
flections, students demonstrated they were immersed in the
narratives and in the challenges. Students used expressions
such as ”my colleagues”, ”boss” in their reflections as if
the characters were real and mentioned that they were really
integrated into the tasks of the SimProgramming “company”.

We conclude from the analysis of the students’ perceptions
that the introduction of metacognitive challenges by the char-
acter Catmming in the narrative scenes was innovative and mo-
tivational, contributing to help students better understand their
work progress and develop self-regulation learning strategies
related to the organization of their study and to their awareness
and reflection skill.

Some students reported difficulties carrying out the Cat-
mming challenges, mostly related to time management due
to professional and personal lives, in some cases explicitly
explained as arising from the COVID-19 pandemic.

The same type of perceptions were found in relation to the
narratives of the other characters (Ada, Fezada, Meiabola and
Patavinas). The students considered the experience innovative
and original, and that it contributed to the development of
self-regulation learning strategies such as: guiding their work,
understanding the technical tasks associated with software
development, and promoting links with professional reality.

In future work, we recommend improving narratives con-
sidering the suggestions given by the students, such as: inte-
grating other multimedia elements; complementing narratives
with feedback (to avoid the students loosing track of where
they are in their learning progression); improving clarity
of dialogues (some were considered confusing, or hard to
follow). We are considering as alternative media for future
improvements, pending review of literature recommendations:
digital cartoons, e-comics, videos, podcasts, and tools for
observational research.

Furthermore, it is necessary to design strategies that allow
students to easily find where they stand in their learning
progression, to know what they have already accomplished and
studied and/or to identify which aspects of study and work are
still missing.

It is also important to outline alternative pathways for
students who do not appreciate these narratives to be able to
carry out the course tasks regardless.
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de Práticas Pedagógicas no Ensino Superior. Instituto Politécnico de
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Abstract—In the autumn 2020 the course Digital Movie 

Making was given in a fully online mode, due to the restrictions 

and lockdowns related to the covid-19 pandemic. With the 

intention of avoiding Zoom fatigue and provide a more creative 

and engaging online teaching environment, the social VR platform 

Mozilla Hubs was chosen for all the lectures, seminars and 

supervision. The two main reasons for choosing Mozilla Hubs 

were the openness of the platform, providing wide opportunities 

for creating and setting up your own virtual space, as well as the 

option to access the platform via a web browser. However, Mozilla 

Hubs has a number of usability and technical flaws, making it 

clumsy to use, and the initial course introduction and guest lecture 

suffered severe technical issues when all 25 students attended 

simultaneously. A decision was made to only use Mozilla Hubs for 

supervision, and these meetings with few students turned out 

successful. Based on the observations from these learning 

activities, a number of advantages and disadvantages with VR in 

general and Mozilla Hubs specifically is presented and discussed. 

Index terms—Mozilla Hubs, social presence, virtual reality, 

supervision 

I. INTRODUCTION 

During the 2020 pandemic, a majority of all university 
education was forced into emergency remote teaching mode [1], 
and this was also the case at University of Gothenburg where I 
work. During the spring of 2020, students and teachers quickly 
became accustomed to extensive use of video meeting 
applications, especially the application Zoom. Even though 
there is a high satisfaction over Zoom, there is nevertheless 
extensive talk about Zoom fatigue [2], and this gave rise to the 
idea to utilize virtual reality (VR) as an alternative to Zoom 
meetings for all meeting-based learning activities in the autumn 
2020 course Digital Movie Making. 

Even though VR equipment has become much more 
affordable and easy to use the last decade [3], there is still the 
problem with very few university students having access to it, 
especially during a pandemic lockdown when they can only use 
equipment already available at home. Therefore, the VR 
meeting application Mozilla Hubs (https://hubs.mozilla.com/) 
was chosen, since this is one of the few applications that can be 
used both via a VR headset and via a desktop computer [4]. It 
can also run directly in a web browser and provide extensive 
opportunities to create your own meeting environment, which 
provided a very high level of flexibility. However, as we shall 

see in the results from this case study, this flexibility came at a 
high cost concerning technical problems. 

II. BACKGROUND 

The course Digital Movie Making is a 7,5 credits (5 week 
full time studies) course running at half-speed during September 
and October, at the University of Gothenburg. The course started 
in 2003 as an on-campus course in the master’s program 
Entertainment Design and Technology, later became a stand-
alone course, and was converted into flipped classroom and 
became a distance course in 2012 in order to broaden the student 
base and increase the number of students. Since then, it has been 
given in what I refer to as mixed mode, meaning that students 
can attend either on campus or online. The course had a hiatus 
in 2018 and 2019 in order to provide time for developing it, 
changing the focus from general digital movie making to 
emerging and advanced interactive and immersive movie 
making. In 2020 the course was given again, testing a few new 
content modules, and in 2021 the full revision will come in 
place. 

A. Decision to Use VR and First Set of Research Questions 

Since March 2020, university teaching in Sweden has been 
predominantly online and remote, due to the covid-19 pandemic. 
Personally, I have been examiner for three courses in 2020, 
including the summer course Design Fiction right before Digital 
Movie Making started August 31st, and I have chosen to offer 
all three courses fully online with no in-person, on campus 
activities at all (the university officially allowed, even 
encouraged, some on campus activity during the autumn). Since 
Digital Movie Making have been running online since 2012, I 
could have set it up in same way as always, relying on video 
meeting for all learning activities (1 guest lecture, 5 seminars, 4 
project presentations and 6 supervision days). However, since I 
knew many students had experienced and would experience 
extensive usage of video meetings and especially the application 
Zoom, the idea was born to do something different, such as using 
virtual reality for all meetings with the students. Zoom fatigue 
has been discussed frequently during 2020 [2]. Most likely this 
represents a general fatigue over remote teaching in general, as 
well as a frustration over what seems to be a never-ending 
pandemic. But I assumed that at least some of the fatigue 
actually came from using the same video application for many 
hours several days a week, even though Zoom itself is generally 
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highly appreciated and has a well design user interface and 
useful features [5]. 

I have a long personal tradition of doing applied research on 
my own work, both development projects and teaching, so it was 
obvious for me to take the opportunity to assign research 
questions to this intervention I would be doing in the course set-
up. The first research question then became: 

• Would virtual reality give any pedagogical and/or social 
advantages or disadvantages compared to the previous 
usage of video meetings? 

I also formulated the following hypothesis related to this 
question: 

• Using virtual reality instead of video meeting will not 
affect the learning outcomes negatively, and it will 
provide a high level of social presence! 

III. DECISION TO USE MOZILLA HUBS AND SECOND SET OF 

RESEARCH QUESTIONS 

It has been frequently described and discussed that the last 
decade of affordable and easy to use VR equipment has given 
rise to a VR hype and mainstream adoption of virtual reality [6]. 
However, the percentage of computer users that have access to 
VR equipment is still very low, and my own informal request 
among my own students during the spring of 2020 indicated that 
out of approximately 120 students, only a few had VR 
equipment. Since the course Digital Movie Making have about 
25 students every year, it seemed likely that very few or maybe 
none would have VR equipment. Eventually this turned out to 
be correct; only one of the attending students had VR equipment. 
Therefore, I choose to use the VR meeting application Mozilla 
Hubs (https://hubs.mozilla.com/) which can be used both via VR 
headsets or in 2d mode and desktop computer. It also runs in a 
web browser so students would not need to install any 
application, and it offers very good opportunities to build and 
configure your own virtual environment, something that seemed 
a promising factor in creating a good and joyful user experience. 

I had previous experience with Mozilla Hubs, having tested 
it during the spring both in meetings with colleagues, and in a 
few supervision meetings with master’s thesis students. I also 
had a simple 3d model of the Kuggen Medialab, a lab with media 
production equipment used by both researchers and students at 
my department (I am the director of the lab, and it has previously 
been used by the campus-based students attending the Digital 
Movie Making course). I built this model during the spring as a 
way to test and explore the capabilities of Mozilla Hubs, and 
also as a way to enable future online study visits to the lab. The 
model was built in Sketchup, exported to Sketchfab, then to 
Spoke, and finally imported into a Mozilla Hubs scene. I also 
used two generic Hubs environments, one large meeting space 
for the first guest lecture, and one smaller space for a couple of 
the later supervision meetings. 

From the decision to use Mozilla Hubs, a second set of 
research questions was formulated: 

• Will Mozilla Hubs be appropriate for the different 
learning activities of the course, ranging from guest 

lecture with 25 participants to supervision meetings with 
single students? 

• How time consuming will it be to set-up and launch the 
meetings in Mozilla Hubs? 

I also formulated the following hypothesis related to these 
questions: 

• Mozilla Hubs will work well for all learning activities of 
the course! 

• It will be more time consuming to set-up and launch the 
Mozilla Hubs meetings than similar meetings in the 
video application Zoom! 

The later assumption was based on the informal observations 
during the spring that launching a Zoom meeting often takes less 
than 30 seconds, combined with the case study me and a group 
of teachers had done in 2019 where a VR lecture using the VR 
meeting application Bigscreen took several days to prepare [3]. 

IV. THEORY 

A. Social Presence 

Define Presence is the feeling of existing in an environment 
other than the actual place that the physical body is, of 
extending, projecting somewhere else. Presence is the sense of 
projecting into an environment that seems believable, realistic 
and engaging [7]. According to Witmer and Singer presence is 
the “subjective experience of being in one place or environment, 
even when one is physically situated in another” [8]. 

Several attempts have been made to determine the 
components of presence. Lombard and Ditton propose five 
aspects: social richness (intimacy and immediacy through self-
expression and the presence of others); social actors (interactive 
agents); realism (seemingly accurate representations); 
transportation (the feeling of being somewhere else); and 
immersion (perceptual and psychological) [9]. Sheridan lists 
three determinants of telepresence: the extent of sensory 
information; spatial translation of sensors; and the ability to 
modify the remote environment [10]. Clearly, there are many 
concepts that are repeated in different form in these listings – 
most notably different aspects of richness and interaction – and 
there is common ground to find among all these suggestions. 
Another aspect, the presence of other users, will be discussed 
further on as a component of worldliness. 

Interaction is a fundamental aspect presence in virtual 
environments. Interaction means agency, and there are different 
levels of agency. One of the most basic is looking around [11]. 
Secondly, the user can move through the environment, 
providing a spatial interaction between user and world, 
mimicking what we expect in an actual environment [12]. 
Thirdly, the users’ agency in the world, the interaction with 
objects in the world, partly determines the level of immersion 
and presence [13]. 

The presence of others gives the world a sense of 
worldliness, and once again interaction is a key word since it is 
the interaction with others that makes the world appear 
inhabited. A fundamental component of co-habitation is simply 
knowing that others are there as well [14]. The participants in 

305



 

 

online virtual worlds live and create and tell a story. Klastrup 
calls this “story-living rather than story-telling” [15]. For a 
virtual world to have worldliness and social presence, it needs 
persistence. Persistence means that the world has a continuous, 
autonomous history. When a user is not present the world 
nevertheless continues to evolve and change; the other users are 
persistent as well. You meet the same individuals next time you 
participate. Klastrup defines a virtual world as an online 
representation that is persistent, inhabited, provides interaction 
with the world and its other users, and is navigable. 

B. Pedagogical Framework 

Diane Laurillard have proposed a theoretical framework 
with pedagogical patterns that categorize different learning 
activities into the following: learning through acquisition, 
inquiry, discussion, practice, and collaboration [16]. The 
following is a brief description of these patterns with comments 
on their usage in the Digital Movie Making course. 

• Learning through acquisition. The teacher provides 
narrative explanations or descriptions which the student 
takes part in. According to Laurillard, this should 
preferably be supplemented by one or more of the other 
patterns, and it is vital that the teacher confirms and 
verifies that the narrative has been understood. In Digital 
Movie Making, acquisition was primarily used in the set 
of recorded lectures and tutorials and theory and practice 
in movie making.  

• Learning through inquiry. The teacher gives the students 
a challenge to explore a question and formulate answers, 
with the guidance from the teacher. In Digital Movie 
Making, inquiry was essentially not used. 

• Learning through discussion. The teacher creates a 
careful plan and set-up for a fruitful discussion about 
specific topics between students, often but not 
necessarily with the teacher acting as facilitator. In 
Digital Movie Making, discussion played a crucial part 
primarily in the seminars, but also in supervision 
meetings and in project presentations. 

• Learning through practice. The teacher creates a goal-
oriented task or project that through its design give 
students experiential learning and intrinsic feedback 
from the situation itself. In Digital Movie Making, 
practice was the most important learning pattern being 
used, in the form of the big movie production project 
where the students write, shoot and finalize a short 
movie. 

• Learning through collaboration. According to Laurillard, 
collaboration combines all other forms of learning, 
especially discussion and practice. This is true in Digital 
movie Making, and for the students choosing to do group 
projects, we can assume that additional learning comes 
from the collaboration. However, students are free to 
work alone and many do, so therefore collaboration does 
not play a vital part in the learning in the course. 

These learning patterns is a theoretical framework informing 
the later analysis of the results. 

V. METHOD 

A. Action Research 

The general framework for this study was action research, 
where an interventionist action is planned, designed and 
performed, and the result is observed and evaluated [17]. In 
pedagogical research this method is often used as a field study 
of an actual learning scenario, and the case I report on in this 
paper was performed as a part of a course at University of 
Gothenburg. This implies involving researchers and 
practitioners (the teachers and students) acting together in a 
particular cycle of activities throughout an iterative process. In 
this case, one major iteration was done together with the students 
(the decision to not use Mozilla Hubs for large gatherings), and 
minor iterations was occurring every time a time and place for 
supervision meetings was decided (in most cases, the decision 
in this case was to continue using Mozilla Hubs). 

B. Ethnographic Participatory Observations 

An ethnographic method was used for observation and 
documentation of the preparations and the teaching. 
Ethnography is the study of social interactions, practices and 
events. The observed social expressions are described and to 
some extent interpreted and assigned a meaning [18]. The study 
is done as fieldwork; the ethnographer observes and participates 
in the everyday practices of the group of people that is studied. 
The observed social expressions – what people do and say – are 
described and to some extent interpreted and assigned a 
meaning. 

During the preparations for and during the actual learning 
activity I, the involved researcher and teacher, used participatory 
observation [19], documented via written notes. The learning 
activities was also documented with screen captures and 
sketches of the online environments (Mozilla Hubs and Zoom). 

C. Quantitative Data and Student Feedback 

Since the course only have about 25 students, and no similar 
case study had been done on previous years, the opportunities 
for gathering of quantitative data was highly limited, resulting 
in the choice of a primarily qualitative study. Also, the study is 
primarily explorative, which also made it relevant to make a 
descriptive and qualitative study. However, some simple 
quantitative data was readily available from historical 
documentation, and I choose to include data from course 
evaluations and student grade reports, the later giving some 
indication of fulfilment of learning outcomes. 

To get a baseline to compare the 2020 results with, I choose 
to go back to the four years 2014-2017 (the course had a hiatus 
in 2018 and 2019). During these years the course evaluation 
questions changed somewhat, and several questions (for 
example on literature) was deemed irrelevant to the usage of VR. 
Two questions were chosen on the basis that they had been used 
in all course evaluations and they were relevant to the research 
questions: A) “It was clear from the beginning what was 
expected of me in the course” and B) “What is your general 
impression of the course?”. The answer was a four and a five 
grade scale, respectively. The grading was also summarized 
from archived grade report protocols, for the same span of years. 
The grading scale for the course is fail, G and VG (“approved” 
and “well approved”). The grading is based on a movie project 
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and assessed from three criteria: creative and interesting content, 
artistic quality, and technical quality. 

Written student feedback on the usage of Mozilla Hubs was 
gathered from two sources; e-mail communication between me 
(the examiner) and individual students, and the course 
evaluation survey including the question “How did you 
experience the digital work environment (Zoom, Hubs and 
Canvas)?”. 

D. Mixed Method 

As outlined above, I have used a mixed method approach, 
using both qualitative and quantitative methods. Mixed methods 
enable us to find different viewpoints and maximize the research 
results, since the different methods provide different results [20]. 
Online learning platforms and their usage are a complex 
phenomenon where several different disciplines meet: 
information and communication technology, interaction design, 
media production, and pedagogy. A mixed method can 
investigate these different aspects and connect disparate 
disciplines. 

VI. EXECUTION 

This section describes how the preparation and usage of 
Mozilla Hubs was done before and during the course, including 
some comments on documentation of results. 

A. Consideration of Using Smartphone-based VR 

Me, the examiner and teacher of the course, had sufficient 
access to several VR headsets and hand controllers, but a major 
concern at the start of the planning was what devices the students 
would use. As mentioned previously, the likelihood of many 
students being equipped with VR headsets was very low, and 
that was one of the reasons for choosing Mozilla Hubs as the 
platform to use. But one possibility was to have students use 
their own smartphones in combination with simple VR headsets 
such as Google Cardboard. This solution essentially utilizes the 
already available computing power of student’s smartphones to 
allow access to VR environments. The Cardboard smartphone 
holder/headset is quite cheap (approximately 20 Euro/dollar a 
piece), and it would be economically and logistically possible to 
buy and distribute such headsets to all expected 25 students. 

However, the disadvantage with smartphone-based VR is 
limitations in both technology (for example low graphics 
capabilities and very limited interaction since the user doesn’t 
have a hand controller) and usability (many smartphone-based 
applications are rudimentary and with immature user interfaces). 
Nevertheless, I experimented with two different Cardboard 
headsets for approximately a day, trying to enter Mozilla Hubs 
environments with these and an iPhone 8. This never succeeded, 
I didn’t even manage to enter the environment, and eventually I 
gave up on this option. 

B. Preparations Before Course Introduction 

As mentioned in the Background section, the 3d model of 
the Kuggen Medialab had already been built and implemented 
in Mozilla Hubs during the late spring of 2020, before the 
decision to use Mozilla Hubs of the course had been taken. But 
for the course introduction and guest lecture – when all 25 
expected students were expected to attend – a bigger room 
would be needed, since if the Kuggen Medialab environment 

was used the avatars would be too close to each other and 
interfere visually. One of the generic Mozilla Hubs 
environments was chosen. In order to customize this 
environment and provide an experience that emphasized the 
content of the course, a few Google Poly and Sketchfab models 
were added. For example, one model was the spinner flying car 
from the movie Blade Runner, and another was a movie stage 
with an avatar representing the movie director Stanley Kubrick 
(see Fig. 1). Another more functional preparation was the 
embedding of four movie excerpts from YouTube, based on a 
list received from the guest lecturer Patrik Dufva. These would 
be used to play during the lecture and provide illustrative 
examples for the students. These preparations took about a day 
because of technical issues and the inefficient user interface of 
Mozilla Hubs (for example, placement of objects in the scene is 
clumsy and time consuming). 

 

Fig. 1. The large generic Mozilla Hubs environment prepared for the course 

introduction and guest lecture. 

Instructions on how to use Mozilla Hubs was published in 
advance on the learning management system Canvas. On 
August 27th a Testing Mozilla Hubs was held with the students, 
and a majority of the students showed up for this. This was a 
drop-in for 90 minutes, and no more than five students 
participated simultaneously. There were some issues, but mostly 
related to getting to know the application and how to use it. 

The course introduction (45 minutes) and guest lecture (45 x 
2 minutes) with movie maker Patrik Dufva took place on August 
31st. As will be described in the Results section, the guest lecture 
had so much technical issues that we changed over to a Zoom 
session after about 30 minutes. After this failure I sent out an e-
mail to all students asking for their opinion on how to proceed, 
giving them three options: A) “Was Hubs fun to try and we can 
just continue using it?”, B) “Do you think we should give it one 
more try on the first seminar, before we decide if we should skip 
Hubs or not?”, and C) “Or should we just use Zoom in the rest 
of the course, no doubt?”. Based on the response I made the 
decision to only use Mozilla Hubs for the supervision meetings, 
and instead use Zoom for the project presentations and seminars. 

Supervision meetings was held on six occasions, weekly 
from September 14th to October 26th. These were pre-booked 
time slots of 20 minutes duration, from 09:00 to 16:00 on 
Mondays. All in all, 28 supervision meetings took place. These 
supervisions concerned the movie project that was a major part 
of the course work. The students could work individually or in 
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groups; there were five groups, and 11 students working alone. 
I participated in these supervisions using either an Oculus Rift 
(using a windows computer with a Nvidia 2060 RTX graphics 
card) or an Oculus Quest. On two supervision occasions trivial 
technical issues (audio disturbance from family members in my 
home office, and a drained battery) forced me to use Mozilla 
Hubs via 2d mode desktop (using Firefox web browser on a 
MacBook Pro laptop). The reason why I the teacher participated 
in immersive VR is because the immersion gave a higher degree 
of social presence. The reason why the students participated in 
2d mode was their lack of VR headsets. 

VII. RESULTS 

Starting with basic numbers on the usage of Mozilla Hubs in 
the course, I had 28 supervision sessions with students. Out of 
these, two were done in Zoom upon request by the student, and 
two were done in 2d mode desktop Mozilla Hubs due to minor 
technical issues. Thus, 24 supervision meetings were done in 
immersive VR using Mozilla Hubs. On six of these occasions 
the student chooses to share her screen view, usually so we could 
review the movie script or storyboard together or look at short 
raw cuts of the movie project. 

TABLE I.  STUDENTS PREFERRED ACTION CONCERNING THE FAILED 

ATTEMPT AT USING MOZILLA HUBS FOR THE GUEST LECTURE 

Preferred action Mozilla Hubs 

Was Hubs fun to try and we can just continue using it? 1 

Do you think we should give it one more try on the first seminar, 

before we decide if we should skip Hubs or not? 

7 

Or should we just use Zoom in the rest of the course, no doubt? 2 

One of the most important results is obviously the need to 
change from Mozilla Hubs to Zoom for the upcoming seminars 
and project presentations. Ten students responded to my 
question concerning the preferred action, and the distribution of 
answers (“votes”) is shown in Table I. 

Many students actually suggested we should test again, but 
there was also much written feedback on the technical issues, 
and I had experienced these myself to a high degree, so 
eventually I decided on the halfway solution to use Zoom for 
bigger meetings (seminars and presentations with up to 25 
students) and Mozilla Hubs for the smaller supervision meetings 
(one or a few students). The technical issues are summarized 
further ahead. 

A. Course Evaluation and Student Learning Outcome 

Fig. 2 shows the relevant quantitative results from the course 
evaluation. 

The answer frequency (how many of the students active on 
the course who responded to the course evaluation survey) have 
varied between 44% and 83% for the time period (2014-2020), 
and was 62% for the 2020 run of the course. 

The response to the claim “It was clear from the beginning 
what was expected of me in the course” have been consistently 
high, including the last year (blue bars). We should be careful 
with drawing too many conclusions from this, since the course-
pm and other written documentation plays an important role, as 
well as having a good structure on the learning management 
system, but at least we can’t see any indication that the 

tumultuous use of Mozilla Hubs during the course introduction 
had any negative impact on the experience of clarity the students 
felt. 

 

Fig. 2. Results from the course evaluation survey. Scores on the two 

questions “It was clear from the beginning what was expected of me in the 

course” and “What is your general impression of the course?”. 

The question “What is your general impression of the 
course?” also gave a consistently high grade on the course (4,4 
in 2020 on a 5-step scale, compared to the average of 4,6 for the 
years 2014-2017), and no indication that the usage of Mozilla 
Hubs had any negative impact on the student’s appreciation of 
the course (orange bar in the chart). 

The student learning outcomes is summarized in Fig. 3. 

 

Fig. 3. Student learning outcome (grades) results. 

What is most striking is the apparent low (12) of number of 
approved students in 2016, and the recovery to higher numbers 
(23) in 2020 (series1-2). There is no obvious explanation for this 
dip – no major changes occurred around 2016 – and it is not 
really relevant since the hypothesis we want to test concerns the 
impact of VR usage in 2020. There is no indication that fewer 
students got approved in 2020 compared to the baseline, on the 
contrary, it was one of the highest in the time span. Looking at 
the proportions between results, it seems as if the number of 
highest grades (series1) in relation to the lower grade (series2) 
was higher than previously: in 2020, approximately 75% of the 
approved students achieved VG, compared to the average of 
approximately 50% in 2014-2017. At the same time, the 
proportion if failed students (series3) in relation to number of 
approved students was also unusually high (25% in 2020 
compared to the average of 8% for 2014-2017). However, we 
should be very careful with drawing too many assumptions from 
this. Grading a creative movie production project is inherently 
subjective, and differences between different years doesn’t need 
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to indicate that the learning actually was better. Number of failed 
students also have many different possible causes, especially the 
pandemic itself. It is not possible to know if the students failed 
because of the usage of VR, or if they were affected by the 
pandemic and the lockdown. 

B. The Failed Mozilla Hubs Usage at Course Introduction 

How did the course introduction and guest lecture fail in 
Mozilla Hubs? The following summary is based on my own 
ethnographic participatory observations and students’ feedback 
in subsequent e-mail communication and the course evaluation 
survey. Fig. 4 illustrate how the Mozilla Hubs environment 
appeared during the guest lecture. 

 

Fig. 4. The Mozilla Hubs environment during Patrik Dufva’s guest lecture. 

This illustrate how visually confusing the environment became when the 

audio issues made participants move their avatars close to the lecturer in order 

to hear anything. 

These technical problems occurred, listed in falling priority. 

• Audio. Ten students reported on audio problems, for 
many so severe that they could not follow the lecture. 
Even though some of the feedback was vague, it is quite 
clear that two issues were at hand. One was bad audio 
quality, for example described as a crackling noise. 
Another, commonly mentioned, was the spatial audio 
feature in Mozilla Hubs. The purpose of this feature is 
interesting (connecting audio volume to distance 
between avatars mimic real-life audio and makes it 
possible to form discussion groups just by moving into 
spatially separated groups in the virtual environment), 
but it’s implementation (too quick audio drop-off with 
distance, and no apparent way to boost the audio volume 
for a presenter) have the effect that if your avatar is not 
very close to the presenter, the audio volume becomes 
very low. Some tried to mitigate this by moving very 
close to the presenter (me and Patrik Dufva), which 
resulted in a cluttered visual view of the crowd when 
avatars blocked the view of Patrik’s avatar. 

• Participants being thrown out of the meeting. Three 
participants had problems with being repeatedly thrown 
out of the meeting. Unfortunately, one of these was the 
was the guest lecturer Patrik Dufva, of course leading to 
highly disruptive interruptions when his lecture was 
halted since he disappeared and had to re-connect to the 
meeting again. 

• Lag and performance issues. Two students reported 
problems with lag moving around in the environment, 
and not being able to run other applications alongside 
Mozilla Hubs. These reports were not specific enough to 
allow an in-depth analysis of the actual technical cause. 
A few other students also mentioned performance issues 
and attempts to mitigate these by using a better 
bandwidth or upgrading the operative system. 

 
Also, the following usability and/or user experience issues 

was observed. 

• Low resolution on presentation slide deck. During the 
course introduction I used a slide deck (PowerPoint 
converted to a pdf file), and when seeing these in Mozilla 
Hubs they can’t be shown in detail, and the rendering of 
the view also causes the slide deck to look quite 
pixelated. A few complaints about this were done. 

• Confusion regarding the chat messages. In the version of 
Mozilla Hubs we used, the chat messages appear just a 
few seconds, and then fade away. They could not be 
recovered after that. It is also easy to miss the messages, 
at least when you use a VR headset, since the chat text 
can appear a bit to the side. This combines into a quite 
confused situation where the chat is not really useful and 
can cause quite some confusion. 

• Finding each other. It can actually be a problem finding 
each other, and identifying who is who, both because of 
the quite big distances that needs to be spatially covered 
in larger environments, and because many participants 
chose to not change the randomly assigned avatar name. 
This leads to yet another layer of confusion together with 
the other issues mentioned. 

 
Several students reported, and it is also supported by my own 

observations, that the audio and performance issues were much 
less pronounced, or even non-existent, during the test session 
with Mozilla Hubs when only a few students participated 
simultaneously. This clearly indicate that most or all of the 
problems experienced during the course introduction and guest 
lecture was related to the quite high number of participants. 

Also, it should be noted that three students emphasized that 
they had not had or experienced any problems at all. 

C. Mozilla Hubs and Supervision Meetings 

In contrast to the large meeting at the course introduction and 
the guest lecture, the smaller supervision meetings worked very 
well. There were minor issues, both technically (occasionally 
low audio levels) and usability (two times it was a bit difficult 
to find each other since the participant could teleport out of the 
fully enclosed Kuggen Medialab room, and on one occasion two 
students didn’t move from the default spawn point, resulting in 
their avatars overlapping with each other for the whole meeting) 
related. However, these were easily overcome, and didn’t affect 
the supervision discussion to any extent. 

There were no comments at all from students regarding 
issues when supervising via Mozilla Hubs, and according to the 
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principle that no news is good news, this indicate that it worked 
well for the students as well. However, on two occasions two 
different student groups requested to meet in Zoom instead, one 
of them explaining that it was easier and better to share screen 
that way (see further results regarding screen share features 
further down). 

Generally, it was very quick to start a Mozilla Hubs meeting 
in VR, especially via Oculus Quest. To start at meeting with the 
headset turned off took about 3 minutes, typically done every 
morning of the supervision days. When the headset was just put 
in sleep mode in-between meetings it was even quicker to go 
back into the meeting room, down to 30 seconds. 

VIII.  DISCUSSION 

First, an overview of how VR was used in relation to 
Laurillard’s learning patterns (see Theory). The usage of VR in 
the course did not change the overall usage of learning patterns, 
since the general planning and set-up for the course remained 
unchanged. It was only the meeting platform that changed from 
video to VR. However, what follows is an attempt to relate the 
specific affordances of VR to the three learning patterns that 
were used in the course. 

• Learning through acquisition in VR. For acquisition to 
work properly, it requires that the teacher can narrate 
well, via communication channels such as voice, body 
language and visual aids such as slide decks and moving 
images. It also demands good opportunities for feedback 
from and interaction with the students, to verify a shared 
understanding and shared mental models. In general, 
there are very good opportunities for this in VR with 
applications such as Bigscreen, Altspace VR and also 
Mozilla Hubs [4]. However, as the results will show, this 
failed almost completely due to technical issues in 
Mozilla Hubs. 

• Learning through discussion. Discussion obviously 
relies completely on the possibility to communicate, 
verbally or via written text, but also other 
communication channels such as body language. 
Depending on the discussion topic, it can also be very 
advantageous to be able to talk about and spatially relate 
to objects, for example by pointing and other gestures. 
(Note that objects also include objects on computer 
screens.) As with acquisition, VR generally provides 
good affordances for this, and in some respects – 
especially pointing and gesturing to spatially present 
objects – VR has good potential to surpass video 
meetings, and even be almost as efficient as an in-person 
meeting. As the results will demonstrate, discussion in 
larger groups failed almost completely, while they 
worked successfully in smaller groups (supervision 
meetings). 

• Learning through practice. The practice of the course – 
the movie production project – did not include the usage 
of VR at all, so this learning pattern is not relevant for 
the usage of VR in this course. It could be argued that the 
extrinsic feedback from the supervisor was done in VR, 
but I choose to see that as categorized under learning 
through discussion. However, even if it was categorized 

under learning through practice, it wouldn’t change the 
arguments being done concerning VR and learning 
through discussion. 

Despite the general attitude that technological progress is 
very quick, an overall perspective on ICT and learning suggest 
that change and adoption is a long process. At the end of the 
1990’s teachers started using desktop video conferencing and 
learning management systems, but it is not until now about 
twenty years later that the technology and its utilization have 
reached maturity [21]. Virtual reality has already experienced at 
least two hype cycles and there is much anticipation for the 
imminent success of VR and learning [22]. However, it could be 
that we need to expect a long adoption process, while we 
iteratively develop both the technology and the methods with 
which it is put to use. A major bottleneck is the lack of access to 
VR headsets for most students, especially in remote teaching 
where the student is often situated at home. It is an open question 
whether VR headsets will be commonly available just as 
smartphones and web cameras are now, and if so when. In the 
meantime, we often need to fall back on desktop VR, and here 
the number of available meeting applications are quite few. 
Therefore, platforms such as Mozilla Hubs are crucial for 
exploring the usage of VR for learning. And, consequentially, 
even though apparently trivial observed one by one, the different 
advantages and disadvantages of Mozilla Hubs becomes of 
profound concern for the development of VR and learning. 

It could be anticipated that the difference in devices for 
participating (me the teacher in immersive VR and the students 
in 2d mode) would have an observable effect on the results. 
However, the only observation connected to this was my ability 
to point to object (since I used motion tracked hand controllers), 
and some amused remarks about me having hands and being 
able to for example wave good-bye. 

IX. CONCLUSION 

The conclusions will be set in relation to the originally 
phrased hypothesis and research questions. 

Hypothesis: Using virtual reality instead of video meeting 
will not affect the learning outcomes negatively, and it will 
provide a high level of social presence. Question: Would virtual 
reality give any pedagogical and/or social advantages or 
disadvantages compared to the previous usage of video 
meetings?  

Conclusion: The VR meetings did not affect the learning 
outcomes negatively, and at least for me there were occasions of 
quite high social presence. No student mentioned social 
presence specifically. 

Hypothesis: Mozilla Hubs will work well for all learning 
activities of the course! Question: Will Mozilla Hubs be 
appropriate for the different learning activities of the course, 
ranging from guest lecture with 25 participants to supervision 
meetings with single students?  

Conclusion: Mozilla Hubs was highly inappropriate for 
larger (25 students) meetings, due to technical issues with audio 
and performance. However, Mozilla Hubs worked very well for 
smaller supervision meetings with a handful of students. 
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Hypothesis: It will be more time consuming to set-up and 
launch the Mozilla Hubs meetings than similar meetings in the 
video application Zoom! Question: How time consuming will it 
be to set-up and launch the meetings in Mozilla Hubs?  

Conclusion: No, it was not more time consuming to launch a 
Mozilla Hubs meeting than a Zoom video meeting. It was 
especially quick using an Oculus Quest in sleep mode. 

Additionally, three more conclusions can be mentioned. 
First, on a few occasions, gestures and body language conveyed 
via VR was pedagogically useful, at least from the teacher’s 
perspective. Second, Mozilla Hubs have a quite large amount of 
technical and usability issues that are surmountable in smaller 
meetings but nevertheless unnecessary. Finally, it is noteworthy 
that the technical limitations in Mozilla Hubs to some extent is 
comparable to similar issues with for example Second Life, and 
not much seems to have happened in the many years since 
Second Life was popular. However, Mozilla Hubs runs from a 
web browser and is displayed in immersive VR, two features 
which makes Mozilla Hubs considerably more capable than 
Second Life. 

In conclusion, the advantages of Mozilla Hubs needs to be 
further explored, and the issues with the platform needs to be 
solved. 
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Abstract—Informal learning contexts of creating and exploring 

artefacts through Augmented Reality (AR) and Virtual Reality 

(VR) are increasingly common. Nevertheless, insights on art 

educators` perspectives on potential for conceptualization and 

classroom implementation are scarce. In this study, twenty art 

educators with diverse backgrounds (elementary and secondary 

school, special education) were exploring a selection of AR/VR 

applications during online workshops. In addition, six media 

artists working on AR/VR were sharing experiences in educational 

contexts. Both art educators as well was artists are pointing out 

ways of integrating a variety of AR/VR applications in art 

education teaching practise, from creating in multiplayer mode to 

exploring artefacts and loci in SocialVR. Grounded Theory 

Methodology, specifically Situational Analysis as well as Visual 

Grounded Theory Methodology was applied. Core insights are 

differing media cultural perspectives in proximity and distance to 

AR/VR related "worlds", resulting in different journeys from first 

encounter to conceptualization and implementation in educational 

practice. 

Index Terms—art education, augmented reality, virtual reality, 

media culture, didactic framework 

I. INTRODUCTION 

Exploring and redefining novel media is dear to artistic 
practice, likewise for immersive media e.g. Krueger`s Video 
Place (1974) as pioneering forms of closed-circuit Augmented 
Reality art [1]. Now, immersive media has been evolving as 
complex ephemeral ecosystem of hardware and-software. 
Cultural events in AR/VR are reaching out to masses during 
confinement e.g. Jean-Michel Jarre’s music performance in VR 
Chat celebrating last New Year's Eve in a digital twin of Notre-
Dame Cathedral [2]. Creating similar environments or 
experiencing architecture within such events opens new insights 
and possibilities for an innovation of concepts in the field of Art 
Education. 

Immersive media is a language addressing certain media 
habits according to Nonny de la Peña (AR/VR-storytelling 
expert/journalist). [3] “younger audiences are coming up who 
are used to having embodied experiences (...). They're going to 
want to have their views, education, and everything else in an 
embodied form.”   

However, awareness of potential benefits and ascribing 
value to AR/VR technology seem closely intertwined with 
culture, as a socio-cultural bias in technology acceptance.   
Accordingly, our study aims to reveal an overarching media 
cultural perspective on AR/VR as relatable to art educational 
conceptualization and implementation. The study builds upon a 
series of prototyping on AR/VR for art history education [4] 
including an AR-based designing application as part of the 
selection of applications in this study (DesignAR, 
Unity/ARCore; Authors/Götschl, 2019) 

Art educators in our study were exploring a variety of 
applications in webinar settings. They were invited to suggest 
projects and tasks as conceivable via AR/VR as for their 
teaching practice. The selection of applications was embracing 
from creating and exploring art in AR/VR. Both art educators 
and artists as participating in our study were contributing with a 
broad providing impulses to step back and reflect on power-
relations, from limitations in accessibility to unlimited 
experiences in co-creation.  

Media artists are exploring AR/VR at the intersection of 
education, elaborating both novel forms of expression and 
engaging in art educational projects. Accordingly, in this study, 
media artists engaging in AR/VR with pedagogical experience 
were selected for artist interviews, including the pioneers, and 
founding members of the arts collective ManifestAR Tamiko 
Thiel and John Craig Freeman. The media artists Jess 
Herrington, Vladimir Storm, Stuart Campbell (Sutu), and 
Daniela Weiss (Litto) shared their perspectives and experiences 
of the potential as well as the challenges in art education. 

II. DEFINITIONS 

Heilig`s visions and prototypes of a cinema of the future 
merging cinema art and immersive technology were evolving in 
the 1950s with Sensorama as patented in 1961, framed as "first 
art form to reveal the new scientific world to man in the full 
sensual vividness and dynamic vitality of his consciousness". 
The impact of such experiences was rated more than powerful, 
even with the "ability to destroy or build men's souls will depend 
purely on the people behind it" [5]. Another vital pioneer of 
today’s AR/VR technology is Sutherland with his early visions 
of “the ultimate display”, where acts in virtuality were affecting 
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reality. Prototyping head mounted displays (HMD) e.g. Sword 
of Damokles was a vital milestone as technology for 
stereometric interaction for immersive experiences [6]. 

Addressing socio-cultural and psychological complexity of 
experiences with immersive media, the sense of presence is 
suggested to be defined as threefold, from personal presence 
(identity/space) to social perception of space and finally 
environmental presence [7]. Immersion is to be seen as 
"property of a system, a subjective response to narrative 
contents, or a subjective response to challenges" [8]. 

III. RELATED WORK 

University didactics on AR/VR are seemingly evolving, 
exploring how to teach immersive media art projects [9].  
Similarily to findings in our study, encountering and evaluating 
immersive technology needs a "positively critical" stance. are 
looked at, tracing a (counter)-cultural history of VR [10].   

Theories on Virtual Worlds with a focus on socio-cultural 
values in competition are addressing questions of how values, 
artefacts, and beliefs in virtual versus real worlds about to be 
negotiated in relation? Here, three variations are put forth [23] 
First, values are emerging as dominating from virtual to real, the 
second where values are being negotiated in interaction and the 
third version where real worlds values are to be replicated in 
virtual worlds.  

As an art educational framework, post internet arts education 
[13] is encouraging perspectives to reflect on power relations 
which have not been addressed to computer-human interactions 
in AR/VR. Similarly, media pedagogical positions at the 
intersection of IT/Prototyping/ Artificial Intelligence (AI) [14] 
are vital considerations to foster media sovereignty. In our study, 
attitudes of stepping back and evaluating chances and challenges 
are putting into practice such endeavors, notably reflecting 
during and after “mind-blowing” VR-experiences. 

The framework of 21st century skills as participatory culture 
and learning approach is a vital foundation for media literacy 
acquisition [11] with transparency, accessibility and ethical gaps 
need to be addressed specifically to AR/VR and art educational 
contexts. Exemplifying 21st century skills in the context of VR/ 
environmental learning (7th/8th grade), flipped classroom and 
spiral sub-projects are regarded as promising method [12]. 

Studies on VR-designing contexts in group-work suggest 
contextual variation of VR-designing settings influencing 
organizational hierarchy and motivational aspects  [16]. Sofar, 
design for collaborative incentives has not been considered in 
app-design (VR-multiplayer) but would be vital for development 
and collaboration, e.g. highlighting and asking for collaboration. 

Insights in children’s experiences in VR are nascent. 
Following a study with children (8-12 years), exploring a variety 
of VR-formats including Fairy Garden with elements of VR-
painting, Authors conclude limitations of playtime as embedded 
in software design with further design principles from 
orientation anchors to sound design [21]. Similarily, there are 
some positions putting foth software design mitigating negative 
impacts for children engaging with VR [22]. 

AR/VR and diversity as a field of research is still novel, 
despite its relevance to cater for diverse users and necessity to 
understand unique differences in immersive experiences. In a 
study with settings of cocreative VR (MinecraftVR), the skill to 
customize avatars turned out as strength for a participant with 
special needs, contributing to successful inclusive learning 
settings [20].  

AI in the context of art education is still nascent e.g. for 
curriculum development [18]. A variety of AI/machine learning 
based web-applications are to be mentioned here with creative 
coding libraries offered for beginners [18], [19]. 

IV. STUDY DESIGN 

For the complexity and pioneering field of analyzing socio-
cultural framings of AR/VR for art education, Situational 
Analysis as extension of Grounded Theory Methodology by 
Clarke and Charmaz was applied [23]. With respect to VR 
multiplayer interactions, video analysis was following Visual 
Grounded Theory Methodology of Multislice Imagining 
Analysis by Konecki i.e. “procedures of analyzing the visual 
data to generate categories on visual processes” [24].  

In the first part of the study, 20 art teachers were exploring a 
variety of WebVR/AR-applications as outlined in the following 
section, In the second part of the study, views on HMD VR 
Single/Multiplayer co/creating software formats were included 
(N4 c.f.VI). Data was conducted in videoconferencing, with VR 
related data obtained via screencast of different perspectives and 
screenshots by participants.The resulting 3D models as well as 
artwork produced by the participants during and after the 
webinar was also part of the data. Data was managed with 
MAXQDA. The main focus on transcripts of participants` 
utterances during the webinar on the one hand and screencast of 
VR multiplayer sessions on the other hand. 

The twenty teachers participating in the study had 
heterogenous teaching experiences, i.e. they were just at the 
beginning of their careers, in the middle or already heading 
towards retirement.  Participants were acquired by both formal 
and informal channels. Of the twenty participants, six were 
acquired through institutions' official mailing lists and fourteen 
were gained by means of social media. All of the participants 
were teaching art as a subject in different institutions. There was 
a stronger participation of female art educators with nineteen 
female participants and one male participant. 

 

N15 Secondary schools (Realschule 5th-10th grade).  

N1   Primary school teacher 

N2  Nursery school teacher trainer (Fachakademie für      

       Sozialpädagogik,Erzieherinnenausbildung).  

N1  Special needs teacher for deaf and hard of hearing pupils 

N1  Teacher for art education/Art therapist training  
 

A. Webinar I/II Outline Abbreviations and Acronyms 

Participants were informed by e-mail about the structure of 
the webinar, with guidelines on how to install the necessary 
software. Participants were asked not to explore the applications 
beforehand in order to observe initial reactions when engaging 
with the applications.  
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After a brief overview on the history of AR/VR, media Art 
was touched upon briefly (Artists as chosen for our study). The 
main part of the webinar was exploring following applications 
inviting art educators’ discussions with hindsight to art 
education and implementation. 

 
Webinar I (N20, 3h with 2x10 min break) 

I.Media Art 

Jess Herrington/ Ines Alpha, Instagram AR filter  

Banz & Bowinkel: Palo Alto (2017)    

VR-artists: Yasmeen, Google Tiltbrush      

 

II.Creating 

DesignAR (N4) (Fig. 1a, 1b) 

PaintAR (James Tunick)   

Grib3D  (ios/android)   

Cospaces.edu    

 

III.Art history WebVR  
Mozilla Hubs [26]: Parthenon Optimized Colin Freeman  

& Jay Bolter (Georgia Tech),      

Bagan Temple (Open Heritage 3D) 

 

IV.Art history AR  

Google Arts & Culture Frida Kahlo,       

Da Vinci`s inventions  

Rembrandt Reality (Mauritshuis)   

 

Webinar II (HMD-VR, N4)  

Nach application: (20 min with 15min break) 

Google Tiltbrush 

SculptrVR (Nathan Rowe) 

Mozilla Hubs (Parthenon Optimized/Bagan Temple) 

 

               

a) 2021 (Atelierprojekt Dachauerstraße e.V.)            b) 2020 (Kunstneuraum  

                                                                                      Donnersbergerstr. 48) 

Fig. 1. DesignAR exploration 

DesignAR was developed as an AR designing prototype 
(Unity/GoogleARcore/Authors/Götschl, 2018-2019). Main 
features are painting on surface and device-related painting as 
well as inserting and grouping 3D-objects and images. 

V.  MEDIA CULTURE < > CONCEPTUALIZATION 

The following figures were evolving applying methodology 
of Grounded Theory and Situational Analysis , as process of 
comparative data analysis via coding and positions mapping.  As 

core category, media culture, specifically perceived proximity 
and distance was emerging. There were relations to individuals` 
starting point for art educational (re)conceptualization.  

Shifting in terms of media cultural stance is understood as 
the ability to relate and reflect on AR/VR digital artefacts as 
heterogenous sense of beauty/media preferences. Shifting in 
terms of consumer/developer roles is relating to suggesting 
variations beyond (existing features) of applications. Shifting 
mode was evident during exploring as well as after testing phase. 
Here, participants were engaging enthusiastically and stepping 
back for reflection both alike.  

 

 

Fig. 3. Variations and Relations of Media cultural stance & art educational 

conceptualization. 

When engaging with AR/VR in the webinar, differences in 
frequent vs. few outbursts of joy and excitement or explicit 
alienation became apparent. Highly divisive media cultural 
dimensions were the appreciation of effects and style against the 
sense of mere effect seeking (e.g. in VR-Painting software with 
a stronger focus on effects e.g. glow/glitter). These tendencies 
were linked to assumptions on creativity and ability or 
willingness to focus and engage vs. "playing around".  

Digital representation of the original (artwork/cultural 
heritage sites) were at the core of media cultural discussion. 
Mentioning the sense of different "worlds" that the students 
would be engaging in by contrast to art educators` worlds was 
characteristic here as well. Also, avatar-based interaction in 
virtual worlds was divisive "cliché/puppet-like" (Mozilla 
Hubs/Parthenon Optimized). 

Via Grounded theory coding and Situational Analysis, 
differing types of journeys towards implementation were 
emerging, subsuming categories relating to types of media 
cultural proximity, shifting mode or distanced type (Fig. 4). 

The classification is not understood as fixed, but rather to be 
seen as transitions from one group to another in the case of 
enculturation towards tech-euphoria or -criticism. 
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Fig. 4. Categorizing different Journeys towards implementation of AR/VR in 

art educational contexts. 

In the following, the continuum of media cultural proximity 
and distance is exemplified with in-vivo-codes highlighting 
relationships of media cultural proximity and distance to art 
educational conceptualization (Fig. 3). There are some poignant 
examples included of the VR-Multiplayer sessions as outlined in 
the following chapter. 

APP >> CONCEPT: Joyful exploration in flow, a sense of 
proximity to AR/VR related aesthetics are characteristic 
dimensions of decision making.Current state of the application 
& technology is a starting point for generating novel concepts. 
No critical reflection on own vs students` perceptiom. There is 
no suggestion to vary applications beyond features. 

“My tiny animal is gone. I should not have located it at the 
window. I think it´s funny when you do this with animals and the 
pupils are searching their animals or their tasks" (PaintAR) Fig. 
5 shows an example where a participant was using both AR and 
Video in her AR-installation is similar in terms if joyful 
exploration driving ways of art educational conceptualization. 
"See, I have generated some visitors here" (...) "Why not exhibit 
spaces, work on the theme of architecture in that way". 

CONCEPT <-> APP: Participants are going through phases 
of excitement and critically stepping back in meta-reflection on 
the media. Existing art educational concepts are varied. 
Likewise, suggestions to vary applications are put forth. There 
is a shift of perspectives from own to students potential varying 
perceptions of AR/VR. There is a notion of media as spectre, 
embracing both haptic and digital media. 

 

Fig. 5.  Participant exploring PaintAR. 

After exploring Grib3D on the theme of architecture, the 
participant stated  “I like to create shapes from drawing. Some 
issues with seclusion in the 3D-interface, I already provided 
some feedback via contact form” The participant was taking time 
to explore further working on gothic architecture  in an extra 
session in the aftermath of the webinar (Fig 6). 

    

Fig. 6. Participant exploring Grib3D on the Theme of Architecture. 

Another participant (Webinar II,SculptrVR Multiplayer), 
was trying features in outbursts of enthusiasm. When 
approaching glossy red balls at the bottom of a christmas tree as 
created by the participant: “I want to bite in, do you also have 
that urge?” 

The participants` art educational concept was considered to 
be varied as follows. From a 2D ideation phase on paper for 
architecture design and subsequently creating haptic 3D models 
(tetrapak), now, SculptrVR was considered in both ideation 
phase as well as model to jump back and forth while 
creating.Stepping back to reflect own experiences is specific was 
described as drawing on visual memory, with the potential to 
“become one with creative process”. With hindsight to students 
with ADHD, the participant mentioned that Virtual Reality 
would possibly be even more attractive than Reality. 

CONCEPT > APP: In this variation, former notions of art 
and concepts of art education are transferred.  “I would use it for 
posters" (when asked how to improve the application) "We 
would need a variation of typography here." (DesignAR) 

"landscape and composition, I would select a painting and 
they should think in 3D or create a 3D interpretation from 
landscape painting" (Cospaces). 

"... that oil colour feature – you can engage with your body 
like artists for large scale and see multi-layered oil painting like 
artists do.” (Tiltbrush). 

CONCEPT ≠ APP: Notions of art education and own artistic 
practice are anchored in a priority of encountering the original 
site or artwork. “Athena looks terrible, it is simply a 
misrepresentation. Why teach something wrong?” (Parthenon 
Optimized). Individual preference of haptic art forms was 
strongly influencing awareness of potential for art educational 
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learning. (On VR creating Software) "I think I just would miss 
oil color (...) On VR and potential "I think you can learn color 
composition better in real, with smelling and seeing real color”.   

In the following, media cultural divisive positions and 
AR/VR-related technology acceptance towards 
conceptualization is exemplified with in vivo codes of art 
educators. 

A.  Priority of Original and Copresence 

Materiality and learning processes on artifacts (e.g. with 
respect to Mozilla Hubs Parthenon as in the following example) 
were linked to situatedness and presence. 

“Real marble is very different! ….  You have to take things in 
your hand. Here, they click from A to C and think they know 
everything, but they miss the steps inbetween” (WebVR Mozilla 
Hubs Parthenon). The participant did not regard Mozilla hubs as 
a learning or social environment. Likewise, drawing was also not 
to be imagined as to being acquired in mediated ways as 
follows:"….drawing sessions need copresence, my presence in 
the room was always working well with inspiring them to 
draw"(by contrast to videoconferencing). 

B.  Art Education versus Gaming and Playing Around 

When navigating her avatar through the colonnade of 
Parthenon Optimised (Mozilla Hubs), the participant stated: 
“Oh, now we are in the middle of a game!" Suggesting that play 
is not an approach to education."Real marble is very different..." 

Another participant was responding to Tiltbrush features as 
follows. “Effect-seeking! These bubbles (…) I am afraid they are 
playing around. They do everything else than you want them to 
do”. Notably, when aesthetics was familiar to participants (e.g. 
oil color features in VR painting) positions were shifting. "Oh 
but here, that oil colour feature – you can engage with your body 
like artists for large scale and see multi-layered oil painting like 
artists do”. 

With socio-cultural framings of technology acceptance, for 
some participants with a rejective tendencies, gaming practices 
were a source of family conflicts. Ambiguity was apparent here: 
“I was often annoyed, I mean, my son was always at his 
computer. A waste of time. On the other hand, it is also training 
the brain”. 

C.  Challenging traditions and identities as artists  

“It seems I have to forget everything I have done so far“, 
While observing the VR artist Yasmeen (12) in a documentary 
on her VR painting created with Tiltbrush, the media itself 
appeared to challenge the participant's learning method of art 
education. With a strong artistic identity in traditional Fine Arts, 
the participant was stating the following on the question of 
Media Art and curricular implementation "This is a serious 
discussion amongst teachers and pupils." In this case, the art 
teacher identified as professional artists of haptic media, i.e. 
novel media was probably not only perceived as challenging 
teaching practice but also artistic values. 

Similarly, challenging notions of art and relations to the art 
spectator, another participant stated after trying a variety of AR 
formats (Google Arts and Culture) “This is clearly putting art off 
the throne”. 

D.  Media Literacy and Pedagogical Approach 

After exploring the applications, the participant stated: 
“Well, I will just try and master one of these programs”.   Whilst 
maintaining the role as instructor, a sense of feeling 
overwhelmed/challenged and innovation fatigue was occurring 
“Honestly, this was way too difficult for me, I’m lagging far 
behind” "You know, they keep telling us about such innovations". 
In the conversation that followed, she pointed out that a mutual 
learning approach with students would not lead to bridging a 
digital divide (amongst students).  

By contrast, other participants` media/- pedagogical 
approach was embracing curiosity and mutual learning. 
Accordingly, deficiencies in media literacy were reframed as 
follows: “I am really lagging behind a lot. But I am very curious 
(...) I trust in my students; we will/can look at this together” 
(Mozilla Hubs).    

E.  Own vs. Students` Experiences 

The participant (elementary school teacher) was presenting a 
screenshot of three objects placed in her room via Grib3D, 
commenting the following:  

“It´s great. Without thinking, you just press Plus and you can 
add another object. Printing and drawing. Amazing for 
interdisciplinary projects (art/maths)! I will reach out to our IT 
Admin” (Grib3D). “I was painting till midnight, it was 
amazing”(Tiltbrush). “It’s interesting to teach mindfulness, 
appreciation of nature” The participant was fond of pushing 
comfort zone via VR e.g. vertigo, swimming with whales. 
Assurance in intuition driven design of AR was also considered 
with respect to VR for elementary school.  “I am sure they can 
control and stop if they (the pupils) don’t like something” 
(Participant, Elementary school, Google Tiltbrush). Here, own 
experiences are projected on child experiences. The participant 
suggested a smooth onboarding, however, no specific notion on 
media pedagogical methods specifically for VR in elementary 
school were considered with a rather "on the go" approach. 
Notably, in the latter and other cases, existing pedagogical 
approaches (in nonVR-settings) are blending in the participants` 
media pedagogical methods. 

F.  Special Needs and VR-Experiences 

Two participants (special needs/comprehensive school) were 
sharing thoughts on special needs contexts. During the webinar, 
experiences in VR gaming (deaf student, 9th grade/Arizona 
Sunshine) were reported to her as somewhat 
overwhelmingly/shockingly "too real". In doubt whether 
proprioceptive stimulation in VR is apt for deaf students, the art 
educator eventually did not decide to implement VR in 
classroom. Still, employment of AR was considered in several 
ways (Video art / art history guide). Another participant 
(comprehensive school) was mentioning liability for escapism 
for individuals with ADHS. "we said it´s fun, like holiday, and 
now I think of students with ADHS specifically, maybe this kind 
of virtual reality is more attractive than reality" Still, VR-
implementation was considered.These aspects were adding on to 
decision-making as mentioned in the section before, with 
individual media preferences and positive experiences within 
VR a vital aspect in decision-making-processes towards 
implementation. 
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VI. FOCUS ON VR CREATION 

A.  Study Design 

In the second part of the study, we were looking at patterns 
in interacting in Multiplayer VR with five participants exploring 
VR: one male/four female participants in VR. Participants were 
introducted to basic functions of HMD in a 1:1 session via 
videoconferencing. Introducing to basic functions of adjustment 
(eyes/position). Onboarding included familiarizing with Home 
Screen e.g. finding programs, Guardian setup (adjusting to room 
scale and sensitivity). Participants were introduced to basic 
architecture of controllers. 

Single player sessions (Tiltbrush) were chosen to familiarize 
with VR creating before Multiplayer experiences 
(SculptrVR/Mozilla hubs), with 15-minute breaks in between to 
reflect on the impressions in dialogue. 

Multislice Imagining Analysis comprised of four 
dimensions, First, the act of creating, second demonstrating and 
communicating visual images. Also, qualities of the visual 
product as well as reception of the visual products (by 
themselves or others) is considered. Video analysis was realized 
with MaxQDA as well as Kinovea video analysis software 
(slowing down videos, embedding several videos for 
comparison). 

B.  Results: VR creation 

Looking at patterns of cocreating in VR, there were 
differences in terms of skill-sharing, problem-solving and 
ascribing value to emerging products. Also, the complexity of 
VR-creations as emerging was differing.  

            

Fig. 7. VR-Screencast Still: Green layers, building on top and carving out via 

SculptrVR, emerging in cocreation. 

 

Fig. 8. SculptrVR-Screencast Still with color picker gliding through the 

environment "Why not redesign Elbphilharmonie?" (Concert hall (Hamburg)) 

The VR-Stills, as shown in Fig. 8, are a variety of green 
layers emerging in improvisatory co-creation. Non-verbal and 

affirmative taking of turns resulted in visual products of high 
diversity (Fig. 7,8). Situated in SculptrVR at the foot of a larger 
structure in the VR-environment (Fig. 8), the participant 
suggested to redesign Elbphilharmonie (Concert hall, 
Hamburg). Other suggestions were to scaffold for 3D-
construction in novel ways via vector fields (Theme: insects). 
She stretched that features for group work would need to be 
adapted e.g. hosting of several groups with access restricted to 
students only (now, free slots are available to users online). 

Similar patterns of cocreating in awe and affirmation were to 
be described in the following (Fig. 9,10.)  
When embedding objects in Mozilla hubs, art educational 
implementation of scaffolding for 3D-drawing and embodied 
assemblage was considered. 

            

Fig. 9.  Mozilla hubs, embedding Objects in Mozilla Hubs (Parthenon 

Optimized, Object "Trust me" by Daniel K.) 

 

Fig.10.  Scaffolding by embedding object and using drawing feature. (Mozilla 

hubs, Parthenon Optimized) 

By contrast, emerging visual artwork and or features were 
not regarded as that fascinating. Few tasks were mentioned 
accordingly. Here, instructor and assistant roles were emerging, 
which became mostly evident in the proposition of themes or 
problem solving. Notably, participants were using less 
opportunities for skill-sharing and copying each other’s styles.  

The affirmative/improvisatory pattern coincided in our 
sample with media cultural proximity/shifting (I/II) with 
instructor/assistant roles occurring in Group III.  Subsequent 
polishing as video artwork (and sharing within Social Media 
network of media art educators) was only occurring within 
affirmative-improvisatory pattern.  

While these interactions were occurring in adult-to-adult 
webinar settings, patterns as emerging may influence whether 
students are ascribed roles of agency as experts of "their" worlds 
in mutual skill-sharing. Participants mentioned a variety of 
aspects with hindsight to art educational contexts. Chances for a 
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variety of drafts in ideation phase and multi perspective of co-
creation was stretched as unique in multiplayer VR (SculptrVR). 
Single player with reduced features (for navigating/painting) e.g. 
Tiltbrush was suggested for beginners in VR. 

Situatedness, i.e. environmental color and setting during 
creational processes was mentioned frequently, as ideal contrast 
to color with sensitivities to brightness/darkness. Also, the sense 
of being lost when hovering in blue sky with navigational 
choices from flying to zooming in (SculptrVR). By contrast, a 
sense of being comfortably grounded was coinciding with 
horizontal locomotion and stylized skyline in Tiltbrush. 

Power relations embedded in SculptrVR-design were host 
privileges, ability to undo coplayers` creations or kick 
participants. Also, avatars towering above as observers via 
physical zoom, the ability to destroy avatars heads and scenes in 
a second were reflected. Power Relations were not so much 
reflected the level of corporeal providers and respective 
interdependencies and ethical considerations (data protection of 
individuals and artwork). For a comprehensive overview on 
results of Multislice Imagining Analysis and Tasks as suggested 
by art educators/artists visit https://www.xrlearning.de/iLRN 
(Password ILRN2021). 

VII.  ARTISTS & CONCEPTUALIZATION 

Artists perspectives were vital to contrast and complement 
perspectives on AR/VRs potential for art education. By contrast 
to art educators, the artists selected were creating own 
applications/artefacts and gained experiences with AR/VR-
educational projects with adolescents. 

Stuart Campbell (Sutu), (PhD in Digital Media, Central 
Queensland University, Australia) was sharing vital experiences 
as acquired in a variety of projects creating in VR with 
adolescents (e.g. Future Dreaming, 2019).  Campbell suggested 
as method for single player painting (Google Tiltbrush) a 20-
minute slot of painting, streaming via desktop with peers 
commenting. This would help to quickly become familiar with 
the features in a group effort. In the following, VR engagement 
in VR creating is described as intense experience with chances 
and challenges "I've seen young people running around with 
their headset on, extremely immersed, I had to grab one kid 
before he put his fist through a TV (...) the adrenalin is triggered 
on a higher level because their whole body is involved (...)" VR-
creating described by Campbell as high proximity of the 
engaging body and technology, eventually understanding the 
users` body as interface. Campbell`s workshop’s participant was 
rejecting to be sitting at the computer for 3D design: “But then 
we put him in VR and in Tiltbrush we taught him to use pictures 
as a reference and how to construct the train, he ended up being 
there for two hours, it was just really inspiring to see.”  

Jess Herrington is a media artist and PhD student in Visual 
Neuroscience at the Australian National University. In one of her 
first projects with AR, she was working on the theme of art 
perception and beauty (by creating Rothko-inspired AR filters). 
Herrington is a creator of AR filter art (using SparkAR and 
Unity). She has also created AR filters which allow students to 
draw in 3D around a physical space with digital lines (Drawing 
with Jelly). With hindsight to art education, she suggested to add 
AR filters for scaffolding drawing reaching out to students’ 

artwork. Another idea was to work on the topic of online/offline 
persona as well as body perception via AR filters.  

Tamiko Thiel, media artist and founding member of 
ManifestAR, was focusing on human-machine interface design 
during her Bachelor (Stanford) and Master (Future media lab, 
MIT). Thiel works at "the intersection of space, place and 
cultural memory" as well as on sustainability (Gardens of the 
Anthropocene/Evolution Fish). With respect to educational 
settings, Thiel mentioned Starbright world (1995), where 
seriously ill children to were supposed to gain "bodily freedom" 
by reaching out from hospital via Virtual Worlds [26]. It is a 
pioneering concept for participatory software design with 
embedding children’s` drawings for avatar design. With 
hindsight to media literacy, Thiel stretched the necessity to 
acquire coding skills in order to shift from consumer to creator. 

John Craig Freeman is a founding member of pioneers of AR 
art ManifestAR and Professor for Media Art at Emerson College 
(Boston). His artistic practice evolved from early acrylic 
panorama to current AR/VR projects e.g. Virtual US/Mexico 
border (2014) He is working on a media pedagogical theory 
choral konsult [27] with AR as situated interface.  For art 
educational projects, Freeman suggested to work on the theme 
of personal identity in relation to local history employing AR. 

Litto (Daniela Weiss) is a media artist with a background in 
Arts and Economics (University of Fine Arts in Vienna). 
Currently, Litto is working on a public AR art project ARtificial 
Museum. Her work is often informed by and evolving with 
community e.g. as situated realization of collective visions of 
digital future of adolescents and adults in Vienna. Litto 
suggested the theme of emotions as triggered online, e.g. from 
instant gratification to media addiction was to be reflected in 
AR-projects. 

Vladimir Storm has a background in Computer Science and 
Physics. As media artist, he is working on a variety of themes, 
from spirituality as artistic VR-documentary to VR-music 
performances (e.g. Reptiloid SynthVR, 2018). His notion on 
creative VR is embracing both creative and subconscious 
specifics of the medium "VR is a medium which allows us to 
create fantasy worlds out of our subconsciousness and let other 
people step into them".  

Now, artists' work as mentioned is important not only for 
their thoughts on art educational conceptualization but also for 
addressing core challenges via AR/VR (e.g. sustainability) as 
impulses for interdisciplinary projects. After all, educational 
projects provided insight in steps for onboarding and scaffolding 
in co/creative VR. 

VIII. CONCLUSION & DISCUSSION 

Results trace different perspectives on media acquisition in 
proximity or distance to media culture and different pedagogical 
approaches. Theory as emerging is a contribution to reflect on 
individual stances in decision-making with necessity to foster 
media cultural self-awareness and reflection on aesthetic 
preferences in proximity and distance to medium. Moreover, 
pre-existing pedagogical approaches e.g. instructing vs 
collaborative approach is transferred onto media pedagogical 
framings, now with employing AR/VR. Results stretch necessity 
to gain further insights in the context of AR/VR, when it comes 
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to metacognitive and meta-affective dimensions. 
Interdisciplinary approaches embracing software-design and 
media literacy acquisition need to be pursued further on, 
redefining 21st century skills for individuals in the light of 
AR/VR. 

The vast selection of concepts as put together from artistic 
and educational perspectives stretches potential of AR/VR for 
new forms of cocreating, exhibiting, and exploring. Artists 
contributed with novel perspectives on AR/VR, with a variety of 
themes with rich impulses for reflection, conceptualization, and 
implementation.  

Future research considering the theories of media art in the 
21st century would be vital to gain a different perspective on 
AR/VR as spatial medium. Future studies are necessary to 
elaborate emerging theory with a more balanced gender sample. 
In addition, a larger sample on HMD-VR would be necessary to 
confirm findings.  Ultimately, more perspectives on AR/VR for 
inclusive education, beyond deaf, hard of hearing and ADHD as 
touched upon in this study are vital. 
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Abstract—Based on the Method of Loci, the following experi-
ment compares the effect of two different virtual environments on
participants’ memory performance. The primary task consists of
remembering a sequence of random playing cards. Each virtual
environment is based on a different architectural style with a
different layout. One is inspired by a Palladian style architecture,
and the other by a Modern curved architecture.

Index Terms—virtual reality, architecture, memory, perfor-
mance

I. INTRODUCTION

Studies in psychology have already demonstrated that hu-
man long-term memory capacity is essentially unbounded [1].
How can we tap into this potential instead of increasingly
rely on external devices such as smartphones, memory cards
or the cloud to store our memories? The ancient Greeks had
an answer for that. Before even they were able to write, they
develop a technique to remember vast amount of information
from memory. the Method of Loci (MoL) — aka memory
palace, or mind palace [2]. By practising the MoL, one can
quickly visualise in the mind’s eye the latest public building
they have visited, and organise a journey along which it is
possible to attach information to be remembered.

From an architect’s standpoint however, many questions
start to arise. How would a building with its specific spatial
design support the memorisation of a set of given information?
How could the benefit of using one internal space over an-
other be evaluated? Are there particular architectural elements
necessary to facilitate such a process? Virtual Reality (VR)
presents an opportunity to set up an experiment that would lead
to potential avenues for finding answers to these questions.

Therefore, the main research question we formulate is as
follows: which architectural properties can enhance humans’
memory performance when using the MoL in VR? To help
us answer this question, we have set to answer the following
four sub-goals:

G1: How to operationalize the MoL in VR.
G2: Identify the cognitive principles behind the MoL and

apply them in VR
G3 Test that the MoL in VR can improve memory

performance.
G4: Evaluate the effect of different architectural proper-

ties on memory performance using VR.

A. A Brief History of the Method of Loci

The Art of Memory (AoM) is a collection of mnemonic
techniques, one of which is called the MoL [2]. It was the
main method utilised for remembering information from the
classical period of Simonides of Ceos in Ancient Greece to the
renaissance era of hermeticism with Giordano Bruno. These
techniques were almost universally practised by the thinkers of
the ancient world, who believed that mnemonic training was
essential to the cultivation of creativity.

Creativity was an act of synthesis that could only occur
within the mind of a trained mnemonist. Appropriately, in
Greek mythology, Mnemosyne, the goddess of memory, was
the mother of the Muses. It was common for orators to
memorise their speeches, or any other items, by imagining
a journey (perhaps from their doorstep to the fora) with a
sequence of places (loci) and mentally tracing their steps
to recall each article or paragraph associated in each lo-
cation. These techniques can be synthesised with the three
pillars of memory: Imagination, Association and Location [3].
Imagination and Association give memory. Location gives the
sequence.

B. Related Work

Following these events, the use of mnemonics based meth-
ods such as the MoL was, not surprisingly, neglected by the
scientific community. Apart from the historical facts outlined
above, demonstrating the efficacy of the MoL was challenging,
given that participants rely on their mental imagery to imple-
ment the memory palace. One of the main difficulties one
faces are the individual differences in mental imagery ability
[4]. Other differences are the size and uniqueness of each
environment, the amount of time spent in the environment,
and the emotional associations one has with the space; many
variables that are difficult to quantify.

Furthermore, people’s use of effective mnemonic strategies
is generally low [5]. Despite the endorsement of mnemonic
techniques by universities, undergraduates who are exposed to
mnemonic strategies as part of their academic curriculum often
do not implement them in their daily practice [6]. One of the
main contributing factors to this apparent mental barrier is the
need for long training periods before the technique becomes
effective [7].
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As such, an investigation can benefit from an experimental
approach that provides participants with standardised envi-
ronments such as familiar nearby locations or virtual envi-
ronments which participants can be exposed to in a more
controlled manner [5]. In a pivotal study by [8], the research
subjects received instructions to use either a virtual environ-
ment for the MoL (on a desktop monitor), or a traditional MoL
(using their imagination), to remember 10 lists of unrelated
words. Firstly, it is noteworthy that the subjects using the
traditional MoL had trouble completing, which relates to
the mental barrier mentioned above; secondly, the virtual
environment was as effective in supporting memory as the
traditional MoL. This was a first step in demonstrating the
potential of using VR as a new methodology to study the
MoL. A more advanced study that has converted the MoL into
VR by [9] shows encouraging results where the experimental
group remembers 28% more objects than the control group.
But this study ended being based on a desktop version because
the deployed VR version, using the Oculus DK1 (3DOF), was
causing motion sickness. Before going into the details of the
experimental design, we look next at the essential mechanisms
known to trigger memory in relation to locations.

C. Applied Theories

The “Dual Coding Theory“ is an influential memory prin-
ciple proposed by [10]. It explains how the human mind oper-
ates with two functionally independent, although interacting,
systems or stores, namely verbal and image memories. The
chances that a memory will be retained and retrieved are
much greater if it is stored in two distinct functional locations
rather than in just one. Paivio updated the theory in 2014 with
’evidence-based suggestions about nourishing mental growth
through applications of Dual Coding Theory in education,
psychotherapy, and health [11].

In a review of visual memory capacity, [12] proposed a
model based on a hierarchy of visual knowledge from object-
generic parts to objects-specific parts to the whole object,
linking stored knowledge and context-dependent stimuli. This
approach explains how visual memory works as an entire as-
sociative process connecting new stimuli to stored knowledge
and also how visual memory is context and scene dependent.
The context dependent theory originates with the experiment
carried out by [13], in which they compared participants’
performance to recall a list of words within two different
natural environments. Results showed that lists of words learnt
in a specific place were best recalled when participants were
situated in the environment of the original learning.

In their study, [12] also suggest that architecture can be used
to anchor that information in a structure linked to previously
stored spatial knowledge. As one moves around, starting from
birth, one accumulates vast amounts of data about one’s
surroundings [14]. Most of this information is processed and
abstracted into cognitive maps, which can be accessed at any
time to find one’s way or to find an object left behind.

Finally, based on the working memory average digit span for
a normal adult of ’seven plus or minus two’, as demonstrated in

the study by [15], participants were asked to remember nine
random cards in an attempt to avoid reliance on short-term
memory.

II. EXPERIMENTAL DESIGN

The broader idea behind our first experiment was to build
a VR training system that could be used to enhance one’s
memory. We developed an application, ArchiMemory, with
the intent to construct a number of places which one can use
to organise information. The system was designed to collect
movement data from participants navigating the environment.
A mixed method approach was selected to gather both quan-
titative and qualitative data.

In light of these explanations on how human memory works,
and with the awareness of the MoL described earlier, it is one
of the assumptions of our research that spatial arrangement can
be used to extend the human mind by offering a scaffolding
to support memory formation and recall.

Indeed, as highlighted in the AoM, the three pillars of
memory are imagination, association and location. Imagination
and association create new memories. Location helps with the
sequencing and anchoring. To that effect, each participant was
able to navigate their own route, following a path along the
rooms and the frames, and therefore creating their own story-
line to support the memorisation of the sequence of playing
cards.

The formation of associative memories between a card and
an image would support the participant in storing the specific
card in memory. The method was to use any associative trigger
– like shapes, numbers, colours, metaphorical or allegorical
– the participant would think of between an image and the
playing card. The participant then had to attach the chosen
card to the image.

Fig. 1. Memory Card Game. The Recall Board shows two rows, the first
row with the 9 given cards in order, and the second row with 9 empty slots.
In this instance, 5 cards have already been assigned to a slot which become
black as opposed to the red rectangle which awaits to be assigned a card.

A. Memory Card Game - Control Group

In the first task, playing cards are displayed on a web page
accessed via a computer screen. This is a control task to
evaluate participants’ baseline memory capacity before using
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Fig. 2. The Palladian Palace. The next playing card appears at the top
middle of the screen. On the top left corner is the count of cards already
associated.

the mnemonic VR device. The same interface was also used
as a Recall Board for the player to retrieve the sequence of
cards post virtual memory palace experience. Fig. 1 illustrates
the display’s look and feel.

B. Virtual Memory Palaces - Two Conditions

To compare the effect of different styles of architecture on
memory performance, two different environments were de-
signed: a Palladian and a Curved Palaces (more environments
were designed and tested later on, but not enough results were
acquired for reporting in the present paper).

a) Palladian Palace: It is a typical Palladian plan with
multiple interconnected rooms (Fig. 2). Participants had the
opportunity to choose their path through the building using
a variety of doors. There was no specific direction to follow.
Pieces of furniture — red or green sofa, blue carpet, brick
walls, table, chairs and plants — were placed in each room.

b) The Curved Palace: This model was an exploration
of a design with features seen as in opposition or comple-
mentary to the Palladian house, with a much lesser symmetric

Fig. 3. The Curved Palace. The next playing card appears at the top middle
of the screen. On the top left corner is the count of cards already associated.

floor-plan, no sharp corners, no symmetric arrangements of
architectural structures like columns (Fig. 3). It was based on
the idea of a cave, in which participants could choose between
two areas that take them deeper inside the building, ending up
in a room with similar furniture to the Palladian option, either
green or red. From the main entrance, there was only two path
to choose from. The green pieces of furniture were placed in
the area following the path to the right, and the red pieces of
furniture were placed in the area following the path to the left
of a person entering the cave.

III. MATERIALS AND METHOD

A. Participants

A total of 18 participants (6 female, 12 male; average
age 22.45 years, SD=4.23) were recruited from the university
student and staff population.

B. Materials

a) Memory Card Game and Recall Board: The Mem-
ory Card Game was developed with HTML, Javascript, and
MySQL. Participants were presented with a computer running
Windows on a 20 inch display monitor, a mouse and a key-
board. They used the mouse to interact with the web page on
which the memory card game was displayed. It consisted of a
deck of cards on which participants could only click to see the
next random playing card. After the 9th card, the Recall Board
showed a first row with the 9 cards in order and a second
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row with 9 empty slots (Fig. 1). Participants had to place
each card in the corresponding slot in the correct sequence.
The sequence of cards was then sent to the database (using
MySQL) to compare with the given sequence. Participants
received the results directly at the bottom of the screen. The
nine playing cards were picked from a digital shuffled deck
of 52 playing cards. The same images were used inside the
virtual environments.

b) Virtual Memory Palaces: Participants were equipped
with the Oculus Rift DK2 (as HMD), which had a resolution
of 640 x 800 pixels per eye, a refresh rate of 60 Hz and
persistence of 3 ms. The position tracking volume covered a
square metre including head movements. An XBox controller
was used to move around in the virtual environment, which
was run on an Intel computer with a dual-core processor, 4
GB of main memory and a Nvidia GeForce 8800GTX graphics
card. The frame rate was stable between 45 and 60 frames per
second. The real-time rendering was operated on the computer,
which was directly connected via cables to the HMD.

c) Heads-up Display: The Heads-up Display (HUD) is
frequently used in video games to simultaneously display
several pieces of information, such as character health, other
items, indication of game progression. In ArchiMemory, it
consisted of an opaque top panel showing the current Playing
Card and a small left panel showing how many cards were
already associated and the time remaining to complete the
task. Fig. 2 and 3 show the general presentation of the HUD.

d) Navigation Mode: Inside the virtual environment,
frames were hanging on the walls. Participant had to use the
Xbox controller to navigate the space and go from one frame to
the next. They were using the HMD to look around. Once they
were close enough of a frame, a random image was shown in
the frame, signifying they were now in Frame-Browsing Mode
(FBM).

e) Frame-Browsing Mode: The FBM activation was de-
pendent on the participant field of view. The combination
of three variables were necessary to activate this mode: an-
gular (θ), horizontal distance (δ), and vertical distance (γ).
These variables were obtained using the value of (γ) set as
1.3m < γ < 3.0m.

Participants had to be within a certain range of each of
the three variables to activate the browsing mode next to each
frame. The sequence of commands to use the Xbox controller,
once in FBM, was set using the following keys Key “A” to
activate the image on the frame. Key “B” to browse the images.
Key “X” to get the last image. Key “BR” (right-trigger button)
to confirm the association of image with the card

This mode gave them the opportunity to browse through a
series of image organised into five categories: animal, action,
landscape, people and theme. They had to select the one they
felt was a good match to remember the given playing card.

C. Procedure

All the participants started with the control experiment,
using the desktop version of the memory card game. They
were then split between the two virtual memory palaces to

complete the main task, which was to navigate the virtual
environment and associate each playing card with one image
inside each one of the located frames hanging on the walls.
As soon as they got close enough to one frame, the FBM
was activated, a reminder of the controls was displayed on the
frame, and from there, they were able to browse through the
set of images. Once all the playing cards were associated, they
could take a couple of minutes to consolidate the association
by navigating the palace. Then they would take the HMD off,
access the Recall Board and recall the sequence of playing
cards. The details of a session follow.

1) Control Experiment (2 min): remember the sequence of
random playing cards.

2) Recall Board (1 min): recall the sequence by placing the
cards in the empty slots of the Recall Board.

3) IVE - Warm up (2 min): Participants have the opportunity
to familiarise themselves with the setup, and discover the
IVE with its specific archetype.

4) Encoding (10 min): remember a random sequence of 10
playing cards given one by one at the top of the screen
(HUD). Participants then have to walk to the next frame,
and repeat the same actions.

5) Consolidation (2min): When finished associating all the
cards, participants take a couple of minutes to revisit the
space and consolidate their memories.

6) Retrieving - Short Term Memory (1 min): Participants
are then presented with the Recall Board (same as
Control Experiment), which shows the 10 playing cards
in order. They are able to move each one of the playing
cards visible on the screen into the correct empty slot,
following the original sequence. The experiment ends
with their score displayed at the bottom of the screen.

7) Sketching and Questionnaire (5 min): A five-minute
dialogue is usually sufficient to complete a couple of
questions which include doing a hand-drawn sketch of
the experienced spatial (virtual) layout.

IV. RESULTS

The two hypotheses were (a) that virtual memory palaces
support a better memory performance than the desktop so-
lution when attempting to remember a sequence of random
playing cards; and (b) different types of architecture have a
different impact on memory performance. Quantitative data
and analysis are presented first, followed by the qualitative
approach.

The data collection was implemented utilising PHP and
Javascript functionalities to extract the different types of data
from the web application and the Unity Web Player. All of
these data were then sent to a MySQL database. Three types
of data were collected for each participant: the sequence of
cards given and recalled, their positional data, and the images
associations. During the control experiment, the sequence of
random cards was recorded in a separate table on the database,
to be compared later with the sequence recalled by each
participant.
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Fig. 4. Recall Accuracy - Control. The overall recall performance of
participants using a virtual memory palace is about 10% higher compared
with the control experiment. Crosses represent sample means recall accuracy
percentage: 0.35 for the control experiment and 0.67 for the virtual memory
palaces. Centre lines show the medians; box limits indicate the 25th and 75th
percentiles as determined by the software R; whiskers extend to 5th and 95th
percentiles; bars indicate 90% confidence intervals of the means; data points
are plotted as open circles. n = 17 sample points.

Among the 18 participants, one showed unusual behaviour
as he/she did not recall any cards after being exposed to the
virtual memory palace for the full allotted time of 10 minutes.
For that reason, he/she was removed. The rest of the analysis
is based on 17 participants (8 in the Curved Palace, and 9 in
the Palladian Palace).

A. Recall Accuracy

The first goal of the study was to examine the recall accu-
racy differences between a control experiment using a desktop
monitor and the virtual memory palaces. Recall accuracy (A)
is the ratio of the number of recalled cards to the total number
of cards (9):

A = RecalledCards/TotalCards

Fig. 4 presents a comparison of the overall performance of
the users for the control experiment and the overall use of the
memory palaces. A one-way ANOVA, which was calculated
on participants’ recall accuracy, shows a significant difference
between the control experiment and the virtual memory palace
(F(1; 32) = 12.47, p¡0,05).

This result indicates that participants using the virtual
memory palaces were better able to recall the sequence of
cards than those using a traditional two-dimensional display.
The percentage of recall accuracy (i.e. the number of cards
recalled in the correct sequence) during the Control experiment
was 35% (M = 0.35, SD = 0.20) compared to 67% (M = 0.67,
SD = 0.31) for the virtual memory palaces. This represents an
increase of 32% in recall accuracy.

The second hypothesis is that different types of architecture
have a different impact on memory performance. Fig. 5
presents a comparison of the overall recall accuracy of the
users between two different virtual memory palaces. A one-
way ANOVA, which was calculated on participants’ recall

Fig. 5. Recall Accuracy Between Palaces. The overall recall accuracy of
participants using the the Curved Palace with a mean of 0.70 and Palladian
Palace with a mean 0.64 is represented by the crosses. Horizontal lines show
the medians; box limits indicate the 25th and 75th percentiles as determined
by R software; whiskers extend to 5th and 95th percentiles; bars indicate 90%
confidence intervals of the means; data points are plotted as open circles. n
= 17.

accuracy, shows no significant difference between the two
types of virtual memory palace (F(1; 15) = 0.12, p=.73).

B. Palace Performance

The time taken for participants to memorise the playing
cards was necessary to compare their performances. Each user
was allotted 10 minutes to complete all the associations. Fig. 6
shows the distribution of the average time taken inside the two
virtual memory palaces. A timer was implemented (visible on
the top left corner of the HUD) to give participants some sense
of pressure to perform. Even so, variations in the participant
behaviours were noted. 10 participants (5 in each condition)
were very confident and finished in less than 5 minutes, while
the others preferred to take more time and walk around for
the maximum time allocated.

A one-way ANOVA shows that difference in the association
times between the two palaces was not statistically significant
(F(1; 15) = 0.20, p=.66). Fig. 6 shows the distribution of
the mean time spent in each virtual memory palace to make
the nine associations. A noticeable difference is a longer
duration of time spent by participants inside the Palladian
Palace (M=6.1; SD=1.95) compared with time spent in the
Curved palace (M= 5.8; SD=1.32).

Different industries (e.g. user experience, product design,
software, supply chain) recognise that cycle time (the duration
of a process) is a valuable performance metric to measure
process efficiency. In the context of using the MoL as a
mnemonic device to enhance memory, the main process com-
prises forming the associations of the card to be remembered
with the trigger image in the situated frame. The aim is to
develop a new form of active learning methodology. There are
many learning methodologies (e.g. direct instruction, flipped
classroom, personalised learning). In more general terms, well
designed spatial virtual environments can be used within an
active learning approach to fruitfully engage students with the
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Fig. 6. Mean Time Comparison between Memory Palaces. The average
amount of time (in min) participants took in each memory palace. Crosses
represent sample means of time in minutes: Curved Palace (M=6.1; SD=1.95)
and Palladian Palace (M=6.1; SD=1.95). Horizontal lines show the medians;
box limits indicate the 25th and 75th percentiles as determined by R software;
whiskers extend to 5th and 95th percentiles; bars indicate 90% confidence
intervals of the means; data points are plotted as open circles. n = 17.

Fig. 7. Cycle Time Comparison Between Memory Palaces. The overall
cycle time of participants in both virtual memory palaces was approximately
equal. Crosses represent sample means cycle time per card: 1.24 in the
Curved Palace, and 2.01 in the Palladian Palace. Horizontal lines show the
medians almost identical in both case (0.81 in the Curved Palace and 0.8
in the Palladian Palace); box limits indicate the 25th and 75th percentiles as
determined using the software R; whiskers extend to 5th and 95th percentiles.
n = 17.

studied material. A good learning method should lead to a
more efficient way to remember any given unit of information,
so that consequently the system should afford a shorter cycle
time. Card cycle time (κ) is defined by the amount of time (in
minutes) to successfully record one unit of information (one
recalled card):

κ = time/card

A one-way ANOVA shows that the difference in the mean
of cycle time between the two palaces was not statistically sig-
nificant (F(1; 15) = 0.61, p=.45). Fig. 7 shows the distribution
of the mean cycle time for each virtual memory palace. It is
worth noting that in both conditions, 3 participants recalled the

10 playing cards correctly, taking an average of five minutes
to memorise them all (κ = 0.5min/card).

To summarise, difference in recall accuracy between the
control experiment and the virtual memory palaces (both
types) was statistically significant. However, there were no
significant differences in recall accuracy between the two
virtual memory palaces themselves. From a task performance
standpoint, there was a statistical significance in the mean time
taken to complete the association process in both palaces.
These results show some support in favour of the Curved
Palace. Card Cycle time was proposed as a way to evaluate
which of the two palaces was more efficient. That said, no
statistical significance was demonstrated between the mean of
card cycle times.

C. Heatmap Visualisation

A script collected participants’ position and movement
inside the virtual environments, that is, the time taken by each
participant to either explore their surroundings, browse the
pictures, and make the associations with the playing cards.
One way to visualise these positional data is by representing
them on a heatmap. The superimposition of all the heatmaps
formed by every participant from one condition can help to
understand some common traits, such as the mean path, or the
most visited locations. However, these were not used for the
purpose of this present analysis.

D. Qualitative Approach: Questions and Sketches

The most unexpected results were revealed by participants’
comments and drawings. Of the three questions, the sketched
layouts shed the most light on how well people remembered
their surroundings, even though they were never asked to do
so. Before exploring these drawings, the answers to the two
other questions are briefly presented.

The first question was about specific features participants
did remember. The different features were: red or green sofa,
blue carpet, brick walls, table, chairs and plants. The idea was
to understand if one feature exhibited more memory potential
than another. Extracting any meaningful patterns from partici-
pants’ responses was difficult. No particular feature was more
cited than another.

For the third question, participants were being asked to
explain three associations they formed to help them remember
the cards. Due to the content of the pictures used to make
these associations, a whole new set of questions were raised
and behaviour highlighted, which would have required a
different set of investigatory skills related more to sociology
or anthropology. Despite the potential interest, this was out of
the scope of the present research project.

On the architectural comments, however, a consensus of
the participants showed a preference for the Palladian palace.
They reported navigating their way with ease, sensing more
connections between the rooms, and therefore, creating their
own journey. Arguably this is because in our western culture,
people have grown up in houses and buildings with mainly
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orthogonal layouts. This could predispose individuals to be
more comfortable processing the similar kind of space.

The results showed, however, that the rational plan of
the Palladian palace was less beneficial, even though not
statistically significant, to better task performance than in
the case of the curved layout. One explanation is that the
curved palace offers fewer possible routes (only two) and
therefore, supports a linear path more adapted to remembering
a sequence of cards. A potential extrapolation would be that
a greater choice of paths does not support a more accurate
memory performance when using the MoL.

V. DISCUSSION

This section presents the findings of the research goals
defined earlier. These are cues in an attempt to answer the
broader research question.

a) G1: Identify the rules of the Method of Loci and
implement them in VR.: The two books by [2] and [3] were the
main inspiration to understand the rules and techniques used
to imagine the memory palaces. The rules are not precise but
they give some sense to what is important to keep in mind
when designing the environments. The following suggestions
were applied in the proposed virtual environments.

• There are two kinds of images: for things, and for words.
• The environments should not be too similar to each other.
• The space should be of moderate size, at human scale.
• The intervals between the loci should be of moderate

extent.
b) G2: Identify the scientific theories behind the Method

of Loci and apply them in VR.: The Art of Memory and
particularly the Method of Loci are based on mnemonic
devices studied in various sub-fields of psychology research.
The main theory behind the mechanisms at play when using
the MoL are:

• Working Memory and the seven plus or minus 2 unit
of information. The aim of the MoL is to store the
information in long-term memory. As such, there are a
minimum of 9 items to remember, to ensure participants
reach the maximum capacity of their working memory.
Moreover, there are a couple of minutes between the time
they exit the virtual environment and when they use the
recall board to retrieve the sequence of cards.

• Context Cueing theory which shows that information is
better retrieved when one is situated in the same place
as the recording. The frames on the wall are spatially
situated and the user is able to travel back to each one in
their mind’s eye to visualise the associated card.

• Association Principle, which in our case takes the form
of the association between the playing card (a number
and a colour) to a trigger image that has already some
meaning in one’s mind and that they can use as part of
their own story.
c) G3: Test whether the Method of Loci in VR can

improve memory performance.: Findings confirm the hypoth-
esis that using virtual environment-based memory palaces

enhances a participant’s memory. Overall, participants remem-
bered significantly more cards when using a virtual memory
palace than in the desktop-based control experiment.

d) G4: Evaluate the effect of different types of virtual
architecture on memory performance.: Two different styles
of architecture were tested: a Palladian layout and a Curved
walls layout. The Palladian layout offers only straight walls
and more than one potential connection between rooms. The
Curved wall option offered only two ways, one to the left and
one to the right. Participants had to follow the curved corridor
to access a larger room at each end. Despite the fact that
most of the results were not statistically different, there was a
trend toward a shorter cycle time to remember each card from
participants who experienced the Curved Palace rather than
the Palladian Palace. This could be explained by the benefit of
using the continuity of the walls to aid recall of the sequence of
card in order, compared with the Palladian palace offering too
many connections between rooms, and thus, confusing efforts
when attempting to recall the sequence.

However, participants’ comments expressed a preference for
the Palladian option. A possible explanation for this conscious
preference may lie in the higher symmetry and straightness of
the floor plan structure, providing users with a more familiar
global frame of reference. For example, the atrium which
connects each room, may simplify their spatial representation
model, in comparison with a network of curved corridors
which provide no symmetries and must be represented in
greater local details [17].

Six participants demonstrated a good performance, recalling
the 9 cards with a card cycle time of 33sec/card. They
confirmed in the post-experiment interviews how this type of
method benefits their ’learning style’. It shows that virtual
memory palaces work well for some people and less so for
others.

e) How can architectural design enhance users’ memory
performance when using the Method of Loci in VR?: Since
2012, when we initiated the ArchiMemory project, only a
handful of studies have begun to examine the potential of VR
to study and develop the MoL mnemonic. ArchiMemory was
developed over the three following years (The memory game
control experiment was published online in September 2012,
and the first version of the virtual environment experiment was
released in November 2013. http://archimemory.net).

The main challenges of virtual environment design are
the level of immersion, user interaction, and quality of the
spatial design. Our review on the use of VR as a research
tool to study spatial cognition, suggests that well designed
virtual environments can be used as a medium for new
learning methodologies. Our own study, on the basis of the
ArchiMemory project, showed the potential of using such a
methodology.

In terms of the level of immersion of the VR system
used in our experiment, the hardware (dating back to 2014)
played an important role in the limitations of the experimental
design. The Oculus DK2 consist of a HMD affording a
limited positional tracking; as a consequence, participants
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sat on a chair. The use of an Xbox controller requesting a
level of abstraction by mapping translation movement onto
buttons also played a role in reducing the level of immersion.
Moreover, these factors had the potential to increase the level
of motion sickness.

A similar study by [18] showed promising insights into the
use of virtual memory palaces. The study showed significant
amelioration on memory recall when inside the virtual environ-
ment using the HMD compared with a desktop monitor con-
dition using a traditional mouse. In that comparison, in both
modalities, participants’ position was locked, affording only
head rotation. Nevertheless, most of the participants enjoyed
the experiment and felt present in the different virtual memory
palaces. People’s reactions when experimenting with VR was
excitement and bewilderment. The more recent generation of
HMDs, such as the HTC vive (6DOF) with hand controllers,
will help to alleviate previous limitations.

With respect to ArchiMemory, we established the following
constraints and questions. The number of connections between
rooms, which relates to the potential frame of reference, can
have an impact on participants’ performance navigating the
different palaces. Is it the number of connections in the layout
or the lack of global frame of reference that has the biggest
effect on the time taken to memorise the sequence of playing
cards? The Palladian layout offered an atrium with 5 different
passages, compared with the Curved layout, with only 2. This
also presents a clearer global frame of reference in the former
with more potential paths to choose from, compared with a
local frame of reference and only 2 paths to choose from in
the latter. It is difficult to know which feature has a significant
effect: the number of connections, frame of reference, curved
or straight walls. They would need to be measured separately:
one experience comparing the difference in the number of
connections in the layout; another experience could retain the
same layout but compare the perpendicularity or curviness of
the walls. Moreover, further research is needed to identify tools
that can quantify the effect of different architectural features.

A mixed method approach was used to gather both quantita-
tive and qualitative data. From a quantitative point of view, one
of the limitations in the design was that participants had only
one attempt in one memory palace, giving rise to insufficient
data points with which to establish a benchmark for each
system. Future studies should include a within-subject design
and allow multiple (perhaps 5 to 10) trials for each participant.
To be able to measure the efficiency of a given system, in this
instance a virtual memory palace, each participant would need
to use both environments multiple times. A benchmark could
then be used to calculate the maximum potential of the system
and thus its efficiency. A second limitation was the difficult
interpretation of participants’ positional data. The heatmaps
offered a good visualisation tool but were lacking in terms of
measurable outcomes.

VI. CONCLUSION

To further the results reported in this article, a set of addi-
tional studies with a larger population needs to be designed to

test the different mechanisms at play when using the MoL in
VR. In particular, different architectural layouts and qualities
need to be measured in order to more accurately evaluate their
effect on users memory performances.

The experiment we reported revealed much insightful infor-
mation into the potential of using VR not only as a scientific
tool but also as a potential mnemonic device to enhance
learners’ memory performances. VR showed promise as an
experimental tool to explore how different types of architecture
can possibly affect participants’ memory performance. It gave
also valuable insights into how users can navigate in VR and
how they are able to remember these layouts and sketch them
from short term memory. The programming of the interaction
within the virtual environment was challenging at times, and
linked to the xBox controller and the 6DOF headset with their
somewhat limited range of movement. The recent arrival on
the market of affordable next generation VR headsets will
remove some of these limitations.
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Abstract—Augmented Reality and Virtual Reality become
increasingly popular in scientific visualization especially for
education where they can support collaborative scientific visu-
alization experiences in the classroom. However, the inherent
limitations of head-mounted AR and VR tools are stemming the
popularization of these existing content sharing tools. Instead
of sharing 3D educational content between AR/VR headsets,
this paper proposes a novel prototype Mixed rEaliTy shAring
pLatform (METAL) to allow for 3D educational content to be
shared between a Microsoft HoloLens 2 and multiple Looking
Glass displays which are a type of Light Field (Multi-view
Autostereoscopic) display. This platform allows one teacher to
use a HoloLens to manipulate and share different 3D contents
with multiple student groups via the network, thus each student
group can observe the synchronized 3D educational content with
autostereoscopic experiences. Therefore, this proposed prototype
enables a low-cost one-to-multiple 3D content sharing experience
that allows the intuitive 3D model interaction and seamless
communication between the students and the teacher.

Index Terms—light field display, augmented reality, scientific
visualization, education

I. INTRODUCTION

Virtual Reality (VR) and Augmented Reality (AR) have
been important tools for scientific visualization, especially for
education and training. VR tools allow for the immersive
experience of the 3D structures, while AR tools allow for
intuitive interactions with the virtual contents as well as the
physical context. Both these innovative visualization tools have
been applied to help students to reconstruct 3D perception
of the structures for low-cost education in the subjects of
veterinarian training, construction engineering, biology, and
chemistry [1]–[6]. Based on these AR and VR 3D structure
learning tools, collaborative Mixed Reality (MR) scientific
visualization tools have also been implemented to enable the
shared virtual experience and audio communication between
the teachers and students even in remote-learning contexts [7]–
[12].

However, for many schools and universities, the popular-
ization of such shared 3D educational content experience
is still challenging due to significant issues. First, the high
prices of AR headsets have inhibited the shared learning
experience between AR headsets even though they allow for

the most intuitive 3D content manipulation modality. Second,
the motion sickness, safety considerations, and fatigue issues
caused by long-time VR headset wearing also limit the usage
of VR headsets. Third, although remote 3D content sharing
using VR headsets could be an important tool potentially
for tele-teaching, the use of VR headsets could inevitably
block the nonverbal communication between the teacher and
students for co-located teaching scenarios, which have been
proved to convey valuable information about learners’ attitudes
towards the learning tasks [13]. Accordingly, for the teaching
scenarios where the teacher needs to timely adjust the teaching
materials based on students’ behaviors and internal attitudes,
VR headsets are not the best choice thus the use of AR-based
headsets would be more suitable in these scenarios. As the AR-
based headsets that allow Six-Degree-Of-Freedom (6-DOF)
gesture tracking are considerably more expensive, instead of
sharing 3D contents between AR headsets, this paper proposes
a 3D content Mixed rEaliTy shAring pLatform (METAL) that
allows content to be shared between one AR headset and
multiple Light Field Displays. Looking Glass display is a
type of Light Field display (LFD) (or called super-multi-view
autostereoscopic displays) which enables 3D experiences with
seamless motion parallax and binocular parallax without the
requirements of wearing a headset or glasses [14], [15], thus
the viewers are allowed to experience the virtual 3D contents
without blocking the interaction and nonverbal communication
within the physical surroundings and collaborators. Moreover,
compared to equipping each student with a VR/AR headset,
each Looking Glass display allows multiple viewers to observe
the same or different 3D contents at the same time [15] thus
requires averagely lower equipment costs [7]. As Fig. 1 shows,
in the METAL 3D content sharing system, the teacher is al-
lowed to use one AR headset to manipulate and share different
3D contents to multiple groups of students, and each group of
students can observe the shared 3D contents from different
perspectives using one LFD. To avoid unnecessary rendering
pressure [16], each LFD only renders the 3D content assigned
to the corresponding group. In addition, each LFD is adapted
to be capable of different 3D content display in multiple
viewing zones, which allows the teacher to share multiple 3D
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contents with the same group of students. Therefore, this paper
proposes a low-cost Mixed Reality 3D content sharing system
to provide the collaborative immersive learning experience
for both the teacher and students with natural and seamless
communication and interactions in the reality.

Fig. 1. System Workflow: the real-time 3D content sharing and manipulation
between one AR headset and multiple light field displays; each light field
display allows multiple viewing zones to display different 3D contents or
perspectives.

II. RELATED WORK

Augmented Reality and Virtual Reality both have been
widely used in the creation of educational applications that
allow for the creation of virtual teaching materials and virtual
work spaces for more immersive learning experiences. These
novel applications have established through experiments and
surveys that they offer unique and distinct advantages over
traditional methods of teaching by allowing students to in-
teract with 3D virtual educational objects, most notably in
veterinarian training, construction engineering, biology, and
chemistry [1]–[5], [17].

As one of the most compelling research topics within
the immersive learning area, using AR and VR tools to
facilitate co-located or remote collaboration among students
or between the teacher and students is becoming increasingly
more prominent in recent years [7], [8], [11], [12], [18]–
[20]. These prior collaborative learning tools have created im-
mersive virtual learning environments that have been applied
to support collaborative learning tasks by allowing verbal or
gesture communication and co-presence [19]–[22]. Although
such virtual learning environments have provided much needed
solutions to remote collaborative learning challenges, they still
have shown significant limits in terms of co-located educa-
tional tasks. Separating users from their physical surroundings
and collaborators can reduce their sense of co-presence, and
the instability of technology-mediated communication for col-
laboration may also lead to frustration [23]. Even for the ”VR
+ AR” solutions that did achieve a shared MR experience

between the teacher and students, that combined both AR
headsets and VR headsets [11], [18], the use of VR head-
sets in co-located educational scenarios still has substantial
challenges in areas of indirect communication, safety issues,
and fatigue issues.

It has been argued that the teachers should be able to make
changes to the teaching materials to ”accommodate students’
needs or to accomplish instructional objectives” [24], which
suggest the requirements of natural communication and intu-
itive virtual content manipulation are essential for co-located
collaborative learning tools. Accordingly, Augmented Reality
solutions have also been proposed to bridge the synthetic
teaching materials with reality to allow for seamless com-
munication between collaborators. Smartphone AR has been
applied to provide a shared experience of 3D anatomy models
among co-located students and professors [25]. While this
low-cost solution however provides very limited 3D content
viewing and manipulation experiences, thus more advanced
AR headsets such as Microsoft HoloLens have been applied
to allow for six-DOF gesture manipulation and stereoscopic
3D content observation [26]. Compared to cheaper alternatives
such as Google Glasses and Smartphone AR, such advanced
AR headsets allow for better user experiences with mid-in-
air gesture control and an acceptable Field-OF-View (FOV).
However, the high prices of these advanced AR headsets are
still impeding the large-scale application of these immersive
learning tools in many schools and universities. Thus instead
of sacrificing the teacher’s user experience to cut down the
equipment cost, cheaper alternatives could be explored to
provide stereoscopic 3D content experiences for students in
the educational scenarios where the teacher shoulders the
majority of teaching material manipulation and presentation.
According to Hackett et al’s anatomy education experiment,
autostereoscopic displays performed better than other 2D-
screen-based 3D visualization systems [27] by assisting stu-
dents to build up their understanding of the anatomy models.
Also, in another medical education experiment [28], auto-
stereoscopic displays outperformed other stereoscopic dis-
plays and monoscopic displays for providing depth perception
without any invasive devices attached to the viewer’s head.
Moreover, according to the lost-tracking issues of AR headsets
that were reported to cause a negative effect on the learning
experiences [29], the autostereoscopic display (or Light Field
Display) which requires no tracking markers or head-mounted
devices becomes the optimal low-cost alternative display for
the students. Additionally, as each autostereoscopic display
allows multi-observer experiences without requirements of any
head-mounted devices [15], students can be assigned into
groups to observe the stereoscopic 3D contents using one
shared LFD without any additional equipment costs. This
classroom setup also avoids undue separation of students as
it has been shown that students worked better together if they
were allowed to share a common workspace [7], [30], [31].
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Fig. 2. Screenshot From the Teacher’s Perspective on an AR
Headset: manipulate 3D content on the shared play area to adjust
the teaching materials assigned to each LFD viewing zone.

Fig. 3. Drag-and-Drop: Share the
3D content by dropping it onto one
of the recognized LFD.

Fig. 4. The student located at one viewing
zone can see stereoviews of the 3D content
from the corresponding perspective.

III. SYSTEM DESIGN

A. System Overview

In most collaborative virtual learning contexts that involve
shared scientific visualization experiences, the teacher and
students traditionally play different roles. The teacher needs
to select, illustrate, manipulate, and share the 3D contents to
the students for training and education aims, during which the
teacher may need to vocally explain the shared 3D contents
according to the student’s responses. While the students need
to observe and discuss the shared 3D content with classmates,
and may also ask the teacher questions about the shared 3D
educational content. According to the different roles played
by the teacher and students, instead of equipping both of
them with the same AR or VR tools, the proposed METAL
system consists of the teacher client equipped with a Microsoft
HoloLens 2nd generation (an AR headset) and multiple student
clients equipped with the Looking Glass display (an off-the-
shelf LFD). The teacher client uses one Microsoft HoloLens
to share 3D contents with multiple groups of students, while
each group of students is regarded as a student client with
a unique client number that can observe the corresponding
shared 3D contents using one looking glass display. Each
LFD is connected to one desktop PC to allow for non-Head-
Mounted-Display (non-HMD) autostereoscopic experiences.
In this way, the teacher is allowed to help multiple groups of
students to understand the 3D structures of shared virtual 3D
contents with direct communication and interaction between
each other. The METAL system allows the teacher to share
different 3D contents with each group of students, which
can be different anatomy models or the different parts of the
same anatomy model. Moreover, each LFD provides multiple
viewing zones [15] to enable students in the same group to
observe multiple perspectives or components of the shared 3D
content simultaneously. In this prototype, due to the limited
size of the LFD, for the current prototype, only two viewing
zones are supported by each LFD to guarantee the optimal
user experience.

Fig. 2 depicts the overall system from the teacher’s perspec-
tive via the AR headset. All recognized LFDs are highlighted
in front of the teacher, and a shared play area is also provided
for 3D model manipulation. By simply dragging and dropping

any 3D model, the teacher is allowed to intuitively share it
with any recognized LFD through network synchronization.
After this, the teacher’s manipulation of each shared 3D
model is real-time synchronized in the corresponding LFD
side. The contents displayed by the two viewing zones of
each LFD are both superimposed over it to show the teacher
what each student can see from their perspectives in real-time.
The following subsections illustrate the system components
according to the architecture diagram (Fig. 5).

B. Drag-and-Drop 3D Content Sharing and Manipulation
From HoloLens

One main advantage of using Microsoft HoloLens for 3D
content sharing is the intuitive mid-air gesture interaction that
allows for 6-DOF manipulation of 3D holograms without
gloves or controllers. Therefore, the 3D content manipulation
and sharing are both designed to be operated with the drag-
and-drop gesture control. When the METAL launches, all
LFDs are recognized with fiducial marker tracking. Next, each
recognized LFD is highlighted with the LFD index and 3D
content sharing instruction (Fig. 3). Following the superim-
posed instruction, the teacher can drag an arbitrary anatomy
model from the model pool and drop it to any recognized LFD
to share the selected content. By doing so, the content-sharing
connection between this corresponded student client and the
teacher client will be established with the initialization data
including the connected student client index and the selected
3D model index (Fig. 5). After this connection is constructed,
the shared content will appear on the shared play area to allow
for further 3D model manipulation (Fig. 2). The teacher is
allowed to drag the shared 3D model on this play area to
move, rotate, and scale it, in which all these adjustments are
real-time synchronized in the connected student client via this
constructed network connection. In this way, every time the
teacher drops one 3D anatomy model to an LFD, one sharing
connection is constructed for the selected student client and
the 3D model to allow for further 3D model manipulation and
synchronization.

C. Online Content Sharing Component

As the functional foundation of METAL, the content sharing
and manipulation synchronization require low latency to guar-
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Fig. 5. System Architecture.

antee acceptable user experiences. To achieve this function,
different approaches including Bluetooth-Low-Energy (BLE)
advertising, Normcore network synchronization, and the Pho-
ton network synchronization were explored.

The first attempted approach is to broadcast the 3D content
information from the teacher client using BLE advertisement
packages. However, according to the preliminary latency eval-
uation, the synchronization latency between the teacher client
and one student client was unacceptable (around 6 seconds
per advertisement package). Although the reason for such
significant latency has not been confirmed, it led us to explore
another 3D content synchronization solution other than the
BLE advertising.

Accordingly, the online multiplayer developer tools were
then explored as alternative solutions. Normcore, as an open-
source native network provider optimized for Virtual Reality
platform, was investigated as the first choice. However, the
first version of the Normcore does not support the HoloLens
2nd Generation (64ARM) running on the Universal Windows
Platform (UWP). The HoloLens services have been supported
by the recently released Normcore 2.0 for enterprise use only.

Therefore, Photon Networking SDK is selected as the final
solution. Photon Unity 3D Networking Framework SDKs
provide cross-platform multiplayer service with low latency
and the shortest round-trip time, which make the real-time
online content sharing between the HoloLens 2nd Gen and
multiple LFDs possible. When the teacher client launches
the system, the Photon SDK activates the network lobby and
creates a network room with an empty shared play area for
game scene synchronization. All contents placed on this shared
play area are real-time synchronized for all clients joined in
this network room. Once the teacher client requests to establish
a content-sharing connection as subsection III-B described,
this component starts initializing the connection based on
the initialization data sent by the teacher client. As Fig. 5
illustrates, the online content sharing component invites the
student client to join this network room after checking its
accessibility, and places the selected 3D model on the shared
play area. After this content sharing connection is initialized,

this component keeps synchronizing the Transform data of
the 3D contents placed on the shared play area for all student
clients joined in the network room.

D. 3D Content Synchronization on the Shared Play Area

The shared play area affords real-time synchronization for
all 3D contents placed on it. This shared play area is divided
into multiple sub-areas that are assigned to different student
clients, on which the 3D content shared with each student
client is placed on the corresponding sub-area for manipulation
(Fig. 2) after the content sharing connection is initialized.
When the teacher manipulates the 3D content placed on any
sub-area of this shared play area, this manipulation data is
also synchronized in real-time on the corresponding student
client as Fig. 5 illustrates. To achieve this function with
minimum rendering costs, although all student clients joined
in the network room have the access to all the 3D content
placed on the shared play area, each LFD only renders and
updates the 3D content placed on the assigned sub-area for
the corresponding viewing zone.

E. Multiple LF Viewing Zones of LFD

To make the content sharing solution even more low-cost,
each LFD is evenly divided into two viewing zones [15]
that allows for independent 3D content manipulation, which
enables multiple students in the same group to observe the
3D content in different angles and scales. To achieve this,
the assigned play area of each student client is divided into
two sub-zones for independent viewing zone manipulation and
synchronization (Fig. 2). After each content sharing connec-
tion is established, two instances of the shared 3D content
will appear on the two sub-zones of the play area assigned
to the student client for independent manipulation. To show
the teacher what each student can see from their perspectives
(Fig. 4), the real-time contents displayed in both viewing zones
are both superimposed over each LFD (Fig. 2). According to
these viewing zone contents superimposed over each student
client, the teacher can easily adjust the shared contents and
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TABLE I
THE DRAW CALLS, NUMBER OF TRIANGLES (MILLION), AND AVERAGE

FPS AS THE NUMBER OF LFDS INCREASES

LFDs Draw Calls No. of triangles (milion) Average FPS
1 273 3.6 162.3
2 543 7.2 85.2
3 813 10.8 58
4 1083 14.4 44.1
5 1353 18 35.2
6 1623 21.6 29.6
7 1893 25.2 25.1
8 2163 28.8 22
9 2433 32.4 19.7
10 2703 36 17.7

interact with students. This viewing zone division can be easily
applied to all types of LFDs for future generalization.

IV. RENDERING BOTTLENECK TEST

Theoretically, one PC client is able to power multiple LFDs
to reduce the network transmission pressure and exploit the
graphics computing power. However, connecting too many
LFDs on a single PC clients may also result in rendering
bottleneck. To explore the maximum number of LFDs that
can be powered by a single PC client, a rendering bottleneck
test was conducted by measuring a series of average Frame
Per Second (FPS) on one PC client as it renders the same 3D
model onto an increasing number of powered LFDs. This test
was conducted on a desktop PC equipped with an AMD 3900X
CPU and an NVIDIA GTX 1070 graphics card. The measured
result is shown in Table I. Apart from the number of the LFDs
and average FPS, the number of draw calls and triangles are
also recorded to indicate the approximate render workload
of the system. According to the result, the PC client failed
to provide ideal rendering performance (FPS < 60) when it
powered more than 3 LFDs, and the rendering performance
became unacceptable (FPS < 30) when it powered more
than 5 LFDs. This bottleneck can inhibit the popularization
of the proposed 3D content-sharing system in the future
that enables the large-scale usage of LFDs in classrooms.
Therefore, instead of relying on one single PC client to power
multiple LFDs for one-to-multiple content sharing, a one-to-
multiple WAN connection is adapted to allow data transfer
between one AR and multiple PC clients for averagely lower
rendering pressure.

V. DISCUSSION AND FUTURE WORK

The proposed METAL prototype provides the solution to
the common challenges confronted by prior collaborative
AR/VR scientific visualization tools by allowing one AR
headset to share 3D contents with multiple LFDs. The LFDs
provide an autostereoscopic experience without requirements
of headsets wearing, thus avoid the fatigue issue and safety
risks caused by long-time wearing of VR headsets. Also, the
content sharing between the AR headsets and LFDs allows for
direct communication and eye contact between the teacher and

students during the teaching process. In addition, compared to
the content sharing between AR headsets, each LFD allows
multiple students to view the shared 3D contents thus lowers
down the average equipment costs especially for large-scale
education scenarios. To make this content sharing system more
scalable, multiple viewing zones are provided by each LFD
to display different 3D contents, which are independently
manipulated by the teacher client. In the last part of this paper,
two approaches to implementing such one-to-multiple content
sharing are discussed by testing the rendering bottleneck of
one PC client. According to the test results, instead of relying
on one PC client to power multiple LFD, an one-to-multiple
WAN connection between one AR headset and multiple PC
clients can be more suitable for the large-scale content sharing
scenario that involves a large number of student clients in
terms of rendering pressure and user experience.

Multiple future steps have been planned to enhance this
prototype. The current prototype only provides static viewing
zones for each LFD by simply dividing the Field of View,
while the teacher may hope to assign personalized contents
for different students to learn. To satisfy this potential require-
ment, identity tracking can be integrated into the LFDs to
recognize students’ identities and provide dynamic viewing
zones that follow their head movement [15]. At the same
time, the teacher client should also be able to recognize
students’ identities and track their head positions to allow
the teacher to assign different content to each student. With
identity tracking, the teacher will be able to share personalized
teaching materials targeted to each student. Additionally, a
thorough user study will be conducted in a classroom to
evaluate the teacher-client user experience and the student-
client learning process in ecological conditions.

VI. CONCLUSION

This short paper has offered an alternative vision of collabo-
rative scientific visualization experiences within the classroom.
Compared to alternative solutions that assign each student an
AR headset, the proposed METAL collaborative learning tool
requires much less equipment for each classroom thus miti-
gates the critical challenge of device failure [32]. Moreover,
only one advanced AR headset for the teacher and a limited
number of cheaper LFDs for student groups are required to
create the proposed the collaborative learning environment.
This fundamentally allows for the average equipment costs to
be greatly reduced without sacrificing the teacher’s or students’
user experiences in the classroom. By lowering the bar on
adoption costs, it is hoped that this platform can further help
the cause to bring immersive learning to the classroom.
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Abstract—The exploration of augmented reality’s (AR) po-
tential in higher education teaching and learning demonstrates
an impressive scope of critical inquiry. Online higher education
(OHE) represents a transformation in learning practices and
educational paradigms on a global scale, with a significant
opportunity for the application of AR through e-learning. The
overarching goal of the current study is to understand how the
presence of AR applications in an OHE multimedia program
impacts student learning. The current conceptual study aims
to formulate design and development requirements for an AR
application, aiming to understand how a user-centred design
(UCD) approach could frame such a process. The overarching
goal is to design AR resources which enhance student learning
in multimedia education. Implementing a user-centred approach
ensures that learners are taken into account from the beginning
of the design process and throughout the iterative design lifecycle.
The current paper presents the results from the first phase
of a multi-stage research project. First, conceptually designed
personas, scenario reviews, and user journey mappings were
developed based on identified learner needs and AR system
requirements previously identified. The results show evaluation
techniques use within a UCD process while revising AR scenarios
from the learner’s perspective and exploring design requirements
to ensure the feasibility of the AR application. An implication of
our study is to demonstrate the value of a range of evaluation
techniques presented here using a user-centred design approach,
which can be used to design and develop future AR and eXtended
Reality (XR) technologies in educational scenarios.

Index Terms—augmented reality, online higher education,
user-centered design research

I. INTRODUCTION

With the unprecedented evolution of immersive technologies
[1], what is known as extended reality (XR), covering virtual,
augmented, and mixed reality, becomes both more efficient
and more affordable on a daily basis. Although it is no
longer a new phenomena of interest, the exploration of XR’s
potential in higher education demonstrates a wide range of
opportunities but also of challenges. Yet many institutions have
experimented with the introduction of immersive technologies

in the classroom with the aim of enhancing learner motivation
and achievement, particularly in science, technology, engineer-
ing, and mathematics disciplines [2]. However, universities
have not yet fully undertaken a transformation toward XR
technology adoption because of effort and cost, still most
dedicate small areas of research and development in order
to optimize learning environments and learners’ experiences
through these technologies. The current study focuses on one
of the most common forms of XR, namely augmented reality
(AR) in the context of a multimedia degree in online higher
education (OHE).

The humanities and arts, e-health, engineering, science,
manufacturing and construction are among the most popular
contexts for using AR-technology in education [3]. However
despite an abundance of research on AR in HE, few studies
are concerned with the Multimedia field. This study focuses on
teaching video and photography in the context of a Multimedia
studies degree. At the same time, the COVID-19 situation has
pushed many academic institutions to rethink their way of
teaching, limiting as much as possible physical interactions
and even requiring fully remote modes of online learning,
sparking increased interest for these technologies [4], [5] and
their impact on learning.

In the context of online HE, a well-established limitation
is the passivity of the learner and the difficulty of building
affordable and student-centered learning resources, including
high cost and effort [6]. The shift to active learning through a
student-centred model has resulted in the need for faculty and
instructional designers to offer both novel and impactful digital
learning experiences and scenarios that go beyond traditional
text or multimedia based learning resources. Through the use
of AR the current study aims to respond to the challenges
which impede technology adoption in HE [7]. These include
the need for improving digital fluency and supporting digital
competency development by offering students the ability to
manipulate objects within three dimensional virtual environ-
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ments and to learn from such immersive experiences. In
this regard, authors such as Bates [6] note that the field
of application for immersive technologies is extensive, with
a particular relevance for technology-oriented education. It
seems clear that as they spread in society there is a need to
integrate these technologies into education and therefore to
increase research in this field.

In the current conceptual study, the phenomena of interest
lies in formulating design requirements for the development of
AR technology in order to support learning of complex video
technology and their applications and procedures within the
broader field of multimedia studies. The study presents the first
phase of a longer user-centred design (UCD) process which
will culminate in an experimental study. The aim of the current
paper has been to formulate specific design requirements for
an AR application which supports student learning.

Therefore, the guiding research question is:
How can a user-centred design process be used to frame

the development of AR applications which support student
learning in multimedia education?

The paper begins by reviewing previous work in the field,
before introducing the adopted research design. The results
are then reported which detail specific evaluation techniques,
followed by a subsequent discussion and conclusion.

II. STUDY BACKGROUND

In agreement with Azuma [8], [9] the current study defines
an AR system as a system which combines real and virtual
objects in a real environment; registers (aligns) real and
virtual objects with each other; and runs interactively, in three
dimensions, and in real time. Although AR can be applied to
all senses and not only to the sense of sight [8], it is understood
as a technology that allows users to see a supplemented reality
through superimposed virtual objects over the real world.

Moreover, even if AR is classified as separate from Virtual
Reality [10], it can be seen as a continuum, what Milgram and
Kishino [11] have defined as the reality-virtuality continuum,
where augmented reality adjoins augmented virtuality, both
located between the real and virtual environments which
constitute the two ends. This continuum between real and
virtual environments being defined as Mixed Reality.

As evoked previously, there is already a considerable liter-
ature regarding the use of AR in education, but this number
drops when it comes to HE. For example, [3] reviewed 28
publications from 2010 to 2017 involving AR technology but
only 7 concern higher education students. Additionally [2]
treated 68 articles on the use of AR in education covering
a period from 1980 to 2015 stating that: (i) the number of
publications has been growing since 2007; (ii) half of them
concern primary and secondary students while more than a
quarter focus on higher education; and (iii) mobile devices
account for more than half of the AR technologies used, while
desktop computers represent a quarter.

Based on Akçayır the main advantages of AR technologies
are: enhancing learning achievement, learning motivation, and
enjoyment, helping students to understand, providing positive

attitude, raising the level of engagement, enabling visualization
of invisible concepts, events, and abstract concepts, enhancing
satisfaction, increasing interest, providing interaction oppor-
tunities (student-students) [2]. But it also presents several
challenges related to the use of AR technologies: it requires
more time, errors may cause student frustration, it is not
suitable for large group teaching, it can be expensive, it can
cause cognitive overload, or distract students’ attention, it can
be difficult to design, the content sharing can be limited by
large file size limits, and there may be inadequate instructor
ability to use technology. Similarly, [12] identifies comparable
risks and recommend to find alignment among technology
design, instructional approach, and learning experiences.

Additionally an interesting recent review focusing on e-
learning underlines the potential of AR regarding “learning by
doing” [13]. Although it present some drawbacks related to the
use of AR technologies such as some challenges to its adoption
and implementation, among the benefits, the authors retain
the enhancement of kinesthetic and collaborative learning, the
enabling of high-risk e-learning in real-time, as well as visual-
izations, the support of real-world simulations with interactive
objects, and the increase in learners’ motivation, satisfaction,
attention, and content retention. Furthermore, there is growing
evidence that mixed reality simulation improves learners’
safety, competence, and skills in health sciences education
[14]. Although it should be noted that in the case of distance
education, the author recognizes that this approach becomes
more difficult, and requires to develop simulations that suit
this pedagogical problem and the logistics.

Given the existing barriers, [15] proposes a methodology
to aid adoption of these technologies: (i) training instructors;
(ii) developing conceptual prototypes; (iii) teamwork involving
the instructor, a technical programmer, and an educational
architect; (iv) producing the experience; (v) training instructors
to apply AR solutions within their teaching methodology; and
(vi) implementing the use of the experience.

To summarize, there is a considerable literature regarding
the use of AR in education especially concerning mobile de-
vices, but this number is smaller in the case of OHE, and there
is a notable gap of research on AR from a UCD perspective.
Furthermore, although there are clear advantages in the use of
AR technologies like enhancing learning achievement, learner
motivation, or enabling visualization of invisible concepts, the
use of such technologies comes with challenges that can be
complicated to resolve, especially regarding design require-
ments or instructor ability. Finally, it seems that carefully
defining educational goals, as well as designing and planning
activities, is essential in order to build an application that best
uses technology to meet educational needs [16].

III. RESEARCH DESIGN

The goal of the current study is to formulate design and
development requirements for a range of AR applications for
use within an online video production course in the context of
the multimedia degree at the Universitat Oberta de Catalunya
(UOC). In line with the student-centred model of learning
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Fig. 1. Iterative User Centered Design Process (adapted from Interaction Design Foundation, 2020).

at the UOC, the current study will follow a user-centred
design (UCD) process [17], [18], from the human-computer-
interaction perspective [17], [19]. The UCD process implies
ensuring that users and their context are taken into account
from the beginning of the design process and throughout the
iterative design lifecycle. After identifying a clear research
problem, the general UCD process involves four phases as
outlined in Fig. 1.

In this study results are presented from the first evaluation
phase in the conceptual design and development process,
namely an educational scenario review, presented in Table I.

The aim of this method is to understand the educational
context of use and scenarios of interaction to ensure that the
learner’s perspective is taken into consideration when formu-
lating essential design features to guarantee the feasibility of
the design. The evaluation techniques reported in this study
uses 3 distinct yet interrelated tools for analysis, common in
user experience (UX) research, yet less common in educational
research, namely: i). creating personas, ii). scenario review,
iii). user journey mapping.

Both the persona and user journey mapping were developed
iteratively by the research team using a focus group approach,
in accordance with guidelines from the UCD literature [17]–
[19]. Video focus group sessions were organized among the
research team for persona and user journey mapping devel-
opment and several iterations were developed until the final
prototypes were validated by the group. For the persona,
program enrolment data was collected to ensure data-driven
descriptions (i.e. age, gender, occupation) and collaborating
professors in the multimedia program were consulted for their
detailed understanding of the target user to ensure face validity
when developing general persona attributes. The persona rep-
resents an archetype of a group of users with similar behavior,
needs, goals, skills, attitudes, etc. [20] and will be used to help
guide design decisions. The goal of both the persona and user

journey mapping is to create a common shared understanding
of the user group for which the design process is built around
and to prioritize design considerations in the context of student
learning in OHE. The literature on student experiences of
learning in OHE also informed the development of the user
journey mapping, particularly in relation to activity-centred
and artefact producing learning practices [21], [22].

Concerning the design of immersive educational environ-
ments, “there are few or no best practices developed yet
for educational use” [6]. Therefore, the protocol for the
development of the AR educational scenario review was
adapted from a UCD approach [18], [20] and from guidelines
on designing immersive educational environments [6]. The
goal here has been to specify the context of use and the
scenarios of interaction, and in particular contextualize the
use of the AR application within the broader program and
course settings, including the specific learning activities and
outcomes in which the AR application serve to support. Data
was collected by developing UCD focused guiding questions
for an educational scenario review, developed by the research
team. The multimedia program director and lead professor on
the course collaboratively answered the questionnaire, and they
were then revised and synthesized by the research team.

In future phases of the research project, the study will use
two further evaluation techniques, namely a claim analysis and
usability testing, also presented in Table I. The educational
scenario review evaluation technique involves three stages
typical at the beginning of the design process, detailed in the
subsequent results section.

IV. RESULTS

In this section, results from the three stages of the educa-
tional scenario review are reported, representing the first phase
of a longer UCD process.
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TABLE I
EVALUATION TECHNIQUES FOLLOWING A UCD APPROACH

Evaluation
Technique

Analysis Tools Evaluation Perspective Evaluation Methods

1. Educational
Scenario Review

-Creating Personas; AR Video Scenario
Development; User Journey Mapping

-Revising AR scenarios from the user’s
perspective.
-Exploring AR design requirements and the
feasibility of the AR resource

-Brainstorming focus group among
collaborating professors / researchers /
designers

2. Claim Analysis -Mid-Point of the AR Application
Design Cycle

-1st Formative Evaluation (Examining the
efficacy of the design features and making
decisions on alternatives)

-Individual user interview (40 minutes)

3. Usability Testing -Final Stage of the AR Application
Design cycle

-2nd Formative Evaluation (to finalize AR
design elements by eliminating usability
problems at the final stage of the design
cycle)

-Individual experiment using AR in the
virtual / mobile classroom (30 min. of
usability testing and 15 min. interview)

A. Creating Personas

Fig. 2 presents the iteratively developed persona. Personas
are archetypes of real users, or in our case, learners, and
may feature data-driven descriptions. It is a composite rep-
resentation of a typical student in the multimedia studies
degree. Marc is an advanced technology user, works full-time
as a developer, and studies part-time in order to advance his
career. Developing personas facilitates the design process by
understanding learners’ interests, problems and needs better.
This understanding allows designers to make better decisions
about educational resource features including navigation, in-
teractions, and visual design, among other features. Failing
to understand the needs and motivations of learners in the
educational design process may lead to developing design
solutions using AR that do not meet student needs, and thus
fail in their ultimate goal of optimizing student learning.

B. AR Educational Scenario Review

Table II presents the results from the AR educational
scenario review. In this phase, the question is asked, how will
students use the AR resource? This is done by specifying
the broader educational contexts of use and scenarios of
interaction to show how learners might act to achieve a goal
in a system or environment (Interaction Design, 2021). This
phase begins by looking at the macro details of the program
and course in which the AR application will be developed,
and then moves to the micro details of the specific learning
activity and the environment and context of use in which it
unfolds.

In the specific context of use addressed in this paper, it is
expected that AR-technologies will allow the students to learn
by doing, for example, by manipulating the virtual camera,
the scene or some virtual objects of the scene. Indeed, taking
control of the camera through the AR application, it will be
possible to experiment with different camera angles as well
as the types of shots and their impact on the narrative of the
produced video. It will be, for example, possible to empower
the subject with a low angle shot or on the contrary to weaken
him by using a high angle shot, eventually to connect with the
subject using an eye level shot etc... All of these situations
correspond to different camera movements relative to the

camera target. AR-Technologies allow a virtual representation
of the subject, the camera and the corresponding scene, giving
many possibilities for experimentation on the part of the user,
including the opportunity to learn from this experience without
the need of expensive material.

TABLE II
WIDER PROGRAM AND COURSE CONTEXT FOR AR DEVELOPMENT

Program/Course Review
Program/Degree
Description

Undergraduate Program in Multimedia.
The curriculum covers the theoretical and prac-
tical training necessary to be an expert in mul-
timedia technology.
The degree integrates three key areas for the
Multimedia profession:
1. Technologies, languages and multimedia de-
sign and production methodologies.
2. Multimedia Creation, especially graphic de-
sign and interactive communication.
3. Management techniques and economic as-
pects related to multimedia production.

Course
Description
6 ECTS, 87
Students,
12hr/week
Recommended
Study

Video Production
• an introductory course in the Multimedia De-
gree.
• presents essential components of video pro-
duction: foundations in audio-visual language,
script building, directing, editing and digital
publishing.

Program
Learning Model:

• A student centred learning model, mainly
based on an online asynchronous framework.
Students and teacher interact through commu-
nicative spaces in the virtual classroom made
up of the forum and the personal mailbox.
• Learning is based on challenges that require
the resolution of practical tasks (4 Core Learn-
ing Tasks and 2 Major Course Assignments)
related to the production of audio-visual prod-
ucts. To achieve these challenges, the neces-
sary knowledge and skills are provided through
learning resources that are published in the
classroom. Both textual and audio-visual for-
mats are combined in course teaching materials.

The below AR educational scenario review details results
from the specific course and learner activity contexts of use,
derived from the guiding questions of the scenario review.

AR Educational Scenario Review Summary:
1) Specific learning activity where AR resources will be

integrated. What will students need to do while using
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Fig. 2. Results from Persona development.

the AR resource?
• Respond to a challenge-based activity that includes the

production of a video clip where the editing/montage of
audio-visual images are integrated with an appropriate
sound design (musical score).

• Through the use of AR resources, conceptual and
theoretical contents will be provided that facilitate the
integration and synthesis of the knowledge and skills
necessary to carry out the prescribed learning task.

2) Beyond the AR resource, what other learning resources
will students need to complete the course learning tasks?
• CA#02 consists of a synthesis of all the contents

covered during the course. As such, students will use a
range of learning materials including textual materials
(book chapters, and instructor-written materials) and
complemented with audio-visual resources.

3) What is the motivation for using AR as a learning
resource? How does the AR resource respond to student
needs?
• the novelty of an AR application in HE, especially

interesting from the technological point of view for
students within a Multimedia degree program.

• an opportunity to design student-centred technology,
where the learner learns by doing and by blending
virtual and physical worlds

• AR presents notable analogies with interactive mul-
timedia such as video games, or other media where
users have an active and participatory role. Unlike
more traditional audio-visual that is based on a linear
timeline with no interaction possibilities, AR allows

content to be built involving the user’s actions and
decisions in relation to their user experience.

• AR enhances learner activity, enabling an active /
experiential / physical activity (i.e., allow learners to
learn by doing) which leads to mental / cognitive
operations in building course knowledge

• allowing a visualization of complex and non-visible
processes in order to enhance and optimize learner
understanding / comprehension in relation to the course
content.

4) What knowledge and skills will be developed within the
immersive environment?
• The AR resources is intended to simulate a challenge-

based learning activity that is analogous to those found
in professional video production assignments.

• The skills to be developed within the immersive en-
vironment implies that the student accesses informa-
tion that supports the integration of video production
processes related to 1. the capture of images, 2. the
control of the device, 3. to the production processes
related to the audio-visual language and 4. to processes
related to the foundations of video editing, including
the development of skills related to creativity and
communication in video production.

5) How do the knowledge/skills developed in the immersive
environment integrate with what is being taught in the
rest of the course/program?
• The use of AR supposes a synthesis of all of the

different course themes. CA#02 aims to simulate a
situation which is common in professional contexts in
video production project development.
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• The teaching materials are organized in such a way so
that students can consult them throughout the course.
The topics are structured in a logical sequence that
supports the completion of the core learning tasks and
developing the desired learning outcomes.

• The AR resources have the objective of linking course
contents, relating them to each other and applying them
to various work procedures in video production. The
AR is intended to emulate a real work situation such
as those that the student may face when working as a
professional in the field.

6) What is the learner expected to learn through the presence
of the AR resource?
• The ultimate goal is for students to interrelate/integrate

diverse course knowledge in order to solve a problem
similar to that found in the context of a professional
video production assignment.

• With the presence of the AR resource, the student is
expected to engage with the specific course themes and
content related to audio-visual language and video edit-
ing/montage through problem-based learning. Students
must complete a specific and concrete task with the
knowledge and information experienced through the
AR application.

7) What is possible for the learner to learn while using the
AR resource?
• The use of AR allows the student to carry out a

simulation of a real situation related to a future work
scenario, for example, as a self-employed professional
who requires integrated knowledge and skills related
to audio-visual production.

• It is expected that the student does not see the materials
visualized in the AR resource simply as another story.
In this regard, through a specific learning activity
with the presence of an AR resource, it will be ide-
ally possible for the student to experience meaningful
learning by integrating and interrelating relationships
between course knowledge and video production work
processes

8) Learner environment: Where does the interaction take
place? Is it a quiet office or study space or in movement
on a bus or subway? How long will the user interact with
the AR resource in order to complete the task?
• AR applications are opened from a marker embedded

in the virtual classroom environment. For the devel-
opment of the learning activity (CA#02), at least two
devices are necessary. One can either be a desktop,
laptop, or tablet. The second device must be integrated
with a camera and as such can be a tablet or mobile.
The camera is necessary to superimpose the digital
contents of AR to the external reality.

• The AR Resources are displayed in the space between
the screen and the student in an approximate 180º
arc. The student visualizes the contents of the AR
application by moving their mobile device in this

virtual space.
• The immersive environment is displayed in the existing

workspace between the student and the screen. This is
usually in the student’s designated study space at home
(i.e., with chair and desk/table).

• It can also be displayed in other spaces depending on
when and where the marker is activated, for instance in
the students place of work, at a library, or in a cafeteria.

9) Medium: What device and technologies will the student
be using? Is it a desktop computer with a large screen or
a mobile phone?
• The student must use two screens to view the AR

application, a computer screen (fixed or laptop) to
view the marker and a mobile or tablet to play the
AR application. The technology used is based on
the augmented reality applications necessary for the
development of Digital App’s (Unity, Aero, ...).

10) Mood: What is the emotional state of the learner at the
different stages of the user journey?
• It is assumed that the student will engage with the AR

application with elevated interest/motivation related to
the innovative character of the learning resource.

• The application of AR presents a certain proximity to
the world of video games, supporting a playful/gameful
method to learning.

• There also might be some negative emotions on dis-
play, such as frustration, if the application is not
functioning correctly or if the UX is sub-optimal.

11) Obstacles/Challenges: What obstacles might the student
face when using the AR resource?
• The most significant challenges include ensuring the

optimal visualization of resources and that the design
requirements and mechanics of the AR meet the needs
of the learner as they complete their learning activity.

• As AR is an emerging technology in higher education,
it can present difficulties in usability or visualization,
as well as obstacles when considering how to optimize
user experience.

• Definitely interaction is one of the most complex parts.
Indeed, it requires to anticipate the actions of learners,
and therefore to know them well, but also to know well
the technology because technical limitations determine
the nature and type of possible interactions.

C. User Journey Mapping

Fig. 3 presents the results of the user journey mapping.
To create a proper solution for the problem, it is essential to
look at the user interactions with a resource or application
holistically. User journey mapping is a technique which de-
scribes the interaction between an individual and the rest of the
educational scenario, or in our case, the interaction between
the user and the AR resource within the context of the online
video production course, broken into three distinct stages of
learner activity (a. planning, b. production, c. assignment revi-
sion/completion). For our purposes, a form of story-boarding
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Fig. 3. User Journey Mapping.

has been used to detail all stages of interaction with the AR
resources in question and as a method for detailing a more
realistic form of interaction with the AR resource.

V. DISCUSSION

The results of the current study contribute to the literature
on emerging models of OHE which aim to position students
at the center of an active learner process. Evolution in XR
technology and the ability for deeply immersive experiences
has brought more attention to the potential of AR in education
[6] by designing applications which respond to student needs
through a user centered research design. The goal has been to
optimize learning environments and resources, in order to meet
the challenge of designing novel and impactful digital learning
experiences which go beyond traditional text or multimedia
learning resources. There is an abundance of research that
shows the relevance of AR for teaching and learning, provided
that it is integrated in holistic instructional and learning de-
signs [7]. Such an approach includes clearly defining learning
outcomes and objectives (i.e., what the learner is expected to
learn), as well as determining where the use of AR technology
fits with the overall design of a course or program [6]. In
this regard, following a UCD process, as demonstrated by
the current study, has ensured that learners and their context
have been taken into account from the beginning of the design
process and throughout all subsequent design phases.

The range of UCD evaluation techniques presented in this
study (personas, AR scenario review, user journey mapping)
offer a protocol which may be followed more broadly for
using XR in HE. The utilization of such an approach allows
researchers to understand the educational contexts of use and
interaction scenarios for the learner and thus bring more

alignment to the design of learning tasks, learning resources,
and desired learning outcomes. Following the educational
scenario review protocol which has been outlined in the
results will help researchers and educational developers answer
one of the most challenging questions facing the integration
of AR technologies, namely, what are the essential design
requirements when developing AR applications in the context
of a specific learning task, integrated into a broader course
and program setting.

As was detailed earlier, integrating AR technologies comes
with several obstacles [2], including the triple challenges of
requiring time, economic costs and skills [7]. When using the
educational scenario review protocol presented in the current
study, research teams are able to capture an evaluation per-
spective which explores and identifies the design requirements
and the feasibility of the AR development, which in turn
can help to understand the technological limitations and the
capacity of both the research team and the specific technology.
In line with [15], working in multidisciplinary teams when
developing conceptual prototypes and project development can
aid adoption of AR technologies, but can also provide unique
interdisciplinary challenges where researchers and developers
from distinct disciplinary boundaries must work together and
learn a common language to address a specific research and
design problem.

Based on identifying learners’ needs through a UCD ap-
proach, the methodological contribution of this study is the
development of an educational scenario review which can
assist teams in the design and development of AR applications
with an aim to enhance student learning. Using such an
approach can offer an effective analytical framework, essential
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at the beginning of the design life-cycle, where developers
can have deeper insight into educational contexts as well as
into how learners will interact with a learning resource when
completing course activities.

VI. CONCLUSION

This study explored the conceptual design and development
of AR technologies in OHE by conducting and reporting
the first phase of a user-centered design research method-
ology. Such an approach emphasizes the learner and their
specific needs at the beginning and throughout the design
and development life-cycle of AR applications. The current
study argues that such an approach can aid adoption of
AR technologies in HE and enhance student learning and
achievement. Educational research and development teams
who would like to follow a similar path, including conducting
evaluation techniques presented in this study, could focus
on the overarching research problem of formulating essential
design requirements for developing an AR application from a
user-centered design perspective.
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Abstract— The elements of presence and interaction have 

been connected with high-quality learning in online learning 

environments. This can be achieved by offering learning 

environments and material that can engage the learner 

throughout the learning experience, allowing them to connect 

with the content, find relevance, construct meaning and critical 

thinking. Hybrid VR applications offer great potential for 

engaging learners in environments that accurately capture the 

world, allowing them to make personal connections and find 

relevance. Coupled with a branching narrative, computer-

generated imagery (CGI) and interactivity can lead to highly 

engaging learning experiences. Hybrid VR applications, though, 

are bandwidth-demanding that can impact the learning 

experience. This paper presents a study comparing the Quality of 

Experience (QoE) of a hybrid VR application streamed over the 

standard internet and POINT network under increased network 

load. The paper presents the project motivations, a pilot study 

and its output. It closes with conclusions about the effect of the 

QoE and presence in learning and future directions. 

 

Index terms— hybrid VR, information-centric networking, 

virtual humans, 360-degree video streaming, quality of experience, 

presence, learning 

I. INTRODUCTION 

Online learning is not only becoming increasingly common 
in delivering educational programmes in higher education, with 
the challenges imposed by the COVID-19 pandemic as Prof 
John Domingue stated in an interview in the Guardian, the 
“‘online genie’ is out of the bottle and won’t go back in” [1]. 
Educational organisations invested heavily in streaming and 
recording technology, but they recognise that a lecturer 
broadcasting in front of a camera does not suffice for a good 
learning experience. Educational organisations strive to make 
the online experience more engaging by investing in 
technology to support immersive learning and create new 
forms of educational material. Hybrid VR applications provide 
great potential in providing stunning life-like VR experiences 
that can address pedagogical requirements. 

Hybrid VR applications combine 360-degree videos with 
branching narrative, CGI and interactivity. 360-degree video 
offers an accurate capture of the world using omnidirectional 
or multi-camera systems that capture all directions 
simultaneously. Videos are stitched together with software to 

produce a full spherical field of view and can be experienced in 
an immersive or a non-immersive environment using a head-
mounted display (HMD) or a 2D interface, respectively. The 
360-degree immersive video fills the viewers’ entire field of 
vision, placing the user/viewer in the middle of the scene 
allowing them to control the viewing direction of the scene 
without being restricted to the frame the scene had initially 
been shot. The increase in graphical fidelity afforded by 
immersive VR allowed the creation of high-quality 360-degree 
video experiences that immerse and support learners to achieve 
significantly higher learning outcomes than non-immersive 
conditions [2].  

Rooted in traditional filmmaking, a 360-degree video can 
effectively deliver a story (fictional or not), an event or a 
narrative and engage the viewer in various forms with the 
content and the involved characters. Coupled with interactive 
narratives, which is based on the concept of Branching 
Narrative – where a story resembles a tree of decisions 
(branches) allowing it to unfold in different directions [3] (see 
Fig. 2a), a 360-degree video offers an additional layer of 
interactivity to engage viewers [4]. Viewers are empowered by 
the choice to actively select the direction a story will develop, 
making them feel they are dynamically taking part in the action 
and the narrative. CGI offers an additional layer of interactivity 
in 360-degree videos that can elevate the experience to a 
different level, offering the ground for creating highly 
engaging and immersive learning experiences (see Fig. 1b, Fig. 
1c, and Fig. 2). 

With social media sites that natively support 360 content 
such as YouTube, Facebook, Google by Business, Vimeo, 
Flickr, 360 Social Media Sites, hybrid VR applications are set 
to become part of the future social environments, offering the 
potential for viewer centric engagement that can facilitate a 
more personalised and realistic experience. Ongoing social and 
shared VR efforts extend current video conferencing 
capabilities, offering enriched and enhanced remote user 
interaction, collaboration, and sharing of experiences [5]. Such 
an enhanced way of interaction can contribute to creating the 
illusion of presence [6]. 

Research in the last two decades relates tightly cognitive 
[7], emotional and material presence with learning. We will 
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adopt Rodgers & Raider [8] definition of presence in the 
context of learning as “the state of alert awareness, receptivity 
and connectedness to the mental, emotional and physical 
workings of individuals in the context of their learning 
environments and the ability to respond with a considered and 
compassionate best next step”. The quality of cognitive 
presence reflects the quality and quantity of critical thinking. 
This as an outcome is recognised as the gaining of deep and 
meaningful understanding and content-specific critical inquiry 
abilities, skills, and qualities. The community of inquiry (CoI) 
framework suggests that social presence, teaching presence, 
and cognitive presence are essential elements to foster 
successful educational experiences in computer-mediated 
distance learning environments [9].  Pedagogical models used 
to create educational VR experiences touch on constructivism, 
and especially social constructivism [10]. VR features that 
contribute to the sense of presence, such as the first-person 
point of view, autonomy, freedom in navigation and 
interaction, arise from this approach. Mikropoulos investigates 
whether pupils’ sense of presence affects the expected learning 
outcomes intended for virtual educational environments [11]. 
The fundamental research aspects that support presence in VR 
are captured by the FIVE framework [12].  

A scoping review by Snelson and Hsu [6] of emerging 
research in Educational 360-degree video reports that current 
research demonstrated that although learners indicated 
enjoyment with the experience of learning with 360°-degree 
video, the results were mixed regarding the impact on learning. 
Reasons for this could be linked to the current infrastructure to 
effectively support such experiences. Another reason for this is 
that currently there is no framework for creating such 
pedagogical experiences that address new pedagogical needs. 
Argyriou’s work [4] in an initial attempt towards this direction 
introduced a framework to support enhanced gamified user 
experience in hybrid VR applications, the so called iVID 
(Immersive Video Interaction Design) framework. The iVID 
framework though has not been evaluated for supporting the 
creation of effective educational experiences.  

A subjective study involving a large number of users 
examining the QoE of 360-degree video looking at encoding 
parameters, content motion, rendering device, and rendering 
mode showed that those factors impact significantly perceptual 
quality, presence, cybersickness and acceptability [13]. Hybrid 
VR applications that run smoothly and seamlessly, facilitating 
user presence, require a fast internet connection. VR kits 
technology has been improved immensely to eliminate 
unwanted effects such as motion sickness that can completely 
break the sense of presence in VR. However, they can still get 
engrossed in latency and bandwidth issues they have little 
power over. 

The Internet has grown well beyond what it was originally 
designed for, and all the main functions of societies, companies 
and private people have become increasingly dependent on it. 
Although Internet technology advanced massively to deal with 
the present demands, the current IP networks struggle to 
distribute Hybrid VR content effectively. Also, it is expensive 
for network operators to distribute these types of applications 
to clients because of the high bandwidth requirements. The 
advancement of the Internet’s technology is required to 

facilitate the new applications to cope with capacity, 
robustness, and security challenges. 

Information-centric networking (ICN) designs are usually 
considered to be clean-slate approaches to the future Internet. 
However, ICN designs require a large-scale overhaul of 
existing networks and applications. To make migration to ICN 
feasible, we have proposed and implemented an IP-over-ICN 
approach in the POINT project [14]: individual operators 
migrate to an ICN core without affecting the IP networks and 
applications around them. This enables operators to improve 
performance by exploiting ICN’s benefits without expecting 
the rest of the Internet to follow. 

 

(a) 

 

(b) 

 

(c) 
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Fig. 1. Snapshots from a hybrid VR application filmed in the streets of the 

historical centre of the Rethymno city in Crete, Greece that integrates 

branching narrative, CGI and game elements. (a) The user selects the branch 

of the story they want to explore; (b) Shows integrated 2D information in the 

scene and dynamic vector assets assisting navigation and wayfinding; (c) an 

interactive quiz element engaging the user in a gamified experience. 

The POINT platform brings unique operational benefits to 
network operators (e.g., resilience in case of service 
disruption), which can significantly impact their clients’ QoE, 
i.e., users of multimedia services. We have implemented an IP-
based application (Hybrid VR) and evaluated the user’s 
perceived QoE when interacting with POINT compared to 
when interacting on a conventional IP network. To demonstrate 
POINT benefits, we subjected both networks to an increased 
network load that caused service disruption. 

 

(a) 

 

 (b) 

Fig. 2. (a) A snapshot of the “360° Attenborough and the Giant Dinosaur | 

BBC Earth” video depicting a computer-generated dinosaur integrated in 360-

degree video footage; (b) depicts an x-Ray view of the computer-generated 

dinosaur. 

The outline of the remainder of the paper is as follows: we 
present an overview of the POINT network; we present the 
study we have conducted with users (research question, 
instruments, experimental design, measures and metrics); we 
discuss the study results, and we close with conclusions, a 
discussion for future work and directions of work in the area of 
hybrid VR for learning. 

II. THE POINT NETWORK 

The POINT network implements an Information-Centric 
Networking (ICN) core with IP end-points. Network 

attachment points (NAPs) at the edge of the network perform 
service translation (Fig. 3) without requiring changes to well-
established IP communication protocols and services. For a 
detailed description of the architecture of POINT, see 
Doumanis et al. [15]. 

POINT offers the following benefits compared to a 
standard IP network:  

• HTTP coincidental multicast: A single HTTP response 
from a server can serve multiple users of the same 
service. This leads to significant bandwidth savings 
and, consequently, to the cost of the actual service. 

• Server Surrogacy: When demand for a particular 
service rises, an operator can create authorised copies of 
a physical server closer to the network access point 
(NAP) of the user. 

• Improved management of path failover: POINT 

offers almost instantaneous rerouting in case of a 

network failure without disrupting the service. 

In the current study, we used only the first two features of 
the POINT network. 

 

 
 

Fig. 3. The POINT architecture. 

III. USER STUDY 

Understanding the user’s perceived Quality of Experience 
(QoE) of 360-degree video is a complex phenomenon 
involving various factors affecting experience. This section 
presents the research question of this study, the research 
instruments, the experimental design and the study metrics. 

A. Research Question 

We evaluated the Quality of Experience (QoE) of users 
with the Hybrid VR prototype when streamed over the POINT 
network compared to conversational IP under increased 
network load. QoE is a measure of how users experience a 
hybrid VR application [16]. In this study, we measured 
experience as a sense of presence and symptoms experienced 
(e.g., visual fatigue) in VR environments. Both factors have 
been correlated with learning and cognitive load in VR 
environments [17], [18]. Hence, the research question that we 
investigated in the project is the following:  
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RQ 1 What effect does the use of POINT network has on the 

user-perceived QoE of hybrid VR applications? 

 
As each network type behaves differently under increased 

network load, we expect an impact (positive/negative) on 
users’ quality of experience. In the study, we did not consider 
how VR application design (e.g., branching narrative or 
interaction with CGI elements) impacts users’ perceived QoE.  

B. Hybrid VR prototype 

For the hybrid VR prototype, we strive to use readily 
available content. Such high quality readily available 
applications are not easy to find, as their creation is very 
labour-intensive, particularly the part of 360-degree video 
capture and stitching. Such high-quality content can be found 
mainly in journalism, as a growing number of newsrooms are 
experimenting with VR and other immersive storytelling 
techniques. 

The VR prototype we identified for this study is an 
immersive experience where participants take a time traveller’s 
role from the future (Fig 4b). The traveller arrives in Iraq in 
2015 and can fully explore two famous battles. The prototype 
integrates two high-quality 360-degree videos that are freely 
available on YouTube (Falluja and Mosul 360 BBC) [19]. The 
drawback is that content was not created as an educational 
experience. However, it offers the opportunity to the 
user/viewer to learn facts, understand events and appreciate 
decisions taken. 

 

(a) 

 

(b) 

 

(c) 

Fig. 4. Snapshots from Hybrid VR application. (a) The main menu of the 

application (b) the time-traveller avatar (c) a hotspot embedded in the 360 

video. 

 Participants can select which part of the story (battle) they 
wish to experience using the main menu (Fig. 4a).  CGI 
information is embedded in the 360-degree video as 3D/2D 
content (Fig 4b). This can be text or 2D video integrated into 
the scene. For example, in (Fig. 4c), we have integrated a 
YouTube video that provides extra information related to the 
scene. The video is accessible using a hotspot embedded in the 
scene. 

C. Participants 

We recruited eight participants for this study. We used 
three of the participants in a pilot study to evaluate the 
experiment’s design and research instruments. We assigned the 
remaining participants at random to the study conditions (see 
Table I). Each group contained a mixture of male and female 
users of a variety of ages. Participants included only English-
speaking users (either native or as a second language). 

D. Experimental Design 

We subjected both network types to increased network 
load, which created service disruption. Based on the POINT 
network’s benefits, we hypothesised that the perceived QoE of 
the hybrid VR application is better when distributed over the 
POINT network than when distributed on conversational IP. 
Under increased network load, the POINT network can serve 
the client from its closest surrogate server instead of the 
primary overloaded server, as in conventional IP. Surrogacy 
should result in an uninterrupted service that should benefit the 
users’ perceived QoE. 

H1: QoE hybrid VR over POINT  >   QoE hybrid VR over IP 

 

• Independent variables:  

o Hybrid VR over IP 

o Hybrid VR over POINT 

• Dependent variable: QoE. 

The type of network transmission mechanism 
(conventional IP versus POINT) and hybrid VR content were 
manipulated as within-subject variables.  
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TABLE I. THE PARTICIPANTS’ DISTRIBUTION IN OF THE VR STUDY 

Participants 

(N = 5) 

Conventional IP (IP) POINT 

(IP-over-ICN) 

1 - 5 participants Hybrid VR App 

Video 1 

Hybrid VR App Video 

2 

 

E. Measures and Metrics 

We measured the users’ perceived QoE of the hybrid VR 
application using both objective and subjective measures. 
Specifically: 

• Using VR analytics, we measured the head tracking and 
movement activity of users. The software automatically 
generates heat maps showing where users look the most 
in the hybrid VR application.  

• Users were asked to fill in two electronic 
questionnaires: 

1. The Igroup Presence Questionnaire (IPQ) [20] 
questionnaire measured the sense of presence 
experienced by users in the hybrid VR application. 
It includes 14 Likert-scale (7-point) questions 
assessing various aspects of presence, involvement, 
and realism in Virtual Environments. 

2. The Simulator sickness questionnaire (SSQ) [21] 
questionnaire includes a list of 16 symptoms 
experienced by virtual reality systems users. Each 
item is rated with a scale from none, slight, 
moderate, to severe. 

• We asked participants to freely comment on the 
prototype and the videos they experienced. 

Any fluctuations (or absence of fluctuations) in QoE should 
be reflected in the VR analytics heatmaps and the users’ 
subjective experiences. For example, any visible artefacts in 
the VR content may cause nausea to users who will, in turn, 
avoid looking into the particular area(s) (low or no fixation 
volume) of the content. Users should also express any feelings 
of discomfort after the completion of the experience using the 
SSQ questionnaire. 

IV. RESULTS AND DISCUSSION 

Below, we present the results of the IPQ Presence 
questionnaire. The questionnaire measures presence directly by 
an indicator “sense of being there” and three subscales 
(components of presence), each containing multiple indicators. 
They are: 

• Sense of Being there – measuring the sense of presence 
directly. 

• Spatial presence – the sense of being physically 
present in the VE. 

• Involvement – measuring the attention devoted to the 
VE and the involvement experienced. 

• Experienced realism – measuring the subjective 
experience of realism in the VE. 

We used independent sample t-tests taking each 
questionnaire item as a dependent variable and the network 
transmission mechanism as an independent. As we analysed 
the results of a pilot study (5 participants), we conducted 
Bayesian analysis (BF10) to obtain a clearer picture of the 
strength of any significant results and to boost any non-
significant results. 

 
Fig. 5. Snapshots from Hybrid VR application streamed on IP. 

We found a significant difference in the scores for the 
“sense of being there” on POINT (M = 5.6, SD = 0.54) and 
conventional IP (M = 3.4, SD = 1.14); t(8) = -3.89, p = 0.005. 
The estimated Bayesian factor for the “sense of being there” is 
8.901, which indicates moderate evidence [22] in favor of the 
alternative hypothesis suggesting that the sense of being in the 
VR environment was stronger when the video was distributed 
over POINT network compared to conventional IP. 

 A possible explanation is that the strong visual distortions 
(Fig. 5) created when the service was disrupted impacted the 
overall perception of the quality of 360-degree video on 
conventional P. Since these distortions did not exist in POINT, 
participants may have developed a sense of presence in the VR 
environment. 

TABLE II. AVERAGE SCORE FOR “SENSE OF BEING THERE.” 

Network Mechanism/ 

Subscale 

 

Conventional IP POINT Type/Subscale 

3.4 5.6 Sense of Being there 

1.14 0.54 Std. Deviation 

 

Surprisingly, none of the presence components was 
affected by manipulating the network transmission mechanism 
(Conventional IP vs POINT) (see Table III). Participants 
experienced these components similarly across the two 
network types. They also rated these components generally low 
across the two network types. A possible explanation has to do 
with the type of video content we used in the VR prototype.  
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TABLE III. AVERAGE SCORE FOR THE REMAINING SUBSCALES OF THE 

IPQ QUESTIONNAIRE 

Conventional 

IP 
POINT Type/Subscale 

4.1 4.32 Spatial Presence 

1.5 1.50 Std. Deviation 

3.65 3.8 Involvement 

1.66 1.64 Std. Deviation 

3 3.7 Experienced Realism 

1.60 1.40 Std. Deviation 

 

Both 360-degree videos referred to war content and 
contained images that some participants may have found 
disturbing. Therefore, while participants may have felt as 
“being there” when the 360-degree video was distributed over 
POINT, their aspects of presence (e.g., involvement) were not 
affected. 

The SSQ Questionnaire has three symptom clusters [21]: 

• oculomotor - eyestrain, difficulty focusing, blurred 
vision, headache). 

• Disorientation - dizziness, vertigo. 

• Nausea - nausea, stomach, awareness, increased 
salivation, burping. 

Participants experienced less eyestrain with the Hybrid VR 
prototype on the POINT network than on IP. Surprisingly, 
participants felt disoriented and dizzy when they experienced 
the Hybrid VR application with the second video on the 
POINT network. As the second video puts users onboard an 
airplane flying above the city of Mosul, it is possible they 
experienced more nausea and disorientation than when they 
experienced the video of the battle in the city of Falluja. 

TABLE IV. AVERAGE SCORE FOR THE SYMPTOM SCALES OF THE SSQ 

QUESTIONNAIRE 

Conventional IP POINT Type/Subscale 

65.2 51.5 Oculomotor 

42.4 51.5 Std. Deviation 

67 75 Disorientation 

54.2 40.1 Std. Deviation 

30.53 32.44 Nausea 

21.75 14.4 Std. Deviation 

 

Participants made a variety of comments about the Hybrid 
VR app. Most had problems using the controller to interact 
with the CGI elements. They all agreed that the second video’s 
quality was much better than the first. They all noted the heavy 
pixilation when we streamed the Hybrid VR application under 
increased network load. Some representative quotes are as 
follows:  

• “The second video was the best one. I could not 
properly see in the first one. It was blurry most of the 
time.”  

• “I tried to use the controller, but it was difficult.”  

• “The second video was the best in terms of content and 
quality. The first pixelated a lot.” 

Finally, although some of the data was lost, the heatmaps 
did not reveal anything new than what we already discussed 
above. 

Overall, the study shows that POINT can positively impact 
two aspects of the user’s perceived QoE: 

• Sense of presence in the Hybrid VR prototype. 

• Visual fatigue. 

Hence, it is clear that POINT can impact the quality of 
users’ learning experience in a hybrid VR application [17], 
[18]. However, it did not impact how hybrid VR application is 
perceived as a whole. The type of video content seems to play 
an important role in the orientation and feeling of nausea in 
users. We plan to investigate ways of using CGI graphics to 
provide visual guidance as needed in a scene. 

V. CONCLUSION AND FUTURE WORK 

This pilot was the first to test a hybrid VR application on IP 
over ICN, and although the number of participants was small, 
there is a strong indication that the POINT network could lead 
to an improved experience. The findings clearly show that a 
reliable network delivery mechanism is important to ensure 
clients experience a hybrid VR application as intended.  

Future work will investigate the impact of POINT on the 
user’s perceived QoE using eye-tracking and emotional 
analysis. We plan to redesign the hybrid VR prototype with the 
scope to deliver clear learning objectives that can be measured 
using objective metrics. This will help run correlational 
analysis to study how user presence in hybrid VR applications 
relates to learning. Although the technology is new, we are 
investigating ways to replace the 360-degree video with 
volumetric videos. This type of video fully reconstructs a scene 
in 3D and supports 6DoF (forward/backwards, up/down, 
left/right). Volumetric video can result in deeper user 
immersion in Hybrid VR applications, but it is also more 
bandwidth consuming. 
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Abstract—The interdisciplinary field of immersive learning 

research is scattered. Combining efforts for better exploration of 

this field from the different disciplines requires researchers to 

communicate and coordinate effectively. We call upon the 

community of immersive learning researchers for planting the 

Knowledge Tree of Immersive Learning Research, a proposal for 

a systematization effort for this field, combining both scholarly 

and practical knowledge, cultivating a robust and ever-growing 

knowledge base and methodological toolbox for immersive 

learning. This endeavor aims at promoting evidence-informed 

practice and guiding future research in the field. This paper 

contributes with the rationale for three objectives: 1) Developing 

common scientific terminology amidst the community of 

researchers; 2) Cultivating a common understanding of 

methodology, and 3) Advancing common use of theoretical 

approaches, frameworks, and models. 

Index terms—immersive learning, Knowledge Tree, research, 

epistemology, ontology 

I. INTRODUCTION 

The field of immersive learning research is heavily 
interdisciplinary and thus traveled by a scattered community of 
researchers, who journey through it from different areas of 
knowledge. These include: Educational technology, computer 
science, game design, learning sciences, psychology, 
biomedical sciences, narrative studies, arts, design, media 
studies, communication sciences, and the thousands of 
disciplinary and occupational content areas wherein immersive 
learning and training may be relevant. Each discipline carries its 
own history of knowledge development and brings its related 
assumptions, theories, and practices into the field of immersive 
learning. Wondering may be the cornerstone of knowledge 

development and wandering the means to delve into its farthest 
reaches. Yet, combining efforts for better exploration of this 
field and its topography from the different disciplines does 
require wanderers to communicate and coordinate effectively, 
developing a joint perspective of the field and devising the 
means to blaze trails. Wanderers may climb a tree to attain that 
perspective and come up with those means, and as such we call 
upon the community of immersive learning researchers for 
planting such a Knowledge Tree, supporting research wanderers 
through the field. 

Growing such a tree would involve developing common 
terminology amidst the community of researchers, and a 
common language - or at least mutually intelligible languages, 
bringing together diverse areas of research. Currently, the field 
of immersive learning is a Babel of unintelligibility, with 
strikingly different scope for terms as foundational for its 
meaning as “immersion”, as analysis of the thin theoretical 
grounding of recent surveys in the field demonstrates [1]. The 
perspective of the field status is muddled, the current knowledge 
partially disjointed, specifically among different disciplines. As 
a result, researchers who are wandering the field struggle to 
collaborate with others.  

The Knowledge Tree of Immersive Learning Research, a 
proposal presented herein, is thus a systematization effort for 
this field, integrating both scholarly and practical knowledge. Its 
purpose is to cultivate a robust and ever-growing knowledge 
base and methodological toolbox for immersive learning, aimed 
at promoting evidence-informed practice and guiding future 
research in the field. 

The main contribution of this paper focuses on three 
objectives: 1) Developing common scientific terminology 
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amidst the community of researchers; 2) Cultivating a common 
understanding of methodology, and 3) Advancing common use 
of theoretical approaches, frameworks, and models. Thus, the 
remainder of the paper is structured as follows: Background and 
related work, Steps taken toward development of the 
Knowledge Tree, and a First Concept of the Knowledge Tree of 
Immersive Learning Research. 

II. BACKGROUND AND RELATED WORK 

A. The Concept of Immersion 

Many scholars assume an intuitive understanding of the 
concept of “immersion”, without even citing a definition [1]. 
This intuitive understanding was originally expressed by 
Murray’s analogy to being submerged in water, a “sensation of 
being surrounded by a completely other reality” [2]. Scholars 
across technology-centered fields of study have adopted this 
perspective and developed it into two main theoretical views, 
both employed by diverse groups of authors. The first is the 
concept of immersion as an attribute, quality, or characteristic of 
a technological system [3]. The second view focuses on the 
participants’ response to being surrounded or submerged [4]. 
However, outside the field of technology, and prior to its 
preoccupation with immersion, other fields have been 
discussing this topic: learning sciences, psychology, literature 
studies, the arts, etc. These fields discussed how narratives, 
engagement, psychological flow and other factors have 
contributed to immersion as a phenomenon [5]. Over 20 years 
have passed since the two technological-centered theoretical 
views debuted, yet the scholarly activity in the field of 
immersive learning research has neither embraced a definition 
nor combined it with the concurrent non-technological views. In 
the field of cognitive science, Slater may have come the closest 
by acknowledging the role of narrative, not just the technology 
attributes [3]. This fragmented perspective on immersion is 
reflected in the current literature reviews published in the field, 
with many of them simply selecting a definition without 
explanation, evidence, or critical appraisal [1], often intertwined 
or synonymous with other concepts such as presence, 
involvement, flow and engagement [5]. This has short-circuited 
the impact of the reviews as they have not been successful in 
bridging theoretical perspectives on immersion with current 
research results, and thus have not been able to highlight the gap 
in the existing research: Many do not even cite other previous 
reviews [6]. 

More recently there have been significant efforts to develop 
a comprehensive definition of immersion. The research team of 
Nilsson and colleagues from Denmark performed an exhaustive, 
interdisciplinary review of the definitions of immersion in order 
to develop a three-dimensional taxonomy, which they illustrate 
with the “immersion cube” diagram [5]. The immersion cube 
provides a theoretical structure for understanding immersion in 
three different dimensions: system immersion, narrative 
immersion, and challenge-based immersion. The experienced 
immersion is thus understood as the nexus of these dimensions. 
The cube can be used to measure and visually display an 
interpretation of immersion as varying levels of the three 
dimensions. The system immersion dimension reflects the 
properties of the system, which comprises Slater’s definition [9] 
and simultaneously highlights it as unidimensional. The 

narrative immersion dimension reflects the “degree of mental 
absorption or intense preoccupation with the story, the diegetic 
space, and the characters inhabiting this space” (id., p. 114). 
This highlights content-based immersion (system and narrative) 
as bidimensional. Finally, challenge-based immersion reflects 
“a user’s mental absorption brought about by the experience of 
challenges requiring mental or sensorimotor skills” (p. 116). 
This extrudes the agency of the immersed as an essential 
dimension of the immersion phenomenon. 

These dimensions comprise the diversity of other aspects 
employed in the field. For instance, challenge-based immersion 
includes aspects such as what Adams [7] described as strategic 
immersion (optimization of choices, rather than meaning, e.g., 
focusing on winning a game rather than following the storyline) 
and tactical immersion, which occurs when attention is absorbed 
reacting to obstacles or enjoyment – an interpretation which is 
extremely like Csikszentmihalyi’s concept of flow [8]. Presence 
is another major parallel concept related to immersion. 
Described as the feeling of “being there” [8], this psychological 
state is more extensive than that. Alternative views include 
Lombard and Ditton’s [9] definition of presence as the 
perception of non-mediation, Biocca’s [10] contribution of 
presence as arising from a mental imagery space, Slater [11] and 
Waterworth & Waterworth’s attentional perspective on presence 
as emphasis on perception of stimuli [12], and Riva et al.’s [13] 
view of presence as a biological and cultural mechanic for self-
making sense of sensorial input. Nilsson et al. [5] discussed how 
these four views on presence are related to the three dimensions 
of system, narrative, and challenge-based immersion. Slater’s 
emphasis on measurability of presence maps to the concept of 
system immersion, for instance; the self-making from sensory 
input is related to the combined dimensions of challenge-based 
immersion and narrative immersion. The three-dimensional 
view of immersion integrates these diverse perspectives on 
presence, from an alternative theoretical viewpoint. 

Although Nillson and colleagues provided this clarity 
towards our understanding of immersion, they did not define it. 
That pragmatic contribution was provided by Agrawal, Simon, 
and Bech [14], who although without being aware of Nillson et 
al.’s work did reach an identical conclusion from the extant 
literature and synthesized it as “a phenomenon experienced by 
an individual when (...) in a state of deep mental involvement in 
which (...) cognitive processes (...) cause a shift in (...) 
attentional state such that one may experience disassociation 
from the awareness of the physical world” (p. 5). Their 
definition thus supplies a practical component to complement 
the immersion cube taxonomic framework. Thus, the 
ontological roots of the Knowledge Tree include both Agrawal 
et al.’s definition and Nilsson et al.’s immersion cube. 

B. The Concept of Immersive Learning 

Combining the concept of learning with the above discussed 
concept of immersion broadens the focus of our topic, thus 
increasing the number and angles of viewpoints, as well as 
introducing other disciplinary perspectives. Thus, in our notion 
of the knowledge tree, new branches open paths to be considered 
and influence an overall understanding. 

Learning is currently seen as a phenomenon, occurring 
amidst a variety of contexts. This holistic view considers social, 
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cultural, cognitive, and biological contexts as providing relevant 
perspective and insights to the understanding of the 
phenomenon of learning [15]. Learning research addresses both 
focused topics (such as individual and topic particularities, 
processes and their design and content) and wider contextual 
impacts (motivation, changes brought about by technology, 
lifelong learning, regulatory aspects). 

With this understanding of learning, immersion is introduced 
as a lens and instrument to investigate, understand, and 
manipulate those contexts [1]. From the holistic view on 
learning, it follows, for instance, that immersive learning 
addresses not only the learning outcomes, but also the mutual 
relationship between the provided educational medium, the 
learners’ perception and cognitive processes as well as their 
motivational and affective states and traits [16], among other 
topics, including organizational and social aspects. Researchers 
on immersive learning may consider utilizing immersion as both 
a method to understand a topic and as a means of exploring its 
impacts on specific learning variables. For example, researchers 
may explore the role of culture in learning and development by 
focusing on how various aspects of culture can factor into the 
experience of a state of deep mental involvement for learners, 
via culture’s systemic, narrative, and challenge-based aspects. 
Conversely, other researchers may be interested in the impacts 
of specific system, narrative, and challenge-based immersion 
variables on prenatal and lifelong brain development and 
maturation. Others yet may apply “immersion” as a lens for 
teacher education, exploring how we can improve teacher 
education experiences through the manipulation of system 
properties, the learner agency (challenge-based dimension), and 
narrative components. 

C. Problem and Purpose 

As addressed above, the main issue identified is that the field 
of immersive learning research is fragmented due to its 
interdisciplinary nature and diverse community of researchers. 
The disjointed landscape of immersive learning research 
features multiple literature reviews that do not use common 
definitions of important terms or methods, and a lack of citing 
of each other’s work. All of this has resulted in a weak 
theoretical grounding for the field of immersive learning 
research, a lack of clear directions for the future, and little 
collaboration across academic disciplines.  

To overcome the problem stated above, we propose a 
Conceptual Framework for building a common and agreed 
understanding as well as for mapping knowledge, tools, and 
services in the field. The proposed “Knowledge Tree of 
Immersive Learning Research” or “Immersive Learning 
Knowledge Tree” / “iLRN Knowledge Tree” aims for a 
systematization effort for this field, combining both scholarly 
and practical knowledge. Its purpose is to cultivate a robust and 
ever-growing knowledge base and methodological toolbox for 
immersive learning, to promote evidence-informed practice and 
guiding future research related to immersive learning. 

Towards the steps to build the iLRN Knowledge Tree and 
maintain its value for the broader community, scholarly and 
practical aspects and viewpoints must be considered. Thus, it 
requires researchers to include and synthesize a broad body of 
scholarly sources, such as (a) Scoping and systematic reviews 

on a diverse range of immersive learning constructs and 
concepts; (b) ontology(ies) and related taxonomies for capturing 
empirical research findings on the relationships between the 
constructs identified in the scoping reviews and synthesis of 
findings; (c) a conceptual model to encourage channeling of 
future research efforts and contributions across the field toward 
a shared overall framework and agenda. However, practical 
knowledge sources are also important for the systemization of 
an applied field such as immersive learning. This will include 
practical sources such as (a) an evidence repository, based on 
the taxonomic framework and conceptual data model, enabling 
the derivation of evidence-based design principles, guidelines, 
and best practices for engaging, effective and efficient learning 
experiences; (b) community-curated collection of exemplars 
embodying and demonstrating the operationalization of the 
principles, guidelines, and best practices; (c) guidelines and 
references to resources - theoretical foundations, practical 
examples and existing tools and services - to assist educators and 
developers in their implementation. 

III. STEPS TAKEN TOWARDS THE DEVELOPMENT OF THE 

IMMERSIVE LEARNING KNOWLEDGE TREE 

Towards the realization of the Immersive Learning 
Knowledge Tree, the researchers of the iLRN community have 
paved the way and provided soil and seeds for building the 
envisioned conceptual framework. 

A. Development of Methods 

1) Scoping Review Protocol 
Our initial consideration was to develop methods for 

authoring systematic literature reviews [1;6]. These focus on the 
identification and retrieval of scholarly literature that answers a 
specific question to inform practice, policy, and further research 
- a critical instrument for developing a joint vision of the field of 
immersive learning. However, we quickly discovered that the 
undeveloped and fragmented status of the field of immersive 
learning would render systematic review efforts unfeasible for 
matching against each other. The building of a common 
understanding needed more of a groundwork approach, one that 
scoping reviews would provide. Thus, we developed a protocol 
for doing scoping reviews on immersive learning, enabling the 
community to identify knowledge gaps, identify the location and 
scope of evidence on the body of immersive learning literature 
[1]. We also viewed this scoping review protocol as a means for 
uniting the methods in the field under one banner. Its use is 
underway and hopefully will provide an exemplar of the 
importance of common concepts and criteria for future, more 
specific, systematic literature reviews. 

2) Inter-rater Vetting Process for Immersion Cube 

Classification 
Our first use of the scoping review protocol was to explore 

the actual research-based accounts of educational uses, 
practices, and strategies in immersive learning. This priority 
stems from a key challenge faced by earlier generations of 
research on technology-influenced areas of education: a tunnel-
vision focus, perhaps born of enthusiasm, to attempt to ascertain 
direct impacts of technology into particular aspects of learning. 
Inevitably, each generation of educational technology, from 
Pressey’s teaching machines [17] to modern extended reality, 
through computer-aided learning, edutainment, serious games, 
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and others, went through this, reaching the inevitable 
conclusion: learning does not depend solely on the technology, 
but on its overall context and method of use; and it is not neutral 
nor unidirectional, since technology both changes and is 
changed by its adoption. This, which Papert criticized over three 
decades ago as technocentric research [18], has been the 
realization of information systems research in general, which 
has focused on the need for multidimensional analysis for 
understanding and influencing technology-infused phenomena 
[19]. To break out of the tunnel vision of spurious techno-centric 
research, the community needs a perspective on the available 
contextual knowledge: the actual uses, practices, and strategies 
taking place with immersive learning. This application of the 
scoping review protocol implied conducting a survey of surveys 
of this field, which has already yielded a panorama on the uses 
of immersive learning and the current gaps [6], as mentioned in 
the next subsection. 

In pursuing this survey of surveys, the question arose on how 
to situate uses of immersive learning within the theoretical 
perspective of immersion. The immersion cube mentioned 
above provided a framework, but not a method. For this, we 
established an inter-rater vetting process for classification 
amidst the immersion cube. Inter-rated vetting compares and 
contrasts researchers’ independent classifications to minimize 
bias [20]. For immersive learning uses, our method had 
researchers independently consider each unit under scrutiny on 
system immersion, narrative immersion, and challenge 
immersion, classifying them at 0.25 intervals between 0 and 1 
representing a qualitative 5-point Likert scale from no 
association to full association with each immersion dimension, 
followed by an interrater process where the panel of researchers 
discussed these classifications until reaching consensus [6]. 

3) Validated Questionnaire on Technological Research 

Priorities for Immersive Learning  
To identify technological research priorities on immersive 

learning we decided it is necessary to survey the community of 
immersive learning researchers. To do this, we authored a 
questionnaire [21] designed to gather the researchers’ priorities 
regarding the challenges hampering widespread adoption of 
immersive environments in learning contexts, focusing on 
several issues within access, content production, and 
deployment. Thus, grounded in the literature on these topics, we 
conducted an expert validation process of the questionnaire that 
involved three cycles of feedback and revision. This process 
provided important recommendations on the structural, context 
clarification, ambiguity, and missing aspects of the 
questionnaire. We then deployed it with the researchers involved 
with events organized by the Immersive Learning Research 
network, resulting in a ranking of these research priorities [24]. 

B. Application of Methods to Scholarship 

1) Scoping review of survey of surveys 
The application of the methodological contributions 

described in the previous subsection has yielded early seeds of 
the Knowledge Tree effort. Applying the scoping reviewing 
protocol methodology, which dictates a survey of surveys to 
demonstrate the gap in current knowledge, resulted in a 
rhizomatic view of the cohesion of the field. Out of 47 identified 
surveys between 2014 and 2019, only 29 of those cited at least 

one of the others. The other 18 (i.e., over a third) were outliers, 
that did not cite and were not cited by other surveys [6]. Further, 
those 29 mostly acknowledge a single survey from 2017, which 
was specifically about augmented reality in education [22] and 
only cited one of the earlier surveys, also about this same topic 
[23]. Thus, the field of immersive learning research is scattered 
in what should be its very source of cohesion: its surveys of the 
literature. The augmented reality systems approach to 
immersion has some cohesion, but not the field of immersive 
learning itself. 

2) Operationalizing the Immersion Cube 
A second result of this survey of surveys is an examination 

of actual uses of immersive learning environments, applying the 
inter-rater vetting process for classification amidst the 
immersion cube. This spatial positioning and dimensioning 
within the immersion cube revealed six major clusters of uses 
(Complementing, Simulating, Exploring, Engaging, 
Experiencing, and Accessing). The spatial aspects of these 
clusters within the immersion cube also revealed four voids to 
current research on uses of immersive learning: Low immersion 
uses, challenge-focused immersion uses, low-tech immersion 
uses, and combining high-tech with strong interdisciplinary 
aspects [6]. The clusters highlighted current pathways for 
research, and the void both inspired new pathways and indicated 
how some lines of inquiry are occurring outside the theoretical 
lens of immersion. This survey of surveys effort is still 
undergoing analysis of its results, with an analysis of the 
educational practices and strategies underway. 

3) Utilizing the Technological Research Priorities 

Questionnaire with the Immersive Learning Community 
In parallel, we applied the technological research priorities 

questionnaire, by surveying the immersive learning research 
Network (iLRN) community of researchers on their priorities for 
technology research. Defining this community as researchers 
involved with iLRN-organized events (committee members, 
organizers, keynote speaker, and authors), the results ranked and 
clustered 43 priorities, with the topmost being 
“Creating/identifying solutions for teachers/trainers to be able to 
identify learning support needs and provide extra resources 
directly within immersive environments” [24]. 

IV. INTRODUCING A FIRST CONCEPT OF THE IMMERSIVE 

LEARNING KNOWLEDGE TREE  

Patterned after a natural tree, the Immersive Learning 
Knowledge Tree metaphor possesses soil, roots, trunk, 
branches, leaves, and even birds (Fig. 1). The roots, born of seeds 
of interest and inquiry, are the common definitions, methods, 
and research instruments. Growing from their initial energy 
drivers, they provide stability to the soil and then sap their 
sustenance from it. The soil here is the combination of 
ontologies, taxonomies and conceptual data models that become 
more consolidated as the roots develop, and then provide them 
sustenance for further growth. Roots and soil provide a strong 
foundation for the advancement of the field of immersive 
learning. The trunk represents the structural knowledge which 
surfaces from the ground and roots. This structural knowledge 
will be composed of scoping and systematic literature reviews 
on various topics related to immersive learning, of classified 
collections of facts like expert input from the field of immersive 
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Fig. 1 - The Immersive Learning Knowledge Tree (original art by Demetrius Lacet). 

 

learning (e.g., the iLRN State of XR and Immersive Learning 
Report) and evidence repositories; and of the awareness of the 
networked knowledge of the community researching immersive 
learning provided by Scientometrics. The branches of the 
knowledge tree, sprouting from the trunk, consist of two things: 
1) The fields of inquiry which extend from the core trunk of 
immersive learning, leading to specific outcomes; and 2) the 
research priorities and agendas, intertwined with the fields of 
inquiry. The branches produce shoots which develop first leaf 
buds and then leaves, in this case in the form of exemplars (e.g., 
practitioner accounts, cases, software), instruments (templates 
for practice and research), and tools. The birds, here the 
community of immersive learning researchers and practitioners, 
employ these exemplars in their work (e.g., building nests), as 
well grouping some of the resources together through 
crowdsourcing efforts like tagging and reporting. But why 
cultivate such a tree? The next section explores our rationale. 

A. Knowledge Tree Rationale  

Due to the ‘publish or perish’ nature of academia, 
researchers often focus on short term research studies that are 
disconnected from an overall framework or agenda. This is 
unfortunate, because when individual efforts build upon each 
other, arguments can be contrasted, fact-checking can more 
readily be accomplished, and informed discussion ensue. An 
interdisciplinary field such as immersive learning adds 
additional complexity to this problem as scholars from different 
academic fields often approach their research using extremely 
different methods and terminology. Unfortunately, this has 

resulted in a feeble theoretical grounding for the field which has 
hindered its advancement, made it vulnerable to criticism, and 
suppressed interdisciplinary collaboration efforts.  

The solution to our problem is of course the systematization 
of the field of immersive learning, and that begins with our 
understanding of its ontology - what is the nature and existence 
of what we are studying? This can aid researchers in identifying 
their level of confidence regarding what they are studying in 
terms of its nature and existence. For example, who decides 
what is ‘real’ or not in research? How do differing perspectives 
on reality help scholars better understand their research? 

Emerging from the field’s ontology is how we frame our 
research to discover new knowledge - epistemology. More 
specifically, how do we explore the scope, methods and validity 
related to the acquisition of knowledge? In the context of 
immersive learning environments, important questions to 
consider would be a) what constitutes a knowledge claim; b) 
what the process of knowledge acquisition is; and c) how we can 
measure transferability of knowledge. Epistemology is 
important because it influences how we frame our research in 
our attempts to discover knowledge. The interdisciplinary nature 
of immersive learning places challenges to developing such 
solid groundings, providing a way to overcome them is the 
driver of the Immersive Learning Knowledge Tree proposal. 
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B. The Roots - the Common Language (Definition, Methods, 

Instruments) 

The roots of the Immersive Learning Knowledge Tree are 
the common definitions, methods and research instruments that 
enter the ontological and epistemological soil and consolidate it 
as a strong foundation for the advancement of the field of 
immersive learning. As mentioned above, we need to agree as a 
field on common definitions for foundational scientific 
terminology such as immersion and learning, and to their 
combination on the phenomenon of immersive learning. The use 
of common definitions will enable the use of meta-analysis 
techniques, which help boost the power to study causality, by 
combining primary studies and providing a precise estimate of 
impacts and effects. Beginning at a similar starting point (e.g., 
common definitions) will also facilitate establishing 
professional collaborations with others in our diverse field.  

Also, while preserving our interdisciplinary strengths, the 
immersive learning research community needs to coalesce 
around common methodological underpinnings, as well as begin 
to construct open instruments. These similar methods should be 
constructed for the most basic of research tasks such as scoping 
and systematic review protocols, and experimental and quasi-
experimental research protocols, while allowing for the diversity 
of methodological approaches from the interdisciplinary fields 
of immersive learning to coordinate from these foundational 
methods. Again, starting at the same basis methodologically will 
help advance the field and make the use of scoping and 
systematic literature reviews much more impactful. 

C. The Soil - the Ontological and Epistemological Terrain 

Due to the interdisciplinary nature of the field, the soil of the 
Immersive Learning Knowledge Tree will be composed from a 
diverse collection of ontological knowledge: ontologies, 
taxonomies, and conceptual data models. These constructs will 
provide the essential ingredients necessary to pull together the 
disparate, fragmented research in the field into a comprehensive 
and comprehensible form. The ontological and epistemological 
soil will also provide guidance for scholars not only on how to 
frame their research in different ways, but also in how to use 
differing perspectives on reality as a lens for understanding and 
applying their research. This currently loose soil will be 
consolidated as methodological roots embed themselves within 
it and together soil and roots provide the foundation for the trunk 
of the Knowledge Tree. 

D. The Trunk - the Knowledge Growing More Solid Yearly 

The trunk of the Immersive Learning Knowledge Tree 
represents the structural knowledge which grows from the 
ontological and epistemological soil. Currently a sapling vying 
to become a gigantic sequoia, the trunk will be its solidity, its 
pillar and common strength. Its interconnected wood rings, 
sapping the roots, form scoping and systematic literature 
reviews on various topics related to immersive learning; 
classified collections of facts like expert input from the field of 
immersive learning (e.g., the iLRN State of XR and Immersive 
Learning Report) and evidence repositories; and the 
Scientometric awareness of the networked knowledge of the 
community researching immersive learning.  

The scoping reviews will enlarge the trunk by identifying 
gaps in the scholarly knowledge, better understanding the depth 
and breadth of the literature, and clarifying specific concepts; 
the systematic reviews will further widen the trunk with focused 
answers from the literature to inform practice, policy, and future 
research - both to further strengthen the trunk and for its off-
shooting branches, twigs, and leaves. 

The classification efforts lead to a repository (or mutually 
intelligible repositories) consisting of a collection of seminal 
research publications, empirical case studies, and open data sets. 
The classification efforts also lead and develop from expert 
input such as the State of XR and Immersive Learning annual 
report, a “multi-sector, cross-disciplinary initiative aimed at 
regularly surveying the XR and immersive learning landscape to 
identify the technological, pedagogical, and other innovations 
exhibiting the most promise, along with the major opportunities 
and challenges related to their uptake, adoption, and 
implementation; and advancing research and promoting 
research-grounded practice in the use of XR and immersive 
technologies for supporting learners across the full span of 
learning from K12 through higher education as well as in 
workplace, community, and lifelong learning” [25]. The diverse 
pieces of evidence within the repository and from expert input 
are linked to the knowledge provided by scoping and systematic 
reviews, providing a strong connection from which both further 
research and practice can branch out. This strong connection 
will also help to extend the impact of the scoping and systematic 
literature reviews through the authoring of evidence-based 
design principles, guidelines, and best practices encapsulating 
“what works” (and what does not) for creating effective and 
engaging immersive learning experiences. 

The Scientometrics describing the network topology of the 
community researching immersive learning aim to build self-
awareness among the community: who its members are, where 
they assemble to discuss and where they publish, which aspects 
of inquiry are being pursued, which citation networks reveal 
influences, trends, discussions, and interpretation, which topics. 
This information thus renders the community more cohesive, 
streamlining and supporting the academic discussion and 
exchange of viewpoints, and acting as the bonding element that 
strengthens the trunk matter. 

Emerging from the epistemological roots and ontological 
ground, the scoping and systematic literature reviews on various 
topics related to immersive learning; classified collections of 
facts like expert input from the field of immersive learning and 
evidence repositories; and the Scientometric awareness of the 
networked knowledge of the community researching immersive 
learning all combine to form the trunk of the Immersive 
Learning Knowledge Tree. 

E. Branches - Knowledge Reaching Out 

The branches of the knowledge tree, sprouting from the 
trunk, consist of two things: 1) The fields of inquiry which 
extend from the core trunk of immersive learning, leading to 
specific outcomes; and 2) the research priorities and agendas of 
the field, intertwined with the fields of inquiry. The academic 
fields of inquiry include educational technology, computer 
science, game design, learning sciences, psychology, 
biomedical sciences, narrative studies, arts, design, media 
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studies, communication sciences, and the thousands of other 
disciplinary and occupational content areas where immersive 
learning and training may be relevant. 

This sprouting occurs from the trunk of scoping and 
systematic literature reviews, expert input, evidence repository, 
and community of research. For example, a systematic review 
of the uses of immersive learning environments with individuals 
with autism to advance their knowledge of STEM subjects is 
organically extending branches at least to the disciplinary fields 
of didactics (of science, technology, engineering, and 
mathematics), educational science, cognitive science, and 
communication science. An obstacle to immersive learning 
listed in the State of XR and Immersive Learning report [25] 
such as “interoperability” would branch out to different 
disciplinary approaches to it, from computer science and 
information systems to operations research and educational 
sciences. Researchers from a field such as English Literature 
studying narrative immersion would travel along the branches 
of their own field but would also leverage the awareness of the 
network of research to cross over to branches in other fields, 
such as computational content analysis or media studies, to 
discuss their views and findings with similarly interested 
immersive learning researchers. 

F. Leaves - the Practical Endeavors 

The leaves of the knowledge tree comprise exemplars (e.g., 
practitioner accounts, cases), instruments (templates for practice 
and research, forms), and tools. The ‘tool’ leaves may include a 
virtual choreography production tool, a resource creation wiki, 
and “How To” guides (e.g., how to apply a method), among 
many other forms. Leaves can be considered as the periphery of 
the structural knowledge branches (the fields of inquiry and 
research priorities). These rather practical endeavors should 
guide and support investigators in carrying out and situating 
their own research and practice within the immersive learning 
community. 

G. Birds – the Community 

Just as birds fly from branch to branch and leaf to leaf, 
finding nourishment and building nests, so the community of 
immersive learning researchers and practitioners employ 
exemplars (leaves) in their nest-building work (e.g., professional 
practice). For example, primary school history teachers 
interested in the use of augmented reality for a field trip may 
scan the various leaves of the Knowledge Tree for useful 
resources in their teaching, gathering them into lesson plans on 
the historical accomplishments of well-known figures. They 
may use virtual choreography production tools to keep records 
of the lessons or produce content for them, as well as author a 
“teachers’ guide” to go with the lesson plans. As they do this, 
they can be encouraged to create common tags for these 
resources and share their self-authored resources so that future 
instructors may locate them as a well-curated grouping. Another 
example may be a researcher of technical immersion uses with 
individuals with autism, who may download the scoping review 
protocol to better understand the gaps in the research literature 
in the field and better situate one’s own research within a gap. 
The researcher can also be encouraged to tag the completed 
scoping review and link it to the Knowledge Tree, becoming part 
of the trunk. 

V. WORK IN PROGRESS AND FUTURE GROWTH OPPORTUNITIES 

FOR THE IMMERSIVE LEARNING KNOWLEDGE TREE 

Current work focuses on cultivating the roots and enriching 
the soil of the Immersive Learning Knowledge Tree. A working 
group of scholars have been meeting regularly to determine the 
scope, method and human resources needed for authoring the 
ontological and epistemological structure. Our hope is to present 
our progress at the 2021 Immersive Learning Research Network 
Conference. In parallel, we are developing a Scientometrics 
view of the field and community of immersive learning research 
for the purpose of standardizing, collecting, analyzing, and 
reporting data on a wide range of scholarly and practical 
activities to provide a clearer picture of our community’s work. 
Our hope is that the regular reporting and dissemination of this 
data will build self-awareness among the community and thus 
bring us closer together, streamlining and supporting the 
academic discussion and exchange of viewpoints, and acting as 
the bonding element that strengthens the trunk matter. Another 
part of the root structure is common methods. To address this, 
we are also developing a rigorous, replicable method for 
classification of specimens of immersive learning aspects within 
the dimensions of the immersion cube. The current classification 
method [6] is rather rudimentary, a score-based method carried 
out by independent researchers with good scale-reliabilities, but 
an evidence-based scoring guideline is missing and must be 
pursued so that the comparison of methods, contributions, and 
gaps can be more comparable among the community. 

Also, some of the authors of this paper are completing a 
survey of surveys of research on educational strategies and 
practices with immersive learning environments, which will 
provide another early contribution to the trunk of the Knowledge 
Tree. Also adding soon to the trunk will be the initial set of 
expert input, the first State of XR and Immersive Learning report 
to be published in March 2021, providing identification of 
technological, pedagogical, and other innovations in the field, 
along with the major opportunities and challenges related to 
their adoption and implementation. Our plan is to perform a 
comprehensive scoping review of the field on educational uses, 
strategies and practices with immersive learning environments, 
which will also add to the trunk of the Knowledge Tree, and to 
disseminate a call for proposals for scoping and systematic 
literature reviews on a diverse array of topics that will also 
strengthen and broaden the Knowledge Tree trunk. 

VI. CONCLUSION 

The main contribution of this paper is providing a rationale 
for three objectives: 1) Developing common scientific 
terminology amidst the community of researchers; 2) 
Cultivating a common understanding of methodology, and 3) 
Advancing common use of theoretical approaches, frameworks, 
and models. As stated above, the perspective of the field of 
immersive learning research is in a state of confusion, with 
current knowledge partially disjointed, specifically among 
different disciplines. As a result, researchers who are exploring 
the field struggle to combine their efforts with others. The 
Knowledge Tree concept is an initial effort at bringing together 
the researchers and knowledge involved in this broad and 
diverse discipline, and just as in the cultivation of a real tree, 
future efforts will be needed to clarify concepts, prune 
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ineffective approaches, and fertilize new opportunities for 
growth. We have provided a framework for systematizing this 
field, enabling to combine the efforts of scholars and 
practitioners. By articulating the various aspects of this 
framework with the metaphor of a tree, soil, and birds, we hope 
to have established conditions - seeding, as it may - for 
development of a robust knowledge base and methodological 
toolbox for immersive learning. Its aims are to promote 
evidence-informed practice and guide future research in the 
field. 
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Abstract—Immersive technology platforms such as virtual 

reality (VR) are used by many to create experiences that allow for 

efficient training, visceral encounters, and faithful reproduction of 

places and times. This work investigates the various elements that 

contribute to the design of an effective immersive experience and 

proposes a taxonomy that establishes levels (ranks) for each of 

these elements. 

Index Terms—immersive learning, simulation, virtual reality 

I. INTRODUCTION 

For decades, simulated and virtual environments have been 
used by many for purposes of training, learning, and education. 
From animated war rooms for military strategists to flight 
simulators for pilots and astronauts, and from immersive 
molecular and anatomy lessons to critical and interpersonal 
skills training; virtual environments have been employed to 
simulate real-world scenarios without disrupting real-world 
systems. Such platforms have become increasingly popular in 
various arenas including maintenance [1], nursing [2], music [3],  
[4], emergency medicine [5], therapy [6], [7], behavioral 
disorders [8], [9], surgical training [10], sports [11], higher 
education [12], and journalism [13], [14], among many. Some 
have, more recently, even utilized such platforms to assist with 
training and decision making related to the ongoing pandemic 
[15]–[17].  

As an idea, realm, and technology, virtual reality (VR) is 
hardly new. The concept of enhancing human perception via 
computer generated synthetic environments was pioneered by 
Ivan Sutherland in 1968 [18]. Subsequently, several attempts at 
head-mounted display (HMD) systems followed and included 
sophisticated technology such as stereoscopic displays, 3-
dimensional audio, as well as head and hand tracking. Among 
the prominent teams who introduced novel 3-dimensional 
computer interfaces that would soon become crucial for 
commercializing VR was the Atari Research team formed in 
1982. Their Virtual Interface Environment Workstation (VIEW) 
system [19] and others served as stepping stones for advancing 
the field. Among that same team, it was Jaron Lanier who coined 
the term “virtual reality” in 1987. Lanier provides an extensive 
and personal review of VR’s early days in his book [20]. 

Since then, the massive advancements in graphics and 
computing power paired with the decrease in cost, weight, and 
size of sensory electronics caused a consequential adoption and 
accessibility of the technology. Today, a standalone VR system 
with a stereoscopic display, wide field-of-view, six degrees of 
freedom head tracking, and hand tracking costs a few hundred 

dollars and weighs 500 grams. This same system in the early 
2000s would have cost more in the order of hundreds and would 
have been much heavier and clunkier. In the early 1990s, it 
would have cost even more and would have taken up the size of 
an entire room. 

Although still far from being free of usability and fidelity 
issues, this attributed to the wider use of immersive technology 
and environments in many disciplines. It is often argued that 
such platforms primarily aim to increase the level of immersion. 
However, a successful and satisfactory immersive environment 
platform needs not only be a highly immersive one, but also one 
that increases the sense of presence. Although two distinct 
definitions, immersion and presence are often confused or used 
interchangeably. In the following sections, we address the 
distinction of these two concepts and discuss attributes that 
compose a successful design for immersive environments. This 
work expands on and advances previous research that studied 
aspects that affect immersive experiences including immersion, 
presence, interactivity, and others. 

II. IMMERSION AND/VERSUS PRESENCE 

A. A Look at the Literature 

Many have formally defined immersion and presence in the 
context of virtual environments. The work of Mel Slater is 
among the most recognized and well established. Immersion is 
the objective degree of projecting stimuli onto the sensory 
receptors of a user. Slater specifies a number of qualities that 
enhance immersion: the process should be extensive (stimulates 
multiple senses), matching (consistent stimuli is perceived by 
various senses), surrounding (visuals and audio surround the 
user), vivid (high resolution and quality), interactable, and 
consistent with the story/plot [21].  

A system with a high level of immersion, however, is hollow 
without a user to experience it. The effect that this immersion 
has on a user’s cognition and psychological response is known 
as presence. This refers to the sense of residing in the simulated 
environment with an illusion of being transported to a place/time 
different than where the user actually is. This distinction of 
presence from immersion is evident in the discussion that took 
place via the presence-l listserv in 2000 among scholars of the 
field [22]. In a later work [23], Slater uses a simple analogy to 
distinguish presence from immersion. A color can be objectively 
defined in terms of a wavelength distribution, whereas how the 
color is perceived and described by one person can be different 
than that of another. 
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In addition to Slater’s extensive work on the topic, many 
others addressed the distinction between immersion and 
presence [24]–[30]. To synthesize these ideas, we provide a 
summary that compares the two against relevant criteria as 
shown in Table I. A truly immersive experience, therefore, is not 
only one that stimulates various senses, but one that also 
involves the user in a manner that decreases (or disconnects) 
their awareness of the real world. We would add here that, if one 
were to take a true, successful, and satisfactory immersive 
experience that engages the user in a visceral manner, and strip 
away from it the aspects that the used technology delivers, what 
remains can be defined as presence. 

B. Contribution 

This work recognizes the literature discussed in the previous 
section and concurs that immersion and presence are distinct 
qualities, interconnected, and correlated. We expand this 
discussion by defining a “successful immersive experience” as 
one that transcends a highly immersive one and encompasses the 
benefits of immersion, presence, and other qualities. In this 
paper, we investigate aspects that make up such a platform and 
introduce a taxonomy that classifies and establishes the elements 
of a successful immersive experience. We hypothesize that this 
taxonomy includes dimensions that attribute to various qualities 
described by previous works, immersion and presence included. 
To our knowledge, a similar holistic classification for elements 
of immersive experiences has not been introduced to date. 

TABLE I.  ATTRIBUTES THAT DISTINGUISH IMMERSION FROM PRESENCE. 

 Immersion Presence 

In simple terms Stimuli/mediums provided by the technology Sense of “being there” 

Nature Objective and can be observed Subjective and can only be experienced 

Facilitated by 
Characteristics of technology and its technical capabilities 

to render sensory stimuli 
Story, context, and user’s psychological response 

A function of  The hardware/software used 
The level of immersion + the type of user and their state 

of mind 

Model Human Processor [31]  Perceptual Cognitive 

Interfaces with and targets the 

user’s 
Senses and engage ability State of mind and ability to disconnect from surroundings 

Measurement and assessment 
Can be quantified by describing the number and types of 

stimuli 

Difficult to quantify as it is an internal psychological and 

physiological state 

Its degree depends on  Level of sensory captivation and involvement 
Level of visceral communication and degree that the 

synthetic nature of environment goes unnoticed 

Increases with  
Number of sensory channels/modalities and degree of 

their involvement 
Success of the telepresence illusion 

Considered achieved when 
Multiple human senses are involved in a high fidelity and 

faithful form 

User experiences temporary unawareness or agnosia of 

the real world 

 

III. PROPOSED IMMERSIVE DESIGN TAXONOMY 

We propose a breakdown, analysis, and taxonomy for the 
design of immersive experiences by specifying nine categories 
(Fig. 1). These categories (or elements) contribute to the success 
and effectiveness of an immersive experience. This breakdown 
can be used as a guide to design new immersive experiences or 
analyze existing ones. This model is of particular importance for 
immersive learning environments. In this context, immersive 
learning is a technique that makes use of artificial or synthetic 
environments through which the learners’ senses are stimulated 
inside of an altered reality for the purpose of embodied cognition 
and visceral learning. 

The proposed taxonomy includes categories of interactivity, 
embodiment, co-participation, story, dynamics, gamification, 
technology, meta-control, and didactic capacity. For each 
category/element, a rubric of five levels (0 to 4) is constructed 
to indicate the depth of each element and specify the degree to 
which the element is utilized. Each level is considered to embed 
and include the preceding level, i.e., advancing from one level 
to the next assumes all lower levels are aggregately implemented 
as well. Each element is described in the following sections. 

A. Interactivity 

This element describes the user’s level of involvement and 
the type of tasks they are doing within the experience. When a 
user has no ability to interact with or influence the experience, 
they are passive, like watching a movie. Providing the user with 
the opportunity to answer a question before a lesson or before 
the story proceeds is at least participatory. When the user has a 
physical representation, or avatar, that is engaged throughout the 
experience, it can be considered physicalized. This is the case 
for most video games that have a character the user can see and 
move through the virtual world. The next level is problem-
solving, where the user is given challenges or tasks requiring 
solutions within the experience. Finally, when the user is able to 
communicate with or relate to someone or something else within 
the experience, it becomes interpersonal. A massive multi-
player online (MMO) game like “World of Warcraft” (WoW), 
although not an immersive experience, can be considered an 
interpersonal one. The player has an avatar that they move 
through the world, often solving various puzzles and problems, 
other real people are also represented in the game, and 
individuals can interact with other players and the game. 
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Level Interactivity Embodiment 
Co-

Participation 
Story Dynamics Gamification 

Immersive 

Tech 

Meta 

Control 

Didactic 

Capacity 

☆☆☆☆ Passive Detached Single-Player No Story 
Pre-

determined 
Ungamified None 

No Meta-

Control 
Elemental 

✭☆☆☆ Participatory Watcher One-on-One Setting Choice Instruction AR Journey Explicit 

✭✭☆☆ Physicalized 
First-Person 

POV 

Secondary 

Perspective 

Pre-

Created 
Multi-Thread Reinforcement 360º media Character Implicit 

✭✭✭☆ 
Problem 

Solving 
Movement Group 

Choose 

Your Own 
Free Will 

External 

Process 
VR 

World 

Builder 
Recall 

✭✭✭✭ Interpersonal 
Human2Human 

Interaction 
MMO 

Interactive 

Story 

Convo-

Reality 

Reward 

System 
XR 

World 

Master 
Synthesis 

Fig. 1 A Taxonomy for Elements/Dimensions of an immersive experience. The number of stars equates to the level for the corresponding element and indicates 

its range of depth. 

B. Embodiment 

This element describes the aesthetic distance between the 
user and the experience. A user or viewer is considered detached 
when they have a disembodied, external voyeuristic view of the 
experience. Most television shows or movies present a detached 
point of view. When the user is part of the experience, but is still 
an outsider, they are considered a watcher. This could take place 
in a 360º video or a virtual experience, but the user is but a “fly 
on the wall” with no interaction with events other than to witness 
them. The experience becomes a first-person point of view 
(POV) when the action within the event is taken by or directed 
at the user. Games like “Beat Saber” have this type of 
experience. The user can interact with the blocks coming 
towards them, but there is very little in the way of movement 
within the environment. We arrive to the next level when that 
movement is added to the experience. This movement can 
manifest in various ways including locomotion, room-scale, or 
others. The embodiment element goes up one more level when 
human-to-human interactions are introduced to the experience. 
Users can explore relationships with other users, as avatars, 
within the experience. 

C. Co-Participation 

The number of users in an experience differs from one 
purpose to another. This multiplayer aspect is addressed in this 
element to specify whether the experience is designed for or 
involves the participation of only one or more users (players) at 
once. An experience where the user is alone with no other real 
person contact is a single-player experience. When two people 
are able to interact with each other, this provides the first level 
of multiplayer experience, one-on-one. A simple chess game has 
this level of co-participation. Secondary perspective is when the 
two users are able to view a physicalized experience. When 
more than two users can experience the environment at the same 
time, it becomes a group experience. An MMO, or Massive 
Multiplayer Online, game is a large online experience in which 
people play synchronously in a story-driven world. 

D. Story 

In this element, the context and through-line of the 
experience that gives it a beginning, a middle, and an end is 
addressed. This also includes the manner in which the character 
or plot evolves in the experience. An experience does not begin 
to rank in this category without any part of a story. In the setting 
level, aspects necessary to establish a context for time and place 

are present. An example might be “Diner Dash” where you are 
in a themed location but there is no evolution of character or 
plot. The second layer involves a pre-created story like a movie 
or television show that the watcher has no influence over. The 
third level of story allows the user to make choices in the 
experience, similar to classic “Choose Your Own Adventure” 
books where the reader has the opportunity to make branching 
decisions that influence the culmination of the story. The final 
level is Interactive Story, where the user is the protagonist within 
the story, can influence events, and can make independent 
choices that will determine the outcome. 

E. Dynamics 

This element addresses the user’s ability to influence the 
outcome of the experience, whether in the form of decision 
making, path selection, or predetermined events. This 
classification is specifically related to the user and how they 
interface with the experience and does not focus on the 
dynamics of the story and how interactive it is. When the user is 
unable to influence the outcomes of the experience, it is 
considered pre-determined. Movies, television shows, and 
books are examples. No matter how many times you watch the 
“Titanic” movie, the boat is still going to sink. The first level of 
dynamic influence is choice, where the user is allowed to make 
a decision when faced with one or more possibilities. Multi-
thread is where a user can choose the sequencing of the 
experience. In a free will level, users perceive either real or 
imagined unfettered ability to choose their own experience. 
Such a design prevents two experiences from being exactly the 
same. Finally, in conversational reality, the user is given more 
dynamics to develop relationships and live through conflict-
driven situations. 

F. Gamification 

In this category, the level of gamification is studied. This is 
typically realized by a set of external rules or outcomes intended 
to induce play or competition. When an experience exists 
without the framework of instructions or rules, it is considered 
ungamified. The first level is merely instruction, where the user 
has a set of guidelines to follow in order to participate in the 
experience. The second level is reinforcement, where the user is 
given sensory based cues that encourage their participation and 
reinforces moments of success or failure (e.g., slot machines). 
The third level is an external process, where the user is given a 
set of rules as a means to interact with the experience. In some 
experiences, you may have to stack dishes, make food, and feed 
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your patrons; whereas in others you must capture the flag or kill 
your opponents. Finally, a reward system offers users rewards 
for passing levels or accomplishing goals. A VR platform that 
tracks the user’s physical activity and provides scores and 
rewards based on calories burnt is an example. Rewards and 
scoreboards are great ways to engage participation through 
competition. It is important to note, however, that competition 
interferes with experiences that are intended to be empathic. 

G. Immersive Technology 

Various immersive experiences employ different hardware, 
software, techniques, and technologies. In this element, the type 
of technology and its sophistication is considered. An immersive 
technology is one that attempts to emulate a physical world 
through the means of a digital or simulated world. It creates a 
new reality for the user while engaging their senses. Live-action 
simulations, board games, desktop video games like WoW, and 
similar experiences that do not involve a type of immersive 
technology do not earn a rank from this element. The first level 
of this element is assigned to augmented reality (AR). This 
technology superimposes computer-generated images on top of 
the real world, thus augmenting the user’s view. Most smart 
phones offer this capability. Apps like “Pokémon Go” function 
at this level as Pokémon characters are superimposed onto the 
real world. The second level is 360º media, where immersive 
videos allow users to be surrounded by a photo-realistic 
environment, typically involving three degrees of freedom of 
motion. The experience “An Atmosphere of Hate” is an 
example. Virtual Reality is considered the next level, where an 
artificial, computer-generated environment surrounds the user 
and engages their audio, visual, and at times haptic, senses. This 
typically involves six degrees of freedom of motion. Finally, 
extended reality (XR), is a synthesis of immersive technologies 
that bring virtual and real worlds together. Such experiences are 
offered by businesses like “The Void” where extended reality 
activities mix virtual components into a real-world environment.  

H. Meta-Control 

This element looks specifically at the user’s control over the 
experience itself. Obviously, when a user has no control over the 
experience, there is no meta-control. The first level is journey 
control, where the user can choose events to participate in. The 
second level is character control. In this case, users can 
customize their character or avatar, which can have dramatic 
effects on empathy. MMO’s often have this feature allowing 
users to modify how their avatars look to others. The next level 
is world builder, where the user can build and edit the levels of 
the environment they inhabit. Games like “Minecraft” have this 
level of meta-control as users can design and build their 
environment using assets they find within the game. Finally, the 
highest level is achieved when the user has the ability to become 
a world master, where they can affect the global functionality of 
the world and impact other users’ experiences. A good example 
of this, once again, is “Minecraft”, where sophisticated users can 
create modifications, also known as Mods, that define and 
expand the capabilities of players and the world. 

I. Didactic Capacity 

This category reveals the degree to which the experience 
contains a learning moment or component. At the elemental 
level, no knowledge is conveyed beyond the functionality of the 

game or experience. This describes an experience that might 
explain its controls and rules to the user, but these controls and 
rules have no use or application outside of the experience. The 
explicit level is one where learning is direct and instructional, as 
is present in a typical classroom lecture. Implicit learning is 
derived and discovered. This is where assumptions begin to be 
formed and connections begin to be made between pieces of 
facts and information previously presented and taught. When 
prior information is required for a user to succeed or proceed in 
the experience, this is the recall level. The final didactic level is 
synthesis, where incorporating multiple ideas or functional 
components empowers the learner to develop new, original, and 
complex interpretations or solutions. This is observed in games 
or experiences where the user is expected to assimilate, 
combine, and synthesize different obtained insights (abilities) to 
succeed (win). 

IV. DISCUSSION 

 Each category/element described in the taxonomy can be 
used as an analysis lens to evaluate a specific aspect of an 
immersive experience. Furthermore, this taxonomy provides a 
rubric against which almost any type of game, teaching tool, or 
experience can be scored. Since each element has a score (level) 
of zero to four, each level suggesting a deeper implementation 
of the corresponding element, experiences can be scored from 
zero to thirty-six. This can be illustrated by contrasting a basic 
game like tic-tac-toe against one like “WoW”. Tic-tac-toe 
receives a zero for elements of embodiment, story, immersive 
technology, meta-control, and didactic capacity; but does score 
in interactivity, co-participation, dynamics, and gamification; 
yielding a score of four. On the other hand, a game like “Wow” 
is interpersonal, involves human-to-human interactions, is an 
MMO, has an interactive story, presents conversational reality 
and a reward system, and has synthesis learning. It falls short in 
the immersive technology category and scores only a two in 
meta-control as the user can customize their character but cannot 
impact or build in the virtual world; which results in a score of 
thirty. Naturally, only experiences with any points in the 
immersive technology category provide any degree of 
immersion. 

Although a higher level implies a deeper implication for each 
element, this taxonomy doesn’t claim that the highest level of 
each element constitutes the best fit for every application. The 
purpose, goal, and story of an experience can influence and 
necessitate a specific combination of these elements that may 
not always be level four for all of them. Furthermore, vividness 
of the experience, quality of the delivered stimuli, and the user 
experience (UX) are recognized to have an external impact on 
any combination from this model. For a fair comparison, 
analyzing experiences via this taxonomy should assume those 
aspects maximized or indifferent. 

Finally, assuming that a higher score from the design rubric 
implies an increased overall quality of the experience is 
unsound. A better way to utilize this taxonomy is to view them 
as thirty-two individual options across nine categories to choose 
from. Naturally, this results in a very large number of possible 
combinations for creative and design choices. Furthermore, it 
should be noted that there is an overlap among elements. In 
some cases, achieving a particular level of one element 
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implicitly achieves a level in another. For instance, the choose 
your own level of story clearly achieves a certain level of 
dynamic, which is another element. This can be observed in 
other categories as well. 

V. CONCLUSION 

This work explored the various aspects that contribute to the 
success and effectiveness of an immersive experience. This 
yielded a taxonomy that classifies elements that make up the 
design of immersive experiences regardless of their purpose, 
application, audience, or technology. Nine design elements were 
discussed, and a level-ranking was established for each element. 
The combination of various element levels can be used to 
classify experience designs. When evaluated as an integrated 
whole for an immersive experience, these elements and their 
comparative rankings are hypothesized to deliver a notional 
indication, classification, and even gauge of the effectiveness 
and success of an experience. Future work will address 
implications of various element combinations with regard to 
time, cost, audience, and scalability. 
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Abstract—In this study we assess the effects of teaching 

fundamental programming concepts through a virtual reality 

(VR) block-based programming application and its impact on 

engagement.  As a comparison study, participants played an 

existing desktop-based game (LightBot) and the developed VR 

game (LogiBot) covering similar gameplay mechanics and block-

based programming. Initial results indicate that traditional 

desktop applications are currently more engaging than VR for 

teaching programming. We thus identify the need for careful 

design of interaction methods to support ease of use and reward 

factors to promote engagement in VR-based learning applications 

beyond the initial wow-factor. 

Index Terms—virtual reality, engagement, education, visual 

programming 

I. INTRODUCTION 

A key parameter in learning is engagement. While e-learning 
tries to trigger psychological engagement through behavioural 
activities, such as selecting an answer from a list, this is not 
always successful [1]. On their own, traditional e-learning 
methods based purely on the dissemination of information are 
not enough to enable knowledge acquisition for learners. 
Instead, e-learning needs to provide an experience that 
participants can learn from. 

Virtual Reality (VR) technologies offer a potential solution 
to this problem. This idea is supported by early research showing 
that VR provides students with successful experiences in a 
compelling environment [2], and that the experience of 
immersion offered by VR makes it an ideal solution for use in 
education [3]. There is evidence showing that users (particularly 
children) are more likely to engage with materials that offer a 
tangible object that they can interact with [4]. 

Learning programming as a key component in computer 
literacy is gaining traction within the education community. 
Consequently, institutions are attempting to identify methods for 
teaching programming to children. One such established method 
[5] is using visual programming tools, such as Scratch [6], as an 

introduction to computational thinking. Other approaches use 
gamification [7] to apply game design elements to the process of 
learning to program/code. A prominent example of this is 
LightBot [8]. However, most current research only applies these 
models to children and novice learners and as a result, there is a 
gap in the literature in seeing how these concepts can also be 
taught to adult novices or those who identify as conversational 
programmers [9]. 

In this paper, we explore engagement through VR-based 
learning tools by contributing LogiBot (Fig. 1), a VR artefact 
that aims to teach programming concepts through gamification. 
We conducted a comparison study comparing LogiBot against 
another block-based programming learning environment, 
LightBot. This allowed us to investigate how this process 
transfers to adult novice learners as well as provide an 
application of the User Engagement Survey (UES) to LogiBot 
and LightBot. 

II. BACKGROUND 

A. Pedagogy 

Constructivism views learning as an active building process 
based on experience, rather than a passive one, where 
information is transmitted from teacher to student [10]. 
However, one study [11] notes that students being taught 
introductory programming, found this approach "overwhelming 
and intimidating at times". Rahman et al [12] also note how such 
students may feel demotivated when carrying out self-study 
exercises alone. The key to addressing this demotivation is to 

 

Fig. 1. Example level in LogiBot that requires a combination of 

command blocks used procedurally to complete the level. 
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build in high levels of engagement with any self-study activities, 
including technology-based activities. We follow the definition 
of engagement as proposed by O’Brien and Toms [13]. They 
indicate that engagement is a process consisting of four stages; 
a point of engagement, sustained engagement, disengagement, 
and re-engagement, as well as attributes that relate to the quality 
of user experience such as endurability (the user will remember 
the experience), attention and feedback. They used this early 
research to develop the User Engagement Survey [14] as a 
measure of user engagement. 

B. Computing Education 

As a key component of the National Curriculum in the 
United Kingdom, programming forms one of the key aims, with 
the ability to apply and understand fundamental concepts and 
principles including logic, algorithms and data representation 
detailed as critical components [15]. Teaching programming is a 
challenging task with syntax often being an early barrier to 
overcome. Teaching methods used to introduce programming 
often try to separate the syntax or language specific functions 
from more general logical reasoning. One approach to teaching 
programming to novices, particularly children, is visual, block-
based programming languages such as Scratch [6]. Visual 
programming environments and games such as Scratch and 
LightBot are already well established as effective in teaching 
fundamental programming concepts [16]. Kalelioğlu and 
Gülbahar [17] identified that such tools are particularly effective 
in developing students’ confidence in problem solving tasks. In 
a study of robot programming techniques, Weintrop, Afzal and 
Francis et. al [16] establish that block-based programming 
enables programming novices to quickly build complex 
programs with no loss of accuracy versus traditional text-based 
programming. Programming environments leveraging a block-
based model support scientific enquiry, such as three-
dimensional simulations programmed in AgentCubes [18]. This 
adoption of block-based programming is supported by the 
proliferation of learning spaces that attempt to teach 
programming via a block-based approach [8], [19], [20]  which 
attempt to make programming accessible to a wider audience. 

C. VR in Education 

Interactive and tangible objects within VR have been shown 
to promote engagement and when coupled with existing game-
based learning provide an environment where effective learning 
can take place [21]. While not a VR application, this idea was 
explored by Melcer and Isbister [22], finding that tangibles had 
a positive impact on interest and enjoyment of programming.  
Bell et al [23] provides a comprehensive evaluation of VR as an 
educational tool. They point out how VR also provides the 
opportunity to improve on teaching methods where ’traditional’ 
methods may not be as effective. Based on Felder and 
Silverman’s [24] learning styles for example, they show how VR 
can help sensory learners by presenting "tangible representation 
of abstract concepts". Concurrently, falling costs of VR devices 
has lowered the entry barrier for the adoption of these devices 
into classrooms and as devices in the home. Recent studies [20] 
have explored the potential and effectiveness of leveraging VR-
based teaching, with games being more effective than 
simulations and virtual worlds in improving learning outcomes.    

  Systems that use VR for programming education are rare. 
Chandramouli et al. [25] detail teaching programming concepts 
to engineering students via a VR system.  This system uses the 
archaic VRML97 specification to provide limited interaction 
and graphics quality and targets young adults.  A virtual 3D 
programming language for novice users is described by Ortega 
et al. [26].  As a practical 3D extension of Scratch, it uses a 3D-
VPL environment to allow for creating relationships between 
boxes. Teaching of ordering algorithms is tackled by 
Grivokostopolou [27], however it makes assumptions that 
learners understand the concepts of sequence, iteration and 
bifurcation thus is not targeted at novices. Computational 
thinking is commonly encountered in robotics, which 
Witherspoon et al. [28] explore by developing a series of 
problems to be solved via a 3D virtual environment game based 
on previous work by Carnegie Mellon University and the 
RObomatter programming curriculum [29]. However, in 
comparison to existing desktop applications, there is a gap in 
understanding how the use of VR block-based programming 
games can help with understanding the foundational concepts of 
programming. This is the gap we choose to address with 
LogiBot. 

D. Motivation 

We compare an existing block-based programming learning 
game, LightBot, and another, LogiBot, developed in a similar 
style to be broadly comparable. We choose to teach 
programming concepts using the gamification approach 
championed by LightBot that combines a simplified version of 
the visual block-based interaction style presented by 
applications such as Scratch. Our reasoning for this comes down 
to the philosophy of computational thinking, separating syntax 
from logical reasoning.  We hypothesise: VR will be more 
engaging versus desktop learning applications (H1). The reason 
for this higher level of engagement will be attributed to the high 
interactivity with tangible objects within the VR game 
environment (H2). 

III. SYSTEM DESIGN 

A. Platform 

Our chosen platform to develop LogiBot on was Unity [7], a 
cross-platform 3D game engine that supports scripting in the C# 
language as well as various virtual reality headset SDKs. Within 
Unity we also used a framework called Virtual Reality Toolkit 
(VRTK) [30]. VRTK is a general-purpose framework for 
developing virtual reality games, providing a number of ‘out of 
the box’ interactions for motion-tracked virtual reality 
controllers. We used Unity to develop the game whilst targeting 
the Oculus Go headset, which builds on top of Android as a 
development and delivery platform. For the purposes of 
development, we also used a Samsung Gear VR headset paired 
with a Samsung Galaxy S7 smartphone, which has the same 
hardware capabilities and SDK as the Oculus Go.  

A key design decision was where possible to implement 
interactions via interactable objects and so minimize the use of 
GUI based elements (floating menus, start/stop buttons et 
cetera). As an initial prototype, we resorted to simplified 
graphical elements and thus the objects within game were not 

363



textured and did not have complex lighting applied. Robot 
instruction types were defined as "Forward", "Rotate 
Clockwise", "Rotate Anti-clockwise", "Jump", and "None". 
Instructions include a 1-second wait between each executed 
instruction. An example is the forward function, which when 
executed will simply make the robot move one space forward in 
the maze. For this initial study, we implemented five hand-
programmed levels in the game, declaring the positions of the 
tiles, walls, and objectives. We considered creating a more 
dynamic system that could read in level files (in JSON/CSV 
format), but for the purposes of our prototype, we decided to 
manually implement each one as it would be more time-efficient 
for only five levels. 

B. Interaction Design 

The 3DoF controls of the Oculus Go necessitated certain 
choices being made for interaction techniques, e.g. for pointing 
and selection. Laser pointers (ray-casting) have been 
demonstrated as an efficient way of interacting with onscreen 
keyboards [31] so a similar approach was applied to selecting 
and grabbing interactable objects within LogiBot. A mechanism 
to move objects towards and away from the controller was 
implemented using the trackpad on the Oculus Go. A user alters 
the object distance by swiping up or down on the touchpad, 
although the requirement to adjust object distances was 
somewhat minimized by effective level design and careful 
consideration of object placement in the scene at run time. 

Object manipulation was implemented in the form of 
pointing the controller at object (ray-cast), pressing the trigger to 
pick up the object, or clicking the touchpad down to "use" the 
object, which is a context-sensitive action (e.g. using the "trash" 
button next to the instruction block grid empties it of all blocks 
currently placed in it). Objects that have been picked up are 
suspended in the air and  move relative to the controller when 
the player moves it. 

Instruction grids are 4 by 3 grids of slots (Fig. 2) that users 
can place instruction blocks on to build their solutions to the 
robot maze. The main grid (that appears in every level) is used 
to create the program that the robot will execute, but another 
appears on the last level of the game - the procedure grid. Blocks 
that are dragged close to a grid will automatically snap to the 
first free slot on that board when the player releases their grip on 
the block. The grids build a list of instructions from the blocks 
by reading the blocks from the top-left to the bottom-right, 
which is then passed to either the robot directly, or the procedure 
block. Instruction blocks can be added to the main grid by either 
attempting to grab one of the "template" blocks, of which there 
is one for each instruction type.  This creates a copy of that block 
type which the players grab instead, or by "using" the template 
block, which automatically inserts a copy of the block type in 
the first free slot on the board. Blocks can be removed from the 
grid they sit in by grabbing them and moving them. Blocks can 
be placed anywhere in the play area. 

IV. EXPERIMENT 

A. Apparatus 

The control group were provided with a laptop with the 
required software installed and LightBot loaded, while the 
experimental group were provided with a VR headset (Oculus 

Go) to complete the tasks, and a laptop to complete the User 
Engagement Survey (UES) [32]. The entire experimental task 
was designed to take 20-30 minutes, while the post-task 
questionnaire and interview took 30 minutes to complete. 

B. Participants 

The study was run with 10 participants.  We recruited from 
current students and alumni of Lancaster University. The sample 
was split into two groups for a between-subjects study, one 
group using LogiBot and the other using LightBot. Six 
participants completed the LogiBot tasks and four completed the 
LightBot tasks.  The demographics of participants completing 
the study were 3F, 7M, age 18-55.   

C. Task 

Participants in the LightBot condition were instructed to 
complete section 1 - basics and section 2 - procedures. The 
LogiBot participants were instructed to complete the five levels. 
20 - 30 minutes was allowed for this section of the study. 
Observation notes were collected by the researchers for 
behaviours that were deemed interesting. On completing the 
task, both groups of participants were asked to complete the 
UES. Finally, we conducted short semi-structured interviews 
with participants to probe them on their motivations and insights 
when carrying out the tasks. Common questions revolve around 
the perceived learnability of the system, as well as comfort of 
the VR headset. 

D. Metrics 

Engagement was measured using O’Brien et al.’s [14] User 
Engagement Survey, which consists of thirty 5-point Likert style 
questions measuring four latent variables – focused attention, 
perceived usability, aesthetic appeal and reward factor and has 
been used previously to measure engagement in VR games [33]. 
Each of these sub scores are averaged for each category and the 
totals summed together to derive an overall score. Further 
measurements were in the form of event sampled observations 
based on user behaviour during the experiment, accompanied by 
a semi-structured interview to explore thoughts and motivations 
of the users during the study. 

V. RESULTS 

A. UES 

The survey results were analysed through independent 
sample t-tests. In comparing the LightBot and LogiBot survey 
responses, we found a statistically significant difference in 
focused attention for the applications, LightBot (μLi=4.4) was 
significantly higher than LogiBot (μLo=3.9), t(8) = 1.91; p < .05. 
We found a statistically significant difference in perceived 
usability for the applications, LightBot (μLi=4.1) was 

 

Fig. 2. Screenshot of instruction blocks table. 
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significantly higher than LogiBot (μLo=3.1), t(8) = 2.28; p < .05.  
There was no significant difference in the aesthetic appeal for 
LightBot (μLi=4.2) as compared to LogiBot (μT=3.7), t(8) = 
1.01, p > 0.05. There was no significant difference in the reward 
factor for LightBot (μLi=4.45) as compared to LogiBot 
(μT=3.7), t(8) = 1.8, p > 0.05. These results are visualized in Fig. 
3. 

B. Interviews 

Interview responses indicated that participants for both 
LightBot and LogiBot were more likely to explore the interface 
independently as opposed to following on screen instructions. 
Both sets of participants recognized the value of such learning 
games in respect to learning programming and commented “bit 
like one of the programmable robot toys”. LightBot participants 
said it was good for practicing “solving structural problems”.  
For LogiBot a lot of the responses centred around the interaction 
methods and the clarity of the instructions provided, for example 
“vague instructions” and “instructions lacked context”. The VR 
headband impacted upon the comfort level of participants. They 
commented on how it can be loose at times during gameplay, 
which draws attention away from the game. The headband had 
a tendency to get hot over time, which participants noted may 
make them less likely to play the game for a long period of time.  

For LogiBot, a common issue for participants was the way 
instructions were presented at the beginning of the game using 
text. They found this to be vague and confusing, and would 
rather have seen a visual example of how to solve a level before 
starting. For instance, one participant pointed out that they 
initially tried to place instruction blocks on the robots table, and 
tried to place the robot on the instruction table rather than the 
yellow block. They enjoyed the dragging interaction as it was 
easier to drag, due to the fact that they could not see the 
controller while playing the game. Some participants 
commented on the scaling of the levels, saying that the difficulty 
scales too quickly. One participant did not find LogiBot useful 
in teaching programming concepts. They argued that people will 
already have these skills before playing the game (structural 
problem solving). They also did not think that VR was a 
necessary tool for these kinds of problem solving exercises. 
Many participants noted frustration with trying to grab items 
such as blocks and the robot, sometimes picking up the wrong 
block, and placing the robot on the platform. 

C. Observations 

Observations indicated that while the experience was a 
seated experience, participants still displayed significant ranges 
of movement. Correlation to interview responses indicate one of 
the reasons for this was that the table with the instruction blocks 
on it was too far to the left participants field of view, 
necessitating them to have to twist uncomfortably to see the 
instruction block table. In a couple of observations, participants 
did not locate the instructions block table for a considerable 
amount of time, leading to frustrations being evident. 

VI. DISCUSSION 

The results show that the Perceived Usability and Focused 
Attention for LightBot scored significantly higher than LogiBot, 
indicating that the VR interface of LogiBot does not 
significantly contribute to use engagement.  We can attribute 
LightBot scoring higher to interface familiarity for desktop 
applications. This adds interesting design questions for the VR 
interface and what implementations will allow the users to have 
a better engagement with the task and therefore the learning 
process. The neutral results for Aesthetic Appeal for LogiBot 
indicate that there is less evidence of the ‘wow-factor’ from 
using VR applications than is generally assumed. Perhaps with 
the proliferation of low-cost VR devices such as the Oculus Go 
or Quest, VR is treated as more common-place or expected. The 
users thus possibly expect better functionality and interaction 
mechanisms beyond typical 'roller-coaster demos' bundled with 
past VR headsets. 

LogiBot implemented basic reward factors, limited to 
congratulation messages and sounds on level completion. 
Neutral results indicate reward mechanics did not dominate user 
experience over learning for both applications. There are 
opportunities to enhance engagement through gamification 
mechanics as a part of the learning process. 

The results indicate that in its current form LogiBot is not 
more engaging than LightBot and by extension VR is not 
automatically more engaging than desktop applications, thus we 
reject H1 while also making H2 invalid. In analysing the 
interview responses, ease of use and interaction methods were 
identified as the main barriers in preventing the LogiBot 
application from being more engaging. If these issues are 
addressed, we believe that VR has the potential to be a key 
element of learning applications by increasing engagement. 

Overall, the observations show that it may be necessary to 
think more deeply about interactions for VR applications versus 
traditional desktop applications, including identifying an 
acceptable range of motion for different experiences, i.e. seated 
or standing. The difficulty in implementing effective interactions 
can somewhat be ascribed to the limitations of the Oculus Go 
and its 3DoF tracking. This seems to support the notion that low-
cost VR devices are more suited to content consumption rather 
than reflective interaction with the content. 

A. Limitations and Future Work 

As a preliminary exploratory study, the number of study 
participants was low. We aim to conduct a thorough play test of 
LogiBot with additional participants to identify further 
interaction issues which we will look to solve. With the launch 
of the Oculus Quest (and Quest 2), we would like to port 

 

Fig. 3. Comparison between LightBot and LogiBot, mean responses 

grouped as latent variables.  Reverse scale correction applied. * 

indicates significat difference. 
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LogiBot to this device, which will increase the options for 
interactions and it would be interesting to see if this has any 
impact on the level of engagement experienced by users. 

VII. CONCLUSION 

We provide the preliminary results of a study to investigate 
engagement for VR-based block-programming games. Our 
results indicate that familiarity with VR by users no longer 
guarantees that VR is more engaging than similar traditional 
desktop applications. This places an ever greater emphasis on 
designing effective interactions within VR if VR-based learning 
tools like LogiBot are to show benefits of use over existing 
traditional desktop environments.  
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Abstract—This paper provides a brief overview of technical 

communication following Peirce’s [2] firstness (aesthetics), 

secondness (action promotion), and thirdness (explicit 

explanation), and identifies each of these categories in an 

educational language learning virtual reality (VR) game created at 

a university, ELLE-ments of Learning. The framework described 

here can help game researchers better understand, evaluate, and 

discuss the ways in which games communicate with players and 

can also be used by game designers and developers to ensure their 

games convey important and complicated information to players 

effectively in each of Peirce’s three categories. 

Index Terms—multimodal technical communication, virtual 

reality (VR), game design, user experience (UX), language learning 

I. INTRODUCTION 

Videogames inherently incorporate multimodal technical 
communication strategies, as each game must individually 
communicate to the player the goal of the game, how to operate 
the controls, which items they must seek or avoid in the game 
world, and so forth. At the same time that videogames have 
become more popular and ubiquitous, the field of technical 
communication has also expanded to match the use of 
technology in our daily lives. The rapid development of these 
two fields in recent years has produced a variety of different 
methods for communicating technical information to a non-
specialist audience.  

This paper applies definitions from the field of technical 
communication to features of an original virtual reality (VR) 
language learning game, ELLE-ments of Learning, to better 
understand the ways that VR conveys information to the player. 
An overview of the ways that elements of multimodal technical 
communication are defined and understood using Peirce’s [1] 
three categories of visual rhetoric is provided and followed by a 
description of the two games and hub world contained in ELLE-
ments of Learning. Then, the categories of visual rhetoric are 
applied to the games and world and a framework for using these 
rhetorical categories to better understand and more effectively 
design VR and other videogames are discussed. The paper closes 
with plans for future work, noting several improvements that 
should be made in the game to improve its efficacy in conveying 
key information to players.  

Analyzing videogames through this framework can help 
researchers better understand and compare the communication 
that takes place in games, while designers can gain a better 
understanding of the multimodal communication tools in their 
own games and how they could perhaps be more effectively 
providing information to their players.   

II. BACKGROUND 

The term multimodal communication has been used to 
describe information that is shared through “more than one 
sensory interface,” [2], commonly through more than one type 
of media: video, audio, and interactive media. The field of 
technical communication assigns terms and types of cues 
essential to conveying meaning to the audience. These cues can 
be grouped into two categories, symbolic and nonsymbolic [3]. 
Symbolic cues are those related to language, including text and 
spoken word, while nonsymbolic cues encompass images, 
gestures, and even tone of voice. These categories are also 
analyzed by their effect on the audience, whether they influence 
audience feelings (“firstness”), organize information or indicate 
audience action (“secondness”), or explain  (“thirdness”) [4].  

In a paper-based or paper-like medium (such as a Word 
document), the arrangement of text and whitespace is seen as 
“firstness,” influencing audience feelings (densely packed text 
can influence audience feelings on how difficult it will be to 
understand). Applying this principle to multimodal and 
interactive media, the firstness of a video tutorial or videogame 
incorporates all of the aspects of video and sound that contribute 
to the work’s tone, mood, ambiance, and aesthetics—both 
definitions of the term: the layperson’s (beauty) and Hunicke et 
al.’s (MDA) [5]. This is commonly done through art style, color 
scheme, background music, and so forth.   

The visual aspects of paper-based media that organize or 
incite action, “secondness,” include bullet points, headings that 
locate, divide, and classify the paper. The features doing the 
work of Peirce’s secondness focus the audience’s attention on 
the topic or skill to be learned. Tactics performing the work of 
secondness in multimodal communications include: camera 
angles and lighting (e.g., highlighting the mouse when clicking) 
in video tutorials, clickable links and play buttons on websites, 
and traditional videogame introductory or tutorial levels where 
new mechanics are introduced in spaces with limited hazards. 
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Finally, “thirdness” is where the actual ideas of the document 
reside—the explanations, reports, stories, etc. The aspects of 
multimodal communication that convey the meaning, the 
thirdness of the work, include the content of how to accomplish 
the tutorial’s task or the game’s goals, as well as the argument 
that the videogame makes, commonly analyzed using Bogost’s 
[6] procedural rhetoric.  

All three of these meaning types—firstness, secondness, and 
thirdness—are important in multimodal communication. It 
might be easy to dismiss firstness as superfluous to the technical 
content of the word document, but in videogames, designers 
work to utilize all of these elements to foster player feelings of 
immersion, flow, and engagement. It is also vital to consider 
secondness in a game, embedding ways to call player attention 
to new mechanics, allowing players to practice and develop 
strategies before the final boss or challenge. Thirdness 
incorporates all of the behavior-persuading elements of a game: 
consequences for interacting unsuccessfully with enemies, 
rewards for locating secret treasures, and even explicit 
instructions, like displaying an image of the X controller button 
beside the word “SLEEP” in Portal 2’s opening “Courtesy Call” 
scene. Videogames, especially those in VR, must balance all of 
these features and ensure that the game itself remains enjoyable. 
In writing and even most multimodal technical communication 
(such as video tutorials), the emphasis is on this thirdness where 
the audience is explicitly directed through a topic or process. 
Videogames, however, frequently lack this type of direct 
instruction, favoring a more constructivist learning approach to 
teaching the player what to do using guided experimentation 
though an intentionally-structured world, therefore emphasizing 
action-centric aspects of secondness to do the job of thirdness: 
explanation.  

III. ELLE-MENTS OF LEARNING 

Part of a larger suite of multi-platform language learning 
games called ELLE the EndLess LEarner [7], The ELLE-ments 
of Learning is a VR foreign language learning game comprised 
of three different environments: a hub world and two games, 
Spin N Spelle and Highrise Hellep [8]. The hub world is the 
inside of a virtual house with several different rooms for the user 
to explore and acclimate themselves to the virtual world (Fig. 1). 
This is a large, rambling space that has reserved plenty of space 
for a number of future games.  

Fig.1 Hub World. 

 

Spin N Spelle is a game where players spell out the 
translation of a term using alphabet blocks (Fig. 2). Each 
controller commands a magic wand that can select, spin, and 
place the block on a shelf beside the term to be translated. 
Accents and special symbols (such as the Portuguese ç and é) are 
created by adding an accent sticker to the block in the 
appropriate location. Players can use one hand to hold the block 
and the other to place the sticker, or they can press B on the 
controller to “freeze the physics” in the game world, let go of the 
block and it will stay in the air while they use the same hand to 
place the sticker. These features were designed to increase 
accessibility and user experience. The game can be played in 
“endless” or “quiz” mode. In endless mode, five shelves for 
placing blocks that translate five different terms are presented at 
one time. After a term is spelled correctly, the shelf lights up then 
disappears (like a completed row in Tetris) and a new one 
appears, randomly selected from the database. This continues 
until the player decides to exit the game. In the quiz mode, the 
game is played the same way, with the variation that the player 
sees each term only once.  

Fig.2 Spin N Spelle.  

Highrise Hellep is a firefighting game where the player is a 
firefighter (Fig. 3). A category (adjectives, food, etc.) appears on 
a road sign, and the player must direct a firehose and its stream 
of water where a foreign language term that belongs in that 
category is displayed on a balcony that is on fire. After the player 
sprays water on all terms in the building that match the category, 
a green checkmark appears on the sign, and a new category 
appears. This game also has endless and quiz modes that mirror 
those in the block game. 

Fig. 3.   Highrise Hellep. 
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These games all rely on a mySQL database that houses 
terms, images, and audio files of foreign language terms 
uploaded on a website designed to be user-friendly for language 
instructors. Students can log in to the website and view their 
scores, play session times, and modules played. These data are 
recorded and displayed for the individual student on their view 
of the website, and instructors have access to all student data in 
their class, along with pie charts and other data visualization 
tools to help identify student trends and can even view individual 
student scores (Fig. 4). We have been piloting a similar PC 
version of this game as extra credit in an Applied Linguistics 
course for the past two semesters and plan to use these VR games 
more widely in classrooms when pandemic constraints allow for 
the use of facilitated VR sessions. 

Fig. 4. Instructor view of term performance on the website. 

IV. MULTIMODAL TECHNICAL COMMUNICATION IN ELLE-

MENTS OF LEARNING 

Applying Peirce’s ideas of firstness (aesthetics), secondness 
(calls to action), and thirdness (explanation) to these three VR 
worlds, the hub world first asks the player to input a 6-didgit 
numerical code, previously obtained through the website. The 
player has to extend their arm for their virtual hands to press each 
number and then ‘enter.’ Even this initial scene includes all three 
of Peirce’s categories of technical communication: the firstness 
here basically feels like a gate—only those with the proper code 
can pass. There is no sound, and nothing else appears in the 
scene. The presence of a keypad communicates using 
secondness, calling the player to interact with it, like the 
numerical keypad on ATMs. Thirdness is used to provide 
explicit instructions to the player, “To log in, please get an access 
code from EndlessLearner.com.”   This simple scene is effective 
in communicating to the player the fact that they need a code to 
play and where to go to obtain it. The firstness could use some 
modification, in our opinion, to make the player feel more 
welcome into the space, but the function of the code allows 
teachers to track their students’ play time and progress in the 
games and is therefore a necessary part of the game for the team. 

Once in the hub world, the player faces a menu that reads, 
“Welcome” above the player’s login name (Fig. 5). The firstness 
here is again a bit less friendly than it could be, but the whimsical 
rounded font (rather than a more “serious” font that might be 
found in a textbook or instructional booklet) and the cartoon-like 
drawing style of a left and right hand containing the large letters 
L and R, respectively, conveys to the player that this is not a 
serious or high-stress environment. The clear layout of the menu 
likely also helps to promote positive feelings in the player, with 
its pleasing organization and symmetry.  

Fig. 

5.   

Hub 

world 

menu 

for 

student login name “beststudentever.” 

The secondness of this hub world menu screen that indicates 
actions the player should take is present in the green lines 
emanating from the player’s virtual hands. As the player moves 
the controllers, the virtual hands and green lines move. When the 
line points at a clickable item: the image of the left hand, the 
right hand, or the “logout” button; the item is visually 
highlighted, indicating that it can be clicked.  

Finally, the explicit text instructions, or thirdness, here 
include the welcome text, instructions that read “CHOOSE your 
HANDEDNESS,” the words “left handed” beneath the image of 
the hand containing the letter L and the text “right handed” 
beneath the image of the hand containing the letter R, and the 
word “LOGOUT” at the bottom. This analysis reveals that 
further thirdness would improve the player experience, as the 
player must guess at how to select a menu item. The addition of 
text or audio stating “press the trigger button to select,” or an 
image of the controller with an arrow to the trigger button would 
prevent the player from having to push all of the controller’s 
buttons until discovering that the trigger button is in fact the one 
they need to push. Further, the player does not know what to do 
after making menu selections. Additional necessary elements of 
thirdness here include audio, text, or an arrow indicating that the 
player should turn to their left and explore the hub world, how 
to ‘walk’ in the hub world, and how to begin one of the two 
games that are there.  

Table I summarizes the firstness, secondness, and thirdness 
communication in the two other worlds, the Spin N Spelle and 
Highrise Hellep games. Both games begin with menus that 
appear to be on pull-down projector screens common to 
traditional elementary schools. The projector in Spin N Spelle 
appears on the wall of the room in the game, while the projector 
of Highrise Hellep is displayed on the side of the firetruck. As 
with many unfunded videogames created in a university setting 
on a limited timeline, there are many things that can be improved 
in these games, as well. With this established framework, 
however, we hypothesize that we can better guide our design and 
our student developers to ensure future VR games include clear 
communication through all three of these categories.  
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TABLE I.  COMMUNICATION IN SPIN N SPELLE AND HIGHRISE HELLEP. 

 

Game 

World 

Communication to Player 

Firstness Secondness  Thirdness 

Spin N 

Spelle 

Child’s 

playroom 

setting: 

• Menu 

projector on 

wall 

• Alphabet 

blocks 

• Wooden 

shelves 

• Living room 

setting  

• Upbeat 

background 

music 
 

• Visible hands holding 

projetor remote control 

(menu) and magic 

wands (in game) 

• Line from wand to 

shelf inidcates where 

block will go when 

player clicks A 

• Green “smoke” 

appears in front of 

shelf when word 

spelled correctly, then 

shelf disappears, and 

any shelves above it 

move down one row 

• Menu text 

• English text 

and image 

beside shelf 

where foreign 

term is to be 

spelled 

• Sticker-book 

image of 

accents 

labelled 

“Accents” 

 

Highrise 

Hellep 

Fire Response 

Scene: 

• Menu 

projector on 

firetruck 

• Roadside 

information 

sign  

• Mutli-floor 

appartment 

building 

• Firetruck 

• Upbeat 

background 

music 

• Visible hands holding  

projector remote 

control (menu) and 

firehose (in game) 

• Water squiritng from 

firehose 

• Fire on the appartment 

balconies  

• Foreign words 

displayed on balconies  

• Water does not 

extinguish the fire on 

words that do not fit 

the category  
 

• Menu text  

• Text 

“Categories” 

at top of road 

sign 

• Text of 

category to be 

matched (e.g. 

“Feminine”) 

displayed on 

road sign 

beneath 

“Categories” 

V. DISCUSSION 

Videogames, especially VR, must explain a variety of 
complicated technical information to the player in a fun 
engaging manner—which is no easy task. It can be difficult to 
balance the “fun” of the game with the tutorial aspects, and yet 
a game that players do not understand and cannot play 
successfully is no fun at all. VR especially has few highly 
experienced players, simply because of the relatively young age 
and high cost of the technology. We must ensure that our games 
are effective in their communication to the player. 

This framework can be used in two different ways. It can act 
to assess a completed game’s methods of communicating to the 
player, allowing games to be compared with one another in a 
more efficient way by classifying and labeling the three modes 
of technical communication, firstness, secondness, and 
thirdness. Analyses of the ways that different games spread key 
information across these three categories of communication 
would be a beneficial way to discuss and compare different 
design techniques.  

The most beneficial way to use this framework, however, is 
in the design and prototyping phases. This method allows design 
teams to assess the style and efficacy of the communication that 
takes place within the game. By focusing on how the game 
informs the players about important, complicated gameplay 
information and analyzing the types of communicative effects 
on the player, we have identified a number of places where these 
three game worlds in ELLE-ments of Learning can improve.  

VI. CONCLUSIONS AND FUTURE WORK 

Most videogames rely on the player’s prior knowledge of 
standard controller or keyboard stroke operations. VR is still 
new enough that no one standard of controller or player motion 
truly pervades through all games—and these games as well as 
other experimental games are still tinkering with the technology 
itself to discover the best ways to leverage this medium for a 
variety of purposes. The lack of videogame fluency, or 
unfamiliarity with the underlying rhetoric of a tutorial  

As a result of this assessment, we intend to implement 
several design changes to the game prior to additional formal 
participant testing and larger-scale course use. Because of the 
lack of standards and the fact that our student audiences are 
highly improbable to have extensive prior experience with VR, 
these three worlds clearly need additional thirdness—explicit 
instruction on how to walk, select items, and enter the two game 
worlds. Novice players are likely to feel frustrated or lost even 
in the first few minutes of the hub world, having to guess at 
which button on the controller will allow them to move and 
explore the world to locate the learning games. 

We also intend to incorporate audio in a more meaningful 
way throughout the worlds—sound is of course essential to 
learning any foreign language and has only been left out of these 
games due to scope. Learners need to hear and practice repeating 
foreign language terms as they learn them. Spoken instructions 
would also help put the novice VR player at ease as they work 
to explore the hub world. Short audio instructions such as “Place 
your hand in the sphere containing the game you want to play, 
and press the grab button to begin that game” would improve the 
user experience in the hub world. In the games, as well, audio 
cues to indicate that the player has selected the wrong letter in 
Spin N Spelle or sprayed an incorrect word with the water hose 
in Highrise Hellep would improve the game’s efficacy. 
Likewise, adding instances within each game where the foreign 
term is at least spoken for the player could improve their 
language skills and help them work toward the ultimate goal of 
fluency in the language. 
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Abstract—Today, technologies like interactive whiteboards, 

augmented and virtual reality serve as instructional aids to 

facilitate interactive learning. The aim of this paper is to study how 

the use of such technologies impacts the dynamics of classroom 

attention management. Employing a multimodal conversation-

analytic framework, we analyze video recordings of the first 

encounters with interactive whiteboards, augmented reality and 

virtual reality across twelve in-person classroom lessons set in four 

Russian secondary schools. This paper highlights how the teacher, 

faced with a breakdown of regular channels for managing 

attention (such as mutually-orientable gaze), uses their voice and 

body to facilitate the temporal coordination of student 

contributions, maintain focus on a given classroom activity, and 

visibly monitor classroom dynamics. The findings suggest means 

to alleviate tensions between new and old teaching methods, and 

provide further evidence on the need for a granular vocabulary for 

the analysis of body-orientation in a classroom context.  

Index Terms—classroom interaction studies, augmented 

reality, virtual reality, multimodality, attention management 

I. INTRODUCTION 

Emerging technologies like VR (virtual reality) and AR 
(augmented reality) are becoming increasingly accessible to 
schools [1]. As is demonstrated by a number of studies [2]–[5], 
engaging students in active classroom activities raises the overall 
effectiveness of learning. However, active learning requires the 
use of specific interactional skills. It is, for instance, critical to 
establish and sustain a common focus of attention. The teacher 
needs to effectively manage the attention of the students in order 
to maintain their involvement in the lesson and to emphasize the 
relevant aspects of the subject under investigation.  

The involvement of new interfaces in the interaction 
influences how attention is distributed throughout the lesson. To 
date, there are practically no studies of the effectiveness of using 
VR and AR technologies during lessons in actual school 
environments. The aim of the present research is to study how 
the use of VR/AR mechanics—developed to facilitate the 
learning of concepts from high-school-level physics and 
biology—impacts the dynamics of classroom attention 
management. Specifically, we are interested in discovering how 
these new technologies integrate with more common digital 

teaching aids like interactive whiteboards. We investigate the 
manner in which VR, AR, and interactive whiteboards are 
intermeshed during concrete classroom activities, and how they 
either hinder or facilitate the achievement of learning outcomes. 
Our work focuses on ways to resolve possible tensions between 
different configurations of these technologies. 

II. THEORETICAL BACKGROUND 

Since the 1980s, education research has experienced a 
situational turn—the transition from studying the educational 
process through the assessment of formal curricula to the study 
of the context of educational activity [6]–[8]. In order to assess 
the effectiveness of a curriculum or teaching technique, it is 
necessary to study how teaching is actually carried out in 
specific situations. This necessity is motivated, firstly, by the 
rift between a learning plan and its in situ implementation [9]. 
Secondly, greater attention ought to be paid to the fact that 
learning is a process in which the teacher tries to make 
knowledge publicly visible and traceable both for its 
transmission (for example, in the form of a consistent 
implementation of a lesson plan) and for assessing 
comprehension (for example, in the form of questions). Since 
the public visibility of the transfer of knowledge in the learning 
process is produced for all participants in the educational 
process, it becomes possible to study the real-life details of the 
learning process through videography [10]. 

This research is situated in the tradition of naturalistic 
studies of classroom interaction conducted through the 
framework of conversation analysis (CA) [11]. In contrast to 
other qualitative research methods, CA allows us to analyze the 
actual details of unfolding interaction, and to provide a granular 
account of the way new technologies are employed in concrete 
situations [9]. Within this framework, the term attention 
denotes a socially-situated characteristic of the mutual 
orientation of participants regarding a common activity, rather 
than being the psychological property of any single person. 

One peculiarity of classroom interaction is its multiplicity 
of participation frameworks which dynamically change as the 
classroom activity progresses. Participation frameworks are 
“interactively sustained configurations of multiple participants” 
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[12]. One of the most common participation frameworks in 
educational interaction contexts is the focused interaction [13], 
in which participants coordinate their actions whilst displaying 
an orientation towards a common point of focus [14], [15]. This 
format matches the standard course of a classical classroom 
session, where the attention of the students follows the teacher's 
activity. However, the educational context allows for a plethora 
of other participation frameworks for the facilitation of specific 
institutional goals, such as group work, student presentations, 
and individual project activity. 

The introduction of interactive whiteboards changes the way 
the teacher has to position themselves during the teaching 
process, with substantial implications for lesson management; 
for instance, it allows the teacher to maintain multiple 
participation frameworks. Depending on which participation 
framework is being implemented at the moment, participants 
can focus on what is happening now, and adjust their 
involvement accordingly. We designate these participation 
frameworks as 1) Face formation (FF) - facing the class; typical 
for teacher addresses; 2) Half-face formation (HFF) – the body 
is oriented partially towards the board; typical for addresses 
with parallel demonstrations; 3) Back formation (BF); typical 
for exclusive interactions with the interactive whiteboard. 

III. THE PROTOTYPES 

The presently analyzed interactions feature interactive 
whiteboard-, AR- and VR-based teaching mechanics developed 
by the Modum Lab, which allow for different forms of 
engagement with the learning material (review, study, quiz, 
assembly and others). Both the VR and AR modules are 
interactive. In the AR modules, students are able to rotate and 
highlight specific elements of a digital model, and participate in 
3D tasks (e.g. quizzes) involving the model. The VR lessons 
provide students with the opportunity to interact with digital 
props directly. 

Interactive whiteboard and AR-mechanics were developed 
for studying various objects; one of our specific cases featured 
the structure of plant and animal cells for biology lessons (Fig. 
1). As our research focus, we were particularly interested in 
mechanics in which an interactive whiteboard and AR-capable 
device was used simultaneously - either in duplication mode—
partially controlled by the teacher from an interactive 
whiteboard —or in independent mode, where students worked 
with AR individually. Over the course of the module, the teacher 
could use the interactive whiteboard to launch a particular 
module or change module parameters. Students were provided 
with 10 Android phones with support for the AR Core 
technology. 

Another datapoint featured interactive whiteboard and AR-
mechanics developed for studying the movement of electrons in 
a conductor—as well as VR-mechanics for studying Ohm's law 
and assembling electrical circuits—developed for physics 
lessons (Fig. 2). During our investigation of data from these 
classes, we were interested in how VR is used in the classroom 
context. For this interaction, students were provided with 10 
Pico G2 HMDs and controllers. 

 

Fig. 1. An AR module that allows users to view the organic cell from any 

given perspective by repositioning the smartphone. 

 

Fig. 2. A VR module where a circuit has to be assembled in such a way that a 

particular voltage is measured by the voltmeter. 

IV. METHODOLOGY 

To analyze the in situ implementation of the educational aids 
(VR, AR, and interactive whiteboard), multi-perspective video 
recordings of 12 classes in four Russian secondary schools were 
collected by the Modum Lab team between October and 
November 2020. Written consent was obtained from the parents 
of all students. In addition to traditional, isometrically-placed 
cameras, we chose to employ a centrally-located 360-degree 
camera for gathering additional eye-level insights about the use 
of body and gaze. The approximately 9 hours of footage were 
subsequently analyzed and transcribed using multimodal 
videographic methods [16]. For the purposes of this work, we 
highlight a selection of observations from a subset of the data. 
However, the data is not exhausted by the present analysis. 

The present methodological framework pays particular 
attention to the multimodality of communication: “Within 
perspectives inspired by gesture studies and the study of social 
interaction, such as conversation analysis, the term 
[multimodality] is used to refer to the various resources 
mobilized by participants for organizing their action – such as 
gesture, gaze, facial expressions, body postures, body 
movements, and also prosody, lexis and grammar.” [17] Thus, 
particular attention was paid to the role of gaze-direction, body-
position, spatial orientation, and device-use with respect to the 
temporally-unfolding classroom activity. 
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Fig. 3. Transcript 1. 

The format of transcription is adapted from the Leipzig 
Glossing Rules and Galina Bolden's transliteration conventions 
[18]. According to them, the first line is a transliteration of the 
original Russian talk. The second line is a word-by-word 
translation, while the third line is an English translation that aims 
to preserve some of the Russian semantic structure. These 
conventions were chosen to allow for a focused analysis of the 
specific characteristics and timing of naturally occurring talk. 
Legend: P: Pedagogue. Glosses of actions are indicated by a 
lowercase 'g'. The screenshots from the 360 videos (Fig. 4) 
correspond to the actions or utterances of the participants. 

V. ANALYSIS 

A. The Desynchronization of Gazes and its Consequences 

Any interface is a space for the focusing of attention. When 
there are multiple interfaces present, attention is distributed 
among them. This becomes problematic in focused interactions. 
In our data, this was the common lesson format: the teacher had 
to create and sustain a single joint focus of attention. The 
interactive whiteboard was thus the main focal point of the 
studied lessons: when the teacher was using it, students were 
expected to attend to it. 

Switching teaching mechanics (e.g. launching an AR-based 
module) requires a change in the participation framework: 
students were to focus on their phones, i.e. the joint focus of 
attention on the interactive whiteboard had to become 
individualized. In most cases, however, this did not occur, 
because the interaction format remained focused. In the example 
above (Fig. 3), the teacher was commenting on student activity 
in front of the interactive whiteboard, thereby contributing to a 
tension between the AR and interactive whiteboard interfaces. 

 

 

Fig. 4. Images corresponding to Transcript 1. 

In line 1, the teacher successfully initiates a change of the 
participation framework. However, after 11 seconds, the teacher 
attempts to change to a demonstration format— “you can look 
at the board”—in a BF (line 3), with only minimal uptake by the 
students (line 2). Only 3 out of 11 students with phones looked 
at the interactive whiteboard, and only one student took a new 
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course of action—she began to attend to the interactive 
whiteboard rather than the phone. Students who did not have a 
phone as a possible focal point, as expected, shifted their gaze to 
the general focus of attention—the interactive whiteboard. Yet, 
even among them, attention was distributed between competing 
interfaces, since one was sitting next to a student who had a 
phone (line 4). Accordingly, the teacher's indication of the 
relevant elements of the cell structure “Right here you can also 
see the structure clearly” remained unnoticed, indicating an 
overall failure of the demonstration. 

Such cases of desynchronization are ubiquitous—in fact, 
they were a prevailing feature of all of our classroom 
recordings—and result in the ineffectiveness of the pedagogical 
strategy employed; the teacher's comments remain unnoticed, 
and there is a failure to maintain a common focus of attention in 
the classroom. 

A direct consequence of the observed desynchronization of 
gazes is an increase in the teacher's efforts to manage the class. 
Teachers are forced to either reinforce their attention 
management strategies—such as raising (or strategically 
lowering) their voice—or to accept the inconsequentiality of 
their instructions. 

In the case presented in Transcript 2 (Fig. 5), students were 
working with the AR interface, while the teacher—who 
previously walked the rows of tables—decided to demonstrate 
something on the interactive whiteboard. The teacher's pace of 
speech is increased for the purposes of demonstration; being in 
the HFF position, she notices that her first attempt to attract 
attention— “here, by the way, guys”—causes almost no change 
in the attention of the students. The two subsequent attempts—
punctuated by short pauses—have a similarly negligible impact. 

Fig. 5. Transcript 2. 

In other words, all participants in the interaction must expend 
more effort to manage attention when AR is used along with the 
interactive whiteboard. The need for additional effort is 
communicated to students by one teacher: prior to the start of the 
second lesson of the day, after having already conducted 5 AR-
aided lessons previously, she tells the students: “We need to be 
very attentive now, because we will work both with the screen ... 
and with the smartphones that you have on the desk”. However, 
increased requirements for attention do not guarantee a 
successful maintenance of a common focus. 

An indirect consequence of the gaze desynchronization is an 
increased need for sanctioning the behavior of students, a rise 
in the institutionalism of interaction [19], and a general 
diffusion of attention. 

B. The VR Classroom as a Space of Mutual Visibility 

The classroom is a locus of mutual monitoring. Because the 
participants are within sight and sound of each other, classroom 
interaction occurs within a single social situation [20]. This 
means that all participants have the opportunity to perceive all 
the events that take place in the common space, and are guided 
by the fact that their actions—and the actions of others—are 

mutually available. That said, visibility and audibility are not 
identical for all participants. This makes it possible for students 
to engage in off-topic chatter in the back rows, for example. 
Nevertheless, even in this case, participants orient to the fact that 
they are in a space of mutual monitoring. As an example of a 
'deviant case', students in one of our physics classes can be seen 
'peeking into' their VR helmets, but only when the teacher was 
in a BF. 

AR and VR are characterized by a non-mutuality of 
perspectives—the inability to assume the visual perspective of 
another participant. This is very different from interaction in the 
real world: as a rule, participants can orient themselves in 
relation to the perspectives of each other (for example, the 
teacher in a HFF is focused on the perspectives of students). The 
non-mutuality of perspectives disrupts the mutual visibility that 
is at the foundation of classroom activity. A single social 
situation is thus fractured [21], since it includes individual 
perspectives that are impenetrable to others. 

In the case of VR, the teacher does not have access to the 
individual perspectives of students and, firstly, loses control over 
their progress, and secondly, ceases to be a mediator for 
maintaining mutual visibility (communicating what is going on 
right now?). During one physics lesson, the teacher expressed 
their detachment from the lesson with the phrase: “I, 
unfortunately, do not know what you are doing”. As a result, 
both the teacher and the students are trying to restore mutual 
monitoring by all available means, primarily via talk. The 
teachers try to find means to determine what the students are 
seeing at any given moment— “What do you see there? Tell us 
what you see”—or control the lesson 'blindly' by asking in-VR 
questions throughout: “Is this understandable? / Are you 
comfortable? / Has everyone started the task?”. 

An unexpectedly available means for mutual monitoring in 
VR are the in-helmet speakers. They are loud enough to serve as 
a form of auditory guidance alongside speech. The sounds of 
correct and incorrect answers are especially distinguishable. The 
teachers used the jingle corresponding to the correct answer 
(CAJ) to assess the progress of the students, and used the 'wrong 
answer' tone to produce verbal assessments: “Someone's made a 
mistake, we are redoing the task”. Despite the fact that the sound 
of the HMDs allows the partial tracking of student progress, this 
is far from an ideal resource. For instance, it does not help to 
determine which student arrived at the correct solution. To tackle 
this problem, teachers—upon hearing the CAJ—asked students 
to raise their hands to find out who solved the task. 

The students themselves, having lost their teacher as a 
mediator, also tried to understand what is happening in the 
classroom around them. On the one hand, they were actively 
trying to gather information: after the sound of CAJ was heard 
in the class, there were exclamations like “Wow! / what was 
that? / whose helmet did this come from? / who made it to the 
end?”. On the other hand, they independently produced the 
expected information, both verbally and with the help of 
gestures. For example, they frequently used the phrase “I got it 
right! / hurray!” or made 'victory' gestures. Such indications 
turned out to be relevant mainly for the teacher, since other 
students could not see gestures occurring outside of their HMDs, 
and noise interfered with their ability to locate the sound source. 
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Despite the fact that the tasks within VR were planned as 
individual activities, the students solved them cooperatively: 
they asked for help and helped themselves, and used physical 
gestures to help others locate VR-objects by lifting their helmets 
momentarily. Classroom interaction implies collaborative 
activity; thus, individualized tasks were interactively adjusted to 
this context. 

VI. DISCUSSION 

To harmonize the tension between individual and group 
activity, classroom management and independent learning, 
mutual monitoring and virtual presence, it is necessary to solve 
abovementioned problems: the desynchronization of gazes and 
the breakdown of mutual visibility. 

The reason for the desynchronization of gazes is the 
simultaneous use of interactive whiteboard and AR. VR 
mechanics are even more susceptible to the influence of the 
tension between classroom and telepresence due to the 
individualized and hermetic nature of HMDs. The problem of 
disrupting the mutual visibility associated with the non-
mutuality of individual AR/VR perspectives results in the 
exclusion of the teacher from the lesson, and the inability for all 
participants to track each other's progress. To mitigate this 
problem, it is necessary to provide teachers with the requisite 
tools for classroom management, even during situations of 
AR/VR use. This can be accomplished through the 
implementation of a screen-based dashboard for monitoring 
student progress and controlling the content being displayed. 

Since classroom interaction in VR turned out to be 
cooperative, it would be beneficial to support this interactivity 
on the interface level. One possibility is the addition of gamified 
cooperative elements, where some in-VR tasks have to be solved 
with the help of physically-present students. The asymmetric 
multiplayer VR game Keep Talking and Nobody Explodes is a 
good model for the facilitation of cooperation between VR- and 
non-VR participants. A learning-oriented version could leverage 
the capabilities of virtual reality whilst supporting classroom 
interactivity. 
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Abstract—Virtual worlds and Web XR technologies offer to 

both programmers and domain experts nearly unlimited 

capabilities for creating novel computer-based simulated 

environments just in a web browser. Virtual time is becoming the 

new crucial concept of collaborative, immersive virtual learning 

environments (VLE). This paper explores the Croquet software 

architecture, which is known for its radical synchronization 

system with the notion of virtual time. It is ideal for developing 

collaborative serverless apps, but a tiny stateless server named 

reflector, on which Croquet heavily relies on still prevents doing 

that today. This paper presents the research, that transforms 

reflector into a peer-to-peer application Luminary, by 

implementing decentralized virtual time. The case study describes 

the prototype of a collaborative Rubik's Cube simulator, backed 

by three robots for kids. Finally showing how learners can easily 

experiment with augmenting physical reality, by creating fully 

synchronized, collaborative robots, operating in a P2P network. 

Index Terms—virtual reality, augmented reality, web, 

decentralized architecture, virtual learning environment 

I. INTRODUCTION 

Web XR is the new standard in virtual / augment / mixed 

reality for the web browser. A wide variety of head-mounted 

displays, motion controllers, mobile and standalone headsets 

are bringing that technology to the masses. Also, modern virtual 

learning environments (VLE) contain a variety of physical 

devices and robots, that are working quite well in a single user 

mode but are very difficult in scaling into multi-user mode for 

working synchronously over the network. This study is an 

attempt to address this issue, by using Croquet software 

architecture and implementing the decentralized virtual time on 

top of it. Applying virtual worlds concept in VLE application 

development for Web XR in general. Virtual worlds as the new 

computational paradigm blur the borders between application 

and hosted environment, runtime, and development mode. And 

Croquet with decentralized virtual time will allow teachers and 

learners to run a VLE in a single / multi-user mode with or 

without access to the Internet. To build a prototype of a such 

pure-decentralized P2P collaborative, live programming 

environment for Web XR we are using Krestianstvo SDK 

https://www.livecoding.space. It has a tight integration of A-

Frame - entity-component framework, Virtual World 

Framework (VWF) - an open-source version of Croquet 

software architecture, distributed data structure (DDS) storage 

system, and Ohm - meta language for creating domain-specific 

scripting languages. SDK provides an all-in-one solution for 

developing educational applications in modern web standards 

for virtual reality in a self-exploratory environment [1]. In our 

VLE application, every connected peer observes its own copy 

of a replicated virtual objects, as shown in Fig.1. Every peer 

replicates all modifications, that are initiated by other 

participants, thus generating very low traffic over the network. 

All users are represented with avatars and are visible to each 

other. VLE allows participants to define their own scripting 

languages at runtime mode. Learners can attach these scripts to 

the virtual world’s objects inside a web browser, even without 

reloading a web page [2]. Learners share exactly their online 

activities and computations within a united simulation space. 

They can interact with the virtual world’s content by using real 

physical objects as controllers. The virtual world takes 

everything on a distributed computation [3]. Teachers do not 

need to think about an underlying software program 

architecture while preparing their content inside VLE in a web 

browser. Learners can participate in education experiment with 

any device they carry on, from mobile phone to standalone 

HMD or CAVE system. 

 

 

Fig. 1. Screenshot from the virtual world with Rubik's Cubes simulators in 

LiveCoding.space. 

VLE with decentralized virtual time will allow learners to start 

their work at home or a classroom and then continue it wherever 

they are, even without access to the network.  
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II. VIRTUAL TIME 

Introduction the notion of virtual time into the VLE allows 

multiple peers to run computations together within a single 

shared distributed environment with ease. It guarantees, that all 

computations in the distributed environment will be identical 

for every peer. It is ideal for developing collaborative serverless 

apps. Croquet is the software architecture and synchronization 

system, that provides the implementation of virtual time [4]. But 

a tiny stateless server named reflector, on which Croquet 

heavily relays on is still required. In this section of the paper, 

we will look at the fundamentals of virtual time, and then we 

will show, how it could be transformed for use in pure 

decentralized peer-to-peer VLE, even without any reflector 

server at all.  

Croquet introduced its own architecture, that allows anyone 

to create massively scaled collaborative applications. This 

architecture radically differs from well-known p2p and client-

server architectures, but unfortunately, it still has a tiny server - 

reflector. A reflector is used for timestamping and heartbeat. All 

available versions of Croquet from Smalltalk to JavaScript, 

including the latest one Croquet V (https://croquet.io), are using 

such reflector servers [5]. For those who are not familiar with 

Croquet architecture, this section describes the key principles 

behind it.  
 Virtual time is about looking at objects as a stream of 
messages, that leads to deterministic computations on every 
connected node in a decentralized network. All computations are 
done on every node by themselves while interpreting an internal 
queue of messages, which are not replicated to the network. But 
these queues are synchronized by external heartbeat messages 
coming from the reflector - a tiny server. Also, any node’s self-
generated messages, which should be distributed to other nodes 
are marked as external. They are explicitly routed to the 
reflector, where they are stamped with the reflector’s time now 
and are returned to the node itself and all other nodes on the 
network. Moreover, the reflector is not only used for sending 
heartbeat messages, stamping/reflecting external messages but is 
also used for holding a list of connected clients. It stores 
application snapshots, a list of running virtual world instances, 
and bootstraps new client connections. In Croquet architecture 
for decentralized networks a reflector, while being very tiny or 
even being a microservice, remains a server. Let’s look at how it 
is implemented in Virtual World Framework (VWF) - an Open 
Source version of Croquet for web browser [6]. A reflector 
server gets “time now” from a machine, that hosts it. “Time 
now” contains a server’s local time data (1) 

    new Date( ).getTime( )   (1) 

This “Time now” is used for making a timestamp for a selected 
virtual world instance. Reflector stamps all messages, that are 
passed through it and sends them back to the clients by using 
web sockets. On the client-side VWF implements a method for 
dispatching the received messages. Clients use web sockets to 
send external messages back to the reflector for timestamping. If 
a reflector server crashes and become unavailable, the clients 
lose connection. 

III. DECENTRALIZED VIRTUAL TIME 

In a pure decentralized peer-to-peer Learning Environment, 
every peer should be able to function as a reflector. That 
guarantees great scalability and the availability of a 
Collaborative Learning Environment to every peer, without any 
dependence on any external server. Our implementation, let's 
call it Luminary, could identically replace the reflector server in 
Croquet architecture by introducing the notion of decentralized 
virtual time.  

 Luminary is replacing reflector server in the flavor of using 
offline-first distributed data structure (e.g. Gun DB - purely 
distributed storage system). That replacement allows, instead of 
“reflecting” messages with centralized Croquet’s “time now”, 
depending on Server’s Machine time, to “shine time" on every 
connected node using DDS Hypothetical Amnesia Machine 
(HAM), running on decentralized peer-to-peer Web. In 
Luminary, clients are never forced to use web sockets directly 
from the application itself for sending or receiving messages. 
Instead, DDS responds to that functionality internally. All 
operations, which previously relay on a web socket connection, 
are replaced with subscriptions on nodes and properties updates 
happening in DDS, according to functional reactive 
programming. So, world instances and clients are becoming just 
DDS nodes, that are available to all connected peers. Finally, 
Croquet’s reflector application logic is moved from the server to 
the peers. Now, every client at any moment can get actual 
information about the virtual world’s instance, it is connected to, 
number of clients on that instance, etc. It is done just by 
subscribing to a corresponding node on DDS. So, instead of 
using the server machine’s time (1), Luminary uses the state 
from DDS HAM (2) 

 DDS.state.is ( node, property )  (2) 

For calculation of the machine state, DDS HAM combines 
timestamps, vector clocks, and a conflict resolution algorithm 
[7]. So, every written property on a DDS node is stamped with 
HAM. This state is identical for all peers. That means, that a peer 
could get a state just from any other peer in the network. Taking 
into consideration, that DDS guarantees that, every change on 
every node or property will be delivered in the right order to all 
peers. The client, which starts firstly or creates a new virtual 
world instance can create a heartbeat node for that instance and 
run a metronome. A metronome could be run on any DDS 
instance, somewhere on a network for anytime availability. For 
example, some clients can write to the property “tick” the new 
content every 50 ms, thus changing it. DDS will move forward 
the state for this “tick” property, stamping it with the new unique 
value, from which the Croquet time will be calculated later. The 
initial or start time is the state value of the HAM at the “start 
time” property of a heartbeat node. Please notice, that the actual 
Croquet timestamp is not calculated in the Client’s reflector 
application, as it was in the reflector server. The timestamp, that 
is used for the Croquet internal queue of messages, will be 
calculated only on a reading of the “tick” property by every 
VWF client in its main application. 

 In summary, the core idea behind Luminary is using the 
DDS’s HAM state in a calculation of the Croquet time. Time for 
updating tick is getting from the HAM state on a “tick” property. 
Timestamps are identical for all connected peers, which is 
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guaranteed by DDS. Then the actual Croquet time is calculated. 
All calculations are done by every peer by themselves, with no 
server involved. So, all peers will calculate the same Croquet 
time on getting updates from DDS, regardless of the machine’s 
time, when they get this update. Sending external messages will 
be as simple, as just writing the message by any peer to a world 
instance heartbeat with a new message’s content (3) 

 instance.get('heartbeat').get('tick').put(newMsg) (3) 

Being subscribed to the “heartbeat” node, all connected peers 
and a peer itself will get that message, stamped with an identical 
Croquet virtual time. 

To summarize, Table 1 shows how Luminary’s virtual time 
implementation differs from Croquet’s reflector.  

TABLE I.  СOMPARISON TABLE 

Feature 
Virtual Time Implementation 

Croquet reflector Luminary 

Architecture client-server peer-to-peer 

Timestamp on server on peer 

Time now server machine’s time DDS HAM state 

source code Date().getTime() DDS.state.is (n, p) 

Heartbeat  by server by peer 

Reflector logic on server on peer 

Hosting dedicated server peer’s web browsers 

Snapshots stored by server on peer 

 

1) Reflector server is no longer required for running virtual 

worlds (any existed DDS instance on a network fits and could 

know nothing about Croquet and clients) 

2) Clients, world instances, connecting logic are held by a 

decentralized DDS 

3) Timestamping of the messages are doing by peers 

themselves, by using DDS HAM 

4) One dedicated peer is selected to produce a metronome 

empty message for moving the Virtual Time forward 

(metronome could be anywhere and movable from peer to peer) 

IV. CASE STUDY 

Implementation of the decentralized virtual time in a 

Collaborative VLE allows us easily to experiment with 

augmenting physical reality. Here is the description of a 

collaborative robot’s experiment, where we are showing, how 

to build a collaborative Rubik's Cube simulator just from robots 

for kids Fig. 2.  

A. Collaborative Rubik's Cube Simulator 

Simulator transforms the original Rubik’s Cube demo for 
web browser, that powers the Rubik’s Cube Google Doodle and 
the Chrome Cube Lab, onto collaborative one. Multiple users 
can explore Rubik's Cubes collaboratively and send commands 
simultaneously. Learners can create a zoo of Rubik's Cubes in 
virtual worlds. Collaborative Rubik's Cube is augmented with a 

virtual robot, that is backed by three physical devices. In our 
experiment, we have used three Lego BOOST bricks, that are 
accessible for learners just at home.  

 

Fig. 2. Virtual Rubik's Cube backed by three Lego BOOST bricks. 

Virtual Rubik’s Cube dispatches user commands for rotating 
faces. It executes them sequentially on appropriate devices 
remotely. Even users, that don't have a connected Lego BOOST 
brick, can execute commands remotely on other user's devices, 
in the same virtual world, collaboratively and synchronized with 
a decentralized Virtual time. 

B. Virtual Time and Functional Reactive Streams 

All operations in the Virtual Rubik’s Cube simulator are 
implemented on the Model side of a Croquet VWF application. 
Model is aware of Virtual Time. By default, any call to Model's 
method is going through VWF Model/View driver’s chain for 
updating an application node tree, executing JS code as soon as 
possible using proxy traps: “callingMethod” and 
“calledMethod” on every connected peer. That works quite well 
for synchronous sequential code execution. That works also for 
executing non-sequential asynchronous code. But, that does not 
suit to work with code, which represents the eventual 
completion, especially sequences of promises inside one shared 
virtual world. We have a real physical Rubik’s Cube robot, 
consisting of three independent robot devices, Lego BOOST 
bricks in our example, where every device has three motors, 
LEDs, and sensors. And we want to synchronize their 
collaborative work, by sending sequential messages from the 
collaborative code editor, being inside a virtual world, like (4) 

   robot1.motorA(90); robot2.motorB(-90); (4) 

We want, that any next operation waits for a previous 
operation to complete. Functional Reactive Streams (FRP) come 
as a solution to Croquet VWF and open an unlimited 
functionality for interconnecting the physical world of devices 
with a virtual world in a uniquely collaborative way, which was 
not available before. 

Let’s look now at implementation details of a View driver 
for collaborative synchronous/asynchronous controlling and 
coding of an external robot device within the virtual world by 
multiply users simultaneously Fig.3. The implementation of the 
View driver for Lego BOOST brick is heavily based on using 
FRP. In a web browser, the communication with Lego BOOST 
brick within the virtual world is done over Web Bluetooth. 

378



 

Fig. 3. Two peers in one virtual world with multi Rubik's Cubes simulators. 

There is no need for any third-party software nor OS driver 
to start using Lego BOOST brick inside a virtual world. We just 
need a computer/smart phone with Bluetooth, a web browser, 
and Lego BOOST brick. When Lego BOOST brick is connected, 
the initialization of reactive functional stream of promises 
happens on a View driver side Fig. 4.  

 

Fig. 4. Initialization of reactive functional stream of promises. 

Every method call from the Croquet VWF Model, that is 
considered to be a Promise, like robotA.setMotorAngle(90), 
will go through View driver, where it will be added to the stream 
of promises Fig. 5. 

 

 

Fig. 5. Example of adding Lego BOOST Led action in View driver. 

Only when Promise from the functional reactive stream will 
be fulfilled, the side effect will be performed, by calling a 
method on a model side of a virtual Rubik’s Cube on every 
connected peer. Finally, in a virtual world’s code editor any 
learner could execute a sequence of an async code and expect 

the right order of operations on all connected physical devices, 
synchronized with decentralized virtual time. 

V. CONCLUSION AND FUTURE WORK  

Implementation of the decentralized virtual time in P2P 
Collaborative VLE for Web XR brings new possibilities for the 
Immersive learning application domain. The case study shows, 
how Luminary identically replaces Croquet reflector server in 
the flavour of using offline-first pure distributed data structure 
storage system, that combines timestamps, vector clocks, and a 
conflict resolution algorithm. Deploying itself on peer’s web 
browsers connected through DDS daisy-chain ad-hoc mesh-
network for swapping in different transport layers: web sockets, 
Web RTC, etc. even on the blockchain. Future work is connected 
with using end-to-end security, encryption & authorization 
library, which allows creating a highly secure instance’s 
heartbeats, store and retrieve the history of messages for 
recording and replaying later, using peer-to-peer identifies. 
Having decentralized virtual time in VLE allows easily to 
experiment with augmenting physical reality, by creating fully 
synchronized, collaborative robots, operating in a decentralized 
p2p network. Collaborative Rubik's Cube case study backed by 
three Lego BOOST bricks is an example of that. Running online 
at https://livecoding.space the simulator has shown high 
scalability. Learners could run a simulator in a single / multi-user 
mode, over the Internet or local area network, extend with 
additional robots. Learners can operate in a virtual world on any 
device with Web XR support, collaboratively live coding of the 
behaviour of a virtual Rubik's Cube just in a web browser [8]. 

ACKNOWLEDGMENT 

I would like to express thanks for the valuable insights that 
Victor Suslov, Sergey Serkov, and all others, who have helped 
in the realization of the prototype, described in this paper. 

REFERENCES 

[1] N. Suslov, “LiveCoding.space: towards p2p collaborative live 
programming environment for Web XR,” in Proc. 4th Int. Conf. on Live 
Coding (ICLC), 2019, pp. 353, doi: 10.5281/zenodo.3946356.  

[2] N. Suslov, and T. Soshenina, “From live coding to virtual being,” in Proc. 
1st Int. Conf. on Live Coding (ICLC), 2015, pp. 190–195, doi: 
10.5281/zenodo.19353 

[3] N. Suslov, “Krestianstvo SDK towards end-user mobile 3D virtual 
learning environment,” in Proc. 5th Conf. on Creating, Connecting and 
Collaborating through Computing (C5), 2012, pp. 9–14, doi: 
10.1109/C5.2012.8 

[4] D. A. Smith, A. Kay, A. Raab and D. P. Reed, “Croquet - a collaboration 
system architecture,” in Proc. 1st Conf. on Creating, Connecting and 
Collaborating through Computing (C5), 2003, pp. 2–9, 
10.1109/C5.2003.1222325 

[5] D. A. Smith. Croquet V SDK documentation. (2021) [Online] Available: 
https://croquet.io/sdk/docs/  [Accessed 16 April 2021] 

[6] Virtual World Framework. (2012). [Online] Available: https://virtual-
world-framework.github.io [Accessed 16 April 2021] 

[7] M. Nadal. Gun DB documentation. (2021). [Online] Available: 
https://gun.eco/docs [Accessed 16 April 2021] 

[8] N. Suslov, “Virtual World Framework & OMeta: collaborative 
programming of distributed objects with user defined languages,” 
presented at the 1st Future Programming Workshop at SPLASH, Portland, 
Oregon, USA, Oct. 20 - 24, 2014 

 

 

379



Beyond the Horizon: Integrating Immersive
Learning Environments in the Everyday Classroom

Andreas Dengel
Julius-Maximilians-Universität

Würzburg, Germany
andreas.dengel@uni-wuerzburg.de

Josef Buchner
University of Duisburg-Essen

Essen, Germany
josef.buchner@uni-due.de

Miriam Mulders
University of Duisburg-Essen

Essen, Germany
miriam.mulders@uni-due.de

Johanna Pirker
Technical University of Graz

Graz, Austria
johanna.pirker@tugraz.at

Abstract—As Immersive Learning research gains traction,
questions arise about how educational Virtual and Augmented
Realities can be transferred from laboratory settings and pilot
projects into everyday teaching. This paper analyzes existing
pedagogical frameworks to identify influencing factors and
challenges relevant to teaching and learning with immersive
learning environments. We distinguish Immersive Learning as
individual learning processes supported by immersive technol-
ogy and Immersive Teaching as the process of teaching with
immersive technology. We subsume learner-specific influences
(micro-level), teacher- and classroom-specific influences (meso-
level) and institutional and governmental factors (macro-level)
for Immersive Teaching and Learning. We conclude that, while
investigating isolated variables is important for basic research,
efforts integrating Virtual and Augmented Reality in everyday
classrooms raise new challenges and questions for future research
on the complex relationship between various factors.

Index Terms—immersive learning, virtual reality, educational
framework, augmented reality, immersive teaching

I. INTRODUCTION

The Immersive Learning Research Network’s ”State of XR
Report” indicates that factors such as access, affordability,
inadequate XR teacher training programs, and interoperability
as well as the lack of content, infrastructure and technical
support are great barriers for encorporating Immersive Learn-
ing in institutions and organizations [1]. Such problems rarely
occur in controlled experiments, but as classroom integration
can be considered as the goal of a variety of Immersive
Learning research efforts, it is essential to gather these hur-
dles on the way from lab settings to classroom dynamics
using an evidence-based approach. This paper addresses these
challenges by taking a holistic view on existing pedagogical
frameworks envisaging the use of immersive experiences in
everyday teaching and learning through gathering and subsum-
ing factors influencing and invigorating classroom interactions
with educational technology.

In this paper, we present three main contributions. First,
we review pedagogical frameworks regarding learning and
teaching with immersive environments. Second, based on these
frameworks, we identify important influences and challenges
for teaching and learning. Third, we deduce factors influencing
learning and teaching on macro-, meso-, micro-levels.

II. METHOD

To identify and analyze pedagogical frameworks and models
relevant to immersive education we conducted a literature
search based on the PRISMA guidelines [2]. We used Google
Scholar for the search and defined the following inclusion
criteria: (1) publication in a peer-reviewed article or confer-
ence, (2) in English, and (3) development of an educational
model or framework. Our understanding of an educational
modelincorporates both, the structural paradigm (characteris-
tics of teaching and learning that predict learning outcomes)
and the process paradigm (theoretical modelling of the internal
learning process and the overall teaching process) [3].

A literature search using the term: (”Educational Frame-
work” OR ”Educational Model”) AND ”Immersive Learning”
AND (”Virtual Reality” OR ”Augmented Reality” OR ”Mixed
Reality”) resulted in 181 articles. After screening the abstracts,
we identified 18 relevant articles. After reading the full-texts,
seven articles were appropriate based on the inclusion criteria
. Of the seven articles, six were accessible. The seventh article
was added after communication with the authors. To follow the
origin of those selected frameworks, three additional pedagog-
ical frameworks related to immersive media were identified
using a literature backtracking (snowballing) approach for
the seven documents acquired through the Google Scholar
search. One newer model (the Cognitive Affective Model
of Immersive Learning) was added manually as it suits the
inclusion criteria even though it was not covered using the
search terms. The final corpus consists of eleven papers.

III. FRAMEWORKS FOR IMMERSIVE LEARNING

A. Model of Learning in 3-D VLEs

Dalgarno and Lee provide an elaborated model of learning
in 3-D Virtual Learning Environments (VLE) [4]. They use
the factors representational fidelity, immediacy of control, and
presence to describe the effect of immersion on learning:
The sense of presence (’being there’), co-presence (’being
there together’), and the construction of identity (linking the
visual representation of the user to him-/herself) are a result
of the medium’s characteristics representational fidelity and
learner interaction [4]. Dalgarno and Lee assume that ”the
greater fidelity of a 3-D VLE leads to a greater sense of
presence, and consequently, greater transfer” [4]. The presence
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factors support learning through the afforded learning tasks in
five ways (learning benefits): spatial knowledge representation
representation, experiential learning, engagement, contextual
learning, and collaborative learning [4].

By separating the medium from experience, Dalgarno and
Lee point out an important issue that arises in teaching
situations: While the educational medium is a factor that can
be provided and manipulated by the teacher, its effect is highly
learner-specific and dependson the perception of the student.

B. Enhanced model of Learning in 3-D VLEs

Fowler criticizes Dalgarno and Lee’s approach as it might
suggest that higher levels of representational fidelity and/or
interaction will inevitably lead to better learning [5]. Fowler
suggests three fundamental stages: conceptualization (expla-
nation or description of the context), construction (interaction
with the concept), and dialogue (interactions or discussions
within a social context). Fowler connects these fundamental
stages with the technological, psychological, and pedagogical
affordances of VLEs by introducing the terms empathy (ability
to identify and empathize with the concepts), reification (being
able to make the concept more concrete), and identification
(being able to engage in thoughtful and structured arguments
and discussions about the concepts) [5].

When analyzing the framework, the following conclusions
can be drawn: First, teachers have to integrate the VLE in a
more extensive teaching sequence in order to provide opportu-
nities for conceptualization (prior to the learning experience)
and for dialogue (after the learning experience). Second, the
provided time for using the VLE is crucial as it gives the
learners time for constructing their knowledge by exploring
and interacting with the concepts.

C. Model for Teaching in Immersive Virtual Worlds

Quintana and Fernández proposed a pedagogic model to
create spaces where students simulate their teaching prac-
tices, focusing on building scenarios that allow the future
teachers to make decisions and build meaningful learning
experiences in VR [6]. By incorporating innovative methods
in the teaching–learning process, students can be supported in
integrating immersive technologies as teaching resources. The
model is structured in three categories, that future teachers
should consider when learning and teaching with immersive
technologies: scenario, tools, and interaction. The scenario is
be defined by (1) learning objectives, which depend on class
type and setting, (2) area within VR, (3) students and their
characteristics, (4) time to fulfill learning objectives (5) task
type.The second categoryare mentioned as sources or instru-
ments that are needed when implementing VR in the classroom
(e.g., tutorials, hardware). The third categoryincludes exchange
of information with other agents (e.g., teachers).

D. Educational Framework for Immersive Learning (EFiL)

Immersive Learning is defined by Dengel and Mägdefrau
[7] as a learning activity that triggers a sense of presence
in learners through a media-enriched environment. Presence

is identified in their model, the Educational Framework for
Immersive Learning (EFiL), as the an important factor for
successful learning with VR. The EFiL distinguishes between
motivational, cognitive and emotional factors, which are gen-
erally considered in educational research to affect learning.
These factors influence learning activities in general, but also
the perception of presence [7]. The general assumption of the
EFiL separates a ”supply” side, where the teacher provides
an educational medium with certain immersive characteristics,
and an active ”use” side, where the learner interacts with this
medium in order to achieve learning progress. In a recent
study, presence, prior knowledge, and school performance
were found to be predictive for learning outcomes [8].

Dengel and Mägdefrau also mention the influences of the
family, teachers, and other contextual factors, e.g., cultural
circumstances. Among other things, teachers need to be mind-
ful how to incorporate VR learning into a larger learning
sequence. Furthermore, they have to consider students prior
knowledge as a factor that has been found to have a high
impact on learning achievement in VR [7].

E. Game-Based Learning in Immersive Environments

The Immersion framework from Spiliotopoulos et al. [9] is
designed to use the positive characteristics of digital games
to create dynamic, experience-driven learning platforms. The
framework focuses on the creation of dynamic, and interactive
virtual tasks, changing the role of the learner from being a pas-
sive observer to becoming an active participant. Instructional
content blends together with game characteristics, leading to
a game cycle of judgement, behavior, and feedback (which
leads to judgement again). This cycle of decision, action and
results leads to learning outcomes [9].

The Immersion framework gives valuable insights into
learning: By using a game-based instructional design, teacher-
can advance the students’ learning process at school and
induce intrinsic motivation. Though, the learning contents need
to be integrated in the provided game experience and assessed
to quantify the learning outcomes.

F. Key Issues within Immersive VR

Southgate and colleagues [10] provide recommendations for
the use of VR: First, ethical and safety aspects concern both
the behavior of teachers and that of learners when using VR.
On the instructor’s side, it is important to note that cultural
specifics must be acknowledged, such as when getting touched
by others is not permissible for some students. Southgate et
al. recommend preparing a visualization guiding teachers and
students how to support the person during the VR experience
[10]. Second, organizational difficulties have an influence in
that learning in and with VR requires time and especially
space. The time issue is related to the overcrowded curriculum.
The problem of space can be solved by setting up dedicated
zones for VR systems. In this context, Southgate et al. also
refer to socioeconomic differences among schools. These are
also evident in the technological equipment. Third, Southgate
et al. see educational challenges in the sense of immersion as
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well as focusing attention on the learning tasks and activities.
They observed that learners usually needed a long time to ”ar-
rive” in VR before starting to perform the learning activities.
In contrast, positive emotions toward the learning experience
may encouragelearning success. To overcome this issue, a
carefully designed balance between attention on learning goals
and providing fun through immersive technologies is needed.

G. Dimensions for Serious Games in Formal Education

In a four-dimensional framework, Popescu et al. [11] syn-
thesize the factors mode of representation, context, pedagogic
considerations, and learner-specification. The mode of repre-
sentation comprises the levels of fidelity and interactivity as
well as the level of overall immersion. The context variables
include the context of the learning situation (e.g., classroom)
as well as the access to equipment and technical support.
Pedagogic considerations consist of learning models and peda-
gogical approaches in the classroom. The learner-specification
is defined by the learner profile, his/her pathways and learning
backgrounds, and the group profile of the learning group [11].
The dimensions of the framework encompass aspects that are
essential for game design, evaluation and for the effective
adoption in educational processes. The specification of the
teaching and learning processes involves an investigation of
the characteristics of the learner population in order to meet
their requirements and optimize outcomes [11].

H. Meaningful iVR Learning Framework (M-iVR-L)

On the basis of Mayer’s Cognitive Theory of Multimedia
Learning [12], Mulders, Buchner, and Kerres [13] propose the
meaningful iVR learning (M-iVR-L) framework. They suggest
that instructional designers and computer scientists should
work closely together to develop immersive Virtual Reality
(iVR) learning environments based on educational decisions.
Three instructional design goals are mentioned: reduction of
extraneous processing, scaffolding, and generative processing.

Based on these goals, the following evidence-based rec-
ommendations for designing iVR learning environments are
postulated: 1) reducing extraneous processing (a low level of
immersion should be preferred over a high level) 2) providing
learning-relevant interactions 3) breaking down complex tasks
into smaller segments to avoid overwhelming learners 4)
providing guidance, e.g., by highlighting essential objects5)
building on learners’ previous experiences with iVR and the
current level of knowledge 6) providing constructive learning
activities and possibilities to apply the obtained knowledge on
problem-based tasks inside and outside of iVR, in order to
support meaningful learning.

I. Cognitive Affective Model of Immersive Learning (CAMIL)

Makransky and Petersen build their Cognitive Affective
Model of Immersive Learning (CAMIL) on well-established
learning theories and combine them with the technological and
psychological factors of VR [14]. The technological factors
following the nature of VR systems: immersion, control factors
and representational fidelity. These technological factors are

determinants of the psychological factors, which they call iVR
affordances: presence and agency. These affordances influence
six learning relevant factors: (1) interest, which arises from
contextual conditions, such as technology-mediated environ-
ments, (2) intrinsic motivation, making learners feel com-
fortable with the learning situation, and working on learning
tasks is seen as personally valuable, (3) self-efficacy , as VR
applications allow learners to perform tasks that are perceived
as real, (4) embodiment, i.e., presence as the feeling of being
bodily in a virtual environment and agency as giving a learner
the feeling of controlling the body are both positively related to
embodied cognition, (5) cognitive load, i.e., unnecessary infor-
mation presented with a certain learning task may overload the
capacity of human working memory, and (6) self-regulation,
as the only factor in the model that might be influenced by
presence and agency both positively and negatively. CAMIL
offers relevant design criteria for VR application developers
and instructional designers [14].

J. S.P.E.C.I.A.L. framework to support learning in immersive
environments

The acronym S.P.E.C.I.A.L. stands for the following five
concepts that according to [15] are frequently discussed learn-
ing strategies, theories and instructional design features in
research on immersive learning: Situated Learning, Play, Em-
bodied Interactive Learning, Connectivism and Social Learn-
ing, and Immersive Assessments for Learning. For each con-
cept, Emihovich and colleagues offer design-, implementation-
, and evaluation-considerations for research scientists and
practioners to promote learning processes in a meaningful
way. For example, to support embodied interactive learning,
the authors suggest, among other things, to create embodied
interactions that are meaningful and congruent to the learning
content.They recommend to avoid such embodied interactions
that lead to additional cognitive load.

The conceptual framework synthesizes educational theories,
strategies of cognitive development, and innovative assess-
ments that are relevant to immersive learning.

K. The four-dimensional framework for designing immersive
learning

The framework presented by de Freitas et al. [16] is based
on research on game-based learning and user studies with
tutors and learners. As a result, the development and evaluation
of immersive learning experiences should be done from a
multidimensional perspective, including learner specifics, ped-
agogy, representation and context. Learner specifics address
the necessary match of the learner characteristics, the provided
learning activities and the educational goals. With Pedagogy,
[16] refer to the learning theory models, such as whether task-
oriented or situated immersive learning opportunities are cre-
ated. In the representation dimension, the levels of fidelity (i.e.
enabled interactions) and their interplay with immersion and
learning is indicated. Finally, the context dimension is outlined
as an important factor that affects immersive learning, e.g.
differences between formal and informal educational contexts.
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TABLE I
INFLUENCES AND CHALLENGES OF IMMERSIVE TEACHING AND LEARNING

Teaching Learning
Influences

• curricula [6], [10]
• technological equipment [6], [10], [11]
• ethical and safety aspects [10]
• temporal and spatial conditions [6], [10]
• interplay between defined learning objectives, learning activ-

ities, and learner characteristics [7], [16]

• physical, social, and self-presence [4], [5], [7], [14]
• representational fidelity and interactivity [4], [6], [11], [14]
• cognitive load and processing [7], [13]–[15]
• motivation and interest [7], [9], [11], [14], [16]
• emotional states [7], [10], [14]
• individual contextual circumstances [5]–[7], [10], [11], [14],

[16]
• ethical and safety aspects [10]

Challenges
• unequal learning opportunities due to differing perceptions

of immersive experiences [4], [5], [7]
• prevalence and use of learning strategies inside/outside of

VLEs [13]
• meaningful learning requires the integration in the overall

teaching sequence [5], [7], [9], [13]
• assessment methods [15]

• user acceptance of game-based approaches is needed before
learning can happen [9]

• extraneous processing through overwhelming multi-sensory
presentation [13], [14]

• varying previous knowledge regarding the learning objectives
and use of the medium [7], [13]

• novelty-effect [10]

IV. INFLUENCES AND CHALLENGES OF IMMERSIVE
TEACHING AND LEARNING

When gathering influences and challenges for immersive
experiences in the classroom, separating the teaching and the
learning side can be helpful to classify and address these issues
(see Table I). Immersive teaching would focus on influences
and challenges of teaching with immersive media from a
teacher’s perspective. Immersive Learning is understood as the
individual’s learning process, initiated by immersive media.

From a teaching perspective (including the instructional
supply), the curriculum, the characteristics of the technological
equipment as well as temporal and spatial conditions at school
(e.g., small classrooms, time-bound to curriculum) influence
learning activities in the classroom. Also, ethical and safety
aspects, e.g., national privacy policies, as well as a a variety
of person-specific factors (e.g., sense of presence, cognitive
load, motivation, contextual circumstances, individual ethical
and safety concerns) have to be considered.

With these influences, various challenges arise: From a
teaching perspective, Unequal learning opportunities derive
from differences in the perception of immersive experiences
(e.g., in terms of presence and engagement). Also, learning
strategies have to be incorporated inside and outside the
virtual environments. Extensive teaching sequences with ses-
sions prior and after the immersive experience together with
innovative forms of assessments are necessary to create a
holistic view on learning.

V. LEVELS FOR TEACHING AND LEARNING WITH
IMMERSIVE MEDIA

Teachers cannot model these factors all together, as they
are tied to cultural realities and educational policies. Some
learner-specific conditions are also beyond the teacher’s scope
of action. We gathered and synthesized the factors of Table
1 into a structural overview comprising a macro-, meso-, and
micro-level (Fig. 1). It is important to note that the levels are
not isolated, but influence each other.

The macro level concerns the organization of education,
its institutions and the rules and laws they have to follow.
Curricula not only specify contents of teaching, but also
directly influence teacher’s learning methods and strategies.
Decision-makers have an essential role to provide the neces-
sary technical resources for the seamless use of immersive
technologies in the classroom. Also, teachers need to be
trained on how to use the technologies.

The meso level concerns the practices of teachers enacted in
educational institutions and classroom sociodynamics. These
also depend on their qualifications, especially when it comes
to the use of educational technologies, including technolog-
ical, pedagogical, and content knowledge, as well as their
combinations [17]. Space and time both matter when using
immersive technologies in everyday teaching. Teachers should
allow enough time and space in the classroom.

The micro-level relates to learner-specific factors such as
perceptual and cognitive processes, prior knowledge (regard-
ing learning objectives and technology-use alike), emotional
states, motivation, and interests. Moreover, the issue of motion
sickness has to be taken into account.

VI. LIMITATIONS

This paper is a theoretical work subsuming approaches for
explaining teaching and learning with immersive media. As
it is based on theoretical assumptions rather than empirical
studies, the this overview is a heuristic perspective and remains
yet to be evaluated. The used search terms were very restrictive
and Google Scholar was used for the literature search, lead-
ing to only few educational frameworks/models to analyze.
Conducting extensive literature reviews with broader search
terms and a systematic method of analyzing the documents is
yet an endeavor for future research. Morgado and Beck note
that a common scientific language can only be created through
systematic approaches [18]. This issue has become clear again
in this review: A common language regarding the educational
perspectives on Immersive Learning is still lacking.
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Fig. 1. A Structural Overview of Factors Influencing Teaching and Learning with Immersive Media.

VII. CONCLUSIONS

This paper had three research aims: To give an overview
of current pedagogical perspectives on Immersive Learning
by analyzing existing frameworks, to gather influences and
challenges regarding the classroom integration of immersive
media deriving from these frameworks, and to allocate these
factors within macro-, meso-, and micro-levels of teaching and
learning. We derived factors on three structural levels: learner-
specific factors (micro-level), teacher- and classroom-specific
factors (meso-level) as well as institutional and governmental
factors (macro-level). The factors identified are preliminary
results, informed by existing theoretical approaches. Further
research and systematic analyses of more published peda-
gogical frameworks for Immersive Learning and Immersive
Teaching are needed to gather more evidence for a desirable,
but yet futuristic goal: the integration of immersive educational
experiences in the everyday classroom.
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Abstract—Open days are organised by Universities to give 

potential students the opportunity to visit the University premises, 

talk to staff and student ambassadors and develop a sense of how 

it feels to study at a University a concept difficult to convey via 

prospectus. Visiting open days requires the investment of personal 

time, travel, and expense especially if from abroad. In recent years 

there has been an increasing demand for open days to be delivered 

online. Social distancing measures imposed by the COVID-19 

pandemic enforced this mode of delivery of open days as the only 

viable option. Many Universities created VR campuses to help 

students experience their campuses but lack an empathetic 

response in the way they fail to capture the actual vibe of a 

university from the human perspective. New tools such as 360-

degree immersive storytelling video (VR) and 3D interactive media 

present new opportunities for effectively delivering open days 

capturing not only a realistic representation of the place, but the 

actual feel of a place. This paper presents work-in-progress 

focusing on studying if 360-degree immersive storytelling video 

can invoke an empathetic response. It achieves this by submerging 

a user in a 360-degree immersive storytelling video that effectively 

and realistically captures student life. This paper presents the 

project motivation, discusses the proposed research methodology, 

presents the research instruments and finishes with expected 

contributions to knowledge and future work. 

Index Terms—360-degree immersive video, storytelling, 

branching narrative, empathetic response.  

I. INTRODUCTION AND PROBLEM STATEMENT 

Open days provide a vital insight for students and parents 
about the next step in their education and play important role in 
making an informed decision on which university to study. Open 
days offer the opportunity to visit the place (the University, as 
well as the local area), the Department, look at the facilities, talk 
to staff and student ambassadors, find out what is like to study 
there and get an accurate first-hand account of the university life. 
However, visiting open days requires a great family effort and 
expense and they are time-consuming. Over the last few years 
there has been an increasing demand for open days to be 
delivered online. Universities have been creating VR campuses, 
videos and slideshows offering alternative ways of helping 
students experience their campuses. The social distancing 

measures imposed by the COVID-19 pandemic enforced this 
mode of delivery of open days as the only option.  

New tools such as 360-degree immersive video (VR) and 3D 
interactive media present new opportunities for providing 
engaging and memorable solutions that could be used more 
effectively for delivering open days. 360-degree videos, or 
immersive videos, or spherical videos, are panoramic video 
recordings using an omnidirectional camera, or a collection of 
cameras. 360-degree immersive videos place the user in the 
scene by filling the viewers’ entire field of vision and creating 
the illusion of presence [1]. The user/viewer have control of the 
viewing direction of the scene, and they do not necessarily 
follow the director’s frame shot, providing in this way a more 
personalised and realistic experience [2]. There have been 
successful examples of 360-degree video in businesses, events, 
and trade shows. For example, the Thomas Cook Try Before You 
Fly campaign, showed that people who watched the virtual 
holidays were more likely to buy a holiday [3]. YouTube and 
Facebook now support 360-degree video increasing the potential 
of user engagement by placing the viewer at the centre of the 
story offering the opportunity for 360-degree videos to reach 
millions of people. 360-degree video coupled with storytelling 
and branching narratives [4] offers a unique opportunity for 
creating compelling, emotionally engaging and longer lasting 
impact to the audience through the users’ active role in 
experiencing the content. Narrative creates this action of 
participation engaging the user more fully in the content. 
However, apart from studying analytics data for views and visits 
of 360-degree videos uploaded through social media channels, 
there is not much information about the effect those videos have 
on users, nor on how to measure this effect. One such attempt is 
reported in the area of journalism looking at the empathetic 
response to certain short-form journalistic stories [5]. 

This project focuses on evaluating 360-degree immersive 
storytelling video for creating empathetic response. It uses as 
case study the effective creation of open day material that 
realistically conveys student life. Specifically, it builds a 360-
degree immersive storytelling video capturing a student open 
day at the University of Westminster and it uses current students 
to evaluate if they empathise with the material and if those 
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effectively and accurately capture aspects of daily student life at 
the University. The work-in-progress paper presents project 
research questions and the proposed research methodology to 
address those questions. It describes the prototype that has been 
designed and the challenges we faced due to the unprecedented 
conditions imposed by the Covid-19 pandemic.  The paper 
finishes by presenting the expected contributions to knowledge 
and future work. 

II. RESEARCH QUESTION  

The project is driven by the following research questions: 

RQ 1 Can 360-degree immersive storytelling video can be 
effectively used to create user empathetic response? 

Empathy is defined in the Oxford dictionary as “The ability 
to share someone else’s feelings or experiences by imagining 
what it would be like to be in that person’s situation”. Empathy 
in User Experience (UX) is the ability to “fully understand, 
mirror, then share another person's expressions, needs, and 
motivations”[6], [7]. Empathy in product design means that 
designers should feel, give, and receive unity with the users [8]. 
RQ 2 The effect of immersive and non-immersive format in 

creating a sense of presence, or producing a sense of 
connection, or emotional impact between users and 
story subjects in 360-degree immersive storytelling 
video.  

This project is student led, funded by the “students as co-
creators” project at the University of Westminster. The 
University’s objective of this project is to use knowledge gained 
to support the marketing team to effectively reach potential 
students, as well as support the effective creation of other digital 
resources within educational and social perspectives and 
maximise their reach. The students are perfectly placed as 
designers in this project as they understand the user objectives 
of this project. 

III. THE PROPOSED RESEARCH METHODOLOGY 

The proposed methodology to study the research question 
and address the project aims based on: 

1) Building two 360-degree immersive storytelling video 

prototypes following a small group of students capturing their 

life experience at the University: (a) one where actors playing 

the students are recorded within the 360-video scene, this 

should lead to a more natural immersive experience (see Fig. 2); 

(b) students’ experiences are integrated in the scenes as video 

interviews (see Fig. 3);  

2) Designing a procedure for the creation of the 360-

degree immersive storytelling video follows the systematic 

approach suggested by the Immersive Video Interaction Design 

framework (iVID) and applying design guidelines for 360-

degree immersive video experiences proposed by Argyriou [9]; 

3) Using students as designers to capture user 

requirements. 

4) Measuring user satisfaction using the User Experience 

Questionnaire (UEQ) [10]; 

5) Evaluating immersive user experience by using the 

Immersive Experience Questionnaire (IEQ) [11] followed by an 

interview formed with questions created based on empathy 

mapping [7]. 

The following section presents the 360-degree immersive 
storytelling video prototypes that have been created to support 
this study and it discusses the challenges we faced for the 
implementation of the prototype due to the social distancing 
measures imposed by the pandemic. 

IV. PROTOTYPE DESCRIPTION 

Two 360-degree immersive storytelling video prototypes are 
being created to serve as research instruments facilitating the 
study. The use case is related to a student day life, so the material 
can be effectively used to support Open days. Video recording 
have been creating following a small group of students studying 
Computing at the University of Westminster. Recordings cover 
the entrance of one of the University campuses in central 
London, common areas where students meet and socialise, the 
library, lecture theatres and selective labs (Fig. 1, 2, 3).  

The users can choose the angle to view the scene by moving 
the scene with their mouse if they experience it using a desktop 
browser, or by moving their head if they are using a head 
mounted display (HMD). The user can choose the order they 
want to visit the provided scenes and they can visit as many 
scenes as they like. Navigation is enabled by clearly located 
arrows in each scene (Fig. 2 & 4) and a menu integrated in all 
scenes that allows users to navigate between next or previous 
scenes; or jump to a scene they want (Fig. 2). This menu also 
enables users to zoom in a scene’s content.  

To study the second research question and investigate the 
effect of immersive versus non-immersive format of 360-degree 
storytelling video in creating a sense of presence, connection, 
and emotional impact two 360-degree immersive videos have 
been created: 

• Prototype A – the branching narratives are created 
capturing actors playing the role of students within the 
360 video scenes interacting with each other portraying 
their daily routine within the University (see Fig. 2). 
Previous research has shown that the integration of actors 
within the scene captures users’ attentions. In this study 
it will help us to evaluate if this design approach causes 
emotional response to users [9]. The branching narrative 
allows users to choose the order they want to experience 
the scenes, depending on the context and the students’ 
dialogue. 

• Prototype B - the branching narratives are created 
capturing the same environments as in Prototype A 
without the student actors. To capture student experience 
video recordings of student interviews talking about their 
experience studying at the University, using the physical 
spaces captured in the 360-degree videos have been 
embedded in respective scenes (see Fig. 3).  
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Fig. 1. Prototype A – Capturing students within the 

scene as actors. 

Fig. 2. Prototype B – Integrating videos in the 360 

scene capturing student interviews talking about 

their experience studying at the University. 

Fig. 3. Arrows allow navigation in different 

branches of the narrative. 

The 360 videos have been captured with an Insta360 Pro 
Spherical VR 360 8K Camera enabling very high-quality video 
recordings. The 360 prototypes were implemented using Krpano 
[12]. 

V. THE STUDY 

This study evaluates how effectively and realistically 360-
degree immersive storytelling video captures and conveys 
student life, creating empathetic response to the user. It also 
studies the effect of emotional impact of immersive and non-
immersive format of 360-degree immersive storytelling video. 
We aim to recruit 80 participants to secure statistically valid 
results. The participants will split in 4 groups who will 
experience the prototypes as follows: Group 1 – prototype A in 
desktop browser; Group 2 – prototype A using HMD; Group 3 – 
prototype B in desktop browser; Group 4 – prototype B using 
HMD. 

The participants will have to be current students at the 
University who can relate their day life at the University to the 
360-degree immersive storytelling video created for this study 
and evaluate if it captures it realistically and truthfully. Those 
students will be asked to evaluate the accuracy of the prototype 
and evaluate their experience using the UEQ [10], the IEQ [10] 
followed by an interview formed with questions created based 
on empathy mapping [7]. The data will be analysed using 
statistical methods that could lead to significance of results.  

VI. EXPECTED CONTRIBUTIONS TO KNOWLEDGE  

The expected contributions to knowledge of this research 
impact the 360-degree immersive video educational, the user 
experience community as the study will: 

• Develop evidence-based analysis evaluating if: 360-
degree immersive storytelling video can be effectively 
used to create user empathetic response; immersive or 
non-immersive content or way of experiencing 360-
degree immersive video experience affect user 
empathetic response. 

• Evaluate the use of iVID framework and Argyriou’s 360-
degree immersive video design guidelines to effectively 
create 360-degree immersive storytelling video that can 
create user empathetic response. 

VII. CHALLENGES, DISCUSSION AND FUTURE WORK 

The greatest challenge of this project was related to the social 
distancing measures imposed by the pandemic and the impact 

this had to the video recordings required for the creation of the 
prototypes to support the study. The University campus although 
open to allow the recordings was not busy as usual and fails to 
capture the real vibe of the place. During this period of time the 
University operated with online learning. Thus, the recorded 
content did not capture what student life really feels and needs 
to be repeated. In addition, although the actual study can be 
conducted remotely as the material can be accessed online, not 
all students needed and recruited for the study may be familiar 
or have access to HMDs. Thus, we need to wait until we are able 
to conduct the study in a lab environment where we can set the 
required conditions to support the recruited users for a smoother 
more comprehensive user testing experience. 
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Abstract—This work-in-progress paper discusses an 

interview-based study in a VR-assisted Chinese language 

learning program during the COVID-19 outbreak in Hong Kong. 

Due to the pandemic, an online instructional mode was adopted. 

We examined teacher and student motivation through the 

framework of self-determination theory. The results revealed 

autonomy was fostered in their teaching and learning process. 

Students perceived they acquired competence in writing with 

improved learning performance and motivation. Relatedness also 

existed among the teacher-student interactions. This work is 

among the first to evaluate how an online VR-assisted Chinese 

writing curriculum was implemented in a secondary school under 

the pandemic. 

Index terms—motivation, virtual reality, self-determination 

theory, online teaching, COVID-19  

I. INTRODUCTION 

The COVID-19 pandemic is a disruptive global health crisis 
within this decade that halted teaching and learning in normal 
face-to-face classroom settings. Therefore, conducting online 
lessons seem to be a way out for coping with the pandemic 
situation on an unprecedented scale [1]. A new normal in 
education has been established under the pandemic. Motivation 
and self-directed learning ability help foster students’ learning. 
It means education is no longer limited to classroom teaching 
and textbooks, but it has already transformed to online and self-
directed learning.  

The integration of virtual reality (VR) in education has been 
growing lately as it moves learning and teaching online 
regardless of geographical and time restrictions. VR is used in 
motivational behaviours in the past studies, such as developing 
a virtual learning environment in human organ anatomy [2], 
and tourism [3]. Recently, VR-assisted instruction has become 
commonly adopted especially under school suspension. The 
present study aimed to explore the perspectives of teachers and 
students towards the online VR-assisted Chinese language 
learning course in the context of COVID-19. 

II. THEORETICAL BACKGROUND 

Self-determination theory (SDT) examines human 
motivational behaviours. It posits the satisfaction of basic 
psychological needs (i.e., autonomy, competence, and 

relatedness) underlies the motivational mechanism that shapes 

individuals’ action and behaviour [4]-[5]. Autonomy refers to 

“being the perceived origin or source of one’s own behaviour” 
[6], it means an instructor offering students to make choices 
within a classroom setting. Competence refers to “feeling 
effective in one’s ongoing interactions with the social 
environment and experiencing opportunities to exercise and 
express one’s capacities” [7], which is about students’ beliefs 
that they can perform well academically (i.e., Chinese essay 
writing). Relatedness refers to “feeling connected to others” 
[6], which means the sense of connection from interactions 
with classmates, teachers, or learning materials. Relatedness of 
the psychological needs often refers to group experience and 
collaborative learning [8], both of which are essential to the 
implementation of the VR-assisted Chinese writing course. 

A. SDT in Online Teaching  

The relationship between self-determined motivation and 
learning outcomes in online contexts [9]-[10] was showed in 
several studies. Xie, Debacker and Ferguson [11] revelated that 
students’ autonomy (i.e., perceived interest, value, and choice) 
was positively correlated with their attitude and engagement in 
the online course. Hsu, Wang and Levesque-Bristol [12] found 
significant relationships among the students’ psychological 
needs, perceived learning gains and knowledge transfer in the 
online learning environment. Chen and Jang [13] posited the 
support of autonomy and competency positively affected 
students’ perceived autonomy, relatedness, competence, and 
the satisfaction of the three basic psychological needs. In short, 
limited studies conducted to date indicate that fostering self-
determination in an online learning environment seems to be 
conducive in promoting learning outcomes. 

B. SDT in Language Education and Virtual Reality 
Supported Language Learning 

Motivation enhances language acquisition [14]. Inner 
motivational resources, when structured in an autonomy-
supportive motivating styles [15], may affect students’ 
confidence in language learning [16]. Technology enhances 
learning environments to promote autonomy, competence, and 
relatedness, which will increase students’ motivation to learn 
and hence their well-being [17]. VR commonly refers to “an 
immersive and interactive experience based on 3D generated 
graphic images in real time by computer” [18]. The virtual 
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immersive learning environment affords students opportunities 
to construct their knowledge through participation, exploration, 
and interaction [19]. Students are empowered in the virtual 
world to autonomously choose where and when they want to 
explore. As a teaching tool, VR can stimulate student 
motivation and maintain their attention during the learning 
process [20]. 

Recent studies have reported the integrated use of VR 
technology in schools [21]-[22]. Language educators have 
especially applied VR to create immersive language learning 
environments [23]. The 3D visuals help foster students’ 
perceptions of the contextualized environment, and scaffold 
students in comprehending complex information [24]. For 
example, VR can show the images that the writer describes in 
his/her article, which helps students understand the article more 
easily. Yet, the use of VR to enhance students’ Chinese writing 
in the first language context has been rarely reported. 

C. Significance of the Study 

The pandemic has pushed educators to seek the best 
practices for online learning and teaching. One main challenge 
for educators is to structure a motivating environment for 
students’ prolonged engagement. Therefore, this study aimed 
to adopt the framework of SDT to investigate teachers’ and 
students’ motivation in teaching and learning in the online VR-
assisted Chinese learning program during the pandemic. 

D.  Program Background 

EduVenture® VR (EVVR) is an educational VR platform 
developed by a technical team of The Chinese University of 
Hong Kong [25]-[26], aiming to enhance students’ motivation 
in learning Chinese writing. Combining 360° images and 
videos and learning content, it allows teachers to easily tailor-
make interactive VR learning kits based on students’ needs. 
Students can learn to observe the environment and people’s 
behaviors in the virtual scenes, which helps them generate more 
new ideas and unique perspectives in their writing. 

E. VR-assisted Chinese writing - online mode 

Due to school suspension, the VR-assisted Chinese writing 
course was conducted online. Instead of VR goggles, students 
used iPads or mobile phones to access the VR module at home 
due to hygienic concerns. The audio and subtitle functions of 
the VR scenes could be available in this online mode. To 
explore the VR teaching kit with iPads or mobile phone, 
students had to physically move their body and hands to change 
the position of their point of view in the 360-degree virtual 
world. After class, students could choose to watch specific VR 
modules repeatedly according to their own pace and interest, 
which is something more difficult to do in a face-to-face 
classroom setting. Then, students wrote down their feelings and 
experience in the VR scenes and the flipped videos. This 
learning mode greatly enhanced students’ self-directed 
learning, meaning that they could choose their own learning 
materials and writing perspectives with teacher support in the 
online class. The present study adopted a qualitative design 
with one research question: How does an online VR-assisted 
Chinese writing class influence motivation in Chinese learning 
and teaching under the COVID-19 pandemic? 

III. METHOD 

A. Participants and Data Collection 

The present study adopted purposive sampling [27]. The 
participants were from a secondary school in Hong Kong and 
joined a 3-year VR-assisted Chinese writing project led by one 
local university. Three teachers (two males and one female) 
with six students (three males and three females) from grade 8 
and were randomly selected. They were interviewed in two 
sessions of the online focus group interviews. The interview 
questions focus on the online mode of VR-assisted Chinese 
language learning. 

B. Data Analysis 

After the two interview sessions (i.e., teachers and 
students), the transcript was primarily transcribed by the first 
author, and the code of the script was checked and 
acknowledged by an experienced researcher. This study 
analysed the qualitative data based on the thematic analytical 
process: 1) Familiarizing the data through transcript reading, 2) 
Generating initial codes and collating data relevant to each 
code, 3) Searching for themes, then gathering all data relevant 
to each potential theme, 4) Reviewing themes and generating a 
thematic ‘map’ of the analysis, 5) Defining and naming themes 
that refine the specifics of each theme, and generating clear 
definitions and names for each theme, 6) Producing the results 
and discussion of the present study in select of vivid, 
compelling extract examples, final analysis of selected extract, 
relating back to the analysis to the research question and 
literature [28]. 

IV. RESULTS AND DISCUSSION 

Four important themes emerged from the data that 
contributed to the understanding of teachers’ and students’ 
needs in teaching and learning to feel autonomy, competence, 
and relatedness under the VR learning environment. 

A. The Four Themes Established from the Results:  

1) Theme 1: Autonomy in VR Teaching and Learning. Two 

teachers specifically stressed the importance of every student 

developing their own vision and way of writing. The 

characteristic of VR-assisted teaching can provide relatively 

strong individual autonomy in teaching skills, which matches 

the SDT in autonomy that teachers allow students to make 

their own choices in what and how to write [6]. 

2) Theme 2: Competence and Autonomy for Teaching 

Students How to Write. Two teachers demonstrated how to 

teach students writing techniques. Also, they were given much 

autonomy on how to implement their teaching plan in the 

writing class, which could also cater for learning diversity. 

3) Theme 3: Students’ Competence in Chinese Writing. 

Students’ competence was showed in the VR-assisted Chinese 

writing class. From the interview, three students expressed that 

VR helped them to generate more writing ideas as they could 

clearly observe what people and environment looked like. In 

other words, they write what they see. VR provided them with 

inspiration and stimulated their thoughts during writing [10].  

4) Theme 4: Relatedness in collaborative learning. There 

were more teacher-student and student-student interactions in 
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the VR-assisted Chinese learning class. They shared their 

learning in their own perspective and wrote in their own way. 

Moreover, the students’ Chinese writing skills became 
more concrete with more unique perspectives delivered as they 
wrote based on their actual observations and feelings developed 
in the interactive VR learning experience, rather than from their 
imagination or reading materials only. It demonstrated 
students’ autonomy and competence in Chinese writing during 
the VR-assisted Chinese language class. Teachers also 
facilitated the development of students’ descriptive writing 
skills, observation perspectives and the analytical skills in the 
VR class. The results align with the past studies that students 
and teachers could perform well in teaching and learning with 
VR [5]. 

B. Practical Implications and Future Directions 

School suspension under the pandemic has motivated 
educators to adopt new teaching and learning modes to support 
students’ continuous learning at home. In the present study, a 
curriculum model in the online mode was established in the 
VR-assisted Chinese language writing course under the 
framework of SDT. Theoretically, this study contextualized 
[29] self-determination theory about the autonomy-support of 
psychological needs to establish its cross-discipline application 
in Chinese language and generalizability in the sample of a 
Hong Kong school. 

Based on the findings of this study, some recommendations 
are made for improving the VR-assisted learning curriculum. 
For example, teachers can design group work for students to 
enhance their writing abilities based on the curriculum, such as 
idea development and descriptive techniques, via online 
teacher-student interactions to scaffold students with unique 
perspectives and descriptive vocabulary in Chinese writing. 
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       Abstract—The purpose of this work-in-progress paper is to 

examine the effect of levels of tactility with the presence and 

absence of a performance guide as formative feedback in an 

immersive virtual reality-based simulation (VRS). The 

experimental group will have four levels of tactile implementation, 

and the control group will have a non-virtual power tool. The 

experimental group will receive more specific feedback based on 

the data measured through virtual reality simulations. We will 

measure perceived task load, virtual presence, usability, and 

performance time and accuracy during training for all groups.  

Index Terms—tactile feedback, formative feedback, virtual 

reality, simulation, motor-skill acquisition 

I. INTRODUCTION 

Virtual reality simulations (VRS) effectively train complex 
procedures in an authentic context but are virtually created.  
However, this virtual reality does not give a tactile response to 
users because of a lack of force-feedback in VRS. For this 
reason, VRS without peripheral sensations is not effective in 
motor-skill acquisition [1]. It is crucial to provide force-
feedback to learn motor skills. However, the lack of tactility 
causes unsatisfied learning outcomes. Because of the weak 
learning experience, high-fidelity haptic simulation can be 
considered to compensate for the lack of force-feedback in VRS 
[2]. It is challenging to provide high-fidelity haptic feedback in 
simulation [3]. Studies of haptic feedback in medical surgery 
simulations [4] show that implementing high-fidelity haptic 
feedback in surgical simulations was effective for skill training. 

Conversely, low-fidelity simulations can have rather 
negative consequences [5]. Furthermore, tactility and force 
feedback enabled devices are essential to implement high-
fidelity haptic feedback [6]. This method is an object-driven 
approach to create somatosensorial by giving a realistic 
perception of holding an object making virtually. The object-
driven implementation can support peripheral sensation by 
adding more tactility like a real object. 

Additionally, we can add a supporting system by giving 
visual guided feedback to increase performance accuracy. It can 
be formative feedback to guide simulated practice in VRS, 
although the guide does not have any tactical information. For 
instance, this performance feedback can give how the direction 
of using the tool is with a right angle. The quantified information 

in VRS can provide formative feedback [7]. A study about 
dental training simulation [8] has shown that performance 
feedback has positively affected performance. This type of 
feedback can bridge the gap between user performance and ideal 
performance. Regardless of tactility in VRS, the presence of 
performance information will promote psychomotor skill 
training [9], [10]. In this work, we verify the effectiveness of 
haptic feedback and formative feedback in immersive virtual 
reality simulation for skill acquisition compared to training in 
the real world. 

II. METHOD 

A. Task and Procedure 

Fig. 1 indicates the procedure of this study. Participants 
receive a brief description of how to use a drill to screw in before 
the experiment. Participants will perform drilling work on wood 
in either a VRS or a realistic setting. The training task is to 
assemble chairs composed of various materials by tightening 
screws. During the training, participants should select the 
correct screw for the material and tighten the screws using drills 
at multiple angles. The behavior data are total performance time, 
depth of the screw, angle of drilling direction, type of the screw, 
and size of the screw. 

 

Fig. 1. Procedure of study. 

The experimental group will receive formative feedback 
comparing their performance with ideal performance after each 
step, which the system will automatically generate. Fig. 2 
indicates an example of feedback to be provided to the 
experimental groups. The tasks of the training consisted of three 
stages. Participants in the control group will perform the same 
tasks in the real world and evaluate their performance. After 
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completing the training phase, we will collect the participants' 
perceptions performance measures. 

 

Fig. 2. Example of formative feedback (VR). 

B. Virtual Reality Simulation 

The virtual reality simulation will be developed in Unity 
(2019.4.0.f1) and implemented via HMD on Oculus Rift S (1280 

x 1440 pixels per eye, ≈110 deg. field of view, 80 Hz). We will 

use Oculus Rift S to the conditions. A 3D graphic model of the 
drill, a power tool, will be implemented in VRS. During the 
training, the electronic drill must be perpendicular to the screw 
to a wood (Fig. 3). Besides, the shape of the hand pressing the 
trigger when manipulating the 3d power tool will be visually 
reproduced, and VRS will create sounds and vibrations during 
the simulation. Under certain conditions, force feedback will be 
provided by copy the position of task materials in the real world. 

 

Fig. 3. Drill modeling in VRS and visual representation of screw condition. 

C. Participants and Group 

We will sample fifty participants who do not have prior 
experience of a power tool. Participants will be randomly 
assigned to the five groups (Table I). 

 

 

 

 

 

TABLE I.  GROUP CONDITIONS 

 
VR (experimental) Non-VR 

Realistic Grip-Force Grip-only Virtual 
Real 

(control) 

Shape O O O X - 

Force-

Feedback 
O O X X - 

Weight O X X X - 
 

The experimental groups will be trained within the VRS, 
while the control group will be trained in the real world. The 
experimental groups are divided according to the characteristics 
of the controller used in training. The Virtual Group will use the 
Oculus Rift S Touch controller. The Realistic, Grip-Force, and 
Grip-only groups will use modified controllers to provide tactile 
feedback. The Realistic group use controller with a similar 
shape, weight, and center of gravity to the actual drill (Fig. 4). 
The Grip-Force group will use a controller with the same part of 
the power tool but less weight because of the controller of HMD. 
The Grip-only group will use a controller that attaches only the 
part corresponding to the handle of the actual drill to allow the 
user to perceive it has the exact part of the power tool. 

 

Fig. 4. Adapted controller (Left: Realistic group, Right: Grip-only group). 

D. Measures 

We also measure task load, virtual presence, and usability 
during the training process will be measured. Sim-TLX is a 
developed tool to measure task loads in the context of virtual 
reality [11]. Sim-TLX has ten questions consisting of 0 to 100 
points. A Presence Questionnaire (PQ) [12] will be used to 
measure virtual presence. PQ consists of four areas: control, 
sensory, distraction, realism. PQ has ten questions on a 5-point 
Likert scale. System availability scales (SUS) [13] will be used 
to measure usability. SUS consists of 10 questions with a 5-point 
Likert scale. The performance time and performance error will 
be measured. Performance time is the time from the start of the 
task to the end of the task. Performance error refers to the 
number of inappropriate things at the type of screw, size of 
screw, angle of the screw, and depth of the screw. 

E. Analysis 

Multivariate analysis for variance (MANOVA) will be used 
to analyze the effects of tactility and formative feedback in VR 
on task load, virtual presence, usability, and performance. We 
will use IBM SPSS 22.0 and set the significant level for all 
analyses at α < .05. 
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Abstract—This work-in-progress discusses Immersive Virtual 

Reality and Augmented Reality for teaching invisible phenomena 

and virtual science experiments in Materials Science. Immersion, 

coupled with 3D spatial interaction, is useful when the knowledge 

to be acquired is procedural, to create a sense of scale and to allow 

easy navigation within a large experimental space. Immersion is 

also beneficial to transport the learners into the world of the 

infinitesimally small, when the phenomena occur at atomic scale. 

Conversely, augmentation is better for experiencing phenomena 

that can be triggered by interacting with real objects. Deployment, 

affordability and use in actual teaching are also discussed.  

Index terms—virtual and augmented reality, immersion, 

invisible phenomena, virtual experiments, scale, affordability 

I. INTRODUCTION 

Across various science and engineering disciplines, many of 
the phenomena that are critical for understanding fundamental 
concepts and principles are invisible to the naked eye, hence 
difficult to grasp from a learner's perspective. They may be 
invisible because happening at very small or very large scale, 
very fast or very slowly, or because they belong to the past. They 
may also be invisible because of their completely abstract 
nature. Finally, they may be impossible to witness directly 
because they necessitate large, expensive, or remotely located 
equipment, and hence can only be experienced virtually. 

Numerous studies have shown that computer-based 
simulations and virtual laboratories can help students visualise 
and experiment with processes and phenomena that might be 
difficult to conceptualise otherwise (e.g., [1]–[3]). Although the 
benefits and applications of Immersive Virtual Reality (IVR) 
have been explored in many different educational scenarios, 
IVR is still rarely applied in actual teaching [4]. The 
motivational effect of IVR has been demonstrated (e.g., [5]), but 
its instructional effectiveness is still under scrutiny (e.g., [6]). 
The few studies that have compared the educational impact of 
Virtual Reality (VR) and Augmented Reality (AR) have mainly 
focused on students' knowledge retention (e.g., [7]). In this 
paper, we present five IVR and AR prototypes for teaching 
classical experiments and phenomena in materials science [8]. 
For each of them, we discuss the choice we made of using VR 
or AR in relation to the phenomena or experimental skill that 

these systems were designed to teach. We also briefly discuss 
the choice of technology, and its consequences on scalability 
and affordability of the systems. 

The systems were co-created in partnership with students: 
student-partners in Materials science contributed to the 
elicitation of their peers’ requirements and feedback; student-
producers in Computer science drew storyboards and systems’ 
specifications and were responsible for creating the functional 
prototypes.  

II. IVR TO PERFORM THE ROCKWELL HARDNESS TEST 

The Rockwell hardness test requires students to operate a 
Rockwell tester step by step in a laboratory (see Fig. 1). Various 
non-immersive simulations of the test exist (e.g., [9]). 

Why IVR? IVR allows the students to acquire procedural 
knowledge by directly manipulating the different parts of the 
tester. The key technology used here is 3D hand interaction, 
which requires a rather sophisticated VR headset (e.g. an 
Oculus) mounted with a hand motion capture sensor (we use 
Leap Motion).  

To use this system, the students need to be on campus to 

gain access to the VR equipment, which nevertheless remains 

significantly more affordable than the Rockwell tester itself and 

requires less supervision and space. The ideal context of use is 

during small class tutorials where students can practice their 

manipulation skills and become familiar with the equipment, 

reducing the time needed in the laboratory. 

III. IVR FOR TENSILE TESTING 

A tensile test applies tensile (pulling) force to a material and 
measures the specimen's response to the stress. Tensile testing is 
most often carried out at a material testing laboratory as it 
requires a very large piece of equipment (see Fig. 2). The 
process involves placing the test specimen in the testing machine 
and extending it until it fractures. During this process, the 
elongation is recorded against the applied force and shown as a 
graph on a computer display.  

Why IVR? The main purpose of using IVR is to transport the 
students in the testing laboratory, to make them realise the scale 
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of the equipment and to allow navigation within the 
experimental space. This prototype is also implemented using 
an Oculus headset and a Leap Motion sensor, because we 
prioritised the quality of the student experience. However, in this 
case, the interaction with the tester could be done using a simple 
remote controller, enabling the use of more affordable VR 
equipment by a large number of students simultaneously, for 
example in class during a lecture, or at home. 

 

Fig. 1. IVR system to perform the Rockwell hardness test. 

 

Fig. 2. IVR system to perform the tensile test. 

IV. IVR FOR VISUALISING CRYSTAL DISLOCATION 

Crystal dislocations are defects whose motion produces 
plastic deformation of crystals at the atomic level (see Fig. 3).  

Why IVR? AR and VR have already been shown to be 
particularly effective for the exploration of crystal structure data 
(e.g., [10], [11]). Here, IVR transports the learners into the world 
of the infinitesimally small where they can visualise the different 
types of dislocation. Head movements are used to rotate the 
crystal to observe its 3D structure and to control the speed of the 
animations. An affordable headset (we use Google Cardboard) 
and a mobile phone is all that is needed for easy integration in 
the teaching curriculum and for use in class or at home. 

V. AR TO VISUALISE OPTICAL TRANSMITTANCE OF 

TRANSPARENT MATERIALS 

Optical transmittance describes the ability of light to pass 
through some transparent material.  

Why AR? AR allows students to hold a piece of material in 
their hand, and to see on a pair of smart glasses (we use Moverio 
BT-300 glasses) the light passing through the material, while a 
graph, also visible on the smart glasses' display, provides an 
illustration of the phenomenon. Fig. 4 shows an example of what 
can be seen through the smart glasses. AR is particularly suited 

here as light transmittance affects all transparent objects in the 
student's immediate environment.  

Technical and deployment limits with this prototype though 
come from the difficulty to automatically recognise and track 
the transparent materials. Furthermore, the smart glasses are 
rather expensive pieces of equipment. A similar system could be 
implemented using a simple mobile phone and by attaching 
labels to the materials to facilitate their recognition and tracking. 
These are the choices we made for the system presented in the 
next section on fractography. 

 

Fig. 3. 3D modelling of crystal edge dislocation at atomic level in Blender. 

 

Fig. 4. AR simulation of light transmittance. 

VI. AR TO EXPERIENCE FRACTOGRAPHY OF CERAMICS, 

CEMENT AND GLASSES 

Fractography is the study of the fracture surfaces of 
materials. At the macro (i.e. visible) scale, different materials 
fracture differently, depending on their atomic structure, mineral 
composition, grain size, etc. (see Fig. 5). The difficulty for 
students is to understand the relationships between the visible 
phenomena on the surfaces and the materials’ invisible inner 
structures. As in a previous example (crystal dislocation), IVR 
would allow students to be transported into the world of the 
infinitesimally small to observe the phenomena at atomic scale. 
However, they would lose sight of the phenomena which are 
observable on the surfaces, hence still experience difficulties 
relating the two scales.  

Why AR? We decided to use AR, to make the experience as 
tangible as possible, allowing students to hold a material (or an 
object representing the material) in their hand and to trigger a 
fracture by selecting a stress force and a stress point on the 
material’s surface (see Fig. 6). The students can then control the 
speed of the simulation, making visible the otherwise very fast, 
hence invisible fracture phenomenon. They can also perform a 
"zoom" gesture using two fingers to make an image illustrating 
the material's inner structure appear on its surface.  

395



 

 

This system only requires a mobile phone and pre-labelled 
cards. The different types of materials are recognised by tracking 
the cards (with words glass, cement, or ceramic printed on them) 
that the students hold in their hand, using their phone’s camera. 
In the future, we aim to be able to directly recognise different 
types of materials, making use of the system possible in class, at 
home or even during field trips. 

 

 

Fig. 5. AR system showing different fractures depending on material type 

(glass, ceramic and cement respectively). 

 

Fig. 6. Gesture to trigger fracture of glass material. 

VII. CONCLUSION 

In this work in progress paper we discussed the strengths and 
drawbacks of IVR and AR for teaching classical phenomena and 
experiments in materials science. Similar discussions could be 
had for numerous other disciplines where students would benefit 
from virtually experimenting with complicated equipment, 
difficult concepts and invisible phenomena. Current IVR and 
AR technologies have progressed to a point where the 
compromises needed for greater affordability and ease of 
deployment, do not have to dramatically affect the quality of the 
students’ experience. 

Among all the various considerations that must be taken into 
account before making IVR and AR technology choices, we 
would suggest to pay particular attention to the following: (1) 
the characteristics of the phenomenon to be simulated or the 
procedural skill to be acquired; (2) the kind and level of 
interactivity needed with the virtual objects and with the 
surrounding environment; (3) how the resource will be 
integrated in the actual teaching and in the curriculum; (4) where 
it will be used and by how many students; (5) how affordability 
and ease of deployment can be guaranteed.  

The systems presented in this paper have gone through a first 
round of evaluations with Materials science students by means 
of demonstrations and questionnaires. The preliminary results 
are encouraging, revealing a genuine interest from the students 

for including IVR and AR in their learning. Improvements to the 
systems and further developments are under way and a second 
round of evaluations in actual teaching conditions will be 
conducted during the 2021 autumn semester. Testing will focus 
on both the systems’ ease of use and the learning benefits. 

Finally, we have found that including students in the process 

of creating IVR and AR learning resources is a major key for 

success. The partnership model successfully demonstrated that 

interdisciplinary projects bring additional pedagogical benefits 

to co-creation; by working on complex issues that require 

different levels of expertise for providing solutions, both 

students and staff play the role of experts and learners at 

different stages of the projects, balancing the power 

relationships, rewards and recognition and enriching the 

learning experience. 
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Abstract—This work-in-progress paper consists of recreating 

the University of the Pacific’s Technological Innovation and 

Entrepreneurship Space (TIES) Laboratory by combining 

photogrammetry and virtual reality (VR). Our objective is to help 

students get familiar with equipment at the laboratory while not 

being physically present at the space. The students will be able to 

immerse themselves in the space either through a web link or 

through a VR headset. We hope our project becomes a starting 

point to improve students' educational experience with the use of 

VR.  

Index Terms—virtual reality, photogrammetry, 3D space 

I. INTRODUCTION 

Virtual Reality (VR) can be a powerful tool for impacting 
people’s perceptions and actions [1]. Our goal is to use this tool, 
combined with Photogrammetry, to provide University of the 
Pacific students a tool for immersive learning through the 
recreation of a laboratory. Our objective is to help students get 
familiar with equipment at an engineering laboratory called the 
TIES laboratory.  There are two different approaches for using 
VR in immersive learning. The first approach includes the 
conceptual creation of virtual spaces in an abstract, 
representative style, while the second approach includes the 
production of a realistic environment. There are also several 
types of platforms to create virtual spaces which can either be 
open source or commercial products. As part of research for the 
Engineering Management Department, we have previously used 
open-source platforms, such as Mozilla Hubs [2], to create 
conceptual spaces for several graduate events at the university. 
In this project, we are using Photogrammetry methodology to 
recreate realistic 3D scenes by taking a series of images and 
combining them through analyzing what points they have in 
common. Our focus on realistic 3D spaces over conceptual 
spaces is aiming to provide higher retention and a truer 
understanding of the space 

II. RESEARCH PROJECT DESIGN 

In this project we are recreating the Technological 
Innovation and Entrepreneurship Space (TIES) laboratory 
located at the University of the Pacific. The laboratory consists 
of two main rooms equipped with twenty machines total and a 
third smaller room equipped with a 3D printer. The space is 
being recreated as a 3D model of the laboratory where students 
will be able to interact with the space by walking around the 

laboratory and pressing on each piece of equipment to get 
information about it.  To assure accessibility of the space, 
students will be able to access the virtual space either through a 
VR headset or through a web browser in their laptops. Current 
images of the project can be seen below, refer to Figures 1, 2 
and 3. Due to the relatively small number of images used, the 
quality of the model is not as we hoped for. We continue to 
improve the model. 

 

Fig. 1. Photograph of the Entrance to the TIES lab 

 

Fig. 2. A model of the space from the same angle, rendered in the Eevee 
rendering engine. 
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Fig. 3. Outside view of the scanned space in Blender 

III. METHODOLOGY 

Meshroom is a piece of free [3], open-source software that 
handles every stage of the photogrammetry pipeline in a node-
based editor. These nodes describe each step in the process with 
arguments and parameters that can be tweaked and altered. The 
overall process, however, remains largely the same [3].  

1) Solve for distortion: calculate the camera’s field of 

view, sensor width, and anything else that could affect how the 

camera sees the world.  

2) Identify key points: find recognizable patterns and/or 

areas of high contrast in each of the images. Each photograph 

will have thousands of potential points, though not every point 

will be usable and some will be deleted. 

3) Find areas in common: Each point will need to be 

matched against all the other photographs, so this step can take 

over 14 hours to process one thousand photographs and grows 

exponentially with each photograph added. Once this process is 

finished, all the cameras and identified features can be 

positioned in 3D space and used for the next steps. 

4) Estimate depth maps: By using all of the points in 3D 

space and their distances relative to the cameras, each 

viewpoint can have the missing data between points estimated 

by a series of algorithms that take into account angle, camera 

position, contrast, and more. This step is where most of the 

errors are introduced, but it remains crucial for the next step. 

5) Create mesh: The program then produces a rough mesh 

using the camera positions, features, and depth maps. 

6) Process mesh: Finally, the program tries to filter out 

some of the noise and errors before projecting the images back 

onto the mesh as texture data. 
For some purposes this would be sufficient. However, in 

VR we care about both accuracy and high-performance. This 
means we may also have to retopolize the mesh or create the 
same shape with less geometry. Some of this can be done 
automatically, though for the best results a human will have to 
manually declare which areas deserve detail and which do not. 
For example, the plain colored walls often have a lot of 
reconstruction error; they are large, flat, and largely featureless. 
The algorithm has a hard time distinguishing between small 
lighting artifacts and real detail on a flat surface, so it often 
reconstructs walls with thousands of unnecessary vertices and 
roughness that wasn’t present in the physical space (as can be 
seen above). 

 

IV. TESTING PROTOTYPE 

While testing our prototype we want to address how feasible 
and viable it is to combine Photogrammetry and VR. When 
testing feasibility, we will be looking at the amount of time it 
takes to create the virtual space. There will be two metrics 
needed to test feasibility, the first one is the computing time and 
the second one is the human work needed. While testing 
viability we want to address its value while combining 
photogrammetry with VR. To test this, we will be looking at 
the time to work ratio. We also want to test the benefits of the 
project which include the following. First, we want to test if the 
users are gaining a better understanding of the laboratory by 
measuring the learning curve to learn the equipment. Second, 
we want to test the benefit of the project being user friendly. 
The project will save time for students by not having to be in 
the physical space to learn the equipment. It will also increase 
safety since there are no chances of danger from tool misuse or 
people getting COVID-19.  

To assess success an experiment will be developed 
consisting of two samples of students, a control sample and 
sample that would test the prototype. The control sample will 
learn the equipment through a handbook while the second 
sample will test the prototype. At the end, both samples will be 
tested on the knowledge they gained on the equipment through 
a series of questions and a survey will be conducted for the 
sample that tested the prototype. We will be comparing 
retention of knowledge and the time it took them to learn the 
equipment.  

V. CONCLUSION 

Our project is a work in progress, and we find ourselves 
creating the first prototype of the laboratory. We have currently 
collected the data and images needed with the help of staff at 
the university and have the reconstructed model shown above. 
The first prototype is anticipated to be done the first week of 
May 2021. A second prototype with modifications is 
anticipated to be completed by June 2021. We hope our project 
opens up a new option for the university to teach students about 
their facilities using virtual reality. This could be the starting 
point for recreating several environments and training the 
students how to use the equipment using VR.   Currently, there 
is research on the use of VR and photogrammetry for purposes 
such recreating ruins, cities, or biological purposes [4]. There is 
not much research on the use of this method for recreating 
spaces for education. We hope our project becomes a starting 
point to use this technology to improve students' educational 
experience. 
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Abstract—This paper describes the Work in Progress (WiP) 

in the development of an educational Cyber-Physical-Social 

Eco-System (CPSeS) using XR, AI, and Robotic technologies to 

support immersive learning. It is presenting the framework of 

the proposed CPSeS used to create an intelligent educational 

virtual environment which seamlessly blends the real with 

virtual worlds and is influenced by its users, real and artificial 

agents, and elements. The paper is an updated report of the WiP 

presented at iLRN 2020 conference, focusing on system 

additions and improvements, its current development status, 

and future plans and aspirations. 
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I. INTRODUCTION 

Education has been under a digital reshape over the past 
few years utilising several emerging educational technologies. 
Especially with the significant disruptions in education caused 
by the Covid-19 pandemic, forcing educational institutions to 
a sudden, and in many cases unguided transition to remote 
delivery, the use of technology assisted educational methods 
can have a significant positive impact when implemented and 
utilised appropriately [1]. Fortunately, to effectively support 
education during these unprecedented times and for the future, 
educators have a wide range of hardware and software 
technologies at their disposal. Synchronous and asynchronous 
online systems, multimodal communication tools, interactive 
hardware and software have been commonly used. 
Additionally, the introduction of emerging technologies such 
as Augmented (AR), Virtual (VR) and Mixed Reality (MR), 
Robots, Digital Twins, IoT, 4G/5G, and other technologies, 
provide significant opportunities for effective teaching and 
learning support. For instance, using AR, VR and MR 
technologies has never been more exciting and promising than 
today, where the technological advancements, cost reduction, 
and wider adoption of XR (eXtended reality – an umbrella 
term to encapsulate AR/VR/MR) have introduced innovative 
ways of technology implementation to support immersive 
learning [2]. However, going beyond the existing trends in 
educational XR, these practices can be further enhanced by 
introducing Artificial Intelligence (AI) and powerful robots 
into the equation, to help building intelligent interactive 
educational systems and support the ways students learn. 

This WiP paper presents the development updates of a 
prototype which is underway that seamlessly blends the real 
with digital worlds and is influenced by its users and their 
actions using XR, AI and Robots to support immersive 

learning. This system was initially presented at the Immersive 
Learning Research Network (iLRN) conference in 2020 [3]. 
The current paper describes the work that has been done since 
to continue development, implement new technologies and 
provide further system capabilities. 

II. BACKGROUND 

A. Immersive Learning Technologies 

Immersive technologies are interactive hardware and 
software technologies used to create high fidelity digital visual 
experiences and artificial environments that can make the line 
between real and digital worlds less distinct, allowing users to 
immerse and interact with them and develop the feeling of 
presence [4]. The use of immersive technologies in education 
has been drawing significant research interest over the years 
and have provided a lot of opportunities to investigate and 
exploit different pedagogical methods [5]. 3D desktop virtual 
worlds, VR, AR, MR, and 360 videos are some of the most 
prominent examples of immersive learning technologies 
utilised to support teaching and learning with great success. 
The affordances and positive impact of XR in education is 
identified and widely acknowledged, enabling to deploy 
immersive learning experiences in engaging, meaningful, 
accessible and experiential forms [6]. The landscape of XR is 
rapidly changing due to the significant cost reduction, increase 
in portability and comfortability [7], and it has been 
increasingly adopted by individuals, educational institutions 
and organisations to effectively support and enhance teaching 
and learning practices [2]. 

B. Robots in Education 

Robots have been used in education for quite a while, 
literally since the creation of first programmable robots in 
early 50s of the last century [8]. Initially this was due to the 
increased demand for relevant engineering technical 
background due to a wide use of robots in industry. The 
significant advancements in technology since, has enabled 
robots to feature improved functionalities and capabilities, that 
led to the development of new types of robots such as social, 
service, entertainment, collaborative robots, and others, and be 
adopted in a wide range of domains and be part of the society. 
Education is especially one of  those domains, where the 
utilisation of  robots as educational technology shows great 
potentials [9]. Especially with the appearance of low-cost 
robotic, mechanical, and electronic kits and more advanced 
robots capable of direct interaction with humans, robots came 
to schools and other organisations where children or young 
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adults take part and contribute to their learning and 
understanding. Also, as mentioned in [10] “children feel more 
comfortable interacting with robots than with humans, since 
the robots looks like toys having human-like communication 
abilities and they do not criticize, judge, or punish them”. The 
embodiment of robots for educational purposes has been 
identified as an important factor to support learning activities 
[9]. While intelligent tutoring systems and virtual agents has 
been used for many years to support education, the use of 
social robots provide similar positive benefits.  As pointed out 
in [11], compared to virtual agents for instance, the physical 
embodiment through robots can enable user engagement with 
entities in the physical world, allow them to express more 
social behaviour when interacting with a physical system and 
show increased learning gains compared when interacting 
with a physical system rather than virtual agents. In fact, 
robots as educational technology can utilise multiple 
pedagogical theories such as constructionism, collaborative, 
social and active learning, and learning by design to increase 
motivation, enable practical engagement, creative thinking 
and problem solving [9]. The WiP presented in this paper aims 
at fusing robots and their digital twins to utilise them as 
immersive tutors and companions in the proposed interwoven 
educational system discussed in Section D. 

C. AI to Support Education 

AI is “a cross-disciplinary approach to understanding, 
modeling, and replicating intelligence and cognitive 
processes by invoking various computational, mathematical, 
logical, mechanical, and even biological principles and 
devices” [12]. Over the years, a range of AI methods such as 
Machine Learning, Neural Networks and Deep Learning, 
Natural Processing Language, and others have been 
developed. Using these methods, a wide range of AI led 
educational systems have been emerged.  Intelligent Tutoring 
Systems applying AI through computer based instructional 
systems for instance, are providing personalised applications, 
for example, by  simulating virtual tutors to monitor student 
progress, giving feedback, and general educational support 
[13]. AI conversational agents that employ dialogue system 
formats aiming at enabling  human to naturally converse with 
machines through multimodal communication means also 
exist [14]. Student monitoring systems using face recognition 
and detection for verification, identification, and detection are 
applied for attendance monitoring, tracking engagement, 
online exam supervision and to flag abnormal behaviour 
among others. AI tools to support accessibility in education  
i.e. AI assistants that identify speech, sign language and 
support hearing impaired, content translation through neural 
machine translators, real time captioning and others [15].  

Considering the advancements in AI, its application and 
impact in education, this WiP aims at implementing AI 
techniques and technologies in a CPSeS, in convergence with 
XR and Robots to create new types of intelligent digital 
learning experiences.  

D. Cyber Physical Social Eco-Systems 

The concept of Cyber-Physical-Social Eco-Society 
Systems (CPSeS) is a complex computer systems 
development framework proposed in [16]. CPSeS aims at the 

convergence of immersive with robotics, and other emerging 
technologies to develop intelligent computer systems that 
seamlessly blend the real and digital worlds, influenced by 
humans and their behaviour, real and artificial agents and 
elements. CPSeS is extending the concept of Cyber Physical 
(CPS) and Cyber-Physical-Social Systems (CPSS). These are 
complex systems focussing on the integration of physical and 
information systems by employing computational and 
physical system capabilities (CPS) [17], and the introduction 
of social elements in CPS architecture to cater for the human 
factor and social input influencing the system (CPSS) [18]. 

In CPSeS, users interact with amalgamated real and digital 
environments. They exist in the real and virtual worlds and are 
connected through robotic agents physically placed in the real 
setting(s), and synchronously represented in cyber spaces 
through their digital twins. Through sensing and AI 
capabilities, robots feed information to the cyber space and are 
actuators in the real and virtual worlds. This WiP focus is on 
introducing AI capabilities to the components of a CPSeS 
prototype to build an intelligent educational system that would 
exert influence over the real and virtual spaces through its 
comprising real and artificial actuators and components.  

III. IMMERSIVE ENVIRONMENT PROTOTYPE 

The educational CPSeS prototype presented in this paper 
was initially introduced at the iLRN 2020 conference [3]. At 
that time, the prototype featured the ability of users to connect 
and coexist on the Virtual Reality museum of Robotics using 
smartphone VR and cardboard-based head mounted displays. 
Users could communicate using VOIP and textual chat, 
interact with the environment, learning materials, play an 
educational game, and see demonstration of exhibit robots in 
action. They interacted with the digital twin of a real robot 
(Fetch – Fig. 1) placed at an exhibition space at Sheffield 
Hallam University (UK), see the real world through its eyes, 
and navigate it manually or autonomously.  

Fig. 1. The Fetch Robot, and its Digital Twin in the virtual museum 

Over the last year, the research team conducted several 
technical experimentations to identify issues and improve the 
system, introducing additional functionalities to the CPSeS. 
An important system addition is the implementation of an 
additional XR technology in conjunction with smartphone VR 
to control the robot through MR. The team is deploying this 
functionality using Microsoft HoloLens 2 aiming to enable 
responsible users such as teachers, to control the robot through 
MR mode, i.e., to monitor the real classroom and the digital 
twin’s behaviour simultaneously, and issue instructions to the 
robot for students to interact with it in the virtual and the real 
world. Further MR functionalities are under development to 
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implement AI for pathfinding, guiding, sharing information, 
and for student assessment in real and virtual worlds. 
Additional capabilities are under development to implement 
AI agents in VR to support students during activities by 
identifying areas of interest, guiding them in the learning 
process, and to also assess their understanding using dialogue-
based systems mimicking human behaviour. The team also 
works on exploiting the machine vision capabilities of the 
robot to perform actions involving image recognition to 
identify and navigate or manipulate certain objects to enrich 
system capabilities and develop further educational activities.  

Another important system advancement is the networking 
configuration to address the issue of remotely connecting to 
the robot using 4G Wi-Fi. Dynamic IP changing on 4G Wi-Fi 
devices managed by commercial ISP’s is a common issue 
hindering the configuration and implementation of remote 
connections [19]. Port forwarding limitations on ISP network 
level restricts establishing connections. The research team has 
implemented a configuration using reverse SSH connection 
by a proxy server to allow connecting to the robot. Using this 
method, users can connect to the robot from remote locations 
regardless of the robot’s connectivity method to the Internet.  

To investigate usability and technical issues, an evaluation 
of the system is currently under way, where users from the 
University of Central Lancashire, Cyprus campus connect to 
VR and see the lab at the Centre for Automation and Robotics 
Research (CARR), Industry and Innovation Research 
Institute, at Sheffield Hallam University, where the robot 
currently resides. Users connect and navigate around the 
environment through the robot using its pathfinding and 
obstacle avoidance capabilities. Extended user evaluation is 
planned to investigate user acceptance, feeling of presence and 
general usability and design of the environment. However due 
to current Covid-19 restriction in Cyprus and the UK, access 
to laboratories and buildings is limited.  

IV. DISCUSSION 

The significant potentials of AI in convergence with XR 
have been identified, focussing on their ability to offer 
opportunities for developing interactive agents, analytics, 
personalised and adaptive learning experiences [20]. The 
CPSeS described in this W-i-P contributes and aims at 
extending the knowledge in this domain and advancing the 
state of the art, by proposing and developing an intelligent 
educational immersive system through the fusion of AI with 
XR and Robotics technologies and develop new realities. 
Actually, the proposed system can be seen as a step towards 
the so-called Internet of Everything [21], where robots, their 
digital twins, real and virtual spaces, human and their avatars, 
form a new interwoven framework that fuses realities and 
creates new means for personalised immersive education.  
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Abstract—Serious games constitute, among others, a strategy 

to make the educational process something fun even without 

warning that the participant is learning actively and interactively. 

One of the fundamental aspects to consider in the development of 

serious games is the work strategy that is followed to achieve their 

purpose, hence this article details the methodology followed for the 

development of a serious game that its purpose is to raise 

awareness in society about the preventive measures of the Covid-

19 called "Cuidémonos Play UTPL” [Let's take care of ourselves 

Play UTPL, as said in English]. From the results obtained, we 

concluded that, when designing a serious game, the main thing is 

to work on the narrative, considering that it is striking in order to 

obtain the attention of the end user; Likewise, it is necessary that 

the gameplay is simple and intuitive with the idea of not to lose the 

interest of the user.  

Index Terms—serious game, narrative, genre 

I. INTRODUCTION  

Technologies are part of the daily work of human beings. We 
cannot ignore that they helped us to be more bearable during the 
time of the pandemic that we live in the world. One of the fields 
that has changed is the way we educate. Technologies are a tool 
that allows us to do different things so that the learning process 
is active, participatory, equitable, inclusive and immersive. 

The design of the “Serious Games” has a formative purpose 
rather than entertainment. The expression “serious” mainly 
refers to those video games that are used in the educational 
sector, defense, scientific exploration, in medical care, civic 
planning, engineering and politics. 

This term was defined in 1970 by Clark C. Abt, American 
researcher and author of the book Serious Games [1] in which 
Abt highlights the game as a context of rules between diverse 
actors who try to achieve objectives, highlighting the explicit 
and carefully planned educational purpose being still fun to play. 

[2] defines serious games as "a mental competition, played 
with a computer according to specific rules, that uses 
entertainment to promote training, education, health goals, 
public policies and strategic communication". [3] mentions that 
serious games are computer applications that, in addition to 
being fun, allow the achievement of one or more objectives, 
which is why they are called serious. A serious game facilitates 
the learning of certain content in an interactive and entertaining 
way achieving the immersion of the participant. 

In order to raise awareness in society about the prevention 
measures of Covid-19, a serious game called Cuidémonos Play 
UTPL [Let's take care of us Play UTPL, as said in English] was 
designed, being a mobile application available for Android 
launched within the framework of Virtual Reality Day Ecuador 
2020, based on the experience obtained, this article will try to 
answer the following questions: how do serious games 
contribute to processes of social awareness? What aspects 
should be considered to develop serious games in the process of 
social awareness? 

For the design and development of the serious game, the 
taxonomy proposed by [4], was followed, a taxonomy that 
allows defining characteristics of: design, development and 
operations, from the game's conception. 

II. DESIGN NARRATIVE 

A. Autor 

The game was developed by the Virtual Reality Club of the 
Particular Technical University of Loja, it was born as a 
challenge proposed by the department university missions, 
responsible for the university clubs within the educational 
institution. 

B. Development Methodology 

The methodology that was followed is the Methodology for 
the design of educational games based on interactive scripts, 
proposed by [5] adapted as follows: 

 

Fig. 1.  Methodology adapted from [5]. 

Design of the chapters. The game has a social competition 
that invites to raise awareness about the prevention measures of 
Covid-19 such as: hand washing, the use of a mask and social 
distancing. It is composed of two chapters; In Chapter I, the 
player will be inside the building where the correct way of 
washing hands is visible to avoid contagion; In Chapter II, the 
player will be outside the building where the use of a mask and 
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social distancing are fundamental aspects to reach the health 
home without being infected. 

Scene design (stage). As mentioned above, the game 
Cuidémonos Play UTPL has two chapters, chapter I is static 
where the previous story is presented to start the game; while, 
chapter II is dynamic taking into account that the gameplay of 
this is developed here.  

Scene design (characters). In chapter I, in the first scene of 
the room, you will need an avatar that simulates the father of the 
family watching the news and within the news you need a 
journalist who reports the danger of Covid-19 and the correct 
process of hand washing, as well as, crowded people. In scene 
two, a playroom is needed with two children playing ball. In the 
third scene, a bathroom with a vanity is needed so that the father 
can take the alcohol and the mask, in the fourth scene, a lobby, 
an elevator and a father with a child in his arms both with a mask 
will be needed. Within chapter II, the first scene is designed 
based on buildings that make up a city; In the second scene, you 
need several avatars that simulate healthy people and infected 
people, where they are differentiated by the red particles that 
surround them, in the third scene, you will see a hospital with a 
nurse waiting for the child.  

Challenge design. The challenge posed in the game is for the 
father to take his son to the hospital without being infected, to 
request the necessary attention for the accident that the child 
suffered. 

Emotion’s design. One aspect that should not be overlooked 
is the identification of what you want to wake up in the player, 
in this case taking into account that the covid-19 has caused fear. 
The serious game seeks to provide security to the player by 
understanding in a way playful the importance of hand washing, 
social distancing and the use of a mask.  

Adaptive design – gameplay. The game is enabled for 
Android mobile devices, once the application is downloaded, the 
user must enter their registration data and this will enable the 
game's kinematics. Knowing the previous history, you will have 
to go out with your child in your arms to a health home; On the 
way you will meet infected people who you should avoid 
approaching less than two meters and if it is essential to go very 
close you must be provided a mask to avoid being infected. In 
the case of having been infected, you will find bottles of alcohol 
that will help you to recover your life. Upon arrival at the 
hospital you will be greeted by a nurse and the game will 
culminate by presenting the result obtained with the possibility 
of sharing it on social networks, to participate in the digital 
contest that has Virtual Reality glasses as a prize. 

C. Deployment and Architecture of the Application. 

For the development of software applications, it is necessary 
to have a structure on which the application is developed. The 
most common architecture for software development is the 
three-layer architecture, which are [6]:  

1) Interface layer: as its name indicates, it refers to the 
visual elements that are presented to the user of the application.  

2) Business layer: also known as the logical layer, it is the 
layer where operations and functions are performed so that the 
application can function properly.  

3) Data layer: provides the data storage and management 
mechanism, where user and application data are stored. 

 

“Fig. 2. Architecture of Cuidémonos UTPL.  

The application was deployed via the Web in the Google 
Play store under the name “Cuidémonos Play UTPL”. 

D. Gender 

There are various genres in serious games, the genre 
implemented in Cuidémonos Play UTPL is educational, taking 
into account that one of its important characteristics is the 
acquisition of knowledge implicitly, where the player acquires 
knowledge naturally as progress in the game [7]. 

E. Narrative 

 Taking into account that the narrative is the voice of the 
story that accompanies a serious game, Cuidémonos Play UTPL 
implements a basic narrative, you have the challenge of getting 
to the hospital that is really simple, to do so, you must avoid 
approaching less two meters from infected people and collect 
masks to be able to provide them to people infected with Covid-
19. 

F. Interactivity 

The implemented interactivity was standard with the use of 
usual peripherals with the option to manipulate. 

G. Context of Use and Area of Application 

The game is designed to be used in a general social context, 
it has no age, gender or ethnic limit. 

H. Evaluation 

The game registers three states in each of the games per 
user: lost, abandoned and won. This will allow us to know the 
number of people who participated in the game and what their 
performance was. 

I.  License 

The game is open-licensed and is made up of a number of 
open source resources available on the web. 

III. RESULTS 

The results that are presented correspond to each participant 
who interacted on November 21, 2020, in the Virtual Reality 
Day EC 2020, and as mentioned, they are saved in a Firebase 
database. It is important to emphasize that the results are focused 
on the performance of the user in the video game and the 
emotions product of the interaction with the video game 
published on the social network (Facebook): 

1) Cuidémonos Play UTPL had 112 unique participants with 
a total of 165 attempts. 

403



2) The people who most interacted with the game are in the 
age range of 18 to 24 years, however, the game was used by 
people who are 5 years old to ages 77 and 88 years. 

 

Fig. 4. Age range. 

3) Within the game states, it is found that of the total attempts 
61.6% (101) won, 25.4% (42) abandoned and 13% (22) lost. 

 

Fig. 5. Game states. 

4) Regarding the score obtained based on all the attempts of 
the state, 58% won with 100 points (life of the player) and 3.6% 
won with 42 to 90 points. While in the state of abandoned 18.1% 
obtained 100 points and 7.2% left the game without having 
started. Finally, 13% lost with 0 points by losing the player's life. 

 

Fig. 6. Game statuses and score. 

In order to evaluate the resulting emotions of the end users 
after using the serious game, what 16 users mentioned in the 
social network Facebook was randomly taken using the 
#CuidemonosPlayUTPL and the following results were 
evidenced:  

5) From the selected people, an average of seven comments 
per user was obtained, where satisfaction comments were 

evidenced (  ) when knowing how to face Covid-19, they 
also have an average of nine comments per user related to 

security ( ) provided by following the biosafety protocols 
that arise in the serious game. 

IV. CONCLUSIONS 

When making a serious game aimed at a general target 
audience, it is necessary to have a methodology that allows 

identifying the characteristics of design, narrative, interactivity 
and operation from the conception of the game. 

When designing a serious game, the main thing is to work 
on the narrative in a striking way in order to get the attention of 
the end user; likewise, it is necessary that the gameplay be 
simple and intuitive so that the user does not lose interest. 

As mentioned, [8], using serious games for social awareness 
produces effects positive and in this, biosecurity care was 
emphasized to avoid Covid-19. Serious games as mentioned [9] 
are based on the ability to take decisions based on the 
assimilated information, becoming the key to success to fulfill 
with the challenges posed. 

The use of guided video tutorials within a serious game 
improves the development of the users in the environment as 
mentioned [9]. 

To measure the impact of serious gaming on training 
processes, it is necessary to store the interaction information 
made by the user to identify its impact and make new versions 
if required. 

V. FUTURE WORK  

  In order to know the user experience that makes use of the 

serious game, it is necessary to develop an instrument that 

allows measuring dimensions such as: narrative, interactivity, 

friendliness and immersion.  
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Abstract—The paper presents the e-facilitator concept and 

explores the perspective of some professionals in the field 

(stakeholders) on this role and its competencies. Facilitation in 

virtual learning environments is a growing challenge when more 

and more learners find their way to online learning platforms and 

many universities adapt their courses to digital environments since 

the global pandemic forced many people to stay at home.  

Index Terms—e-learning, virtual learning facilitators, e-

facilitators, immersing e-facilitators 

I. INTRODUCTION  

Success in the learning process of e-learning goes beyond the 
mechanics of students interacting with contents or with their 
peers and tutors/lecturers. It depends on sustaining that 
interaction, its dynamics, over the full length of an e-learning 
course [1]. 

A role which has been acknowledged towards encouraging, 
supporting, and maintaining these dynamics is that of e-
facilitator [2]. However, it’s contours are fuzzy and this creates 
uncertainty regarding the role itself, its responsibilities, and the 
competencies that an e-facilitator should master to play this role 
successfully [1], [3]. 

In the FAVILLE “Facilitators of virtual learning” project, we 
are developing a training program for e-facilitators. To address 
the fuzziness of the concept, we developed a multinational effort 
to interview a panel of e-learning stakeholders, as well as a 
survey of documentation, as a first attempt to clarify the role and 
competencies of e-facilitators. 

II. BACKGROUND 

A. FAVILLE 

FAVILLE, “Facilitators of Virtual Learning” is a project 
funded by the European Commission that joins seven different 

partners from five countries, from private and public sectors: one 
national institute for adult learning, (German Institute for Adult 
Education Leibniz Centre for Lifelong Learning Germany), two 
Open Universities, (Hellenic Open University/Greece and UAb-
Universidade Aberta/Portugal), two non-profit private 
organisations (ASTRA and ENTRE, Slovakia) and two private 
companies (HT S.r.L., Italy and IDEC, Greece). 

Aware of that, the project aims to enhance the quality 
standards for facilitation in virtual learning environments and to 
provide the skills and competences that facilitators of virtual 
learning need to develop their techniques.  

The aim of the project will be achieved by creating a specific 
training programme for virtual learning facilitators, 
complemented by a web application and the development and 
validation of a skill-framework. Keeping in mind the 
international nature of these virtual learning platforms, 
intercultural teams were included in the training programme 
development which will be available in five different languages: 
Italian, German, Greek, Portuguese and Slovak, potentially 
reaching over 380 million speakers. 

B. Virtual Learning Facilitators 

Current programmes for e-learning teachers and trainers 
focus more on the use of the learning platforms and not on 
facilitation techniques and many times the “technology only” 
focus prevails over educational technology and pedagogics.  

Authors like Salmon [4], Denis et al [5] or Martin et al [6] 
present diverse roles and functions for virtual facilitators. 

FAVILLE envisions the virtual learning facilitator as 
someone who  “acts in the virtual class as a motivator, supporter 
- someone who facilitates the learning environment, team 
dynamics, communication and collaboration among the 
participants and with the trainer”.  
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Acquiring these skills presupposes "the immersion of the 
facilitator" [6], in this environment and, therefore, training in an 
online context.  

It has not been clarified how this immersion of the facilitator 
can be achieved, so we will consider for this work the 
perspective on immersion put forth by Beck et al. [7] and will 
leverage it to interpret our results. 

III. METHODOLOGY AND CURRENT WORK 

In order to sustain some of the arguments presented, 
FAVILLE partner’s developed a needs analysis including a desk 
research and expert interviews in five European countries to map 
the state of the art regarding e-facilitators status and to establish 
their competencies and qualification needs. 

The desk research aimed at providing an overview on 
existing information regarding virtual learning facilitators and 
their training needs in the partner countries. Together with the 
results of the expert interviews, the desk research provided the 
knowledge base for the conceptual development of the 
FAVILLE training course. 

Experts interviewed included a variety of profiles including 
staff from universities (including distance universities); 
professors, researchers, tutors; company trainers; teachers of 
adults from various fields; media/ICT experts; training 
managers; project managers from NGOs and consultants among 
others.  

A total of 36 interviews were conducted by the seven project 
partners (5 interviews in Germany, Italy and Portugal, 
respectively, 10 interviews in Greece and 11 interviews in 
Slovakia). 

Both the desk research and the expert interviews were 
conducted by all project partners using shared instruments (desk 
research template, interview guideline with key questions) so as 
to yield comparable information across the partnership. The 
research thus provided information on five different areas: 
Perception of “facilitation” on different countries; relevance of 
e-learning facilitation as a professional task and professional 
role; regulatory context of e-learning facilitation: access 
requirements, professional standards; characteristics of e-
learning facilitators; validation opportunities for e-learning 
facilitators. 

In order to determine the competence profile for virtual 
learning facilitators, the corresponding text sections of the desk 
research reports and the expert interviews summaries were 
analysed using an inductive category formation approach from 
the qualitative content analysis. 

 

IV. RESULTS AND DISCUSSION 

 
FAVILLE desk research and interviews found and 

confirmed some interesting inputs, namely that virtual learning 
facilitators need a broad range of competencies. Technical skills; 
socio-communicative competence skills, specifically for ICT-
based communication; professional awareness and adult 
learning principles. Methodical skills (knowledge and 

application skills of facilitation methods and tools in the online 
environment) and managing/planning/organizational/ skills are 
also recognized as of key importance in the need’s analysis 
conducted. 

Technology and technological skills alone are not sufficient 
to enable high quality online learning. For the learning success 
it is critical that the facilitator is able to plan and implement a 
pedagogically meaningful setting, using the specific possibilities 
(and coping with the limitations) of the online environment. 
(Psycho) pedagogical and planning skills are therefore of 
paramount importance. 

Although there are many aspects that are common both to 
face-to-face learning and to conventional distance learning, one 
cannot assume that pedagogical competences and approaches of 
these modalities are automatically transferable to the online 
environment. Acquiring these skills presupposes "the immersion 
of the facilitator" [6] in this environment and, therefore, training 
in an online context. We can also consider these areas as highly 
relevant for supporting immersive learning. E-Facilitators in 
immersive learning environments will gain by developing their 
technical skills but also their socio-communicative 
competencies and managing/planning/organizational/ skills [7]. 

V. CONCLUSIONS 

Current programmes for e-learning teachers and trainers 
focus more on the use of the learning platforms and not on 
facilitation techniques and many times the “technology only” 
focus prevails over educational technology and pedagogics. 

FAVILLE envisions the e-facilitator as someone who “acts 
in the virtual class as a motivator, supporter - someone who 
facilitates the learning environment, team dynamics, 
communication and collaboration among the participants and 
with the trainer”.  

The needs analysis conducted by the FAVILLE project 
revealed more information about the views of different 
stakeholders on the role of virtual learning facilitators, the 
uncertainty regarding the role itself, its responsibilities, and the 
competencies that an e-facilitator should master to play this role 
successfully. 

The crux of the results points towards the necessity of 
immersing the facilitator to support its development of core e-
facilitation skills. This immersion, following the theoretical 
perspective of Beck et al. [7] implies that immersive e-facilitator 
training should consider narratives, challenges, and systems that 
immerse them in the daily exercise and awareness of socio-
communicative competencies and their management, planning, 
and organizational skills, as well as the technical skills required 
for e-facilitating in virtual learning environments. 
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Abstract—Combining immersive environments with intelligent
tutoring (ITS) provides synergies that can accelerate learning
beyond what is possible individually. The integration of these and
other sub-domains represents a new domain–LIVE–conceived
through an affordance-based design approach and informed by
embodied interaction ideals. Offered as a tutorial model for
immersive virtual education, it implements adaptive pedagogical
methods to provide social support for tutor-to-student and peer-
to-peer instruction in inquiry-based activities (such as science
labs). This work-in-progress paper communicates the basic do-
main definition, its place in the literature, and efforts to create
and evaluate a prototype application.

Index Terms—immersive learning environments, intelligent
tutoring systems, social computing, guided-inquiry, usefulness

I. INTRODUCTION

This research introduces a model for instruction that brings
together various existing domains in an innovative way. The
tutorial model for learning in Interactive and immersive virtual
environments–LIVE Tutor–is meant to capitalize on the ben-
efits offered by traditional in-person tutoring while providing
support through intelligent tutoring systems (ITS). The LIVE
Tutor model considers the design of the tool/machine as
an object situated within a specific social structure. This
shift in design thinking characterizes a move away from
software influenced by a rationalistic perspective toward a
social-constructivist conception that is informed by a situated,
embodied, and relational view of human understanding.

What follows is the first sketch of a domain definition for
the model, which is framed by a selection of existing domains
taken up as sub-components–or sub-domains. After a general
discussion, the domain is described by keywords selected to
guide a search into prior-works. After the literature review,
the remaining sections contain a description of the model and
summary remarks with a statement on intended next steps.

A. Problem definition & approach

This ongoing study includes three research questions. First,
how to define an application domain, set within a social con-
text, to optimize learning in virtual environments. Secondly,
what groupings of (i) evaluation heuristics and (ii) develop-
ment guidelines best ensure application usefulness through
an iterative development life-cycle. Third, how these can be
operationalized together in a model framework.

The domain definition and keyword search reported here are
the first stages prescribed by the PROMETHEUS methodology

[1] chosen for the production of a custom set of evaluation
heuristics to be employed later in a user-study.

II. DOMAIN DESCRIPTION

At a high level, each LIVE Tutor application is designed
to prepare students for actual experiences–such as in-person
laboratory activities–in two primary ways. First, applications
incorporate evidence-based principles of learning and memory
to accelerate understanding and skill acquisition through ITS
techniques. Unlike traditional ITS, which manages interven-
tions (such as hints and task selection) tailored to an indi-
vidual user, in the LIVE Tutor model such interventions are
available to support other (human) actors; such as those in a
tutor role. These supports for inter-actor relationships extend
beyond the cognitive toward the social in the form of dialog
support. Secondly, LIVE tutor applications expose the student
to activities, concepts, and analogous environments through
engaging virtual experiences which motivate pursuit of the
activities in reality.

In addition to general software, the domain consists of
three previously established software sub-domains: immersive
learning environment (ILE), intelligent tutoring system (ITS),
and social interaction design (SID). The model also includes
a guided-inquiry approach to active learning, and a set of spe-
cific practical constructs from the science of human learning in
psychology. Together these make up the six main components
of the model. In the subsections that follow, each of these sub-
domains is described and roughly contextualized in relation
to a prototype application being designed for this study. The
reader will please note that the research approach adopted in
this early-stage paper is design-based in nature.

A. Intelligent tutoring systems
The phrase “intelligent tutoring system” (ITS) is a common

one that denotes a specific kind of interactive, or adaptive,
learning software having a history going back over forty years.
The LIVE Tutor model incorporates this traditional approach
while integrating it with social interaction design to support
dialog between human actors. This is needed because some of
the most effective ways in which human tutors assist students
are not easily modeled by traditional ITS.

B. Immersive learning environments
Three-dimensional virtual learning environments (3D-VLE)

are understood to be immersive in degrees. The learning ben-

978-1-7348995-2-8/21/$31.00 ©2021 Immersive Learning Research Network 408



efits that are potentially available–through task affordances–
with good 3D-VLE design include: spatial knowledge repre-
sentation, experiential learning, engagement, contextual learn-
ing, and collaborative learning [2].

C. Social interaction design

In a recent meta-study by Olsson, et al. [3], a list of
social design objectives are given and rated according to
degree of social enhancement: a more recent trend in social
interaction design that includes but goes beyond “enabling”.
LIVE Tutor designs “enhance” social interaction–specifically
conversations–by “facilitating ongoing social situations”. In an
effort to introduce dialog between actors, a Social Interaction
Design (SID) element allows students to: benefit from the
learning experiences of other students, enhance mentor-peer
interaction capabilities, and to make thinking clear; all through
dialog. This type of SID solution is a form of hard-scaffolding
known as tertiary-courseware [4]. In addition to these and other
hard scaffolds (e.g., hints), soft scaffolding is integrated by the
model through facilitation by human tutors and adoption of a
variant of the paired-programming construct [5].

D. Guided-inquiry learning

The essentials of guided-inquiry consist of four require-
ments: use of learning outcomes, allowance for self-direction,
facilitation of self-direction, and task-based [6]. An inquiry–
or discovery–approach improves the depth of learning when
compared with ordinary modes of teaching. It is the model
of learning most suitable to the affordances offered by the
(immersive) 3D-VLE ( [2], [6]).

In a framework based upon a compilation of inquiry-based
learning approaches [7], the authors include “discussion” as a
phase which is relevant to every other phase chosen as char-
acteristic of inquiry activities. Discussion includes two sub-
phases for external and internal dialog: communication and
reflection. It is an essential component to all inquiry–guided
and otherwise–and it typically occurs through facilitation.

E. Learning sciences

The LIVE Tutor design incorporates specific techniques
derived from principles of human learning that are identified
as most relevant to the other component sub-domains. These
include: question-driven activities, feedback, reward, and mo-
tivation. Given that these are chosen based on evidence based
research [8], they are assumed to have the potential to increase
utility of domain activities if incorporated well.

III. LIVE TUTOR MODEL

LIVE is an application domain defined as: “Immersive
space implementation of guided-inquiry activities with intelli-
gent tutoring in support of socially engaged learning via native
tutor facilitation in a virtual environment.”. In this model, ITS
supports both learning and teaching/tutoring.

Dimensions are used to define the domain in a way that
enables a systematic keyword-search to research prior works.
As prescribed by PROMETHEUS, each dimension is assigned

a specificity index (SI)–a value between 0-5 on the Likert
Scale–as shown in Table I.

TABLE I
DOMAIN DIMENSIONS FOR SYSTEMATIC KEYWORD-SEARCH

Category Dimension Specificity Index
Usage Context (UC) Guided 2

Inquiry 3
Collaborative 4

Tutoring 5
Logical Device (LD) Augmented Reality 2

Virtual Reality 3
Extended Reality 3

Mixed Reality 4
User Profile (UP) Lifelong 2

Post-Secondary 3
Remote 4

Engagement Facet (EF) Dialog 3
Conversation 3

Adaptive 4
Immersive 5

Social 4
Interactive 3

Application Context (AC) Guideline 2
Heuristic 4
Usability 3

Usefulness 4
Utility 3

IV. PRIOR WORKS / KEYWORD-SEARCH

A “ search for specific information” was conducted to
identify prior works in the space that resemble the domain
description. In this study, the stage one search uncovers infor-
mation about recent works related to the chosen sub-domains.
Stage one search string used: ( (Tutor AND ( Virtual OR
Immersive ) AND (Dialog OR Collaboration OR Inquiry)) WN
ALL) AND ( (2021 OR 2020 OR 2019 OR 2018) WN YR) ).
The combined results amount to 1,881 titles, of which a subset
of 97 selections were flagged as “cognate” and given a closer
review (see Table II). Of the 97 cognate titles, some were
designated as “relevant”–significant enough to have an impact.
These 38 relevant titles were reviewed; 13 of these were then
designated as “influential”–worthy of possible citation. Some
of these are now discussed.

TABLE II
KEYWORD-SEARCH RESULTS SUMMARY

Search # Source Database Total Cognate
2 ACM 1084 32
4 Engineering Village 11 1
1 IEEE 8 6
6 PsychInfo 13 0
3 ScienceDirect 198 15
5 Web of Science 48 10
7 Mendeley (Various) 520 38
* All (total combined) 1,881 97 (excluding duplicates)

In Herbert, et al. [9], requirements are given for com-
bining two domains into one: ARAT (“adaptive augmented
reality tutors”). The LIVE Tutor domain shares dimensions
with ARAT but also includes dimensions that support social
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collaboration/interaction and inquiry-based learning design. In
another publication by Herbert, et al. [10], the authors propose
a new architecture for “distributed augmented reality training”
using intelligent tutoring (DART); addressing challenges for
instructional designers working with augmented reality (AR).
Similar to LIVE Tutor, its theoretical basis is informed by a
“distributed” (as opposed to ego-centric) cognitive theory. Col-
laborative extension of an ITS authoring tool–Cognitive Tutor
Authoring Tools (CTAT)–is pursued by Olsen, et al. [11].
The extensions allow for scripts that support collaboration
as defined by five components: learning goals, activity types,
sequencing, role distribution, and representation types. CTAT
was enhanced so that example-tracing tutors can support
collaborative learning. Peer tutoring roles, for example, can be
supported by providing feedback on interactions to the student
in the “tutor” role only.

A study on adaptive collaborative learning support
(ACLS) [12] in a peer tutoring context sought conditions
under which ITS techniques can improve student learning
within collaborative activities. These authors also enhanced
an existing ITS tool to improve peer tutor assistance. Their
Adaptive Peer Tutoring Assistant (APTA)–built on a content
authoring tool known as CTA–is also modeled after “peer
tutoring scripts, where one student tutors another student of the
same ability.” The peer tutoring interface allows the tutor to
watch the tutee working on problems, and marks the actions
as right or wrong. These are then corrected by the ITS, if
needed.

The searches did not reveal prior works closely resembling
the LIVE Tutor domain; although, a few combine two of its
sub-domains at a time. Some have been found influential in
developing the model; For example, role targeted support [12].

V. MODEL SPECIFICATION

Influences from the literature are implicit in the model
schematic shown in Fig. 1. Cubes represent the immersive
learning objects; or application instances, elsewhere referred
to as learning machines (LM) [13]. A peer’s cube exists outside
of her field of active-awareness when acting in that (peer) role
(as seen by blue cube falling outside of the blue triangle).
The application instance for the student role remains inside
of his field of active-awareness (as can be seen by the green
cube inside the green triangle). A tutor can place his active
awareness on one dyad at a time, sees the 3D interactions
through a 2-D interface which also reports activity statistics on
other dyads (shown in gray boxes). The mentor does not have
access to the 3D environments but instead has the 2D interface
with high-level support for activity design in addition to
activity statistics that are useful in activity redesign (supported
through the interface) and reformulation of lecture content. 2D
interfaces deliver dialog user-interface regardless of role; both
synchronously and asynchronously across sessions.

VI. SUMMARY

In this short paper, an application domain was introduced
and defined according to an accepted methodology. A review

Fig. 1. LIVE schematic: circles are actors and associated triangles represent
the scope of active-awareness. Rectangles are 2D interfaces and cubes are
learning objects. Actors labeled as Mentor, Tutor, Peer, and Student roles.

of prior-works helped to contextualize the place of the domain
within existing research literature. In future work, a set of
custom usefulness heuristics will be generated and applied
to the prototype within a user study. The results will then
influence the next iteration of design and redevelopment for
both the model framework and the application prototype.
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[1] C. Jiménez, C. Rusu, V. Rusu, S. Roncagliolo, and R. Inostroza, “Formal
specification of usability heuristics: How convenient it is?” in EAST’12
- Proc. 2nd Int. Work. Evidential Assess. Softw. Tech., 2012.

[2] B. Dalgarno and M. J. W. Lee, “What are the learning affordances of
3-D virtual environments?” Br. J. Educ. Tech., vol. 41, no. 1, pp. 10–32,
jan 2010.

[3] T. Olsson, P. Jarusriboonchai, P. Woźniak, S. Paasovaara, K. Väänänen,
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Abstract—Immersive and spatial media are increasingly preva-
lent in education. However, the pedagogies associated with using
these technologies in post-secondary general education contexts,
their effectiveness in supporting student learning, and the role of
student perception of immersive and spatial media are not well-
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immersive and spatial media tools, student learning trajectories,
and perception of immersive and spatial media.
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I. INTRODUCTION

Unreality: Immersive and Spatial Media is a first-year sem-
inar by Carnegie Mellon University at the time of this writing
in the spring of 2021. The course is delivered remotely and
all students are provided access to VR technology for use in
course-related instructional activities. Instructional strategies
that leverage immersive and spatial media technologies are
becoming increasingly available in undergraduate education
[1]. These tools and technologies enable novel pedagogical ap-
proaches that have the potential to enhance student experiences
and accelerate progress towards learning goals. This work-in-
progress paper describes ongoing research on the relationship
between use of virtual reality (VR) technologies in a first-year
seminar, student perception of immersive and spatial media
technologies, and progress towards stated learning goals. The
results of this work will inform future uses of immersive and
spatial media in first-year seminar courses.

New immersive media technologies of virtual reality (VR),
augmented reality (AR), and mixed reality (MR) are in-
creasingly used as educational technologies across a variety
of learning and teaching contexts [2], [3]. There is a deep
literature engaged with the learning experiences and outcomes
associated with using VR devices in classrooms, including
mobile VR like Google Cardboard and head-mounted displays
(HMDs) such as Oculus Quest [4], [5]. Researchers have
examined theoretical models for the incorporation of VR in
classrooms and the application of VR in teaching various
disciplines including medicine, art, language, architecture, and
soft skills like innovation [2], [6]–[8].

Science and technology studies explore many ways that
perception about innovative technologies can shape the use of

those technologies. These often focus on general concerns or
faithful optimism around technologically determined futures
[9]–[12]. Research has also explored the effectiveness and in-
tegration of innovative pedagogies in first-year seminar courses
[13], [14]. Other literature addresses the adoption of innovative
technologies in educational contexts in general, and during the
2020 global pandemic in particular [15], [16].

This work-in-progress paper addresses a specific gap in the
literature at the intersection of VR education, first-year seminar
courses, and student perception of VR, as well as the impact
of VR-enabled pedagogies on student learning.

II. COURSE CONTEXT

Carnegie Mellon’s Dietrich College of Humanities and
Social Sciences requires first-year students to take an inter-
disciplinary “Grand Challenge” seminar designed to bring a
multi-disciplinary lens to a complex problem. These courses
are part of a general education curriculum that targets critical
thinking, collaboration, and communication skills. In Unreal-
ity: Immersive and Spatial Media, we target critical reasoning
goals by teaching students to critically analyze media and
product representations of immersive and spatial media.

A. Unreality: Immersive and Spatial Media

A novel first-year seminar course offering entitled Unre-
ality: Immersive and Spatial Media was proposed by Diet-
rich College anthropologist Lauren Herckis and Entertainment
Technology Center game developer Thomas W. Corbett III and
delivered remotely in the spring of 2021. Immersive and spatial
media technologies are both the focus of this course and the
medium through which students engaged with many instruc-
tional activities. The course introduces students to immersive
and spatial media, contextualizes these media historically,
culturally, and technologically, and problematizes design and
development efforts in this sector. Throughout the semester,
students explore how we trust our senses to tell us what is
real, and how we as a global society can begin to grapple
with the ethical, cultural, social, and regulatory implications
of these new immersive and spatial media technologies.

Course learning goals include:
• Historically and socially contextualize immersive and

spatial media with respect to culture and technology.
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• Critically analyze media and product representations of
immersive and spatial media.

• Identify characteristics of human perception and experi-
ence that enable effective AR/VR/spatial experiences.

• Be familiar with the core design principles of spatial ex-
pression, including the best practices for communicating
information through a spatial medium and the unique
affordances of spatial media to evoke and communicate
concepts and emotions.

• Design an AR/VR/spatial media product concept and
effectively communicate it to a specific audience.

B. Technological Integration
Unreality: Immersive and Spatial Media is a course about

immersive media that also presents a unique opportunity to
create shared, pedagogically rich immersive experiences. All
students received a Google Cardboard viewer and a credit
with which they could purchase course-related media and
accessories. All students located in nations that permit use of
Facebook received an Oculus Quest 2 all-in-one VR system.
These devices were used to access course materials and
activities throughout the first 9 weeks of the semester, after
which student teams will develop and pitch design concepts
for novel immersive experiences.

Due to the remote modality of the course, we more
deeply integrated immersive and spatial media experiences
into the course pedagogy than initially planned. Class and
team meetings in VR chat, Spatial.io (Fig. 1), and other
platforms provided new virtual contexts in which students
could interact, collaborate, and learn together. These elements
of the instructional design provided real-world examples of the
principles that students were learning about, which we expect
to support progress towards learning goals, while at the same
time providing students multimodal opportunities to connect
with classmates.

According to a pre-semester survey, most students lacked
prior experience with immersive and spatial media, so we also
wondered whether student preconceptions about immersive
and spatial media might shape their learning outcomes in a
class that leveraged these technologies.

Fig. 1. A class meeting using Spatial.io.

III. RESEARCH DESIGN

We explore the implementation of VR-enabled pedagogies
in a first-year general education seminar, student trajectories

toward mastery of learning goals, and relationships among per-
ception of VR, VR-enabled pedagogies, and student learning.
Specifically, we ask three questions:

• Do students’ critical media analysis skills improve in a
first-year seminar class leveraging VR-enabled learning
activities?

• How do first-year students perceive immersive and spatial
media?

• What is the relationship, if any, between student learning
and their perception of immersive and spatial media?

To answer these questions, we conducted a descriptive case
study on the course. We performed a qualitative analysis
of student reflections on immersive and spatial media to
characterize students’ perception of immersive and spatial
media. We plan to employ a quantitative evaluation of student
performance on assessments related to critical media analysis,
which we will use to characterize student learning trajectories.
Finally, we will use a descriptive approach to detail the
relationship, if any, between student learning and perception
of immersive and spatial media. This design incorporates both
cognitive and emotional factors of immersive learning, as in
Dengel and Mägdefrau’s educational framework for immersive
learning [17].

A. Participants

In the spring of 2021, Unreality: Immersive and Spatial
Media was offered with two instructors, one teaching assistant,
and 36 students, 34 of whom were first-year Dietrich College
students and 2 of whom were second-year students from other
academic programs. Students engaged with the course from
six distinct time zones across four nations. Eleven of the 36
students report prior experience using a VR device, most in
the context of a rare or isolated social opportunity for shared
entertainment experiences.

B. Perception of VR

A pretest prompted students to describe a “grand challenge
that humanity faces with regard to immersive and spatial
media, and why do you think it’s such a big challenge.”
Student responses were qualitatively analyzed using a descrip-
tive coding approach [18], in which responses related to each
segment of data are assigned basic labels to create a list of
codes. This process was undertaken collaboratively by the two
authors. Iterative adjudication in a grounded theory frame was
used to refine codes, ensure inter-rater reliability, and collapse
thematic categories [19]. Finally, an axial coding approach was
used to organize codes and to determine which themes were
dominant in the data. The resulting set of descriptive themes
represent students’ perspectives in response to the pretest.

Four themes emerged from this analysis: Access-focused,
Development, Loss, and Regulation and Ethical Pitfalls.

• Students with access-focused perspectives perceive barri-
ers that must be lowered to enable more people to engage
with immersive media. This perspective suggests that
these immersive media technologies will benefit society
as a whole if they can be made more accessible. For
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example, student P06 noted that “the lack of widespread
access frames spatial media as a luxury”.

• Students with perspectives focused on development de-
scribe unfulfilled promise and great potential of these
immersive media technologies. For example, P03 com-
mented that “trying to graphically reconstruct reality is
not an easy feat”.

• Some students describe the potential for, and associated
anxiety about, the loss of reality because of exposure
to unreality. These students suggest that immersive and
spatial media pose a threat to humanity, and express con-
cern that people may become addicted or lose themselves
to the indistinguishably realistic worlds of virtual reality.
P28 said, “By giving up on the real world, humanity will
slowly let itself rot while thinking it is blooming”.

• Some students express concern about regulation and
ethical pitfalls, describing a the lack of constraints on
misuse of new immersive media and a need for regula-
tions by government or other authorities and suggesting
that, without clear regulatory boundaries, people may be
exploited or endangered. For example, P08 worried that
“many individuals can take advantage of this emerging
technology and use it in extremely unethical ways”.

C. Assessment of Learning Goals

Students’ mastery of critical media analysis skills will be
quantitatively assessed using multiple assessments of student
products of work. Growth in students’ critical media analysis
skills will be evaluated based on skill mastery over the
course of the semester. Three formative assessments and two
summative assessments include items designed to measure
student progress towards critical media literacy learning goals.
These assessments include written reflections in response
to specific prompts, descriptive analysis of specific media,
descriptive application of course concepts in novel contexts,
and design concepts appropriately contextualized with regard
to the current media landscape. These will be scored using
standardized rubrics.

IV. REFLECTION AND NEXT STEPS

This work-in-progress paper describes an ongoing research
project centered on a course in progress. The course instanti-
ates the integration of immersive and spatial media in teaching
first-year general education courses, which contributes to both
the literature on first-year student education and that related
to VR education.

Once students have completed associated assessments, we
will complete two additional analyses. First, we will describe
students’ cognitive and behavioral learning gains by deter-
mining whether students increasingly and appropriately apply
critical media analysis skills in the context of successive
assessments. Then, we will compare learning trajectories and
course outcomes of students who held diverse perspectives of
immersive and spatial media when the semester began.

This study contributes a novel suite of pedagogical ap-
proaches leveraging VR, an evaluation of the effect of VR-

enabled pedagogies on learning in a first-year general educa-
tion seminar, and fosters our understanding of the effects, if
any, of students’ perception of immersive and spatial media
on student experience and learning.

ACKNOWLEDGMENT

The authors would like to thank Tom Corbett, Sharon
Carver, Richard Scheines, Vincent Sha, the Simon Initiative
and the Eberly Center for making this course possible.

REFERENCES

[1] S. Dolphin, “Work-in-Progress—An immersive virtual learning environ-
ment for a visual arts curriculum,” 2020 6th Int. Conf. Immersive Learn.
Res. Netw. (iLRN), 2020, pp. 295-298.

[2] J. Radianti, T. A. Majchrzak, J. Fromm, and I. Wohlgenannt, “A
systematic review of immersive virtual reality applications for higher
education: Design elements, lessons learned, and research agenda,”
Comput. Educ., vol. 147, p. 103778, Apr. 2020.
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I. INTRODUCTION

In a modern world with diverse opportunities for innovation,
technology is shaping the future of education by continually
creating new learning tools. Virtual Reality (VR) differs from
other tools by offering learners and teachers the opportunity
to immerse themselves in a 3D world simulating a realistic
environment.In a distance learning context, this technology
offers a new way of learning, collaborating and socializing
through learning situations similar to those carried out in face-
to-face training (lectures, handling objects in a lab, etc) [1].

Designing VR environments for distance learning poses
new challenges [2]. Existing works present several design
approaches and recommendations to create useful and usable
VR systems, however the issue of distance adds to the design
difficulties [3], [4]. Indeed, the ability of the system to tame the
distance and create proximity will determine its effectiveness
and acceptability. In this contribution we propose to formalize
an approach for the design of collaborative VR environments
for distance learning, based on existing VR and/or distance
learning design methods, from observations based on the
first generations of VR environments, and from our own
experience. In the following we use the acronyms VRE for
”VR environments” and DL for ”distance learning”.

II. GENERAL VRE DESIGN METHODOLOGY

Several approaches for generic VRE design can be used in
a training context, such as the I2I method [3] based on a for-
malization defining behavioral interfaces, virtual environment
and behavioral software assistance.

VRE design approaches specifically targeted for learning
activities are generally variations of these generic approaches,
but take into account the specificity of the learning task. For
example, Lourdeaux [5] describes a methodology based on
the I2I approach, where the first step consists in specifying
the pedagogical objectives that one wishes to achieve by im-
mersing the learner in a VRE. In the second step a pedagogical
VRE is defined based on virtual behavioral primitives, mental

representations, behavioral interfaces and dialogues. The third
step is to specify the environment from the trainer’s point of
view, and in the final step usability, cognitive, behavioral and
functional tests are conducted.

Other approaches are based on the concept of Human
Operator Centered Design [4], aiming to make systems usable
and useful by focusing on users’ needs and requirements,
and by applying human factors, ergonomics and existing
usability knowledge and techniques. Four main steps can be
repeated to reach an acceptable solution: (1) understanding and
specifying the context of use; (2) specifying user requirements;
(3) producing design solutions to meet these requirements;
(4) evaluating the solutions. For example the work of Loup-
Escande et al [6] is formalized as part of a project aimed at
learning scientific concepts in a VR environment and involves
end-users in the design process. It involves identifying the user
structures and formulating recommendations on the physical
and pedagogical integration of the platform. Other works by
the same authors using this approach show that motivation was
higher for VR participants than non-VR participants [7].

III. METHODOLOGY FOR VRE DESIGN IN A DISTANCE
LEARNING CONTEXT

The approaches described in the previous section consider
both VR and learning issues. However distance is obviously
one of the main characteristics of DL modalities. According to
Puimatto [8], each DL project needs to take into account the
components of distance that it intends to integrate, combining
them in a specific design. Thus, a new problem emerges in
the VRE design process for the specific context of DL.

In this section, we formalize an approach to design VRE in
a DL context using a practical case study. Our approach goes
in 5 steps: define the context of use, identify the distances to be
tamed, specify the virtual environment, create prototypes based
on these specifications and evaluate the design. Our VRE is
intended for students enrolled in a distance learning course. We
have focused on user preferences related to the representation
of the virtual classroom and the representation of the users in
the VRE (avatars).

An initial survey conducted with 175 participants revealed
that users in an DL context tend to prefer realistic environ-
ments such as virtual classrooms, and human avatars with a
high degree of anthropomorphism [9]. The detailed description
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of the technical specifications of our environment and the
results of our experiments can be found in [10].

A. Define the Context of Use

Here we seek to specify the educational objectives of the
learning situation and define the profile of end users (learners
and trainers).

In order to design a VRE adapted to DL, it is important to
define pedagogical objectives to be achieved by immersing the
learners in the VRE. These objectives can be cognitive (intel-
lectual knowledge and skills), psycho-motor (displacement and
prehesion skills) and/or affective (social attitudes and skills,
state of mind) [11]. Therefore in this step we need to imagine
relevant didactic situations and determine how they should be
conducted by the trainer [5]. In the practical case of our VRE,
the pedagogical objectives aim at developing collaboration and
strengthening the socio-affective links between learners in a
DL context.

The target audiences are the end-users (learners and trainers)
for whom the VRE is intended. Now the goal is to identify
the characteristics of the end-users, including learning styles,
cognitive profiles, socio-emotional profiles outside of train-
ing, skills, education, training, physical characteristics, habits,
preferences, experience in DL and/or VR and other abilities.

B. Identify the Distances to be Tamed

Several dimensions of distance in an DL context can rep-
resent a threat for the achievement of educational objectives.
For example, the technological distance relates to the difficulty
in using VR headsets which can be a factor of rejection. We
also consider here the users’ Internet connection speed, the
number of users simultaneously present in the application,
bandwidth handling, client-server implementation, etc. Socio-
affective distance is related to the feelings and emotions
conveyed by social relations between users which can create a
sense of isolation and lead to failure, since the virtual nature
of the relationship and the irregularity of interactions make it
difficult to build trust in each other. Another example of dis-
tance is the cost of VR headsets or other hardware which can
create a socio-economic distance between learners. Finally, the
spatio-temporal distance is related to the geographical distance
between learners in a DL context.

Possibilities offered by VR allow some dimensions of dis-
tance to be tamed (partially or totally). It is therefore necessary
for the designer to identify which ones have the greatest impact
on the learning objectives in order to find solutions in the
subsequent stages of design. In the case of our VRE, we
have first focused on the technological distance, finding out
that only 40.9% of our panel had used a VR headset at least
once. The spatio-temporal and socio-affective distances were
also addressed, since these distances could constitute major
obstacles to the achievement of pedagogical objectives.

C. Specify the VRE

1) Virtual Behavioral Primitives: The aim here is to specify
the functionalities of the VRE for the learner and the trainer,

TABLE I
MENTAL REPRESENTATIONS OF VIRTUAL BEHAVIORAL PRIMITIVES

VBP Pattern Goal Sub-goals Methods
of real-
ization

Observe the
virtual world

Usual Watch in-
structional
material
and other
partici-
pants

Identify
participants,
take ownership
of the room,
watch blackboard

Headset

Move in the
virtual world

Metaphor Move
around the
room

Go from location
A to location B

Controller

Communicate
with other
users

Usual Listen and talk to
other users

Earphones

Interact with
the virtual
world

Transposed Present
slides

Interact with the
blackboard

Controller

according to the pedagogical objectives and the distances
to be tamed. These Virtual behavioral primitives (VBP) are
necessary for users’ reasoning and behavior, and correspond
to the elementary level of action. In our VRE we first specified
a web interface to create collaborative activities, aimed at
reducing the technological distance for trainers who have a
good experience in the use of web interfaces. Subsequent VBP
were defined following our initial survey, allowing observation
and free displacement in the virtual classroom, voice commu-
nication between users and interaction with specific objects
such as a virtual blackboard. Again the goal is to reinforce
the feeling of ”co-presence” between users and thus meet our
pedagogical objectives.

2) Specification of Mental Representations: For each VBP,
the mental representations to be used for the interaction of
learners and trainers must be determined. Different solutions
are offered, based on the propositions of Lourdeaux [5]
describing substitutes for sensory-motor actions: usual pattern,
transposed pattern or metaphor. In the usual pattern, we use
the same type of action (or scheme) used in a real environment
for the same type of task; in the transposed pattern, a symbolic
type of action close to the real scheme; and for the metaphor,
an abstract representation of the real action. A scheme is
broken down into three elementary levels: goal, sub-goals
and modalities of realization. Each mental representation is
submitted to the evaluation of the end users to check that the
actual use corresponds to the desired use. Table I depicts the
mental representation of the VBP in our case.

3) Specification of Behavioral Interfaces : In this step we
build the physical model of the environment and specify the
metrological characteristics of the interfaces.

A VRE is characterized by an immersion that isolates the
user from the physical world. Since our goal is to reinforce
the feeling of co-presence in the environment, in our case the
horizontal and vertical FoV of the VR headset must be close
to that of the human eye, and a spatialization of the sound
in the environment is necessary to identify the approximate
location of other users speaking.
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Fig. 1. Human avatars in our VR environment.

Another task involves specifying sensory-motor and cogni-
tive aids to improve interfacing, either by increasing the quality
of data transferred to the user or by offering a ”psychophysi-
cal” improvement of sensory stimuli or motor responses. These
aids make it easier for users to complete a task. For example
our VRE offers the possibility to increase the size of the text
on the blackboard to make it easier to read.

D. Implement Prototypes

The use of scenarios, simulations, models, mock-ups or
other forms of prototyping allows designers to communicate
the proposed design to users for feedback [4]. The target
environment can be broken down into several prototypes that
are potentially testable by end-users. End-user feedback is
used to process a new iteration of the prototype, and when
a prototype is validated, the next increment is created.

As part of our design, we divided the VRE into 5 prototypes:
prototype 1 allowed us to represent the environment (a virtual
classroom), prototype 2 included the avatars, prototype 3
allowed users motion, prototype 4 implemented oral com-
munication between users, and in prototype 5 we added the
interaction with the virtual board. At each stage, we had to find
solutions to solve the issues related to technological distance
mentioned in section III-B, for example by reducing the size
of the 3D models used for the human avatars in order to limit
bandwidth problems.

E. Evaluate Implemented Solutions

Environmental assessment is common to all existing design
methods. It allows to evaluate the use of the VRE by the final
users, to quantify and qualify the real uses of the interfaces.
This step is performed in parallel with the other steps, at the
sensory-motor, cognitive and functional levels.

To evaluate our VRE from a functional point of view we
subjected 22 users to an experiment in the virtual environment.
This experience allowed us to observe that human avatars
designed from real pictures seem necessary to reinforce col-
laboration and socio-affective bonds between learners. Fig. 1
shows a snapshot of our VRE with 6 participants. It runs with
most VR headsets and can also be used with a simple web
browser [10].

IV. CONCLUSION AND FUTURE WORKS

The design methods of existing VRE take into account the
specificity related to VR and to the learning task. However
in a distance learning context, it is important to identify
the distances that may constitute threats or opportunities for
the achievement of pedagogical objectives. We take these
characteristics into account and propose a five-step approach:
define the context of use, identify the distances to be tamed,
specify the virtual environment for trainers and learners, build
prototypes and evaluate them. We used this approach to create
a collaborative VRE aimed at strengthening collaboration
among learners and creating social-emotional connections.

As future work we would like to improve the feeling of co-
presence by adding expressions to human avatars (happy, sad,
etc). We also intend to compare our VRE with recent online
3D collaboration platforms such as Mozilla Hubs [12].
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utilisateurs finaux : exemple du projet virtualiteach,” Revue Terminal -
Technologie de l’information, culture et société, 06 2016.

[7] E. Loup-Escande, S. Herbulot, A. C. Ngandjong, R. Lelong, G. Loup,
and A. A. Franco, “Effects of a virtual reality game on learning
performances and motivation: example of Nanoviewer in the field of
energy storage,” Psychology and Education Journal, vol. 57, no. 2, pp.
111–116, 2020.

[8] G. Puimatto, “Apprivoiser la distance ?” Distances et médiations des
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Abstract—During the last decade, there has been a surge in
research studies exploring the adoption of Augmented Reality
(AR) in educational settings. Within these multiple research
studies, AR’s capability to extend the teaching and learning
environment with augmented 3D learning objects with enhanced
interactive capabilities have been demonstrated. This new
technology has not been widely adopted in the mainstream
but with the recent unprecedented circumstances of COVID-19,
there has been an increasing societal willingness to adopt these
technologies. AR has been a desirable technology due to its
inherent touchless nature which facilitates social distancing at
this time but AR applications crucially offer so much more.
They can provide interactive functionality through augmentation
of the teaching and learning environment within an immersive
user experience including 3D interactions with learning objects,
gestures, hand interaction, tangible and multi-modal interaction.

This paper presents the results of a review of touchless
interaction studies in educational applications and proposes the
implementation of real-time touchless hand interaction within
kinesthetic learning and utilization of machine learning agents.
The architecture of two AR applications with real-time hand
interaction and machine learning agents are demonstrated within
this paper enabling engaged kinesthetic learning as an alternative
learning interface.

Index Terms—augmented reality, educational technology,
learning technology, e-learning, machine learning, touchless hand
interaction

I. INTRODUCTION

New emerging technologies like AR/VR are unlocking
educational possibilities beyond the limitations of human
assistance, place, time, and resources [1]. Many of these
applications have been brought to the forefront due to the
emergency push in education towards digital and remote
learning. One area though that is often overlooked is the
capability to provide personalised learning which this paper
will address.

Once freed from the constraints of resources in a traditional
classroom, AR has the capability to potentially render the
role of the instructor as a formal expert redundant. This does
not mean the instructor themselves is redundant but only
a shift in role, as an instructors role in AR constructivist
education setting is closer to the role of a curator of

information and guide to lead the student through experiences
[2]. These resources constraints also include physical resources
to conduct experiments, so with these constraints lifted AR
learning could lead to shifting the goal of education from
traditional instruction delivery towards empowering students
to explore and discover with creativity.

In particular, the subjects of Science, Technology,
Engineering and Mathematics (STEM) that are crucial
components of today’s educational curriculum, use active
learning design to encourage student engagement through
interactive activities as best practice. These interactive
activities require resources that can be impossible for schools
in resource constrained environments either due to economic
reasons or due to unprecedented situations like COVID-19
physically stopping students from using existing labs.

The research described in this paper focuses on the Science,
Technology, Engineering and Mathematics (STEM) subjects,
with specific hands-on learning needs. The paper contributions
in the following sections are as follows;

• To detail the current state of Art in touchless interaction
case studies in AR learning.

• Demonstrate what research gaps exist from these studies
thus enabling the reader to understand what future
opportunities exist.

• Finally, to explain these approaches by outlining the
implementation of two case studies has to provide the
practical proof of this approach.

II. RELATED WORK

To explore how AR learning applications could be enhanced
by an approach combining Touchless hand interaction in
moderated education environments by Intelligent agents, a
detailed literature review was needed to understand the
extensive effort in developing interactive technologies within
the educational space utilising AR. To help the reader
understand these applications, it’s important to understand
where AR fits in the Mixed Reality Continuum (explained in 1)
developed by Milgram et al. [3] to classify applications in this
space. Use of AR technology does go beyond simply STEM
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subjects for instance improvements in teaching literacy skills
has been demonstrated [4] but this research is focusing on
STEM subjects due to a higher demand of hands -on learning
or ”kinesthetic learning” in these subjects.

Fig. 1. The Reality-Virtuality Continuum [3].

Using AR to create digital contents for learning science
topics has shown exciting results which are developed
with marker based, marker-less or GPS tracking technology
[5]. AR Interaction techniques with virtual objects in real
environments provides enhanced interactiveness and better
engagement in the learning process [6]. For interaction
in AR applications, there are several different types of
sensors and input devices that can be used including GPS,
gyroscopes, accelerometers, compasses, wireless sensors,
touch recognition, speech recognition, gesture recognition,
tracking markers, hand tracking and eye tracking. New
developments in the augmented reality SDKs and new
APIs, have allowed for an increasingly more productive
AR experience in educational applications by providing
more interaction and empowering the end users. This study
is focusing on exploring the touchless hand interaction
technology and machine learning agents used in the AR
specifically for educational applications.

Using hand tracking in AR, there are multiple studies
conducted with gestures and hand interaction for anatomy
learning like using leapmotion tracking SDK [7]–[11] and
also with the kinect full body tracking [12]. It involves the
interaction with 3D anatomy models. These studies enhance
the capability of user interaction with hand-free interaction for
learning anatomy. Use of gesture recognition tested for early
school children for simple interaction with virtual objects [13]
and the learning game [8]. Along with this, there is some hand
interaction work also found with leapmotion for 3D learning
games [14], [15]. By using different gestures, it helps to create
a more interactive play environment. Some studies have also
shown effective results of using hand gestures in learning sign
languages [16]–[18]. Indeed sign language learning is one
of the perfect case studies for gesture recognition approach.
Use of hand tracking in chemistry has been tested using the
leapmotion gesture based approach [19], [20]. For learning
geometry and interacting with 3D shapes, gesture interaction
introduced with leapmotion which helped to increase the
interaction with learning objects in the virtual space [21].
Similarly, another study used leapmotion gestures for learning
Boolean logic [22], found meaningful interaction with the 3D
environment. Kim et al. [23], tested leapmotion gestures for
interaction in smartphone devices by sending gesture data from
desktop system to mobile phone using network connection

TABLE I
PREVIOUS STUDIES USING TOUCHLESS HAND INTERACTION AND

GESTURES IN THE LEARNING APPLICATIONS

Authors Domain Device/API
Used

Interaction
Type

Sun, Minghui, et
al. [13]

Early
School Leapmotion Gesture

Recognition
Nainggolan, et
al. [7]

Anatomy
Learning Leapmotion Gesture

Recognition
Le, Hong-Quan
et al. [21]

Geometry
Learning Leapmotion Gesture

Recognition
Nicola, Stelian,
et al. [11]

Anatomy
Learning Leapmotion Gesture

Recognition
Yukselturk E,
Altıok S, Başer
Z. [18]

Language
learning Kinect Hand

Interaction

Cai, X., et al.
[15]

Learning
Game Leapmotion Hand

Interaction
Deb, Suman et
al. [22]

Boolean
Logic Leapmotion Gesture

Recognition

Selleh, et al. [24] Anatomy
Learning Leapmotion Hand Gestures

Kourakli, Maria,
et al. [8]

Learning
Game Kinect Hand

Interaction
Ma, Meng, et al.
[12]

Anatomy
Learning Kinect Gesture

Recognition
Sivaramakrishnan,
KR et al. [25]

Radiology
procedure Leapmotion Gesture

Recognition
Umeda, Ryosuke
et al. [9]

Anatomy
Learning Leapmotion Hand

Interaction
Daineko, Ye A.,
et al. [26]

Learning
Physics Leapmotion Gesture

Recognition

Raziq, N. and
Latif, S. [16]

Sign
Language
learning

Leapmotion Gesture
Recognition

Al-Khalifa,
Hend S [20] Chemistry Leapmotion Gesture

Recognition
Yusof, CS et al.
[14]

Interactive
Play Leapmotion Hand

Interaction
Chuan,
Ching-Hua,
et al. [17]

Sign
Language
learning

Leapmotion Gesture
Recognition

Kim, Minseok et
al. [23]

3D object
Interaction Leapmotion Gesture

Recognition
Moro, Christian
et al. [27]

Anatomy
Learning Hololens Gesture

Recognition
Hanna, Matthew
G et al. [28]

Anatomic
pathology Hololens Gesture

Recognition
Seif, Mohamed
Atef et al. [10]

Anatomy
Learning Leapmotion Hand

Interaction

as leapmotion although it is not providing SDK for mobile
phone. It has created meaningful interaction in smartphones to
a certain extent but it is dependent on the desktop PC network
connection due to compatibility issues.

All of these above discussed examples intended to
provide more natural and intuitive interaction in an
augmented environment. Current AR learning applications
for smartphones & tablets in general, lack the touch-less
interaction either in gesture based or real-time hand interaction
forms. Touchless real-time hand interaction with virtual
models in AR environment can provide hands on learning or
”kinesthetic learning” opportunity which enhance the learning
experience in the STEM subjects.
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III. FUTURE OPPORTUNITIES & PROPOSED APPROACH

A. Devices & SDKs for Hand Interaction

Based on previous research studies as shown in Table I, hand
tracking technology is adopted by using kinect, leapmotion and
Hololens for gesture based interaction. Fig. 2 is showing the
different devices which can provide touchless hand interaction
in the AR.

Fig. 2. Devices / APIs offering hand interaction in augmented reality.

These studies are lacking the real-time hand interaction,
kinesthetic learning approach and intelligent agents. Hand
tracking technology has not been explored in the smartphone
applications in the educational domain. There are latest
machine vision based hand tracking SDKs; Manomotion and
Google Mediapipe [29] for smartphones which allow hand
gestures and real-time hand interaction in the Android and
iOS Operating system without using any external device.

Fig. 3. Types of the Tracking technologies used in AR.

B. Types of Touchless Interaction in Augmented Reality

Within touchless hand interaction in AR, there are generally
the following two types: [30];

• Interacting with Hand Gestures
Interacting with hand gestures means there is no need

for physical interaction between device and hand for
interaction and users can perform different activities by
making different specific gestures in front of the camera.

• Real-Time Hand Interaction
Real-time Hand interaction means the user is able to
interact with the virtual objects same as the physical
learning environment; it allows to touch virtual objects,
pick, grab, place and do different constructive, assembling
or exploring tasks which are needed in practical learning.

Fig. 4. Types of touchless interactions.

Even though gesture interactions can be a very natural
way of interaction with a user interface and have become
a convenient form of interaction for touch devices , there
exists substantial limitations with gestures interaction. First,
gestures are limited to a certain extent and do not allow
for much variation in interaction to perform different tasks.
Secondly, gesture based interaction lacks a direct 1:1 feeling
of interaction with a virtual object which is possible with direct
hand interaction. For learning scientific topics or technical
skills, hand interaction is more productive and interactive
as compared to gestures which creates the possibility for
kinesthetic learning “learning by doing”.

The preference of real-time hand interaction over gesture
based interaction is that it allows the direct interaction with
the virtual objects and provides an environment like a physical
learning laboratory where it is possible to learn by physical
experiments. The use cases are the learning in biology,
chemistry & physics, assembling skills in technical subjects
and learning dissection in biology.

To fill the need of touchless hand interaction with
virtual objects, AR developers should explore this productive
technology as it has capability of providing touchless
interaction with the digital contents. To provide the touchless
interaction in desktop PCs, kinect and leap motion devices
are the current leading solutions and have been used to
explore gesture based interaction in AR however touchless
hand interaction is still not widely explored in AR. For tablets
and smartphones devices, recent vision based algorithms have
been developed that allow seeking stable and accurate tracking
to allow for hand interaction with the virtual objects. Examples
of these APIs are Google Mediapipe and manomotion which
now open up new opportunities for hand interaction research.

Touchless interaction in the AR applications can improve
the productivity for technical training and learning new skills
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in the resource constraints environment without actual physical
material needed for it. AR has been proved as a great
tool for training maintenance and assembly skills [31], [32],
integrating touchless hand interaction can be a catalyst to
increase the interaction in the STEM learning applications.

C. Kinesthetic Learning & its Importance in STEM Education

Kinesthetic learning or ”Learning by Doing ” [33] is
the learning pedagogy which allows the learning to interact
with the learning objects [34] and learn by practically doing
tasks. Topics of science, technology, engineering and technical
learning need interaction with the learning objects and gaining
the knowledge by practical doing instead of traditional learning
by instruction; listening and watching. That is the reason for
considering kinesthetic learning as a possible approach in
STEM for AR based learning solutions.

D. Kinesthetic Learning in AR (Hands-on Learning)

To facilitate learning in STEM subjects like biology,
chemistry, physics; it’s required to get access to a lab for
physical interaction and conducting experiments. Touchless
hand interaction creates possibilities of hands-on interaction
and makes these scenarios achievable for students to learn
these concepts by providing the lab material virtually to
interact real-time. Touchless hand interaction can facilitate
kinesthetic learning “doing things” instead of listening or
watching which can improve the memory retention and caters
the attention to do practical work with virtual objects in
absence of physical material. The traditional learning usually
depends on books or school supplies, which can be expensive.
In the case of buying learning materials, there are lots of
financial difficulties in procurement even in the developed
regions [35], AR has this capability to give access to everyone
to these learning materials in a virtual form.

Using the real-time touchless hand interaction, it is possible
to implement the concept of ”learning by doing” or kinesthetic
learning where the user is actually interacting with the virtual
objects with a virtual hand. Use of this approach can move
for a better not-hazardous learning environment as well as
increasing the efficacy of the learning methodology.

E. Real-time Touchless Hand Interaction in Smartphones

Previously used devices like leap motion and kinect provide
touchless hand interaction but it is limited to Windows based
PC and Laptops. Hand gestures are provided in the Microsoft
Hololens but it cannot be considered as an affordable device
for learning. To make this learning approach more accessible,
smartphones are the best choice as a targeted device because
smartphones are the most accessible digital devices throughout
the world even in the undeveloped regions of the world.
Currently there are more than 3.2 billions smartphone users in
the world which will increase to 3.8 billion at the end of 2021
[36] (Five years growth curve is shown in the Fig. 5). For using
AR in education, smartphones and tablets are the cheapest and
more accessible when comparing with the Hololens and other
Head Mounted Displays(HMDs).

Fig. 5. Global volume of smartphones users and growth per year. [36]

Growth of high end specifications in smartphone phones
and demand of personalized learning is bringing attention onto
AR use in smartphones and tablets for learning applications.
As new vision-based algorithms are providing hand tracking
without need of any external device, it is a more suitable
display device to work for learning applications in future.
As there is no add-on device needed and smartphones are
inherently portable, there are obvious savings on system setup
time as well which is specifically required with other existing
solutions. Other than affordability and mobility benefits,
smartphones and tablets are also preferred in AR due to these
devices not requiring additional space and in general have
much lower lighting requirements.

F. Machine Learning Agents in Augmented Reality for
Self-Guided learning

The recent improvements in AR technology and possibilities
of integrating agents, open new exciting options for learning
pedagogies. ML/AI in personalized learning can improve the
efficiency of instruction and increase student learning. Though
machine learning approach is already discussed above for
tracking purposes in the latest tracking technologies like
manomotion, mediapipe [29] but there is another possible
use case for machine learning within an AR application for
education.

To address the need of self and independent learning,
machine learning agents could be used in AR. Using AR with
machine learning agents [37], can create a possibility to create
more productivity via personalized and self-guided learning.
Unity machine learning agents after several beta releases are
now stable for wider use in producing training data to use in
the application. To integrate these agents in proposed research,
there are two possible use cases;

• End User Trainer
• Self-Assessment
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IV. CASE STUDIES

As previously discussed challenges and opportunities, this
paper is presenting two different case studies with real
implementation of the proposed methods which are integrating
real-time hand interaction technique following the kinesthetic
learning approach and machine learning agents.

A. Learning PC Assembly - Real-time hand Interaction in
Desktop System

First case study is a PC assembly learning AR application
using the touchless interaction approach. It is developed using
leap motion hand tracking for hand interaction in Unity 3D.
It is developed as a desktop application as leapmotion is not
providing any SDK for smartphones. Audio instructions used
to guide users for performing different tasks when interacting
with the virtual components. A virtual PC 3D model used with
all PC components. Fig. 6 presents the flow diagram of the
application, which denotes the rendering of the 3D objects that
enables the hand tracking for the user.

Fig. 6. First case study; application working flow diagram.

Fig. 7 presents the interaction of the user with the virtual
PC utilisng the leapmotion interaction hand.

The role of the virtual robot is set to perform animated
actions on user interaction, completing tasks and completing
full learning episodes. Using python APIs, the machine
learning agents integrated in this case study to train the neural
network(NN) model with user hand interaction data to be used
in a trainer module for users. The data for ml-agent includes,
user hand moves in augmented environment, interaction with

Fig. 7. First case study; using leapmotion for PC assembly learning
Experiment. User can interact with single or both hands at a time.

the virtual objects, grabbing and placing tasks. The tensorflow
graphs of agent training are presented in Fig. 8, in terms of
how cumulative rewards are allocated to the user based on the
performed tasks of interacting with 3D parts of the PC.

Fig. 8. Tensorflow graphs of machine learning agent training, trained with
the hand interaction data. It is showing the cumulative reward for user based
on performed tasks of pick and place for exploring the PC structure. X-axis
shows the number of steps and Y-axis shows the mean reward.

B. Learning Chemical Reactions - Real-time Hand Interaction
in Smartphones

Providing more compatibility and increasing portability in
the proposed approach, a second case study is developed using
the hand interaction approach in the Android smartphone with
a markerless tracking system.

The optimal goal of this case study is to create touchless
real-time hand interaction in smartphones and integrating
machine learning agents without using any external device.
In the previous studies of using AR for chemistry learning
[38]–[40], there is marker based and touch screen linear
interaction has been tested. Following the proposed hypothesis,
the concept was implemented real-time hand interaction
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Fig. 9. Architecture diagram of second case study.

Fig. 10. Second case study; application flow with all modules.

technique in this application using the Manomotion hand
tracking SDK with ARFoundation and ARCore XR plugin.
It is developed for Android smartphone devices, the minimum

API required for this case study is 25. It uses the smartphone’s
back camera for hand tracking and allows interaction in the
virtual environment after rendering the 3D objects and tracking
hand.

Fig. 11. First module of chemistry learning approach as end user trainer using
training data with machine learning agent.

In this case study machine learning agents integrated as
end user trainer by training a neural network(NN) model.
Fig. 11 showing the screenshot of the module with machine
learning agent where users learn how to create reactions with
hand interaction in the next module. After training an NN
model with user hand interaction data in multiple episodes,
as shown in Fig. 12, the tensorflow graphs explain the whole
training session with cumulative rewards on task completion
and differentiating episode length for each cycle.

The application is linked with Firebase user authentication
and real-time database which is providing authentication to
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Fig. 12. Tensorflow graphs of ml-agent training in chemical reactions case study. First graph is showing the steps on X-axis and mean reward on Y-axis
shows the steps taken; Second graph shows learning rate; X-axis shows the steps training algorithm takes for the optimal policy. This should decrease over
time on a linear schedule.

Fig. 13. Second module of chemistry learning case study; Learning chemistry
with real interaction hand.

users and then getting a record of score in the interaction
(second module) and quiz (evaluation module). This is
following the idea of making application as an authoring tool
where instructors can track the learning outcome.

Fig. 13 is showing the hand interaction with the cubic virtual
chemicals using the hand tracking. Following the kinesthetic
learning approach, users can interact with 3D cubic elements,
pick and grab to perform reactions with the elements as learned
in the first module. The final module is designed for measuring
the learning outcomes which is reporting the score back to the
Firebase real-time database. It is actually designed to complete
a learning loop and create collaboration.

Both of the above discussed case studies are designed
for high school level students, proving the initial hypothesis
of using real-time hand interaction as kinesthetic learning
pedagogy and integrating machine learning agents as a
self-guided learning approach.

V. CONCLUSION

There is no doubt, the latest development of educational
technologies are changing the ways of learning and
understanding of concepts. The growing adoption and demand
of educational technology has created a need for more
interactive and personalized learning solutions to boost the
learning achievement. The COVID-19 pandemic created an

emergency rush towards educational technology which is
rapidly increasing the open mindedness new technologies [41].
Current educational disruption has created an additional need
of health centric learning solutions which can help to avoid
touching devices and for tools to support distance learning
with little or no resources but the crisis only highlighted
this need . These resource constraints already existed in
most of the developing world before this crisis. These new
innovations can now aid not just the developed world but
every student and teacher as existing AR technologies are
now becoming inexpensive around the world. This paper
has proposed touchless real-time hand interaction technology
and machine learning agents which can enable well-engaged
kinesthetic learning as a future learning interface which can
accommodate the learning needs of the STEM subjects.

As a proof of concept to the proposed idea, this paper
has presented two case studies with real implementation
of hands-on learning in AR with real-time touchless hand
interaction and machine learning agents. Touchless AR
learning combined with intelligent agents provides a perfect
learning trifecta of expanding the capabilities of a given
teacher, reducing or eliminating resource constraints and can
through machine learning facilitate personalised learning in
ways that would have been previously thought impossible.
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Abstract—This study explores how players engage in problem 

solving during a cross-platform collaborative learning game about 

cellular biology. We tested the game with 8 pairs of students: 2 

pairs of middle school students, 2 pairs of high school students, and 

4 pairs of students in a biotechnology workforce program.  Players 

took on one of two roles: An Explorer in virtual reality head 

mounted display and a Navigator using a tablet.  Players took on 

one of two roles: An Explorer in virtual reality head mounted 

display and a Navigator using a tablet. Videos of 40-minute game 

play sessions for 8 pairs of players were transcribed and examined 

for patterns of game play based on stages of collaborative problem 

solving (CPS) developed by Fiore et al (2017). Players’ discussion 

during gameplay was analyzed and visualized through Epistemic 

Network Analysis. Results suggested that players engaged in two-

way communication using biology terms throughout the game, and 

that communication styles were linked to roles. After initial 

orientation, players moved through multiple cycles of clue finding 

and discussion that followed similar patterns even in groups with 

different knowledge levels. These results suggest that collaborative 

problem solving can be initiated through roles in a serious game 

and documented through participants’ conversation during a 

serious game. Future research will focus on whether the game can 

be used to learn, practice, and improve players’ CPS skills. 

Index terms—virtual reality, collaborative problem solving, 

game-based learning, collaboration, biology 

I. INTRODUCTION  

Collaborative problem solving skills (CPS) are important, 
yet challenging to learn and practice. In this study, we examine 
how a serious game may be used in developing collaborative 
problem solving skills. Increasing connections between teams 
require workers to develop strong CPS skills. [1]. CPS skills 
refer to “the capacity of an individual to effectively engage in a 
process whereby two or more agents attempt to solve a problem 
by sharing the understanding and effort required to come to a 

solution and pooling their knowledge, skills, and efforts to reach 
that solution” [2].  Although related to collaboration, CPS is a 
more focused and specific activity than working on a team with 
other individuals. [2] describe four aspects of CPS: 1) a focus is 
on ill-defined or unstructured problems; 2) the ability for team 
members to assess the quality of the solution throughout the 
problem solving process; 3) established and distinct roles within 
the team; and 4) interdependence among team members is 
needed in order to solve the problem [3] These types of 
situations are increasingly common in the working world, but 
are not traditionally included in education  [4]. CPS skills are 
desirable, however companies note that few entry level workers 
have them [3].  As educators and policy makers push toward 
including CPS training in formal K-12 curricula [3], there is a 
growing need for ways for individuals to develop and rehearse 
skills in addressing ill-defined problems and gauging the quality 
of their work [5]. 

Immersive virtual reality (IVR) is an area of rapid growth 
and development [6], and a potential resource for building soft 
skills [7]. In virtual reality users experience a realistic, simulated 
environment and interactive simulated environment [8] 

A recent review of research in VR and learning reported that 
most studies showed “significant advantages of using IVR in 
education” [9], but more rigorous research is needed identifying 
how to assess learning and develop specific activities around 
learning goals. Research suggests that IVR is highly engaging to 
learners, although many studies to date have focused on single 
use or short term interventions [9], [10]. As these types of 
experiences may be impacted by the novelty of the VR medium, 
longer term interventions are critical for understanding whether 
learning persists after the initial novelty effect. 

Studies on immersive VR experiences help designers 
leverage the affordances of IVR. IVR is better suited for learning 
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skills than facts [11], which makes it a promising resource for 
learning soft skills. Immersion and interaction also appear to be 
important attributes. Many existing IVR experiences have a 
wide range of interaction, from passive viewing of 360 videos to 
highly interactive games. Highly explorative and interactive 
IVR experiences are associated with greater learning gains than 
observational activities with limited interaction [12]. Research 
on collaboration in IVR is currently limited, but [10] identify 
instruction through collaboration as “an interesting area of future 
research” in VR (p 11.). 

II. CONCEPTUAL FRAMEWORK 

A. Collaborative Problem Solving 

Interest in CPS has prompted organizations to establish clear 
definitions for the process and how to assess those skills [2].  The 
OECD establishes three competencies for CPS: establishing and 
maintaining a shared understanding, team organization, and 
taking appropriate action to solve a problem. Interactions 
between team members are also important: groups need to be 
formed carefully in order to support both individual 
accountability and interdependence among collaborators [13]. 
Task difficulty is also important, tasks need to be challenging 
enough so that all players are needed in order to solve the 
problem. Interdependence is achieved when all members of the 
group need to interact to achieve a common goal [14]  

Virtual reality is one way to allow partners to have a shared 
environment. Interdependence can be built into a virtual 
experience by distributing information across players to create 
“good inequality” requiring players to interact in order to share 
that information [15], for example, by designating different roles 
within the virtual experience. 

Researchers have also outlined the process of CPS. Fiore et 
al., note the stages of problem solving as 1. Exploring and 
understanding, 2. Representing and formulating 3. Planning and 
executing and 4. Monitoring and reflecting [2]. Building on 
Csikszentmihalyi’s theory of flow [16], [17], proposes “group 
flow”, when groups have a shared vision, equal ownership and 
contribution, and effective communication [18], [19].  Further 
building on CPS problem solving and Group Flow theory, we 
propose a framework of four categories for the CPS process 1. 
Orientation (exploring and understanding the game) 2. 
Establishing Communication (representing the problem/ 
establishing a shared vision of the game goals and effective 
communication) 3. Cluefinding (planning, executing and 
discussing) and 4. Selecting a solution. Part of our inquiry in this 
study was to view gameplay within these four steps to determine 
whether CPS is a useful framework for understanding 
interaction during the game.  

Technology has changed the ways people can collaborate, 
but fundamental ideas about collaboration are still applicable in 
digitally enhanced and virtual environments [20]. For example, 
communication between team members is important in 
collaboration, so virtual environments should be designed to 
enable a common understanding of the task, support gestural 
communication, shared artifacts, allow coordination of actions, 
and facilitate finding collaborators and establishing contact [21]. 

III. CELLVERSE STUDY 

Cellverse was created by the MIT Game Lab and The 
Education Arcade as a collaborative game about cell biology. 
The aim of the game is to diagnose a virtual cell for one of five 
possible classes of cystic fibrosis (CF). During the game, players 
explore a virtual lung cell to trace the synthesis of Cystic Fibrosis 
Transmembrane Conductance Regularor (CFTR), the protein 
that is responsible for ion exchange across the cell membrane. 
When CFTR is not formed properly, individuals develop cystic 
fibrosis, a chronic inflammation of the lungs. There are five 
different classes of CF, each associated with the breakdown of 
CFTR formation at some point in the protein synthesis process. 
During the game, players explore the virtual cell, read about the 
process of translating RNA into amino acid chains that become 
proteins, and look for clues as to whether the CFTR is forming 
properly. The Explorer examines the cell looking for clues using 
the VR HMD, the Navigator uses reference material on the tablet 
to help interpret clues found by the Explorer. In this way, players 
understand more about translation from RNA to proteins, 
diagnose the cell for a particular class of CF, and recommend a 
therapy that is matched to the class of CF. 

 

Fig 1. Navigator with tablet and Explorer with headset playing Cellverse. 

There are two roles in the game: Explorer and Navigator. The 
Explorer views the environment through a head mounted display 
in a VR environment.  The Navigator views the environment via 
tablet (see Fig. 1), has access to reference material about cystic 
fibrosis, organelles and ways to diagnose the cell’s cystic 
fibrosis type. The Navigator and Explorer have different 
knowledge, and the game is designed to have them share 
information, find clues, discuss, and decide the right therapy to 
diagnose the cell. In this study, we investigate how well the 
game design fostered collaboration through the two research 
questions detailed below. In order to meet the goal of connecting 
clues to a diagnosis of a CF class, the Navigator must help direct 
the Explorer to find clues, then the Explorer must describe their 
observations to the Navigator to determine whether the clues 
suggest a specific diagnosis for the cell. 

The Cellverse game is designed to support collaboration in a 
few ways. First, the problem of determining the type of CF the 
cell has is groupworthy in that it is an inquiry-based activity that 
is situated in the complex and abstract environment of the cell. 
Second, the game is designed to foster interdependence between 
the players by dividing the information needed to solve the 
problem between two roles: The Explorer and the Navigator 
[13], [14]. Finally, the game design fosters an iterative approach: 
players have to establish strategies for communicating their 
ideas as they explore the environment to find clues and 
determine whether those clues are associated with a class of CF 
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multiple times during the game. Only when the players have 
decided on a class can they move forward and select a therapy 
based on the CF class.  

We incorporated design-based research approach to inform 
the game design with ongoing feedback from novice and expert 
users. Although the target audience is introductory high school 
biology, we have tested the game with users from middle school, 
high school, university students and university graduates. 
Cellverse has been used at two high schools in an introductory 
biology class, a senior level biology class, and an AP Biology 
(college level) class. These implementations are discussed in 
other studies. The current paper explores gameplay done outside 
of school settings.  

A. Research Questions 

1. How does the game design establish and support the 
development of interdependence between players? 

2. How useful is the framework of the collaborative 
problem solving process when evaluating players’ 
activity during the game across players with different 
levels of background knowledge? 

B. Sample 

We used a convenience sampling method to recruit 
participants. Participants were 16 students from: i) middle 
school - four students; ii) high school - four students, and; iii) a 
post-secondary Biotechnology Workforce Program (BWP) - 
eight students. There were seven female and nine male students 
whose year of school ranged between 8th grade to 13th grade. 
Middle and high school students’ had less biology knowledge 
than the BWP students. All students’ prior content knowledge 
was all determined with interviews and cell drawings that they 
drew before and after they played the game. This diversity in 
background knowledge of participants gave us the opportunity 
to see how different kinds of collaborators played the game and 
shared their knowledge while playing the game. 

C. Data Collection and Analysis 

In each session, two players played the game. First, players 
were introduced to the game (goal of the game, technologies, 
and the duration of the game). Then players set up with the 
technology they have chosen and learned basic features of the 
environment with the help of retrospective technology’s tutorial. 
The game duration was 40 minutes. Players were video recorded 
while they were playing the game. Researchers transcribed the 
conversations between players. Four researchers took part in 
transcribing the conversations. Each researcher transcribed two 
conversations and checked two different conversations by 
watching videos and listening dialogs. Researchers created a 
code book after initial analysis of the conversations.  The codes 
were: one-way communication, two-way communication, 
directing, helping, orienting, decision-making, clue-finding, and 
biology terms. We developed the “biology terms” code to track 
when participants used the scientific name for the organelle or 
molecule rather than describing the item by color or shape. Any 
accurate biology term was marked in the same group, we did not 
disaggregate the terms. Collaboration codes were compiled 
based on existing research on CPS and group flow. Researchers 
discussed and reviewed the codebook and each researcher coded 
one conversation based on this codebook. Then, researchers 

discussed problematic codes and discrepancies, came to a 
conclusion, and created the last version of the code book. Two 
researchers coded two randomly selected conversations based on 
this updated code book, compared the coded data and calculated 
inter-coder reliability. The inter-coder reliability was 91.47%. 
Then, researchers coded the rest of the conversations.  

Researchers coded the utterances based on this code book by 
using “1” for the codes that are present and “0” for the codes that 
are not present. The codes for the process included “0” for 
orientation to the game. Once players started playing the game, 
they went through multiple stages of identifying a goal, 
gathering evidence, and deciding whether or not to continue that 
goal or start towards a different clue. Each of these stages was 
assigned a number, so stage 1-4 represents four stages of 
cluefinding. All transcripts were coded, and network diagrams 
were generated and examined to see when different codes 
surfaced in the discussion cycles in the graphs.  We went back 
through the data to examine when codes were prominent in the 
network. 

We used Epistemic Network Analysis to visualize how the 
coded dialogue between the players changed during the problem 
solving process. Epistemic Network Analysis (ENA) was 
performed to analyze the relationships between codes and create 
network diagrams in the conversations [22], [23]. “ENA is a set 
of techniques that identifies and measures connections among 
elements in coded data and represents them in dynamic network 
models” [23]. ENA gives information about the relationships 
and strengths between codes with different thickness of lines, 
ideas that appear together more frequently have thicker lines 
between the nodes. In this study, we defined the units of analysis 
as all lines associated with the single value of CPS Stage. There 
were 21 CPS stages in the conversations.  

We also performed a Chi-square test for independence to test 
association between collaboration codes and School type (BWP 
vs MS/HS) and player’s role (Explorer vs Navigator). This test 
is used to compare frequencies between categorical variables. 

IV. RESULTS 

 Each network diagram shows the codes as points or nodes in 

the network diagram. The geographic locations of codes in the 

diagram show relationships between the sets of ideas in the 

overall sample. The lines connecting the notes show often the 

topics came up at the same time for each unit of analysis (here, 

a pair of players).  

We reviewed the ENA network diagrams for each stage of 
cluefinding, and results showed similar patterns of discourse 
across the groups of players that fell into four groups : stages 1-
4, 5-9, 10-17 and 18 to 22. First, we share summary statistics 
about the dialog, and then we explore the collaborative process.  

A. School Type and Collaboration Codes  

We reviewed the frequency of each code by school type and 

collaboration. A chi-square test for independence indicated a 

significant association between school type and the code of one-

way communication (X2 (1, n=2158)=26.47, p<.05), discussing 

(X2 (1, n=2158)=6.68, p<.05), directing (X2 (1, n=2158)=20.77, 

p<.05), and decision-making (X2 (1, n=2158)=32.17, p<.05).  
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MS/HS students produced more one-way communication, 

discussing, directing, and decision-making codes when 

compared to BWP students (see Table I). 

TABLE I.  FREQUENCY OF CODE BY SCHOOL TYPE 

Frequency of appearance 

Codes 
Biotech Workforce 

Program 

Middle/ High 

School 

Orienting 108 115 

One way communication* 45 94 

Two way communication 396 335 

Discussing* 132 153 

Helping* 60 46 

Directing* 43 84 

Cluefinding 163 131 

Decision making* 16 59 

Biology terms 223 172 

B. Player’s Role and Collaboration Codes 

We also reviewed code frequencies by player role. A chi-

square test for independence indicated a significant association 

between the player’s role and the following codes: orienting (X2 

(1, n=1619)=3.26, p<.05), one-way communication (X2 (1, 

n=1619)=11.35, p<.05), helping (X2 (1, n=1619)=15.82, p<.05),  

directing (X2 (1, n=1619)=18.06, p<.05), cluefinding (X2 (1, 

n=1619)=8.19, p<.05), and biology terms (X2 (1, 

n=1619)=54.74, p<.05). The Navigator’s utterances were more 

likely to be coded as helping, directing, clue-finding, and 

containing biology terms, while the Explorer produced more 

orienting and one-way communication terms (see Table II). 

There were significant differences in players’ dialogue in terms 

of level of schooling and background, but the overall process as 

represented by stages was not different. Therefore, we examine 

the problem-solving process with both groups together. 

C. Comparison of Conversations by School Type 

We now transition to sharing the ENA results. Each point or 
node in the network diagram represents a code; the geographic 
locations of codes in the diagram show relationships between the 
sets of ideas in the overall sample. When codes occur at similar 
times in the conversation, they are connected by a line. The 
width of the line shows how strong the link is between the codes.  
The lines connecting the notes show often the topics came up at 
the same time for each unit of analysis (here a pair of players).   

Fig 2 depicts two diagrams of MS/HS students and BWP 
students, showing thick ties between two-way communication 
and biology terms, and a strong connection between orienting 
and two-way communication. In the MS/HS diagram, the lines 
between clue-finding and biology terms and clue-finding and 
two-way communication are stronger than with BWP students. 
However, both diagrams look similar and show ties between 
similar codes with similar magnitude. The p-value for 
comparing the two diagrams was higher than 0.05, indicating 
that there is no significant difference in the overall process 
between the two different age groups.  

TABLE II.  FREQUENCY OF CODES BY ROLE: NAVIGATOR OR EXPLORER 

Frequency of appearance 

Codes Explorer Navigator 

Orienting 124 97 

One way communication* 88 49 

Two way communication 369 339 

Discussing* 133 145 

Helping* 32 70 

Directing* 39 83 

Cluefinding 120 161 

Decision making* 23 35 

Biology terms 125 148 

D. Stages 1-4 

ENA results showed that connections between two-way 

communication and players’ use of biology terms appears to 

continue throughout all conversations. In the initial stages, 

players are developing shared knowledge about the space 

(organelles and how to navigate in the environment) and talking 

about the biology terms in the game. Fig 3. shows a presence of 

strong tie between two-way communication and biology terms. 

 

Fig 2. Network diagrams of the entire problem solving process for Middle and 

High School students (left) and Biotechnology Workforce Program students 

(right) during the game. 

E. Stages 5-9 

Teams began to discuss and find clues in the game. Fig 4 
shows stage 9, where we can see a strong connection between 
two-way communication and clue-finding. In these stages, there 
are strong connections between two-way communication, 
biology terms, and clue finding. The network diagram also has 
connections that show a presence of ties between discussing, 
clue finding, two-way communication, and biology terms. 
Beginning from these stages, the codes of two-way 
communication, biology terms, discussing, and clue- finding are 
present throughout all conversations. 

 

Fig 3. Topics in stage 2 of the problem solving process, showing strong links 

between two way communication and biology terms in dialogue between 

partners. 
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F. Stages 10-17 

Stages 10-17. demonstrate strong connections between clue 
finding, biology terms, discussing, and two-way 
communication. A network diagram of stage 17 appears in Fig 
4. The ties between discussing-biology-terms and discussing-
clue-finding are getting stronger in these stages. These 
connections show that both players are talking to each other 
about a specific topic with a next step and are trying to find clues 
in the game.  

 

Fig 4. Topics in stage 17 of the problem solving process, showing links between 

cluefinding, discussing, and biology terms in dialogue between partners. 

G. Stages 18-21 

Network diagrams showed the presence of ties between two-
way communication, discussing, clue-finding, and one-way 
communication throughout the last stages. Fig. 5 shows how the 
ties between these codes are strong in stage 21. In these last 
stages, there is a strong connection between biology terms and 
discussing, and the diagrams also show ties between two-way 
communication, clue finding, decision making, and one-way 
communication.  

 

Fig 5. Topics in stage 21 of the problem solving process, showing links between 

discussing and biology terms in dialogue between partners. 

V. DISCUSSION  

In this study, we investigated the nature of collaboration 
between two players in a cross platform collaborative game by 
looking at the level of interdependence and player 
communication during game play. We used a four part process: 
1. Orientation (exploring and understanding the game) 2. 
Establishing Communication (representing the problem/ 
establishing a shared vision of the game goals and effective 
communication) 3. Cluefinding (planning, executing and 
discussing) and 4. Selecting a solution. Within that framework, 
we observed multiple cycles of cluefinding. Virtual reality can 
be a context for collaboration between players with VR and 
across both a VR and tablet experience.  

How does the game design establish and support the 
development of interdependence between players? 

As positive interdependence is an important aspect of CPS, 
the game intentionally distributed information and activities 
across two different roles. Two pieces of evidence from game 
results suggest that the game design prompted positive 
interdependence. Reviewing and coding partner dialogue 
demonstrated that what players said during the game correlated 
with the roles they were assigned. Navigators talked about 
helping, directing and finding clues, while Explorers focused on 
orienting within the environment. Additionally, the network 
diagrams show that two way communication was sustained 
throughout the game, indicating that players recognized that they 
had access to different types of information and that the problem 
was difficult enough to require both players to solve it. These 
complementary roles indicate that the design of Cellverse is able 
to establish positive interdependence among players through a 
balance of roles and resources [14], [24]. 

How useful is the framework of the collaborative problem 
solving process when evaluating players’ activity during the 
game across players with different levels of background 
knowledge? 

Examining, coding and visualizing the dialogues using 
epistemic network analysis helped reveal how the teams 
interacted with each other while playing the game over time. We 
found that the steps of the collaborative problem solving process 
and the concept of group flow were useful frameworks for 
organizing and understanding players’ interactions [2], [18], 
[19]. Players spent time exploring and understanding the game 
(orientation), establishing communication, then focusing on the 
game goal, and selecting a solution. Results also suggest 
additional sub-processes within the stage of cluefinding where 
participants first focused on identifying potential pieces of 
evidence, evaluating them, and discussing them before moving 
to the next clue. Within the cluefinding process players’ 
conversations also appeared to have a progression. Participants 
initially spent their time establishing two-way communication 
without a specific goal, moved towards finding clues that were 
specific to the game goals, then discussed those goals. The 
inquiry-oriented and game-based format of the game influenced 
how players interacted. As players explored and uncovered 
clues, they cycled through finding, discussing, and evaluating 
the information to determine whether they thought the 
information would help them solve the game. Although the 
topics of conversation differed between players from middle and 
high school and players from a biotechnology workforce 
development project, the overall patterns of CPS were the same. 
This suggests that the game supported a CPS process across 
different types of players, and could be a tool to help individuals 
learn and practice CPS.  

This study does have limitations. The study included a 
convenience sample of a limited number of players. These 
players were within the intended audience of the game. The 
small sample size enabled an in-depth look at the players’ 
activities. Future research can explore a wider range of player 
age and background to determine whether this type of activity 
can be useful for learning, practicing, and reflecting on CPS. 
Second, one of our questions was to examine the utility of an 
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established framework of CPS within a given data set, thus we 
could be finding what we are looking for in the data. The initial 
game design was intended to engage the partners in problem 
solving with the intention of the game being a way to learn those 
skills, but collaboration can be messy and unstructured. 
Furthermore, we needed to understand whether the game 
provided a problem that was challenging enough to engage the 
group. Thus, determining how well activities matched 
established ideas in CPS is useful for understanding whether the 
game could be a platform for learning and practicing those skills. 

VI. CONCLUSION  

Collaborative problem solving skills are essential in an 
increasingly connected world, thus tools are needed to help learn 
and rehearse those skills. Well- designed games can be one 
potential avenue for developing and honing these skills. 
Interdependence can be established through roles and 
distribution of information, and sustained by making the 
problem challenging enough to require interaction throughout 
the game. Games can also provide a platform for enacting 
collaborative problem solving that is relevant to players with 
different ages and background levels, and that provide a context 
for examining and refining collaborative problem solving. As 
virtual reality continues to grow and develop, VR based 
experiences have the potential to be useful tools in expanding 
the essential skill of collaborative problem solving.  
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Abstract—Empirical evidence indicates that, as a result of 

teachers' belief systems and the absence of self-regulated learning 

(SRL) development for teaching practice, teachers are challenged 

by the adoption of SRL in learning and teaching. This study 

explored a support program for SRL through quasi-experimental 

design to encourage aspects of SRL (planning, monitoring, 

evaluation) stimulated in a unique immersive simulation learning 

environment. Participants were 72 primary school teachers 

assigned to experimental or control groups. Results show that the 

teachers from the experimental group have shifted their beliefs 

towards autonomous learning and used more SRL in lesson 

planning and teaching reflections. 

Index Terms—interactive-dynamic experience, simulations, 

self-regulated learning, video-based learning, professional 

development 

I. INTRODUCTION 
Contemporary learning and teaching theories stress the 

significance of learners understanding how to efficiently 
manage their learning as a crucial 21st-century ability [1], [2]. 
The increased speed of knowledge growth forces not only 
students but teachers as well, to adapt by being life-long 
learners – requiring that they constantly acquire and apply new 
knowledge and skills, to support their students' learning and 
self-regulation of learning (SRL). However, empirical studies 
show that teachers are hindered in learning and practice of SRL, 
due to their lack of SRL knowledge, skills, and beliefs [3]. This 
is a challenge to the entire education system, especially teacher 
training and professional development programs. Therefore, 
programs that effectively address both beliefs and practical 
skills in SRL are needed.  

A. Self/Co-Regulated Learning - SRL 

Self-regulated learning is a combination of cognition, 
metacognition, and motivation that is rooted in a cyclical 
process of three phases of actions taken by learners to achieve 
their learning: the forethought phase precedes performance and 
includes preparation actions such as setting goals, selecting 
suitable strategies and arranging environmental conditions. The 
performance phase involves task engagement, strategy 
implementation, and monitoring. The evaluation phase includes 
self-reflection and assessing the performance results [2]. 

SRL is facilitated by three key in-class practices: cognitive 
strategies (like organizing information); metacognitive 
strategies (like self-questioning and monitoring); and 
knowledge construction (activities that promote autonomous 
learning as a strategic selection in collaborative learning and 

inquiry). The regulation is a cyclic process of planning, 
monitoring, and evaluation/reflection. It is performed 
independently – as self-regulation, or in a social context as Co-
regulation.  

B. SRL Beliefs 

Teachers' beliefs play a crucial part in their receptiveness to 
SRL and their willingness to teach it. Positive beliefs about SRL 
include inclination to student-centered teaching, belief in the 
importance and relevance of SRL, and that it can and should be 
taught; high self-efficacy beliefs indicate that the teacher 
believes they can teach SRL effectively. Positive beliefs about 
SRL are essential for teachers' motivation to teach SRL and can 
determine their use of SRL practice [4], [5]. 

To support the self-regulated learning beliefs and practice 
of teachers, we propose a holistic theoretical-practical model by 
immersive learning environments based on interactive-dynamic 
experiences with simulation practice and video analysis.  

C. Immersive Learning Environments 

Immersive learning environments are learning experiences 
where learners dynamically interact with their surrounding 
environment which intensifies the realistic actions. The 
environment is socially rich and resembles the relevant reality, 
and the interaction is two-way, which means the learners 
receive immediate response and reacts to the dynamic changes 
in the environment [6]. Although most immersive learning 
environments are virtual, a unique and intensified example of 
immersive environments is a real-life actor simulation. In this 
case, the learners interact with live actors rather than virtual 
characters; the physical surroundings imitate the surroundings 
of the relevant field (classroom, hospital, etc.), and the 
experience is similar to real-life in the actions and interactions 
(e.g. speaking and moving rather than typing or moving a 
mouse to control a virtual image; actors who portray human 
emotion and reactions authentically). Here we use simulations 
with real-live actors who can elicit a high emotional response. 

D. Simulations 

Simulation is a technique "to replace or amplify real 
experiences with guided experiences that evoke or replicate 
substantial aspects of the real world in a fully interactive 
fashion" [7]. Simulations are a highly immersive environment  

of interactive experiences, where actors are specialists in using 
their bodies and voices to credibly convey human behavior and 
to credibly direct the role-played scenario towards the targeted 
situation of teaching. This interactive experience allows for 
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autonomous learning, as the teacher participating can choose 
their teaching strategy. The actors bring reality to what may 
otherwise be an artificial scenario stimulates genuine reactions 
from the role-players as they are involved in the situation and 
facilitate the involvement of teachers, which increases 
motivation and leads to changes in beliefs and practice [9]. To 
enhance their effectiveness, the simulations are followed by 
debriefing processes and feedback on new experiences. The 
support for teachers' SRL beliefs and practice with an 
immersive environment of simulations as interactive 
experiences is depicted in Fig. 1. 

 

Fig. 1. Supporting teachers' srl with immersive environments. 

E. Current Study Design and Objectives 

The goal of the study is to offer support for the development 
of teachers' SRL beliefs and practice, using immersive learning 
environments of interactive experiences – simulations with live 
actors. 

The study focused on the SRL principle integrated into a 
specific interactive learning experience using role-play 
simulations of real-life actors and examined how teachers' 
beliefs in autonomous learning, SRL practices in lesson 
planning, and reflection about the lesson performance can be 
empowered. 

Two groups were compared in the study: experimental and 
control. The experimental group was introduced to SRL theory, 
practice, and training in the immersive learning environment of 
simulations with real actors, accompanied by feedback and 
debriefing. The control group was exposed to pedagogical 
discussions and video analysis at seminars regarding effective 
student-centered teaching practices. 

Most SRL studies rely on questionnaires, however, this 
might lead to insufficient information: therefore, it is 
recommended to use authentic assessment [10], [11]. In this 
study, we used three kinds of authentic measurements as 
elaborated below. The study aims to compare the development 
of the two groups in: 

• Q1. SRL Beliefs in Autonomous Learning  

• Q2. SRL in Lesson Planning (including goals, strategies, 
metacognitive questioning) 

• Q3. SRL in Lesson Reflection 

 

 

II. METHOD 

A. Participants 

A quasi-experimental study was conducted with 72 teachers 
(grades 3-5; ages 8-10) randomly assigned to one of two groups: 
experimental = 36 participants; control = 36 participants. 
Schools were similar in their socio-economic status and 
achievements as tested by the Ministry of Education. No 
differences were found in teachers’ background variables: 
gender, age, and seniority (see Table I). 

TABLE I.  THE TEACHER’S BACKGROUND CHARACTERISTICS BY 

GROUP 

Background 

characteristics 

Experiment Control   

M (SD) M (SD) t p 

Gender (n = 

Males/Females)! 

2 / 34 0 / 36 1.43 0.15 

Age 38.89 (9.41) 36.00 

(5.75) 

1.57 0.12 

Seniority 11.28 (7.29) 12.47 

(5.77) 

0.77 0.44 

! Chi-square analyses were conducted 

Training structure and curriculum: Both groups had the 
same course structure (30 h') for in-service teachers (see Table 
II). 

The Control group received pedagogical training 
workshops for effective pedagogy referencing to student-
centered teaching and learning of primary school age. Similar 
to the experimental group they were also exposed to video-
based learning, reflection, and discussion; the video-based 
learning has the potential to enhance the professional lens of 
teachers. Therefore, it can lead to a shift in teachers' beliefs and 
practices towards student-centered learning, and implicitly 
relate to SRL, thus contributing to SRL beliefs and practices. 
However, unlike the experimental group, they were not exposed 
to explicit SRL terminology and did not participate in the 
simulations. Hence, they could be compared to the experimental 
group who received additionally explicit SRL support. 

The Experimental Group received the intervention   
program as described below. 

B. Intervention Program 

The intervention was based on immersive learning 
environments of interactive–dynamic (autonomous learning and 
self/co-regulation) experiences: simulations and videos 
scenarios, supported by self-questioning and reflection: 

• Role-played simulations with real live actors. Three 
trained actors played the students in the scenario in each 
simulation, and one of the participants played the teacher. 
The teachers and actors evaluated the participant after the 
simulation, including comprehensive debriefing of the 
role-playing' teacher' using a videotape of the simulation. 
The audiences also provided feedback for the 
participating teacher. 

• Collaborative learning. The teachers were exposed to 
self/co-regulation theory and held group discussions in 
content sessions. They were asked to work 
collaboratively on a unit plan and video analysis. 
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• Video analysis. the teachers watched teaching scenarios 
on video and used the professional vision lens to analyze 
them. Professional vision is a practical approach 
supportive of the SRL theory by enhancing teachers' 
observation; it is set to increase awareness of precisely 
what happens just-in-the-moment [12] and to give 
meaning to it based on prior professional knowledge. It 
consists of three knowledge lenses: noticing a class 
occurrence (teacher/student behavior/skill; prompts such 
as:  "What good practice did you observe?"); reasoning 
and understanding of its significance ("Why did the 
teacher use this practice?"); and providing alternative for 
teaching/learning activities ("What other practice could 
have been used here?"). Question prompts using the PV 
lens were given as scaffolds to analyzing the scenario and 
to direct the debriefing /discussion/ feedback, thus 
enabling the training process and discussion. 

TABLE II. INTERVENTION PROGRAM IN TWO STUDY GROUPS: 
EXPERIMENTAL AND CONTROL 

Both groups 

30 h' Professional Course 

Exposure to written content, modeling about how to use student-centered 

practices. 

Independent task: planning a lesson plan for their own class, focusing on 

student-centered pedagogy, and discussing it with the group. 

Fidelity of instruction: Research assistants attended and scored one session 

per section monthly on a 4-point scale regarding the conceptual structure, 

series, and delivery of each task (scores ranged between 3-4). Instructors 

were given reviews. 

Experimental Control 

Metacognitive questions for self/co-

regulation: What, Why, When, How? 

Interactive-dynamic experiences including 

simulations of pedagogical teaching 

scenarios with actors and participants as 

audiences. 

Question prompts of PV lens by discussing 

video clips and the simulations, aimed at 

teaching strategies: noticing, reasoning, and 

providing alternatives 

Debriefing of simulations 

Group discussion and 

feedback related to 

effective student-centered 

teaching scenarios, 

analysis on video-clips 

and in-class events. 

C. Ethics 

The intervention program and study design were approved 
by the chief scientist of the Ministry of Education of Israel. The 
teachers received information about the study and choose 
whether to participate. The teachers could withdraw from the 
study at any time.  

D. Measures 

Q1: SRL Beliefs in Autonomous Learning 
● SRL in Metaphor perceptions. A pre/post four 

metaphor instrument illustrated the teacher/student 
centrum of teaching/learning process [11], scaled 1 
(teacher-centered) to 4 (student-centered); α = .89. See 
Fig.1 for the metaphors. 

Q2: SRL in Lesson Planning 
● Lesson Plan.  The teachers were requested to plan a 

lesson for their class. The lesson plans were assessed 
using an indicator for SRL including attention to goals, 

reasons, strategies, and metacognitive question prompts. 
Cohen’s Kappa: 0.83. See Table III for the indicator. 

 
Fig. 1. Illustrated metaphors for teachers’ SRL beliefs. The four levels 

describe the continuum between teacher-directed and student-centered in 

teaching and learning; the captions were not shown to the teachers. 

TABLE III. INDICATOR FOR LESSON PLAN 

Rating / Level Indication 

3. High 
A fully detailed explicit reference to SRL practice, 

including goals, activities, and reasoning 

2.  Medium A partial reference to the practice without reasoning 

1. Low An implicit reference to the practice without reasoning 

0. Nil No reference to the practice 

Q3: SRL in Lesson Reflection 
● Lesson Reflection using PV lens question prompts. 

The teacher watched their performed lesson that was 
video-recorded, and filled out a 3 semi-structured, open 
reflection questionnaire based on PV prompts: Noticing: 
What practices did I see that were effective/ What needs 
to improve?; Reasoning: Why did I choose this practice?; 
Providing an alternative: What else could I have done?. 
Cohen’s Kappa: 0.82. See table IV for the indicator. 

TABLE IV. INDICATOR FOR REFLECTION 

Rating / Level Indication 

4. High  
Explicit, accurate, and detailed use of SRL  

terminology and explanations. 

3. Med.-high Explicit, accurate use of SRL terminology 

2. Med.-low Implicit or inaccurate use of SRL terminology 

1. Low No use of any SRL, whether explicit or implicit 

0. Nil No answer 

III. FINDINGS 

T-tests were performed on the pre-test measures (SRL 
Beliefs, SRL in lesson planning, and reflections), indicated no 

433



 

 

significant differences between the groups on the pre-tests. Two-
way ANOVAs with repeated measures (Group and Time) were 
conducted to examine differences between the groups for each 
measure, see Table V. 

A. Q1: SRL Beliefs  

The main effect for time was found (T2 > T1; p < .0001), and 
a significant two-way interaction of Group and Time was 
revealed: the experimental group's beliefs shifted toward student 
centrum (SRL) more than the control group, which didn't change 
their beliefs (see Table V).  

B. Q2: SRL in Lesson Plan 

The main effects for group and time were found for all three 
measures: cognitive strategies, metacognitive strategies, and 
knowledge construction (T2>T1, p < .001; Experiment > 
Control; p < .001). Significant two-way interactions of Group 
and Time were revealed for all three measures: The experimental 
group has increased their use of cognitive strategies, 
metacognitive strategies, and knowledge construction 
significantly more than the control group (see Table V). 

C. Q3: SRL in Lesson Reflection 

The main effects of time were found for the three measures: 
noticing, reasoning, and providing alternatives (T2>T1, p < .01). 
The main effect of the group was found for the noticing and 
reasoning measures (Experiment > Control, p < .001) but not for 
providing alternatives. Significant two-way interactions of 
Group and Time were revealed for all three measures revealing 
that the experimental group has increased their SRL noticing, 
reasoning, and providing alternatives in their lesson reflections 
significantly more than the control group (see Table V). 

TABLE V. MEANS, SD, EFFECT SIZE, AND F VALUES OF THE SRL 

BELIEFS, SRL PRACTICE IN LESSON PLAN, AND REFLECTION BY TIME AND 

STUDY GROUPS  

Measure Groups Pre Post 
d F 

M SD M SD 

SRL Beliefs 

SRL Beliefs in 

autonomous 

learning 

Experimental 3.14 0.90 3.72 0.61 0.75 

4.09* 
Control 3.22 0.76 3.42 0.60 0.29 

SRL practice in lesson planning 

Cognitive Strategies Experimental 1.67 0.86 2.83 0.70 1.48 

35.20*** Control  1.58 0.97 1.69 0.75 0.12 

Metacognitive  

Strategies 

Experimental 1.00 0.83 3.11 0.85 2.51 
55.13*** 

Control  1.14 0.90 1.47 0.65 0.42 

Knowledge  

construction 

Experimental 1.06 1.04 2.5 1.02 1.40 
50.43*** 

Control  1.11 0.85 1.36 0.80 0.30 

Reflection on Lesson implementation using PV lens 

Noticing Experimental 1.11 0.95 2.42 0.87 1.44 
15.66*** 

Control  1.16 0.85 1.58 0.73 0.53 

Reasoning Experimental 1.08 0.94 2.31 0.86 1.37 
25.09*** 

Control  1.00 0.93 1.03 0.65 0.04 

Predicting Experimental 0.81 0.95 1.89 1.06 1.07 
17.27*** 

Control 1.28 1.00 1.39 0.90 0.11 

Note. df (1, 70); Scales: Beliefs: 1-4; Lesson plan: 0-4; Reflections: 0-3;  

*p < .05; **p < .01; ***p < .001 

IV. CONCLUSION 

Results showed that the interactive-dynamic experiences 
program focusing on SRL promotion in the immersive 
environment pertaining to unique simulations with real-life 
actors was highly effective in enhancing the beliefs of teachers 
about SRL and increasing practice-oriented SRL in the lesson 
planning and reflection on the lesson, as emerged in the pattern: 
Experimental > Control, in the metaphors, lesson planning, and 
reflections. Lesson planning indicated that teachers from the 
experimental group has planned to use cognitive strategies, 
metacognitive strategies, and knowledge construction 
significantly more than the control group. The findings reinforce 
the assertion that implicit exposure to SRL and student-centered 
teaching are not enough: the environment should be explicit and 
supported with heightened awareness, as in this case with self-
question and PV prompts that direct the teachers' thinking and 
focus it on SRL. 

The study has a theoretical contribution by using all three 
aspects of SRL and emphasizing beliefs. It has methodological 
and practical implications for bridging the gap between theory 
and practice of learning/teaching among primary school in-
service teachers who have been less researched on SRL 
compared to preservice teachers [3]. Although the majority of 
SRL studies among teachers focus predominantly on 
metacognitive or affective aspects, the current research includes 
entire aspects of SRL that relate to autonomous learning beliefs 
in particular.  

The model that integrates the SRL with immersive 
environments enhances SRL beliefs in autonomous learning and 
SRL practice. However, we examined the intervention as a 
whole: to be able to measure the additional contribution of the 
immersive simulation environment to the explicit SRL support, 
future studies could compare two groups of SRL intervention – 
with or without simulations. 

The study supports findings that school teachers benefit from 
immersive learning opportunities to enhance their SRL belief 
system and increase the transfer of that ability in the classroom 
[3], [12]. The holistic program findings on parallel teacher-
student effects linked to SRL and accomplishments from various 
teaching fields should be explored in future studies.  
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Abstract—This work-in-progress paper was to examine the 

effect of the interactive conversation in a teaching simulation for 

classroom management training. We developed SimTEACHER, a 

teaching simulation, and the scenario aims to manage the 

classroom during collaborative learning. Twenty-five in-service 

secondary school teachers participated in this study and 

experienced both observation and interactive conversation in the 

simulation. They evaluated perceptions of problem behavior, 

scenario usefulness, and situational interest on each simulation. 

The result showed no difference in perception of problem behavior 

in each simulation. The scenario usefulness and situational interest 

were significantly higher in the interactive conversation. 

Index Terms—teaching simulation, in-service teacher training, 

interactive conversation, classroom management 

I. INTRODUCTION 

Teaching simulations are intended to train pre-service 
teachers or in-service teachers to cope with embarrassing 
problem situations during class. Teaching simulation provides 
problem situations that are difficult to experience in everyday 
life, and because we can repeatedly practice for these problem 
situations, we can intensively develop our ability to cope with 
specific problem situations [1]. Therefore, teachers can master 
classroom management skills by experiencing student problem 
behavior in the classroom simulation and identifying the cause 
of the problem through conversation [2]. In pandemics such as 
COVID-19, remote classroom simulations are more demanding 
and safe for the face-to-face classroom. In such a situation where 
real students' training is not possible, the remote classroom 
simulation can be a helpful alternative for developing classroom 
management skills by providing authentic teaching experiences 
to in-service teachers and pre-service teachers. 

Well-designed user interaction is required to increase 
engagement in simulation [3]. The classroom management 
scenarios used in this study deal with conflicts that occur among 
students during collaborative learning. Teachers could observe 

problem behavior in class presented situations video clips, and 
to resolve the problem, apply various classroom management 
strategies through interactive interaction with students avatars. 
Therefore, an investigation is needed to understand which 
teaching simulation design influences the perceived experiences 
of in-service teachers effectively. With the soaring popularity of 
virtual simulation in teacher education, it is necessary to review 
how to design simulation teaching scenarios. In this study, we 
analyzed how interactive conversation simulation design makes 
a difference in teachers' perceptions. For this reason, we 
compared the teachers' perception according to simulation 
sequences that consist of different interaction types in teaching 
simulation. 

II. METHODS 

A. Participants 

The participants in this study were 25 in-service secondary 
school teachers in South Korea, 12 males (48%), and 13 females 
(52%). The average age of participants was 38.96 years (SD= 
8.53), range from 29 to 61 years old, and the average educational 
experience was 10.63 years (SD= 7.69), ranging from 2 to 35.6 
years. They were recruited on a paid basis, and experiments were 
conducted online experiment environment using platform 
ZOOM to ensure safety from COVID-19. 

B. Experimental Design 

This study employed a repeated measures-multivariate 
analysis of variance (MANOVA). The within-subject factor in 
this study was the simulation sequence (observation vs. 
interactive conversation) in a platform named SimTEACHER. 
To measure user's perception of the simulation, we used three 
surveys: perception of problem behavior, scenario usefulness,  
situational interest. All participants experienced a simulation in 

turn (observation → interactive conversation), and they assessed 

their perception of each of the simulation sequences. Perception 
of problem behavior is the subjective perception of the teacher 
on student problem behaviour. [4].
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It is evaluated in five aspects of perception: seriousness, 
stress, coping capability, improvement possibility, and teacher 
responsibility. Scenario usefulness was measured by the 
participants’ perceptions of whether the scenario was 
appropriate and effective for teaching simulations [5]. 
Situational interest is positive emotions and attention-focused 
due to environmental stimuli. So, situational interest is a measure 
to test the effectiveness and value of the simulation interaction 
method as a means of learning [6]. All items used a 7-point 
Likert scale ranging from 1 (strongly disagree) to 7 (strongly 
agree). 

C. Teaching Simulation  

 The teaching simulation platform used in this study is 
SimTEACHER, a class simulation for the collaborative learning 
situation (Simulation for Teaching Enhancement of Authentic 
Classroom beHavior EmulatoR) used in Yang and Ryu (2019). 
[7].  SimTEACHER is a classroom simulation platform for pre-
service teachers and was developed to provide pre-service 
teachers with classroom management experience. It is a training 
simulation for pre-service teachers on dealing with disrespectful 
and defiant students in class. The goal of this simulation for pre-
service teachers is to make the problem student restore and go 
back to the class. Participants should solve problems and make 
a positive and supportive classroom environment. In this study, 
teaching simulation sequences consist of a problem-posing 
phase with observation and a problem-solving phase with an 
interactive conversation with a student avatar. Fig. 1 shows the 
problem-posing phase. The participants observe problem 
situations that occur during a collaborative learning group of 
four students. During cooperative learning, the two student 
avatars criticized each other due to the group's decision-making 
problems, so learning was stopped. In this simulation condition, 
only observing the video clip without any interaction. After the 
problem-posing phase, the problem-solving phase proceeds, at 
which time the participant owes to communicate through an 
interactive conversation to refocus the challenging virtual 
student back to the collaborative learning group. Participants 
communicate verbally with virtual avatars. The SimTEACHER 
simulation platform was developed in Unity 3D, and the virtual 
avatars were developed in Daz 3D. We have applied a system 
for natural verbal conversation between participants and virtual 
avatars. When the operator listened to the participant's question 
and clicked the pre-classified answer button, the avatar 
responded using pre-recorded lines.    

D. Procedure 

The experiment was conducted on the ZOOM meeting 
platform. All participants observed a video clip of the problem-
posing phase without interaction first. Then they assessed their 
perceptions through a questionnaire that evaluates the dependent 
variable. Next, a problem-solving phase with interactive 
conversation simulation was conducted. Participants resolved 
the conflict through verbal interaction with the virtual student 
avatar to restore her to class. The total time includes surveys of 
each participant was taken about 15 minutes. Fig. 2 shows the 
experiment scene that interactive conversation with the virtual 
student avatar in ZOOM. We conducted a repeated measures-
MANOVA using SPSS 25.0. The significance level for all 
analyses was set at α< 0.05. 

III. RESULTS 

In this study, we conducted a repeated measures-MANOVA 
to compare the effects of observation simulation and interactive 
conversation simulation on the participants’ perception of 
problem behaviors, scenario usefulness, and situational interest. 
The descriptive data shown in Table I represent the mean score 
and standard deviation of the dependent variables. 

TABLE I.  MEAN SCORES OF DEPENDENT VARIABLES (SD) 

Dependent 

Variables 
Measures 

Simulation sequence 

Observation 
Interactive 

conversation 

Perception 

of Problem 
Behaviors 

Seriousness 5.84(0.90) 5.80(0.96) 

Stress 5.20(1.32) 5.20(1.29) 

Coping capability 5.52(0.87) 5.80(0.91) 

Improvement 

possibility 
5.68(1.07) 6.08(0.91) 

Teacher responsibility 5.40(1.26) 5.64(1.04) 

Scenario Usefulness 6.29(0.90) 6.64(0.51) 

Situational 

Interest 

Triggered situational 

interest 
5.96(0.77) 6.33(0.60) 

Maintained situational 

interest 
5.46(0.93) 5.98(0.84) 

Emerging individual 
interest 

5.80(0.68) 6.13(0.68) 

Well-developed 

individual interests 
5.60(0.81) 6.09(0.75) 

 

A. Perception of Problem Behaviors 

No statistically significant difference was found between 
observation and interactive conversation on the perception of 
problem behaviors, F (5,20) = 1.01, p =0.441; Wilk’s λ = 0.80, 
partial ɳ2 = 0.20. In the result of univariate analysis, also there 
was no significant difference in the subscale of perception of 

 

Fig. 1. Obseravion simualtion sequence (collaborative learning scene). 

 

Fig. 2.  Experiment scene (Interactive conversation simulation sequence). 
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problem behavior. These results show no difference in 
perception of problem behaviors between observation and 
interactive conversation. In other words, teachers perceived the 
seriousness of the problem behavior similarly in both the 
simulation of observing student problem behavior and the 
simulation of conversation with a challenging student. 

B. Scenario Usefulness 

In the scenario usefulness, there was a significant difference 
according to the simulation sequences (F (1,24) = 4.38, p 
=0.047, partial ɳ2 = 0.15). Scenario usefulness was higher in the 
interactive conversation simulation (M=6.64, SD=0.51) than in 
observation simulation (M=6.29, SD=0.90). These results 
indicate that teachers view scenarios as more useful and 
practically helpful when interacting with virtual avatars. 

C. Situational Interest 

In the situational interest, the results revealed significant 
differences between the simulations, F (4,21) = 3.71, p =0.019; 
Wilk’s λ = 0.59, partial ɳ2 = 0.41. There were also significant 
differences in all subscales of situational interest. The subscale 
is to evaluate the four stages of interest development. The score 
of interactive conversation simulation was significantly higher 
in all subscales of situational interest. The results of univariate 
analysis of the subscale are as follows. Triggered situational 
interest (F(1,24)=5.88, p=0.023,  partial ɳ2 = 0.20), maintained 
situational interest (F(1,24)=15.98, p=0.001,  partial ɳ2 = 0.40), 
emerging individual interest (F(1,24)=11.56, p=0.002,  partial ɳ2 
= 0.33), well-developed individual interest (F(1,24)=13.60, 
p=0.001,  partial ɳ2 = 0.36). These results show that interactive 
conversations significantly affect from situational interest stage 
to the developmental stage of teachers' individual interests.  

IV. DISCUSSION 

First, interactive conversation simulation is necessary for 
effective engagement in teaching simulation. The result of the 
perceived problem behavior shows that recognizing student 
problems is not different in both simulations, whether verbal 
conversation or not. So in the field, to inform teachers about 
various types of student problem behavior, it is also helpful only 
to observe the problem behavior using video clips. However, 
The results indicate that interactive conversation could more 
increase situational interest. These findings can be explained by 
Park and Ryu (2019) that showed that asking unexpected 
questions or exhibiting unexpected behavior during interactive 
conversations with virtual students can improve situational 
interest [8]. It means interactive conversations with virtual 
students make teaching simulations perceived more exciting and 
valuable. 

Second, interactive conversations with virtual avatars make 
the simulation perceived more useful than the observed 
simulation. The interactive conversation simulation showed 
significantly higher scenario usefulness than the observation 
simulation. This result can be interpreted that the design that can 
directly intervene verbally is more useful than observing the 
student's problem behavior in the teaching simulation to resolve 
the conflict in class. Because teachers often experience conflict 
between students in the field, training for conflict resolution can 

be usefully evaluated [9]. Therefore, training to intervene to 
solve students' problem behavior and interact verbally will be 
practical training to prepare for the field. 

V. CONCLUSION 

This study explored the difference of the simulation 
sequences on in-service teachers' perceptions in SimTEACHER. 
In this study, a virtual teaching simulation in which a user should 
cope with a conflict situation during collaborative learning was 
developed and applied to in-service teachers to assess users' 
perception and find design implications. The teaching simulation 
was applied to in-service teachers who interacted with students 
to make a more accurate evaluation. The results of this study 
provide considerations when designing simulation interaction 
differently between the participants and student avatars. For 
future studies, we may consider various types of interaction 
between teachers and the student avatar. There are various types 
of interactions that can be provided through the virtual student 
in teaching simulation. In this study, an interactive conversation 
with one virtual student was applied, and the participants' 
perception was evaluated. However, applying interactive 
conversations between multiple virtual students and teachers 
will be better perceived as a more natural classroom 
environment. Future study is needed to investigate perceptions 
of multiple interactions that can occur in natural classroom 
environments in the teaching simulations.  
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Abstract—This work-in-progress paper describes a pilot of an 

immersive learning experience called Synapse VR in a 

biopsychology course on campus at Southern New Hampshire 

University with undergraduate students conducted in early 2020 

by faculty and staff. Theories of cooperative learning and positive 

interdependence informed the team’s coordination of the VR 

app’s assessment framework and classroom delivery model to 

ensure learning design components promoting self-regulation and 

co-regulation of learning were accentuated. Synapse VR’s first 

classroom pilot generated a set of suggested learning experience 

design practices for educators seeking to implement immersive 

learning experiences in college classrooms. 

Index terms—constructionism, constructivism, cooperative 

learning, co-regulation, immersive learning, learning experience 

design, more knowledgeable other, self-regulation, virtual reality 

I. INTRODUCTION 

Falling technology costs and rising production quality have 
yielded new possibilities for educators to use VR lessons with 
their students, realizing the potential to engage learners in “a 
fully immersive sensory experience in almost any space 
imaginable, which may encourage them to engage in deeper 
learning” [1]. Immersive learning experiences are technical 
systems that rely on narrative content and encompassing context 
to produce immersion [2], a state of deep mental involvement, 
in which a learner’s attentional state shifts and may disassociate 
from awareness of the physical world [3].  While only 5% of US 
teachers used AR/VR tools according to a 2016 Project 
Tomorrow survey, Futuresource predicts 15% of US schools 
will have a VR class kit by 2021 [4]. With VR’s ascent, higher 
education must investigate VR’s use in context to understand 
how it may best serve learners. 

Best practices for teaching with VR are emerging. A 2017 
“VR in the Classroom” panel at the Games for Change Festival 
generated recommendations for educators, including flipping 
teacher-led learning to student-centered experiences as well as 
promoting social learning and collaboration [5]. There is a need 
to solve for the practical realities of implementing emerging 
technology in the classroom. As quantities of VR headsets in 
classrooms are limited due to cost for the foreseeable future, 
students may need to share VR headsets. While existing studies 
have tested the efficacy of VR in the context of a lab setting [1], 

these studies are limited by concerns of ecological validity. As 
a result, cooperative learning models in which students work 
together with immersive learning experiences make sense to 
investigate in a classroom setting. 

In early 2020, prior to the onset of the COVID-19 pandemic 
in the United States, we piloted an immersive learning 
experience called Synapse VR in a biopsychology course on 
campus at Southern New Hampshire University (SNHU) with 
undergraduate students. Synapse VR is an immersive learning 
experience designed and developed as a VR app in collaboration 
between the SNHU Labs research and development team, 
SNHU psychology faculty, and global production studio Unit9. 
Aligned with existing biopsychology curriculum, Synapse VR 
was piloted to gain a deeper understanding of how VR can 
support teaching and learning in face-to-face college 
classrooms. Synapse VR aims to transport learners into the 
world of the brain and its subcellular biology. Learners may tour 
a brain cell and experiment with subcellular processes.  

For immersive learning experiences like Synapse VR, it is 
important to understand the learning assessment framework and 
the classroom delivery model as two parts of one whole. 
Synapse VR’s assessment framework and classroom delivery 
model work together to facilitate self-regulation of learning for 
individual learners, supporting their taking metacognitive 
control of mental processes and states related to learning, as well 
as co-regulation of learning, “dynamic metacognitive processes 
through which self-regulation and shared-regulation of 
cognition, behavior, motivation and emotions are transitionally 
and flexibly supported and thwarted” [6]. 

II. CATALYZING COLLABORATION 

Theories of cooperative learning and positive 
interdependence can help educators understand how to best 
coordinate the moving parts of an educational VR app’s 
assessment framework and classroom delivery model to ensure 
learning design components promoting self-regulation and co-
regulation of learning are accentuated. 

A. Cooperative Learning 

Cooperative learning relies upon groups of students working 
together, sometimes with defined roles for each group member 
and separate and/or shared tasks [7]. 
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Two biopsychology classes incorporating Synapse VR for 
the pilot were designed using a cooperative learning model 
given its proven benefits to learning outcomes achievement [7]. 
Partnering students in defined roles for classroom activities 
using immersive learning promotes co-regulation of learning by 
priming students to focus on different aspects of the classroom 
activity.   

B. Positive Interdependence and Cooperation 

Vygotsky explains that learners can do more with 
collaboration or support from a More Knowledgeable Other 
(MKO) than they can do on their own, calling the space between 
what they can do unaided and what they cannot do the “zone of 
proximal development” [8]. This MKO has more understanding 
or ability in a concept than the learner. By interacting with the 
MKO, the learner is able to see target behaviors and instructions 
modeled, eventually internalizing these teachings. 

Synapse VR’s classroom delivery model attempts to 
operationalize this theory. As the learners work together in pairs, 
they exchange expertise. In a sense, the immersive learning 
environment acts as an MKO, tutoring learners in 
biopsychological concepts, freeing them to concentrate their 
collaboration more fruitfully.  

III. LEARNING EXPERIENCE DESIGN 

Immersive learning experiences consist of both the technical 
system – in this instance, the Synapse VR app – as well as the 
context in which they are implemented [2]. As such, the learning 
experience design is discussed in two parts: first, the assessment 
framework driving the immersive learning experience and 
second, the classroom delivery model facilitating 
implementation. 

A. Assessment Framework 

The Synapse VR app assessment framework is grounded in 
constructivist and constructionist approaches to teaching and 
learning [9]. 

Constructivist learning theories emphasize personal 
construction of meaning through one’s own experience, 
leveraging learners’ existing beliefs and ideas in order to 
develop conceptual understanding. Emphasis on constructivism 
in Synapse VR’s design led to a prioritization of problem-
solving tasks that prompted learners to investigate a virtual 
neuron, learn about dependencies between its component parts 
and manipulate them to solve each problem.  

Constructionist learning theory also emphasizes learning 
through one’s experiences but prioritizes engaging learners in 
constructing or creating things that they are interested in. 
Learners necessarily develop new skills and knowledge when 
building or creating objects requires them to solve new problems 
and work out creative solutions [9]. 

Self-regulation mechanisms are embedded in Synapse VR to 
help learners regulate their own emotions and motivations. 
Rather than passively consume content presented to them, 
learners are prompted to solve problems to advance through the 
experience. A virtual tablet anchored to the hand controller 
equips learners with tools, feedback, and opportunities for 
reflection and progress monitoring.  

B. Classroom Delivery Model 

 For each Synapse VR experience, students alternated 
between defined roles to co-regulate learning as well as to help 
students share headsets:  

• Explorer: Navigates the immersive learning experience 
in VR. Acts as the MKO in terms of concepts treated 
in VR. Responsible for collaborating with the Guide to 
answer the reflection questions.  

• Guide: Leads Explorers through the VR experience, 
referring to the guidebook, a printed copy of the virtual 
experience that contains suggestions for orienting the 
Explorers. Responsible for recording responses to 
reflection questions.   

      The structured roles of Guide and Explorer create 
cooperative conditions that have been shown to be effective for 
learning even in the absence of group rewards [10], as was true 
for the pilot. Students worked in pairs with one student 
beginning in VR as the Explorer and the other outside of VR as 
the Guide, switching roles later on if time permitted. Partner 
selection was left up to students. Some pairs were already 
familiar with one another, while others had never worked 
together before. 

IV. RESULTS 

After using Synapse VR in class, students responded to a 
survey containing questions about their reactions to the use of 
VR in the classroom. Surveys were administered to the class 
following two separate course meetings in which Synapse VR 
was piloted, resulting in a total of 32 student responses that were 
received. Each survey consisted of three multiple choice 
questions, two open response questions, and 15 items from a 
scale of interest, motivation, and engagement developed during 
a recent study of immersive learning [1]. On the scale pertaining 
to interest, motivation, and engagement, students were asked to 
review a statement pertaining to the lesson preceding the survey 
and rate their agreement using a seven-point Likert scale. 
Sample items on this measure included “I felt motivated to 
understand the material,” “I am interested in learning more 
about this subject,” and “I felt that the lesson was engaging.”  

Self-report instruments such as the one used in this study can 
be subject to social desirability bias and present a limitation to 
this research. It is possible students responded more favorably 
to some items to provide answers indicating a positive 
perception of the class. Future researchers in this space should 
incorporate more objective measures to mitigate this possibility. 

While participating in the same lesson, students perceived 
some aspects of the immersive learning experience differently 
depending on the role they first experience. Guides and 
Explorers varied in their perception of subject matter difficulty 
and mental effort required, suggesting an uneven distribution of 
labor between collaborators. 70 percent of the 15 students who 
experienced the Guide role first were either neutral or disagreed 
with statements that the immersive learning experience’s subject 
matter was difficult and required them to use a lot of mental 
effort, while 50 percent of the 17 students who experienced the 
Explorer role first were either neutral or disagreed with these 
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same statements. It is possible that acting as a Guide first lessens 
cognitive load for learners when they act as an Explorer. 

Guides and Explorers shared positive perceptions of 
Synapse VR with respect to motivation, interest, and 
engagement in learning. 88 percent of students who experienced 
the Explorer role first and 73 percent of students who 
experienced the Guide role first agreed that they felt motivated 
to understand the material, interested in learning more about the 
subject, and that the lesson was engaging. Given co-regulation’s 
role in supporting metacognitive processes to share regulation 
of motivation between learners [6], it is promising that the 
majority of learners in both groups reported high levels of 
motivation, indicating that the cooperative learning model at the 
very least does not hinder co-regulation. More research is 
needed to understand how learner dynamics influence 
motivation in this context. 

V. SUGGESTED LEARNING EXPERIENCE DESIGN PRACTICES 

The pilot generated a set of suggested learning experience 
design practices that may help educators interested in 
implementing immersive learning environments supportive of 
self-regulation and co-regulation of learning in their classrooms. 
While these suggested design practices may be of benefit to 
other educators, it is important to note their applicability may be 
limited to the specific context in which Synapse VR was pilot. 
Further testing with larger and more diverse participant groups, 
varied subject areas, and different group dynamics should be 
undertaken to explore these suggested practices’ applicability in 
different contexts. 

The suggested design practices build upon the pilot’s 
cooperative learning model by describing motivationalist and 
social cohesion strategies [7] as well as practical improvements 
to further support learner collaboration.    

• Team Building: Embed VR technology training into the 
curriculum earlier in the term. Social cohesion could be 
fostered by establishing a VR “buddy system” in which 
students team up during their orientation to the 
technology and continue this partnership during class 
sessions.  

• Targeting and Tracking: Designate each student in the 
pair as being responsible for different aspects of the 
course concepts treated in VR to help learners target 
specific goals in support of self-regulation. Reimagine 
the guidebook used in the pilot as a scavenger hunt in 
which teams of learners work together to earn more 
points than their peers. This could support motivation 
to track and achieve shared goals. 

• Timekeeping and Trading Off: Divide time spent 
equally between the Guide and Explorer roles. A timer 
can be used to ensure students exchange roles and both 
experience immersion. 

• Technology Training: Create opportunities to 
familiarize learners with the technology prior to class. 
Partner with campus technology support staff to field 
troubleshooting questions. This will allow students to 

better concentrate on collaboration for the purposes of 
achieving their shared goals.   

VI. CONCLUSION 

Immersive learning environments transport learners to new 
worlds, sparking interest and motivation in learning. When it 
comes to teaching and learning, immersive learning experiences 
should be supported with a robust plan to measure learning as 
well as help learners work together within the parameters of 
existing resources. 

Coupled with a carefully designed learning assessment 
framework and an intentional cooperative learning model, 
immersive learning can catalyze collaboration between learners 
to support success in learning. Accelerating an individual 
learner’s ability to occupy the role of an MKO and allowing 
pairs of learners to take turns occupying this role, immersive 
learning experiences such as Synapse VR may promote self-
regulation and co-regulation of learning when implemented to 
promote best teaching and learning practices. 
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Abstract—Software Engineering Education (SEE) community 

has been looking for alternatives to improve teaching, since the 

study of Software Engineering (SE) currently involves the 

application of a lot of theory in the classroom and little 

application in scenarios that convey the reality of software 

development. In this sense, Immersive Learning emerges as a 

potential approach to support the improvement of learning 

outcomes in SE. Therefore, the goal of this work is to present 

Immersive Software Engineering Education (iSEE), in which a 

theoretical framework is proposed by the researchers to support 

the planning and development of immersive educational 

applications for SE, as well as a platform to encourage the use of 

these applications by the SEE community. An example of using 

the theoretical framework and a preliminary evaluation of a 

game to teach basic object-oriented concepts are also presented.  

Index Terms—immersive educational application, immersive 

learning (iL), immersive platform, mixed reality (MR), software 

engineering education (SEE), virtual reality (VR) 

I. INTRODUCTION 

Virtual Environments (VEs) for teaching Software 
Engineering (SE) have been proposed to simulate real 
development environments and allow interaction and 
communication with other users through avatars, which are 
geographically distributed. In general, VEs consist of assisting 
the teaching of software processes, allowing the student to play 
the main roles in software projects, using techniques of certain 
development process models (e.g., Scrum and prototyping), 
navigating in different environments (e.g., meeting rooms and 
programmers' room), communicate with other avatars and 
interact with and view UML diagrams in the same way as they 
are treated in CASE tools [1]. In real projects, UML diagrams 
are complex, as they portray the various aspects of the software 
and with a large volume of information. In other words, VEs 
for teaching SE are restricted to simulation and interaction 
among users in the context of a software development project 
and do not explore the main aspects of immersive technologies: 
immersion and sense of presence. 

Therefore, the Immersive Software Engineering Education 
(iSEE) approach is proposed by the researchers as a new 
teaching paradigm that directly supports SEE. The iSEE 
approach is based on immersive experiences as the main 
guiding line in an attempt to improve learning outcomes in SE. 
The aim of the iSEE approach is to provide immersive 
experiences as a mechanism for improving learning outcomes 

in various fields of SE. In order to achieve this objective, the 
iSEE approach has two contributions: (i) proposing a 
theoretical framework to support the planning of the 
development of immersive educational applications, 
considering characteristics of the technologies, skills and 
competences of SE and pedagogical approaches (Section II), 
and (ii) implement an immersive platform in order to contribute 
to the SEE community, more precisely to be a platform in the 
provision of immersive educational applications of SE (Section 
IV). An example of use of iSEE framework is given in Section 
III, and a preliminary evaluation of an application within iSEE 
platform is briefly described in Section V. Finally, in Section 
VI, conclusion and future work are presented. 

II. ISEE FRAMEWORK 

iSEE framework groups the main concepts of SEE through 
immersive experiences in two factors: objective and subjective. 
Objective factors are concepts that can be quantified (e.g., 
immersive devices, the immersive virtual environment itself 
and methods of interaction). Subjective factors are related to 
qualitative issues (e.g., feeling of being present in the VE, 
engagement, the pedagogical theory and learning outcomes). In 
practice, when planning and developing an immersive 
educational application for teaching SE, one must establish and 
be constantly reviewing these factors, which can be identified 
through questions. 

A. Objective Factor: Immersion 

This factor is directly related to the quality and 
characteristics of immersive devices used to interact with the 
virtual environment. The greater the use of human senses 
through immersive devices, the greater the degree of 
immersion. Thus, the following questions must be answered: 

• IM1: What sensory stimuli will be used in the 
immersive application? 

• IM2: Which immersive devices should be used and 
which are adherent to IM2? 

B. Objective Factor: Immersive Technologies 

The purpose of this factor is to select where the application 
will act on the Milgram continuum [2], as well as which 
immersive platform the application will be based on. Therefore, 
for this factor, the following questions must be answered: 
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• IT1: Which immersive technology will be used and 
which is adherent to IM2? 

• IT2: Which immersive platform will be used and which 
is adherent to IT1? 

C. Objective Factor: Interaction 

This factor is concerned with identifying the appropriate 
interaction techniques based on immersive technologies, as 
well as on the devices selected for the immersive educational 
environment. This factor implies the following question: 

• IN1: What techniques support human-computer 
interactions? 

D. Objective Factor: Software Visualization 

The last objective factor is intended to represent 
graphically, in an appropriate way, the elements related to SE 
according to the learning objective of the immersive 
educational applications. Therefore, in this factor, the following 
question must be answered: 

• SV1: Which metaphors adequately represent aspects of 
software? 

E. Subjective Factor: Learning Outcomes 

Based on the Software Engineering Body of Knowledge 
(SWEBOK), it is possible to indicate which topics will be 
covered by the application according to the areas of knowledge 
[3]. In addition, the Software Engineering Competency Model 
(SWECOM) presents the skills of a software engineer 
separated by areas of skill and activities, classified according to 
the professional's technical level of competence [4]. In this 
sense, the purpose of this factor is to establish the topics of SE, 
as well as the competences and skills, which must be acquired. 
The questions that make up this factor are: 

• LO1: What Software Engineering topics will be 
covered? 

• LO2: What competencies and skills must be achieved? 

F. Subjective Factor: Pedagogical Approaches 

The appropriate selection of theories and learning 
approaches positively impacts the expected learning results [5]. 
Therefore, this factor aims to select the theory and pedagogical 
approaches that are adequate to the expected learning results 
and is guided by the following question: 

• PA1: Which theories and pedagogical approaches are 
adherent to the expected learning outcomes? 

G. Subjective Factor: Sense of Presence 

Considering that the sense of presence is an important 
aspect in immersive experiences, this factor aims to establish 
which strategies will be adopted so that users develop a sense 
of presence during the interaction with the immersive 
application. For this factor, the following question was 
established: 

• SoP1: What strategies will be adopted to provide 
engaging experiences during interaction and motivation 
in performing tasks? 

H. Subjective Factor: Student Profile 

This factor aims to establish for which type of student 
profile the immersive application is most suitable. For this 
factor, the following question was established: 

• SP1: What is the profile of the student who will use the 
immersive application? 

I. Subjective Factor: Context 

In addition to establishing the factors presented above, it is 
also important to define in which context the application will 
be used. Therefore, this factor aims to establish the place where 
the immersive application will be used through the following 
question: 

• CO1: What is the context in which the immersive 
application will be used? 

III. EXAMPLE OF USE OF THE ISEE FRAMEWORK 

The Object-Oriented Game in Virtual Reality (OO Game 
VR) [6] is an application aimed at building three-dimensional 
drawings from primitive cube and sphere visuals based on the 
basic object-oriented concepts. Table I presents the objective 
and subjective factors of the application based on the iSEE 
framework. 

TABLE I.  OBJECTIVE AND SUBJECTIVE FACTORS OF THE OO GAME VR 

APPLICATION 

Factors Descriptions 

IM1 
Immersive 360º visualization, audio and 

interaction with both hands 

IM2 Oculus Rift and Oculus Touch 

IT1 Immersive virtual reality 

IT2 Oculus 

IN1 
Use of ray-casting to select Oculus Touch 
virtual objects and buttons to activate 

specific features 

SV1 
Classes are represented using UML class 
diagrams and objects are represented 

according to the chosen geometric shape 

LO1 Software Construct 

LO2 Programming and Design 

PA1 Game-based learning 

SoP1 

Engage the user in the construction of 

three-dimensional virtual drawings, 
inspired by Minecraft 

SP1 Beginner in object-oriented programming 

CO1 
Any environment that does not interrupt 

the immersive experience 

IV. ISEE PLATFORM 

iSEE Platform allows developers to make their immersive 
applications available for users (instructors and students) to use 
according to their learning needs in SE. iSEE platform has both 
virtual and web interfaces. The virtual interface is an 
immersive VE that users access through immersive devices, 
such as Oculus Rift. Fig. 1 shows an example of the main 
screen of the platform's immersive environment. The web 
interface has the main objective of users to publish immersive 
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educational applications on the platform and, consequently, 
will be available for use in support of teaching SE through 
immersive experiences. Fig. 2 shows an example of uploading 
an immersive application. 

 

Fig. 1. Main screen of the immersive environment of the iSEE Platform. 

 

Fig. 2. Uploading an immersive application through the web interface. 

V. PRELIMINARY EVALUATION OF THE ISEE PLATFORM 

A preliminary study [6] was conducted to identify if the 
usability of the iSEE Platform allowed access and interaction 
with an immersive educational application. Six students from a 
Federal Institute of Education, Science and Technology 
participated in a heuristic evaluation [7]. First, training on 
usability evaluation of VEs was conducted, as well as the use 
of the heuristic evaluation method of VR applications. 

Once the students performed the proposed eleven tasks 
using the OO Game VR, the final stage was to rank the severity 
of errors by heuristic. This ranking reflects the number of errors 
assigned to each heuristic with the evaluator’s judgment about 
the severity of those errors, on a four-point scale: severe, 
annoying; distracting and inconvenient [7]. As result, the 
heuristics H10 - support for learning, H07 - navigation and 
orientation support, H03 - natural expression of action and H08 
- clear entry and exit points had the most critical degrees of 
severity (see Fig. 3). 

Despite these problems, all subjects were able to complete 
the eleven tasks. It can also be observed that the heuristics 
related to engagement (H01) and sense of presence (H12) 
presented low degrees of severity. Although not being the focus 
of this study, this result shows that the most critical heuristics 
in this assessment have little influence on students' engagement 
and sense of presence when performing tasks in the immersive 
application. Consequently, even considering some identified 
usability problems, students were able to perform the tasks, in 
addition to feeling engaged and immersed in the VE of OO 
Game VR. Therefore, it was concluded that the immersive 
application aimed to support the improvement of the learning 
outcomes of basic object-oriented concepts. 

 

Fig. 3. Weight of degrees of severity per heuristic. 

VI. CONCLUSION AND FUTURE WORK 

This paper aimed to present the Immersive Education of 
Software Engineering (iSEE) approach. Its purpose is twofold: 
(i) to support the planning and development of immersive 
educational applications for teaching SE through the iSEE 
framework, and (ii) to facilitate the use of these applications for 
users (teachers and students) by providing an immersive 
platform in order to promote immersive learning in SE. A 
preliminary evaluation of the iSEE Platform was carried out 
with the purpose of identifying usability problems and 
investigating whether these flaws hindered the application's 
use, student engagement and sense of presence. It was found 
that despite some usability problems, students were able to use 
the immersive application, given the purpose for which it had 
been designed, and felt engaged and immersed in the VE of OO 
Game VR. As future work, it is intended to correct the usability 
problems and carry out another evaluation with a larger number 
of participants. In addition, other evaluations need to be carried 
out in order to validate the iSEE approach, for example, experts 
in Immersive Learning and SEE assessing the iSEE framework 
and platform. 
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Abstract—This pilot study provides the preliminary results of 

a Virtual Reality Learning Environment (VRLE) aimed to 

increase the two aforementioned skills for chemistry graduate 

students at NC State. For this purpose, a VRLE was built upon 

four interconnected frameworks: (1) cognitive apprenticeship, (2) 

familiar shapes recognition, (3) multimedia design principles, and 

(4) virtual reality learning affordances. The resource’s ultimate 

goal is to reduce the cognitive load associated with mastering the 

two target skills. The pilot version of the VRLE was tested by 10 

graduate students from the Chemistry Department at NC State 

University. The students tested the VRLE remotely due to Covid-

19. Results are presented for one of the students. This work-in-

progress project is the first step towards a student-centered, self-

paced, immersive virtual resource complementary to traditional 

lecture for studying and communicating visually demanding 

organic reactions.  

Index Terms—representational competence, visual-spatial 

skills, chemistry visualization tools, virtual reality learning 

environments, cognitive apprenticeship 

I. INTRODUCTION 

It is known that students often have problems with the 3D 
aspect of chemical reactions [1]. Students often require explicit 
instruction because they do not automatically acquire visual 
literacy [2]. Furthermore, even if students use visual-spatial 
strategies, some don’t unless specified in the problem [3]. 

The task to extract, represent, and predict molecular spatial 
relations for chemical reactions is a visually demanding task [4]. 
Apart from its content-related difficulties, students also face 
visual challenges such as: identifying reference frames, depth 
cues, the dynamic nature of chemistry, among others [5]. An 
effective strategy to surmount the challenges of a visually 
demanding task is to comprehend the presented visual 
information, process it into manageable bites and externalize it 
as visual models [6].  

This project is focused on the creation of a Learning 
Environment to ease the cognitive load associated with 
extracting, representing and predicting spatial outcomes for a 
specific reaction. The content was delivered using the cognitive 
apprenticeship model [7], [8], embedded in a multimedia design 
framework [9]–[12] that takes into account Virtual Reality’s 
native affordances [13], [14]. 

A. Visualization Process 

The process of internalization, conceptualization and 
externalization of visual information is referred as the cognitive 
process of visualization [15]. Through internalization, observers 
make sense of visual information by organizing it into coherent 
parts and patterns [16]. Conceptualization occurs when 
observers extract specific features and interpret them using prior 
knowledge [17]. These two steps require the ability to 
understand relations about and between objects in space [18], 
[19]. This ability can be developed, and improvements on it are 
durable, transferrable, independent of training type, and more 
visible on students with low visual-spatial prowess [19], [20].  

In the Chemistry Education Research context, the 
aforementioned spatial abilities referred as Visual-Spatial skills 
[21], [22]. This skillset includes the mental manipulation of 
molecules as 3D objects [23], and the analysis of either (a) 
spatial relations between fragments of a molecule [24], or (b) 
spatial relations between molecules [25]. For the externalization 
step, students are expected to acquire Representational 
Competence [26], which can be defined as the proficiency to 
read, interpret, write and create representations of models [27]. 
This ability includes the two-way translation between 3D models 
and their corresponding 2D representations [28]. 

II. PEGAGOGICAL BACKGROUND 

A. Cognitive Apprenticeship Model 

The Cognitive Apprenticeship Model [7], [8] describes “one 
of the ways humans have been learning for millennia” [7]. This 
process emulates the way the master of a craft passes on the 
skills to their apprentice. The first step in the Traditional 
Cognitive Apprenticeship is ‘Modeling’. It consists of the expert 
demonstrating and explaining how the task should be completed 
[29]. The Second step is ‘Coaching’, in which apprentices 
practice standard strategies while experts advice and correct 
them [29]. The last step is ‘Scaffolding’, in which the tasks’ 
difficulty gradually increases at the same time the assistance is 
reduced, until the apprentice complete their tasks independently 
[29]. Modern versions of the model include ‘articulation’, 
‘reflection’ and ‘exploration’ as stages, but we will focus on the 
simplest model. 
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B. Virtual Reality Learning Environments 

The purpose of Chemistry Visualization Tools (CVT) is to 
help students understand concepts and develop representational 
skills through supporting their visuospatial thinking [5]. 
Regardless of the medium, visualization tools share some 
common principles [9]–[12]. Although these tools may take 
several diverse forms, we will focus on virtual reality 
experiences [30]–[37].  

Virtual Reality Learning Environments (VRLE) encompass 
anything non-tangible with the purpose of teaching a concept 
[13]. They can be passive or interactive and encompass anything 
between instructional videos to extended reality experiences 
[13]. Their purpose is to take advantage of natural aspects of 
human perception and enhance or expand information into an 
interactive virtual world [14].  We propose a VRLE as our CVT 
and its advantages lie in the added value over the alternative 2D 
technologies that can accomplish the same tasks [14]. The key 
affordances non-attainable by conventional computer programs 
are a combination of immersion, instant & personal feedback, 
and experiencing a ‘rule-bending world’ [10]. 

III. METHODS 

The VRLE was designed for the Oculus Quest using the 
Unity Engine 2020.1.0f1, with the XR Interaction Toolkit 
package. 3D models were imported from results of 
computational chemistry calculations [38] to Blender by our 
own Gaussian-Blender-Python API (Submitted to publication). 
Animations were done using Unity’s legacy animation system, 
from results of computational calculations. Screen casts for 
recording were achieved using Oculus’ native screen cast. No 
latency issued were experienced. 

Ten first-year chemistry graduate students participated in the 
pilot study. Due to Covid-19 social distance guidelines, the 
interviews were done remotely through Zoom video conference 
recordings. An Oculus Quest headset was left inside an office, 
connected to a laptop with a room-recording microphone. The 
headset’s sensor was taped so that the experience begins when 
the students put on the headset.  

The interviews were processed using YouTube’s native 
subtitle system. This provided time labels of each conversation 
snippets, which were used as a weigh system for the codes 
extracted from the transcripts. Herein are selected results for one 
of the students.  

IV. RESULTS 

Fig. 1. shows the different cognitive apprenticeship stages as 
defined by the literature [8], [29]. The “TCA-O” label was 
added, as the VRLE itself required an introductory phase so that 
users understand the available actions within the environment, 
as well as the input required to perform them. 

The technical difficulties were measured as the sum of the 
time the students took to understand an instruction when it was 
not clear and the time the students were not able to continue with 
a task due to either a problem in the VRLE design, a bug in the 
program or because the input required was too complicated. This 
student spent most of the time in the ‘modeling’ phase, which 
was where the instructor was giving examples and directions on 
how to complete their tasks. 

Fig. 1. Different stages of the Cognitive Apprenticeship model, applied to the 
content progression of the VRLE for one student. ‘TCA’: Traditional 

Cognitive Apprenticeship; “O”: Orientation; “M”: Modeling; “C”: Coaching; 

“S”: Scaffolding; “quest”: Questionnaire; “engaged”: time engaged in a task; 
“tech-diff”: measured time in which students had technical difficulties. 

Fig. 2. VRLE native attributes that contribute to learning affordances 

separated by different TCA stages for one student. The technical difficulties 
can occur in any of the attributes. “EC”: Embodied Communication; “N”: 

Navigation; “OM”: Object Manipulation; “UI”: User Interface Interaction; 

“(blank)”: other interactions; “tech-diff”: technical difficulties. 

Fig. 2. shows that out of the typical attributes of a VRLE 
[14], the student spent most of the time interacting with the UI, 
as the content was developed around the ability to draw 2D 
representations. Embodied Communication corresponds to the 
moments in which the student used their user representation (e.g. 
controllers, hands, pointers or headset POV) to convey a 
message when they were discussing the content with the 
interviewer. Navigation corresponds to the moments in time in 
which the student teleported to a different area inside the VRLE. 
Object manipulation corresponds to the moments in which the 
students were grabbing, rotating or animating the molecules 
present inside the VRLE. The time labelled as “other 
interactions” correspond to the time students spent discussing 
implications, asking questions, receiving information or prompts 
or idle. 

V. PERSPECTIVES 

More information regarding the visual-spatial abilities, 
representational systems, heuristic principles, spatial challenges 
and spatial reasoning will be disclosed after the analysis of all 
the interviews is completed. The findings of the pilot study are 
being used to develop a more student-centered iteration of the 
VRLE, in which the guidance of the instructor is not needed. The 
technical difficulties users encountered in the Pilot Study are 
being taken into consideration for the environment’s 
improvement. 
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Abstract—Students are struggling with virtual learning while 

isolated at home. At the same time, they are outspoken about the 

real and lasting consequences of inherent bias in higher education 

systems and lack of motivation. Virtual Reality (VR) is a tool that 

could help reduce structural bias within the online classroom to 

engage a diverse community of students with meaningful 

interactions as they explore course learning materials. This 

interactive workshop will include a group discussion about the 

bias students face in classroom and attendees will participate in a 

VR class simulation modeling best practices for anonymous 

equitable learning using The Commons XR experience. Attendees 

will leave the session with ideas for how to reduce bias in 

educational experiences and engage students in the course 

material. Join us to explore the possibilities of a classroom 

environment that might help out the next generation of students to 

transcend the norms of today! 

Index Terms—analytics, bias, student engagement, virtual 

reality, virtual learning 

I. AIMS AND TARGET AUDIENCE 

The aim of this special session is to replicate a class taught 
by Esther Brandon at Brandeis to investigate bias. Workshop 
participants will be asked to identify potential areas for student 
disengagement and biased data points in educational tools, such 
as Learning Management Systems and video conferencing for 
remote learning. Next, participants will participate in a class 
activity using The Commons XR (TCXR), an AR/VR 
immersive classroom experience that can run on headsets, 
MAC, and Windows laptops. After experiencing a short hands-
on activity, participants will be surveyed and engage in a group 
discussion about bias and engagement for virtual learning. The 
target audience are instructors interested in further diminishing 
inherent bias in their classroom environment. By extension of 
improving the learning environment and allowing for increased 
engagement, students would also be interested.  

In the Brandeis class, students identified bias inherent in 
both the data analytics features in the LMS and video 
conferencing systems, highlighting the possibility for unequal 
treatment of students based on their name, physical appearance, 
and/or their home environment. In contrast, the virtual reality 
experience allows students to learn in a virtual classroom via 
(almost) anonymous avatar. The students were displayed as 
similar avatars with Anonymous ID (AID), thereby removing 
any visual assumed sex orientation, body composition, or skin 

color bias. The instructor was able to collect real-time analytical 
data per student, while conducting class activities. Data 
collected includes where students are looking at objects of 
interest, each individual avatar’s movement patterns, and where 
each avatar is located relative to 3-D renderings of learning 
objects. Artificial Intelligence (AI) models would correlate 
student’s classroom data analytics with their engagement levels 
of the lesson.  

The option of anonymity allows the instructor to provide 
early intervention and track student engagement with the lesson 
without implicit bias impacting decision making. After the 
conclusion of The Commons XR VR experience, students filled 
out questionnaires, submitted individual reflections, and 
engaged in class discussions around their learning. Initial data 
provided by the students suggest that a reduction of bias in the 
classroom setting increased their engagement and mastery of the 
learning outcomes. They further reported that anonymity with 
the text-based chat features helps reduce anxiety about 
participating in class discussions and asking content-related 
questions. This experiment has begun to reveal the value of 
virtual and augmented reality to reduce the student experience 
of bias in the classroom and increase engagement with course 
content, anonymously to the class as needed. 

II. NOVELTY, TIMELINESS, AND RELEVANCE 

The number of students “left behind” or disengaged in 
tertiary education is quite high, accounting for approximately a 
25% drop rate in the first year alone [1]. But even primary and 
secondary schools are not immune to the engagement issues 
brought to the surface by COVID, as students struggle to stay 
motivated while learning virtually in an isolated environment. 
At the same time, students across the US have spoken out about 
implicit bias in higher education systems and classrooms, 
resulting in higher disengagement numbers of first generation 
and black, indigenous, and students of color [2]. Implicit bias is 
defined as how “people’s attitudes and behaviors towards others 
are consequently influenced by… categorization, even when 
people are unaware of this influence” [3]. This may lead to the 
instructor either creating a biased learning environment for the 
entire class or inadvertently revealing an internalized bias 
towards a particular student. Instructors’ implicit bias can have 
real and lasting consequences on student motivation in the 
specific class and towards the educational institution.  
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 Courses help entirely online, as has become prevalent in 
2020-21, creates a new set of potential engagement issues and 
bias conditions. Students may not want to turn on their cameras 
or microphones during synchronous video conferencing for a 
wide variety of reasons (such as conditions in their home). This  
contributes to a lack of social engagement as perceived by both 
classmates and the instructor. Higher education has turned to 
using a wide variety of technology to engage students and foster 
learning communities.  

While no individual or technology can remove the 
internalized biases of instructors and students, structural biases 
can be mitigated within the virtual reality classroom. Unlike 
video conferencing software, “VR incorporates participants 
bodily into a virtual computer-generated world” via avatars [4]. 
The Commons XR creates a homogenous genderless virtual 
classroom environment, leveling the academic playing field. 
This allows students to become immersed into the virtual 
classroom, while at the same time, leveraging technological 
parameters to anonymize each avatar. Students are assigned 
monikers to sign into the virtual classroom, and the purple body 
color of each avatar does not elicit the same implicit bias 
response as avatars with realistic human virtual bodies [5]. 
Similarly, the lack of gender in the avatar may reduce implicit 
gender bias, that has been proven to transfer from the real world 
to the VR environment [6]. With every student appearing 
physically the same within the virtual classroom, instructors can 
focus exclusively on academic contributions to class activities. 
The purpose is not to erase “identities or categories themselves 
but, rather, dismantl[e] structures that selectively impose 
vulnerabilities upon certain bodies” [7]. Instructors have the 
additional option of turning off voice chat, to enable a text-only 
communication style. If accessibility accommodations in the 
class allow for a text-only experience, student contributions can 
be further anonymized. There is the potential for university 
faculty to “harness” students’ enthusiasm with the novelty of VR 
to create unique learning opportunities where implicit bias 
doesn’t color contributions to class discussions [8].  

The AI capabilities for student data analytics in The 
Commons XR focus exclusively on engagement data for each 
avatar’s actions within the virtual classroom, such as time spent 
with 3D models of learning objects. The use of the purple body 
color and AID avatars has a higher probabilty for the AI data 
system to avoid algorithmic discrimination in data analysis [9]. 
The course instructor can view the anonymous data analytics to 
identify which AID avatars need assistance, and then proceed to 
support students individually with the class activities. This 
model can be used to create a learning environment where bias 
does not impact engagement with the course material.   

The immersive VR experience, combined with effective 
pedagogy, can allow instructors to facilitate a more equitable 
class. Dengel and Mägdefrau presented on how effective 
“design of the immersive EVE (educational virtual 
environments) can strengthen the positive effect of cognitive 
factors on learning activities” [10]. Reducing inherent bias can 
help students engage with course materials even further to 
achieve the desired learning outcomes.   

III. PARTICIPANT ENGAGEMENT AND INTERACTION 

Participants will be involved during the workshop via 
instructional queues and opportunities for discussion throughout 
the session. To begin, audience members will be asked to 
identify a potential area of bias in a classroom or virtual 
educational experience. During the COVID-19 pandemic, many 
higher education institutions implemented or expanded the use 
of a number of virtual instructional tools, such as Learning 
Management Systems and video conferencing for synchronous 
online class meetings. We will discussion how, even with the 
best intentions, the instructor’s implicit bias can filter through 
technology to impact students taking the course. Next, 
participants will engage in a hand-on activity using The 
Commons XR virtual classroom experience. Participants will be 
asked to interact with the virtual classroom, such as moving their 
avatars to view instructional materials and interacting with 3D 
learning objects. Assistance will be given to anyone needing 
technical support. Participants will then be asked to mute their 
microphones and contribute to a text-only anonymous chat 
discussion in the virtual classroom, as though they were students 
taking a course. Afterwards, participants will be surveyed on 
their thoughts about their level of engagement and perceived 
level of bias in the virtual classroom. Those results will be 
anonymously shared to start a discussion about specific class 
exercises and best practices to engage students and reduce bias 
in the classroom.  

To mirror a real classroom experience, the session will 
follow best practices to collect all data anonymously. Attendees 
surveyed will submit their answers to polling questions 
anonymously. Attendees will be arbitrarily assigned an AID to 
access The Commons XR experience with no record collected. 
Within the virtual classroom, attendees will be asked to mute 
their microphones and respond via chat only, so there is no 
identifying information collected. These protocols meet the 
interactional GDPR compliance standards for data gathering, 
storage, and access. Presenters will offer an optional survey at 
the end of the session, where attendees have a choice to self-
identify themselves for questions and further conversations.  

IV. SPECIAL SESSION DESCRIPTION AND SESSION PLAN 

A. Introduction 

Student engagement and bias issues in higher education, 
with a focus on how remote teaching due to COVID has 
exacerbated the issue to the detriment of students.  

B. Participant Poll  

Audience identifies areas of bias from their own 
experiences with virtual teaching and technologies.  

C. Exercise  

Audience participates in The Commons XR workshop 
exercise.  

D. Participant Poll  

Survey audience about their experience with bias and 
engagement during the exercise.  
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E. Discussion   

Best practices to engage students and reduce bias in the 
classroom.  

V. INTENDED OUTCOMES 

At the end of the workshop session, participants will be able to: 

 

1)  Assess the connection between instructor bias and 

student engagement in the classroom.  

2)  Engage in an XR experience designed to reduce bias.  

3)  Rate their own experiences and engagement levels in the 

XR experience.  

4)  Examine current teaching practices and design new 

class activates to support student learning.  
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Abstract—This special session will provide an active forum for 

presentations and discussions on projects and vision related to the 

use of video games for addressing Sustainable Development Goals 

(UN SDG’s). The projects are the outcome of the latest 

development game jam projects from the Games Immersion 

Conference (G.I.CON) 2021 hosted in April 2021 in iLRN Virtual 

Campus. All projects were developed by group of university 

students with reference point to address “Life of the Future “using 

dedicated UN SDG’s. The panelists leading the event have 

extensive experience in immersive technologies and SDG’s applied 

within games. The workshop will follow a mixed format. Including 

learning outcomes form latest student G.I.CON conference, 

project presentation, awards for best game concepts and hand-on 

activity for exploiting future trends behind student immersion 

engagement activities.    

Index Terms—education, virtual reality, augmented reality, 

sustainable goals, style 

I. INTRODUCTION  

     United Nations Sustainable Development Goals (UN 

SDG’s) are a collection of 17 global goals designed by the 

United Nations General Assembly to be a “blueprint to achieve 

a better and more sustainable future for all.” With the support 

of Video Games Industry, there is an effective approach for 

achieving serious goals of various kinds as a blueprint of a 

powerful communication to help a diversify community of 

people, from young children to adults to achieve a better and 

more sustainable future for all. Engaging young generation of 

learners from various university levels in research based cross-

disciplinary projects, can be the path to establish future 

knowledge and build the mindset that promotes Gender 

Equality and Climate Action. 

II. PANELIST DESCRIPTION AND SESSION PLAN 

A. Panel Description 

      The panel will follow a mixed format of presentations and 

hands-on participant activity. It will be coordinated from both 

authors of this work. Activity one will offer a small 

introductory presentation from the panelists about the 

principles of G.I.CON and iLRNFuser, the engagement and 

networking opportunities. It will follow with a presentation 

from the groups participated in iLRNFuser2021 project 

outcomes. Presentations will include video samples, details of 

how each team approached the UN Sustainable Goals targeted 

and future game expansions. This will be followed by an award 

ceremony for the winning teams for the iLRNFuser2021. The 

final part of the panel, spanning 20-30 minutes, will consist of 

a short hands-on interactive session with the audience. In this 

the panelists will address the future stages to expand the 

students game immersion events with presentation of the 

survey’s outcomes and live feedback from the audience. The 

detailed timetable of the panel is presented in Table I. Standard 

time-keeping practices will be maintained through the session. 

Main facilitators will be warning presenters prior to the end of 

their timeslots. 

 
TABLE I. SCHEDULE 

 

Panel Agenda and Schedule 

Title of Activity Type of 

Activity 

Presenter/ 

Facilitator 

Duration 

(minutes) 

Introduction to 

G.I.CON and 

iLRNFuser activities 

Presentation Markos 

Mentzelopoulos 

10 

Applications 

developed – State of 

UN Goals 

Presentation David-Bass Clark 

& Teams from 

iLRNFuser2021 

20 

Awards Presentation Markos 

Mentzelopoulos & 

David-Bass Clark 

10 

Future of G.I.CON 

and iLRNFuser 

Hands-on 

participant 

activity 

All 30 

B. Panel Topics 

      Introduction to G.I.CON and iLRNFuser activities. This 

short presentation will outline the current structure of G.I.CON 

and iLRNFuser, the objectives of the events, and organizing 

team background. Furthermore, strategic partnerships aim will 

be presented as part of the stakeholder’s feedback. 
Applications developed – State of UN Goals. For this 

session, the second author of this work will present the 
importance of Unite Nations Sustainable Goals and application 
in gamifications, including leading research in topics. This will 
be followed by short 5min presentation of all groups that 
submitted work on the last game jam with descriptions of aims 
and objective of their prototypes, how they tackle specific UN 
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Goals and critics for the next stages of their work for expansion. 
      Awards. The third section of this workshop will be a 
presentation ceremony for the awards for the winning teams for 
the 2021 iLRNFuser. The awards will be presented by 
representatives from the institutions offering the distinctive 
awards. 

C. Future of G.I.CON and iLRNFuser 

      In this hands-on participant activity, all participants will 

have the opportunity to interact with the panel, offer questions, 

provide proposals to improve the engagement activities with 

students and immersion and plan for next year’s event. This 

session will be also an opportunity for academics and 

institutions that have not been included in this year’s event to 

engage actively on this community and acquire details to 

participate for next series of event. 

 

III. PANELIST CONTRIBUTIONS 

The panel will consist of Markos Mentzelopoulos (MM) and 
David Bass-Clark (DB-C). Markos is a Senior Lecturer for the 
Computer Science & Engineering School (DCDI College), 
University of Westminster since August 2002. His research 
interests include:  Content based sports video analysis and 
retrieval, semantic event detection, statistical methods and 
pattern recognition techniques for classification and modelling, 
tracking and recognition, man-machine interfaces, and serious 
games design. Markos has published articles in conferences and 
Journals and served as a program committee member in several 
international conferences within the multimedia and neural 
network scientific community such as IJCNN, ACM, ACVR. 
He has authored more than 40 scientific publications in journals 
and conferences several of which are in the field of technology 
enabled educational content creation and repurposing. From 
evaluating immersive Hardware [1], [2] to AR/VR applications 
for education [3], [4] and recently to technology frameworks for 
education [5], [6]. 

David Bass-Clark is the Director of AR/VR Research and 

Development at Unity College US. David is an educational 

technologist and XR strategist, evangelist, and innovator. His 

work focuses on XR experiences, immersive learning design, 

and innovative distance learning. Working at the intersection 

between emerging technology and education, David has 

designed and built learning experiences for a wide range of 

audiences from Portland, Maine to Shanghai, China. David is 

the co-leader of the NERCOMP Emerging Technology CoP 

and the co-chair of the Immersive Learning Research Network 

(iLRN) House of Nature and Environmental Science.  

Markos Mentzelopoulos and David Bass-Clark will provide 

the current technologist’s/practitioner’s view on the challenges 

of bridging the gap between university student engagement on 

projects and theoretical concepts supporting sustainable UN 

goals. 
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Abstract—In the last few years there has been a steady release 

of XR-based tools to enhance the learning experience. Until now 

the focus of researchers has been on the creation of content, but 

there is currently a lack of tools facilitating the creation of XR 

experiences for education. The objective of this workshop is to 

present the work fulfilled in the H2020 ARETE project 

(www.areteproject.eu) and to stimulate the discussion around 

what has been done and what is still left to do to enable researchers 

and enterprises to easily create XR experiences. 

Index Terms—authoring tools, collaborative, hackathon, 

workshop 

I. TARGET AUDIENCE AND REQUIREMENTS 

The workshop is intended to be of interest to different 
researchers’ profiles, such as educators working to promote 
usage of new technologies in education, applied scientists 
working in the field of interactive technologies, developers with 
an interest in the creation of authoring tools and XR experiences. 
We have also identified several candidate participants from the 
following H2020 projects: 

• Virtual, augmented and mixed realities 

• XR4All 

• HOLOBALANCE 

• iv4XR  

• NEM-Initiative 

• UMARG 

• Pluggy 

• Atlantis 

• Fatima 

• AR4Cup 

• Artwin 

• Prime-VR2 

• VCare 

• VR4REHAB 

As this is the first offering of this specific workshop, we 
expect between 15 to 30 people to be interested in participating. 
The participants are expected to be researchers familiar with 
authoring toolkits, or educators with an interest in applying XR 
technologies in a classroom environment. 

II. NOVELTY AND TIMELINESS 

There is a huge amount of literature presenting XR 
applications used in education and their impact on students’ 
grades and retention, but not enough emphasis has been put on 

how to facilitate the creations of such applications via the 
availability of:  

• authoring toolkits that facilitate the creation of such 

experiences without requiring extensive coding 

experience 

• common standards for XR 

• state of the art technology for XR experiences 

• repositories of 3D assets specific for education 

• free, open source and multiplatform software 

libraries for the creation and porting of XR apps for 

education 

As the technology for XR experiences is maturing and 
getting widespread, we believe that it is important for 
researchers and educators to become familiar with the existing 
standards for AR and VR as well as with the tools that speed-
up the creation of digital school curricula and allow even non-
technical people to start creating XR educational content [1], 
[2]. 

The workshop is also an opportunity to present XR 
standards in development right now, recently published 
standards such as ARLEM (Augmented Reality Learning 
Experience Model) [3] as well as recent technologies that can 
be integrated into XR applications to facilitate the teacher work 
such as xAPI [4]. 

III. WORKSHOP DESCRIPTION AND SESSION PLAN 

The workshop aims to present recent advancements in 
applications of extended reality in education, especially in the 
context of how new technologies like authoring tools or 
libraries simplifying the creation of multi-user applications can 
help researchers and stakeholders create new content and 
promote the usage of XR applications to foster students 
learning, collaboration and retention of difficult concepts. 

Therefore, we propose a 2-hour workshop organized in three 
sessions. In the first session the workshop organizers will at first 
present the ARETE EU project with its goals, use cases and 
pilots [5]. The second session will be focused on the work on 
authoring tools developed in the context of the project, 
explaining the functionalities provided by the core libraries and 
showing their use in different multi-user collaborative 
scenarios. We will present three technologies that have been 
either developed or used in the ARETE project: 

453

https://vam-realities.eu/
https://xr4all.eu/
https://holobalance.eu/
https://iv4xr-project.eu/
https://nem-initiative.org/
http://umarg.eu/
https://www.pluggy-project.eu/pluggy3d/
http://atlantis-ar.eu/
https://fatima-toolkit.eu/
https://ar4cup.artefacto.eu/
https://artwin-project.eu/
https://prime-vr2.eu/
https://vcare-project.eu/
http://vr4rehab.com/


 

 

• MirageXR, a reference implementation of an XR training 

system. MirageXR enables experts and learners to share 

experience via XR and wearables using ghost tracks, 

realtime feedback, and anchored instruction; 

• xAPI, a library maintained by Rustici Software 

(www.xapi.com), that allows to store learning experiences 

in a Learning Record Store, and that can be used for 

logging students activities. We are extending the library 

by creating a simple authoring tool to automatically create 

the code that will generate the xAPI statements. 

The remaining session entitled “The landscape of authoring 
tools for XR in Education”, will be used to discuss the current 
status of technology and tools to create XR learning 
experiences. Table I shows the proposed agenda for the 
workshop sessions. After the workshop, the participants will be 
asked to fill a short survey related to the desired functions of an 
XR authoring tool for education. 

TABLE I.  WORKSHOP TIMETABLE 

Timetable breakdown 

9.30 – 10.00 ARETE project presentation 

10.00 – 10.30 ARETE toolkit for AR in education 

Break 

10.35 – 11.25 
Discussion: “The landscape of authoring tools for 

XR in Education” 

Session closing remarks 

Offline Survey on XR authoring tools requirements 

IV. OBJECTIVES AND TAKE-AWAYS 

The workshop will represent an opportunity for researchers 
and educators to present and receive updates about the current 
state of the art in authoring toolkits for XR Experiences as well 
as discussing the current trends of the industry and academia in 
supporting the creation of XR content and applications for 
education. 

After the first two sessions the participants will be introduced 
to what has been accomplished so far in the ARETE project and 
we will provide information on how to use the toolkit for their 
own project as well as how they will be able to contribute to 
further improve it. With the information provided in the third 
session the participants will have a broad overview of the current 
state of the art regarding authoring toolkits for XR applications 
and they will have a clearer picture of how such tools could be 
used to improve the usage of this technology in the classroom. 

V. ABOUT THE PRESENTERS 

Dr. Ana Dominguez received the degree in 
telecommunication engineering from Tecnun, University of 
Navarra, Spain, and the Ph.D. degree from the University of the 
Basque Country, Spain, in April 2020. Her Ph.D. thesis was on 
Optimisation of the User Experience Across Multi-Screen 
Media Services. Since 2015, she has been working with 
Vicomtech, where she is currently with the Department of 
Digital Media. Her research interest includes interactive media 
technologies, multi-user and multi-device tools, web-based AR 
and XR applications. Dr. Dominguez is now leading 
Vicomtech’s effort in ARETE (Augmented Reality Interactive 
Educational System), an EU project financed through the H2020 

framework which aims to develop and evaluate the effectiveness 
of an interactive AR content toolkit, apply human-centred 
interaction design for ARETE ecosystem and to test the 
developed technologies through three pilots involving 2000 
students across Europe. 

Stefano Masneri received his M.Sc. degree in 
telecommunications from the Università degli Studi di Brescia, 
Italy, in 2008. He has previously been working as a research 
associate at Fraunhofer HHI for telecommunications and at the 
Max Planck Institute for brain research, as well as at AGT 
International as a senior data scientist, developing computer 
vision application for sport data analytics. He is currently with 
the Department of Digital Media, Vicomtech, where he started 
his PhD (in conjunction with the University of the Basque 
Country - UPV/EHU) on collaborative tools for augmented 
reality applications in the classroom. At the same time, he is a 
developer for the ARETE project, where he develops libraries 
and authoring tools for web-based AR application. His research 
interests include computer vision, augmented reality in 
education and computer graphics as an artistic medium. 
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Abstract—In this workshop we will explore the construction of 

immersive environments in equirectangular perspective using the 

Eq A Sketch 360 software. Eq A Sketch 360 is a serious toy for 

spherical perspective drawing. It has two innovative features: a 

sliding geodesic grid and an equirectangular snap-to ruler. These 

tools turn equirectangular drawing into a proper perspective, 

where all lines and vanishing points may be drawn by hand, to 

create immersive environments from either observation or 

imagination. This contrasts with previous methods of 

equirectangular drawing, that either avoided perspective 

altogether by drawing directly in VR view, or were limited to fixed 

grid methods with ad-hoc estimation of measurements. Eq A 

Sketch both forces and helps the user to learn spherical 

perspective. We will show how to draw by hand with perfect 

control of proportions and bearings, to make standalone designs 

or constructions that can be mixed with 360-degree photography.     

Index Terms—spherical perspective, VR panorama, immersive 

drawing, hybrid models, equirectangular perspective 

I. INTRODUCTION  

Spherical perspectives are an emerging artform with 
multiple applications to the visual arts. They can be used in 
product design, in the documentation of cultural heritage, in full 
dome presentations, and in architectural design and visualization 
[1], [2]. Spherical perspectives are not the same as simply 
spherical projections, such as equirectangular or azimuthal 
equidistant projections. Projections may be easily achieved by 
brute force calculation, pixel by pixel on a computer, but are 
unwieldy to the human draughtsman. A projection becomes a 
perspective only if, as in classical perspective, we have a method 
for systematically drawing all lines and vanishing points through 
simple operations with basic tools such as ruler and compass. 
Then the image may be drawn by a human artist in a manageable 
number of operations rather than the millions of pixelwise 
operations required to generate a panorama from a 3D model. 
Spherical perspectives allow the creation of hybrid models [3] 
that can be visualized immersively in VR while worked upon in 
a mixed media workflow involving both physical and digital 
media [4], [5].   

Currently, three spherical projections are well understood as 
perspectives [6]: equirectangular, azimuthal equidistant, and 
cubical. In this workshop we will focus on equirectangular. This 
perspective is especially interesting since it easily connects with 
the standard format of 360-degree photography, simplifying 

integration with the usual workflows of design, architecture, and 
cultural heritage documentation [7].  

II. TARGET AUDIENCE AND REQUIREMENTS 

The target audience includes all who work in art, cultural 
heritage, architecture, 360-degree photography or video, or full-
dome presentation design. In education, drawn panoramas can 
be overlayed on photo panoramas to highlight or add content to 
an area of interest, e.g. by adding a drawn speculative 
reconstruction of an ancient building to a photo of a dig site, or 
doing small changes to an existing location, or overlaying 
drawings of hidden structures (e.g., columns, beams, plumbing) 
on an architectural photo, adding features to a night sky in 
astronomy, etc. Wherever illustration plays a part with regard to 
photography, immersive drawing plays the same role with 
regard to immersive visuals. Drawing selects, highlights, and 
articulates visual concepts. Immersive drawing is no different. 

As for Requirements, a basic knowledge of perspective and 
ability for drawing is a plus, but not required, as Eq A Sketch 
will help with the rendering. A Windows or Mac computer is 
needed. As an alternative, you can use Microsoft’s Sketch 360 
on Android. As a last resort, you can use tracing paper on a 
printed grid, as seen in the author’s video tutorials in [8]. These 
tutorials will also serve as supplementary materials for the talk.   

III.   NOVELTY AND TIMELINESS 

Spherical perspective, which can be said to begin with the 
1960s work of Barre and Flocon in the 180-degre fisheye case 
[9] is currently having a renaissance, due to its connection with 
VR, but workflows have been until recently hampered by a 
division into either direct VR drawing (which misses the overall 
view of a full perspective, being fragmented into multiple linear 
projections) and ad-hoc fixed grid methods that miss the formal, 
systematic perspective constructions that Barre and Flocon 
brought to the subject. Although these methods can lead to 
exquisite results in the hands of the virtuoso [10], they lack the 
systematic procedures of classical perspective, which can be 
taught to anyone. The method presented here is the first formal 
perspective method that achieved true perspective constructions 
with systematic measurements and rendering procedures, while 
still keeping to a truly sketching experience. It is based on recent 
theoretical works that generalized Barre and Flocon’s methods 
first to the 360-degree case of the fisheye (azimuthal equidistant) 
perspective [11], then to the equirectangular case [12]. The 
software we will use is also the first drawing program to provide 
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an equirectangular slider and snap tool [13] that integrates with 
the hand drawing methods presented in [12] and [14], where it 
was first pointed out how and why a sliding equirectangular grid 
of geodesics allows a user to plot any line. These tools now 
begin to be adopted by other software: in a recent collaboration 
with Microsoft, the equirectangular tools of Eq A Sketch 360 
have been adapted to Microsoft’s Sketch 360 software as the Eq 
A Snap tool. Eq A Sketch 360 remains a minimalistic, 
experimental testbed for innovative methods in perspective 
while Sketch 360 is a polished app aimed at multimedia and 
journaling. This workshop is a timely opportunity to start 
learning the possibilities of these perspectives, even as the 
methods and software are in development and the boundaries 
and applications of the subject are being found. 

IV. A SERIOUS TOY FOR IMMERSIVE PERSPECTIVE SKETCHING   

Eq A Sketch 360 is a very simple perspective drawing 
program. It has no frills, but has a unique set of tools specific to 
equirectangular perspective: a sliding equirectangular grid and 
an equirectangular snap-to ruler that allows the user to draw the 
line projection between any two points. Eq A Sketch 360 will 
not draw perspectives for the user: it is meant to both force and 
help the user to actually learn the rules of the perspective if 
anything at all is to be achieved. It helps the user by separating 
the manual aspects of equirectangular drawing (the rendering of 
lines by the sliding grid method [12]) from the theoretical 
aspects of the constructions themselves. This separation helps 
the student to more quickly reach mastery of both aspects.  

The software has minimal commands: Press N or M to place 
two probe points under the mouse. Press the arrow keys to move 
the sliding grid. Other keys control special reference vanishing 
points or find the antipodes of given points. An auxiliary display 
shows angular coordinates and apex points. From these simple 
operations all can be done. The focus is on perspective 
constructions, not on program presets. The name Eq A Sketch is 
a reference to the old toy Etch A Sketch, that invited the user to 
draw complex images using only horizontal and vertical 
motions. Similarly, the sliding grid method allows any 
rectangular line to be drawn by using a grid of horizontals and 
verticals [12], which generate all equirectangular lines (in fact 
geodesics) through the projection’s group of symmetries. 

Although it is meant as a learning tool, the software can be 
useful in a workflow pipeline, where more polished tools can 
handle the final rendering once the perspective has been 
constructed. Work is saved as tiff/png/jpeg and visualized 
immersively with an external program. 

Participants should install the software (available in the 
author’s page [8]) as well as any free viewer for the final VR 
panoramas (the free FSPViewer works well). The software is 
available for both Mac and Windows platforms. 

V. PLAN OF THE WORKSHOP 

The workshop will have two parts. A brief theoretical 
introduction followed by exercises. 

A. Theory 

The theory will follow the spherical perspective survey in 
[6], quickly introducing the general relation between 
anamorphosis and spherical perspectives, and drawing methods 

focusing on transformation groups. Spherical perspectives are 
seen as two-step entailments of anamorphosis followed by 
cartographic mapping, and it is shown how the flattening 
transformation groups result in mechanical drawing methods – 
in this case the sliding grid method. We will show how all lines 
have two vanishing points, and how to find and render them; 
how geodesics (the images of planes) and not lines are the 
elegant construction blocks of this perspective and how 
geodesics are characterized by their apex; how this apex is 
calculated by Eq A Sketch and can be found even by hand 
through the sliding grid process; how it allows any diagonal line 
to be replaced by an equivalent set of mutually antipodal 
horizontal lines.  

B. Program Operation 

The operation of Eq A Sketch will be introduced. Features 
will be gradually introduced in the context of specific exercises:  

C. Perspective Exercises 

1) Horizontals and Verticals: we will use horizontals and 

verticals to draw a simple box with the user inside it such as a 

room or as the corridor-like passage in Fig. 1. We will discuss 

what is the minimal number of points required to define the 

room in this perspective. 

2) Diagonals and Vanishing points. We will see how we 

can draw general lines, both with the sliding grid method and 

with the snap-to ruler. We will then take a vanishing point at 

random and draw a pencil of parallel lines vanishing to it (Fig. 

2). 

3) Perspective arithmetic: We will use diagonals to both 

measure and build. Crossing diagonals to find centers of figures, 

crossing though midpoints to multiply segments, then 

multiplying upwards to make towers of repeating elements. 

 

Fig. 1. Building a box like environment inside which the viewpoint lies. 

 

Fig. 2. The Eq A Sketch 360 GUI. The user has draw a set of lines between 

two vanishing points using the Eq A Snap tool. Because they have common 

vanishing points, the lines are assured to look parallel when seen in VR. 
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Fig. 3. Parallel transport. The blue stack is made of identical boxes. Sizes are 

set by the red diagonals vanishing to a control point V which sets their angle. 

 

Fig. 4. A ramp going to vanishing point V and a stairway built upon it. 

4) Parallel transport. This generalizes perspective 

arithmetic. For instance, in Fig. 3 we control the proportions of 

the boxes in the blue stack by sending diagonals from their 

vertices to a common vanishing point V. This ensures that the 

boxes in the stack have the same proportions and look correct 

in VR, in spite of the heavy deformation in the flat view (notice 

the extreme deformation of the topmost box in the blue stack). 

This also allows us to define controlled sloping surfaces as we 

see in the second stack from the left. 

5) Slopes and stairs. We show how to use a vanishing point 

V to draw a ramp sloping at a prescribed angle by sending two 

parallel lines to V over a right-angled scaffolding (Fig. 4, left). 

Then we show how make a flight of stairs over the ramp by 

bouncing a line between parallel planes (Fig. 4, right). 

Fig. 5. Perspective multiplication. Drawing by the author. Graphite on 

tracing paper. 15cmx29cm. 

6) The ping-pong snake method. We apply the zig-zag 

method of [6] to make a uniform tiling of the plane (e.g. a 

checkered floor) by bouncing a line between two diagonals 

vanishing to a common point at 45 degrees to the tile axis. See 

the example in Fig. 5, made by hand with graphite on paper, 

using a printed grid sliding under tracing paper.  

VI. OBJECTIVES 

In two hours, we can barely scratch the surface of spherical 
perspective, but the participant should leave with an 
understanding of the basics. This is enough to make quite 
complex drawings that can be turned into VR panoramas. It is 
also a sound foundation for further readings on the subject. 

VII. ABOUT THE PRESENTER 

António B. Araújo has a Ph.D. in Mathematics and 
researches mainly on immersive perspectives. His illustration 
work informs his theoretical research. He lectures at Aberta 
Univ. (Portugal) and coordinates the pole of the Research Center 
for Arts and Communication (CIAC) at UAb.  
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Abstract—This panel provides an overview of how immersive 

learning technologies can be used for higher education in several 

non-Westernized contexts in the middle of the COVID-19 

pandemic. Through the outline of pluriversal design combined 

with design transitions, we aim to explore how a world within 

which many worlds coexist can resurge from the present 

educational challenges and become a fairer, sustainable place for 

all.  

Index terms—design, transitions, higher education, COVID-19, 

immersive technologies 

I. AIMS AND TARGET AUDIENCE 

This panel has two short-term and two long-term objectives: 
a) to provide an overview of immersive learning technologies 
for higher education (HE) in non-Westernized countries amid 
the COVID-19 pandemic; b) discuss gaps and opportunities for 
these technologies in HE from a pluriversal design transition 
point of view; c) advance alliances to conduct research on non-
Westernized countries related to the panel topics; and d) create 
a network for coronavirus response in HE. The panel will be 
useful for education-related actors in the design and engineering 
fields, actors from non-Western countries, and interested allies 
from Westernized countries. 

II. TIMELINESS AND RELEVANCE 

A. Covid-19 and the Exposure of Systemic Failures in HE 

A decrease in state funding negatively affects public HE [1]. 
A report in the early stages of the COVID 19 pandemic found 
that most developed countries were moving to full online 
instruction, while some developing countries lacked a 
nationwide strategy, others moved the start dates of new 
semesters, while only a few moved to online instruction [2]. 
Concerns not only about the long-lasting impact on funding and 
the issue of climate change, but also a higher disposition to share 
academic work was prevalent among researchers [3]. This 
highlights the issues as well as the opportunities that existed 
before COVID-19 were present in academic scenarios. 

B. The Role of Immersive Learning in HE  

Virtual reality has been used to teach engineering, chemistry, 
and medicine [4]-[9]. It has been noted that VR systems are 
useful in self-study scenarios to increase student engagement 
and confront them with real-world situations without taking 
risks. While conventional e-learning happens through a 2D 
screen, VR learning allows students to interact, manipulate, and 
build objects, or have access to objects and contexts that might 
not be available in the classroom. Recently, a long-term study 
[8] on medical training demonstrated that VR learning could 
result in more than 50% retention after one year of training, in 
contrast to 20% without VR.  

While there has been some interest shown in Asia in 
implementing VR in HE, some traditional modes of learning are 
difficult to change. Meanwhile, educators in Latin America are 
discussing the possibility that immersive technologies could be 
used to teach vulnerable communities such as people with 
special abilities and indigenous peoples. However, public and 
private infrastructure that can reach such students is limited.  

It is esteemed that pandemics and other disasters related to 
climate change will occur with increasing frequency. Our 
experiences as design and education-related actors using online 
learning techniques during the COVID-19 pandemic should 
serve to plan strategies to support the resilience of our 
communities. Previous sessions of this conference targeted 
diversity, inclusivity, and cultural differences. However, it is 
necessary to engage other participants from non-Westernized 
backgrounds and discuss immersive technologies to adapt and 
create new HE contexts both during and after the pandemic.  

C. Design Transitions and Pluriversal Design  

According to Meadows [10], the most radical and effective 
change emanates from shifting and transcending paradigms. 
Within this context, design transitions were proposed as an 
educational framework, focusing on the need for lifestyles based 
in regional territories with a global awareness aided by the 
exchange of information and technology [11]. Transition design 
assumes that business as usual causes slow-motion crashes, 
which can be survived only by those with sufficient means to 

458

mailto:erdas.kuruc@emu.edu.tr


 

 

deal with their consequences. Therefore, it seeks pre-emptive 
change at multiple levels toward a preferred future by, for 
example, lending design expertise to existing community 
initiatives [12]. Although ambitious in its scope, transition 
design often fails to treat as urgent the needs of communities that 
are the initial and most affected by so-called slow-motion 
crashes. Even when people have voices and insights of their own 
regarding complex issues, individuals or organizations often 
filter such voices with different interests.  

 

Fig 1. The KAPAC paradigm 

Zapatistas in Chiapas, Mexico, claimed to focus on the 
process of mutual learning and multidirectional solidarity, 
where “research projects should… seek to reverse the 
production of knowledge and practices that keep… communities 
in subservient positions’ [13]. They also stated that “El mundo 
que queremos es uno donde quepan muchos mundos” (The 
world we want is one where many worlds fit) [14] This is where 
the idea of the pluriverse came from. Thus, design can be 
defined as creating ways of being. Vargas Meza [15] 
operationalized the pluriversal design ideals into the KAPAC 
paradigm (Fig. 1), understood as Knowledge not necessarily 
acquired through official institutions; Artisanal in terms of acts 
augmented/extended through traditional and modern 
technology; Plural because it embodies the many voices it 
serves; Abundant because it preserves diversity to foster 
prosperity for all life; and Communal because communities are 
at the center of its governance. 

Through the KAPAC paradigm, designers create transitions 
to other possible worlds. What is collectively referred to as 
WEIRD (Westernized, Educated, Industrialized, Rich, 
Democratic) communities are involved with non-WEIRD 
communities and advance together a world where there are no 
absolute binaries. That is why the pluriversal perspective should 
entail radical interdependence, autonomy, and the creation of 
relationships not only between products/services and humans, 
but also with other non-human living beings, and ultimately, the 
living planet (see [16], [17]). The pluriversal design approach 
involves methods such as scenario analysis and prototyping. 
This implies an encounter with potentially devastating realities, 
a process where individuals can experience pain and must 
embrace it in an empathic way. It also means exploring more 
positive ways of living (also known as Buen Vivir, [18]). Such 
processes entail designers thinking, feeling, and acting while 
designing, which is deemed Sentipensar (Feelthink) [19], [20]. 
Based on the perspective of Latin American, immigrant, and 
marginalized communities, this panel will discuss the COVID-
19 situation in HE, the technological advances that have 
mitigated its impacts, and the gaps that still have to be filled. 

III. PANEL DESCRIPTION AND SESSION PLAN 

A. Panel Workflow 

The moderator (Xanat Vargas Meza) will monitor the time 
with a clock and run the PowerPoint slides, which will provide 
a few case studies with examples of immersive technologies in 
HE. The panelists will introduce themselves and ask the 
audience questions to acknowledge their place or culture of 
origin (5 minutes). The panelists will then engage in each of the 
main discussion points. Participants will be able to write 
questions at any time. Jun-Li Lu will moderate questions and 
choose a couple to be answered briefly at the end of each main 
discussion point. Ten minutes will be allocated for final remarks 
and answering questions that require longer dialogs.  

B. Points of Discussion for This Panel 

• Coincidences in strategies employed by HE institutions to 
mitigate COVID-19 impacts (4 min): 

o Attendance suspension – replaced with online or 
hybrid programs 

o Temporary delay of assessment for students 

o Short-term and exchange programs suspended 

o Limited or suspended academic mobility  

o Considerations for international students 

o Partial availability of financial support for 
international students 

o Tolerance with course delay/late withdrawal 

o Use of online resources for professors and students 

o Psychological assistance for crisis management 

• Differences in strategies employed by HE institutions to 
mitigate COVID-19 effects (12 min):  

o Methods for delivery of academic programs 

o Access for professors to online resources 

o Support for students 

o Speed of response 

• Relevant gaps/areas of opportunity for the mitigation of 
COVID-19 in HE (12 min): 

o Overcoming isolation 

o Evaluation of global competence abilities  

o Education control 

o Cost vs. value  

• What can design from a pluriversal perspective contribute 
to the mitigation of COVID-19 in HE (12 min): 

o Multicultural approach to diffusion of prevention 
measures 

o Inclusive approach of the online programs  

o Complexity of educational infrastructure planning 
and management 
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o Promotion of inclusive research 

• Dialog and Closing Remarks (15 min) 

IV. PANELISTS CONTRIBUTIONS 

Our panelists are from diverse non-Westernized 
backgrounds and have experience in design, engineering, HE 
and research scenarios.  

• Lupita Guillen Mandujano is a Master of Science in 
administration and graphic communication designer 
and is currently a research professor at the Autonomous 
Metropolitan University, Campus Xochimilco, Mexico 
City. She has been training in virtual and augmented 
reality for use as an educational tool in Mexico. 

• Erdas Kuruc is a freelance architect and a faculty 
member of Eastern Mediterranean University for 20 
years. He teaches and advise on curriculum building in 
two other universities in North Cyprus. He also aids and 
instructs candidates in digital platforms and media in 
their journey of architecture education, as well as 
developing a curriculum based on digital media in 
architectural education in North Cyprus. 

• Jun-Li Lu received his Ph.D. degree in informatics from 
Kyoto University, Japan in 2020. He is a researcher in 
Research and Development Center for Digital Nature, 
University of Tsukuba, Japan. He worked in Advanced 
Smart Mobility Co., Ltd, Japan from 2018, Institution 
for a Global Society Corporation, Japan from 2017, and 
CITI, Academia Sinica, Taiwan from 2010. His 
research interests include human-computer interaction, 
information retrieval, and machine learning. 

• Paola Sanoni obtained her Ph.D. in international public 
policy from the University of Tsukuba and a Diploma 
in global health from the University of Tokyo. She is 
currently a junior associate professor at Kyoto 
University at the International Strategy Office. She 
worked in several educational and research scenarios in 
America, Australia, Japan and her native Peru. With 
more than 16 years of experience in international HE, 
she made a significant contribution to the 
internationalization of Japanese national universities 
since 2015. 

• Xanat Vargas Meza is a graphic communication 
designer graduated from the Autonomous Metropolitan 
University, Campus Azcapotzalco, Mexico City. After 
working in the industry, she earned a Master of Arts on 
media and communication in Yeungnam University, 
Korea. She acquired a Ph.D. in Kansei Science from the 
University of Tsukuba in 2019, focusing in sustainable 
design education and has been involved in the HE of 
designers and engineers at several Japanese institutions. 
Her latest research includes participatory and decolonial 
methods. 
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Abstract—Virtual Reality (VR), blanket term used for all the 

reality-virtuality spectrum, is exploding in proliferation, especially 

in healthcare. The core challenge of this explosion is the timely and 

cost-effective provision of bespoke content. Co-creative 

approaches can facilitate this endeavor by making the educators 

active participants in the development process reducing 

development overheads and democratizing healthcare digital 

content creation. This panel session aims at health educators, VR 

technologists, developers and technology enthusiasts. It will 

present, and actively engage its audience with co-creative methods 

and approaches, providing them with the gateway experience that 

could become useful for introducing such methods in their 

institutions and workflows. The panelists are cross-disciplined 

educational technologists/medical educators with extensive 

experience in the field of technology enhanced learning (TEL) who 

have implemented such methodologies in practice. The workshop 

will follow a mixed format. A brief “observations from the field” 

introduction to the topics of VR TEL and co-creation will be 

followed by an introduction to real world healthcare VR projects 

and resources. In these, realistic examples, the participants will 

engage in hands-on storyboarding and non-technical design and 

development tasks, in order to acclimate with the co-creative 

process and become able to explore it for their own use cases.  

Index Terms—virtual reality, co-creation, healthcare, 

education  

I. AIMS AND TARGET AUDIENCE  

From the first steps of VR its potential in healthcare was 
quickly identified. One of the older citations for VR in 
healthcare dates back to 1995 [1]. In the decades that passed, a 
large and ever-growing body of literature [2], [3], [4], reflected 
an ever-growing interest from the healthcare educators’ 
community for VR medical education content. This panel 
explores a novel solution for the challenge of rapid content 
creation and availability in the prolific VR healthcare education 
toolset. The aim of this work is to demonstrate to its target 
audience the role of co-creative workflows and participatory 
design culture as a seamless knowledge sharing mechanism 
between healthcare learners, educators and technologists. This 
will actively engage its audience with co-design techniques such 
as collaborative storyboarding, enabling technologies and 
workflows for VR content creation without technical 
programming skills. This panel aims at all audiences that 
engage, or are interested in healthcare immersive VR 

technologies. These include healthcare learners, healthcare 
educators, as well as technologists, or IT entrepreneurs who 
are in or interested in entering the healthcare sector.  

II. TIMELINESS AND RELEVANCE 

Virtual patients, and virtual/augmented/mixed reality 
(VR/AR/MR) have been shown to improve both the educational 
and affective states of healthcare students [5]-[8], thus 
increasing interest. These technologies' sensory immediacy 
results in an intuitive anchoring of the core information to the 
learner and facilitates model construction based on solid science 
evidence [9], [10]. This model building contributes to stable, 
deep topical awareness and eliminates the risk of logical errors 
[11]. There is now a substantial body of immersive content in 
the medical industry. The Royal College of Physicians described 
virtual reality (VR) as a “...powerful educational medium for 
defined learning objectives...” in 2019, citing many applications 
in medical education and surgery [12]. 

In terms of resources, The global virtual reality industry was 
worth USD 3.10 billion in 2019 and is projected to be worth 
USD 57.55 billion by 2027, while the healthcare market was 
worth USD 1.56 billion in 2018 and is expected to be worth USD 
30.40 billion by 2026. [13], [14]. These figures show the 
demand for immersive technology in healthcare education, but 
also the considerable resource overhead that such content 
requires for production, testing, and distribution. According to a 
2019 survey, the cost of planning and conducting a VR training 
exercise for hospital personnel on evacuation protocols is $106 
387.00 [15], which is feasible considering the reusability of the 
VR material, which significantly decreases its per trainee cost 
over time. The aforementioned complexity in medical training, 
on the other hand, easily renders certain tools useless and limits 
their reusability potential.  

Participatory design methods and co-creation strategies help 
exactly with this problem of content production and distribution 
[16]. The methodology's key idea is a versatile team 
coordination as described in the SCRUM, AGILE development 
paradigms [17], [18], but with semantic back-ends embedded in 
widely available game development platforms. The key 
breakthrough that makes this approach possible is the common 
use of visual programming methods and the abundance of 
modelling tools (e.g., narrative storyboarding). 
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III. PANEL DESCRIPTION AND SESSION PLAN 

A. Panel Description 

The panel will follow a mixed format. It will be coordinated 
by the first author of this work (P.A.). Its first part will offer a 
series of small introductory presentations from the panelists.  
This part will kick off with a brief outline of XR in medical 
education through a description of the ecosystem of currently 
active research and innovation projects that inspired, devised 
and currently implement this overall co-creative approach. It 
will follow through with a brief outline of the co-creative 
approach for digital content design. It will conclude with an 
outline of the technological and narrative tools that facilitate 
these co-creative approaches. The second part of the panel, 
spanning 20-30 minutes, will consist of a short storyboarding 
hands-on interactive session with the audience. In this, the 
participants, using digital online tools, will refine, with the 
guidance of the panelists, an example medical resource through 
a short teams based storyboarding session. The detailed 
timetable of the panel is presented in Table I. Standard time-
keeping practices will be maintained. The facilitator will be 
responsible for the timetable and he will be warning each 
presenter at the 3 minute and 1 minute mark. For the duration of 
the facilitator’s own presentation the second author (SK) will be 
responsible for timekeeping.  

TABLE I. PANEL AGENDA AND SCHEDULE 

Title Type 
Presenter/ 

facilitator 

Duration 

(mins) 

XR in Medical Education 

A co-creative ecosystem 

of healthcare immersive 

resources. 

Presentation  
Panagiotis 

Bamidis 
10  

Co-design in medical 

education 
Presentation 

Stathis 

Konstantinidis 
10 

Narrative and technical 

tools for Co-creative 

medical resource 

development. 

Presentation 
Panagiotis 

Antoniou 
10 

Storyboarding an XR 

medical education 

resource.  

Hands-on 

participant 

activity  

All 30 

B. Panel Topics 

1) XR Medical Education- A co-creative ecosystem of 
healthcare immersive resources. This short presentation will 
outline the current state of affairs in XR medical education 
resources. It will describe the overarching effort of 
implementing streamlined participatory design techniques in 
several use cases as they have been implemented in three 
currently running EU funded projects that the panelists have 
firsthand knowledge through their participation and activities. 
The CoViRR strategic partnership aims to co-create virtual 
reality reusable e-resources through participatory design 
techniques for European healthcare organizations providing 
low cost, but effective virtual reality reusable e-resources. The 
ENTICE knowledge alliance leverages co-creative 
methodologies in order to build a content creation pipeline for 
medical experiential content in order to develop, evaluate and 
proliferate edu-centric immersive learning resources and tools  
for well-defined learning objectives using tangible and 
intangible resources (AR/VR/MR, 3D printing). Finally, the 
ESCAPE4HEALTH strategic partnership introduces the 

playing of Escape Room scenarios within 
virtual/mixed/augmented reality environments fostering 
pedagogical/methodological advances through co-creation in 
the form of Living Lab and multi-stake holder engagement 
approaches. 

2) Co-design in medical education. The appreciative 
inquire approach will be explored as part of the co-creation of 
immersive content. Based on Wegner’s “communities of 
practice” theory [19], frameworks and methodologies such as 
ASPIRE [20], ADDIE [21] and Pipeline development [16] 
using examples will be presented. Benefits and challenges on 
the effectiveness and the quality of digital resources will be 
discussed. 

3) Narrative and technical tools for Co-creative medical 
resource development. The bulk of medical education use cases 
can be streamlined in contemporary game development engines 
using simple narrative tools (e.g., storyboarding) so that case 
specific instantiations of them can be created by the non-
technologists, such as the medical educators. This short 
presentation, using implemented examples, will describe how 
educators and learners can easily adapt, adopt, and participate, 
if trained correctly, as peers, in a co-creative content 
development pipeline for medical education resource 
development [16]. 

C. Storyboarding Session  

In this storyboarding session the participants will be split in 
groups of 3-5 people and will be provided with a narrative 
scenario for a specific medical education case. They will be 
called upon to create a series of mock-up “VR viewports” 
(storyboards) for the case, that will convey the user experience 
they would like to have. The case provided to them will not 
require on their part specific expert medical knowledge, so both 
medical learners, technologists and medical educators of any 
level will be able to participate. At the end a short debrief of the 
content created will follow and reflection on the experience. 

IV. PANELIST CONTRIBUTIONS 

The panel will consist of Panagiotis Antoniou (PA), Stathis 
Konstantinidis (SK) and Panagiotis Bamidis (PB). Panagiotis 
Antoniou is a postdoctoral research associate in Medical 
Education Informatics. He has experience in implementing 
educational digital content and conducting formative and 
summative assessment in technology enhanced scenario based 
learning episodes. He has participated as freelance research 
associate and technical manager in several research and 
innovation projects regarding immersive content creation and 
use in healthcare education. He has authored more than 40 
scientific publications in journals and conferences several of 
which are in the field of technology enabled educational content 
creation and repurposing. From evaluating web based VP 
experiences [22] to VP ports in MUVEs [23] and recently to 
augmented [24] and mixed reality [5], along with devising 
participatory methodologies for these media [16] PA will 
provide the current technologist’s/practitioner’s view on the 
challenges of bridging the gap between the educational narrative 
and the technological realities of immersive media. His 
practical, implementation based viewpoint will also allow him 
to facilitate both the hands-on storyboarding session and the 
overall panel. 
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Stathis Konstantinidis is an Associate Professor of 
eLearning and Health Informatics and has great experience on 
more than 35 EU co-funded projects from different roles, 
serving as the project co-ordinator in four and PI for the 
University of Nottingham in additional five all focusing on 
digital innovations in healthcare and education. His publication 
record includes more than 80 peer reviewed scientific 
publications in journals, conference proceedings and books and 
he is a co-editor of the “Digital Innovations in Healthcare 
Educations and Training” book. He co-chaired many 
conferences and special sessions, and he is an Associate Editor 
in Health Informatics Journal. His expertise on co-creation spans 
across different types of educational resources including, RLOs, 
Virtual Mobility Learning Packages, Virtual Patients, 360o 
interactive videos/VR, conversational agents, Internet of Things 
in Education, and others underpinned from online pedagogical 
principles and the computer scientist theoretical background. 

Panagiotis Bamidis is a Professor of Medical Physics, 
Medical Informatics, Medical Education with a focus on 
technology driven innovations in healthcare and technology 
enhanced learning. In the last 10 years, he has been the 
coordinator of over 6 large European projects (e.g. 
www.meducator.net, www.epblnet.eu) as well as the principal 
investigator tens of national and international funded projects. 
His publication record consists of more than 120 international 
refereed journal papers, and over 400 international peer 
reviewed conference papers, with over 4500 citations. He is both 
a member and a participant in the governing bodies of several 
international academic and policy-setting healthcare 
organizations. PB will offer a birds-eye view of the current state 
of the art in XR for healthcare. Based on his experience and 
current involvement he offers insights on emerging trends on 
immersive media, based on healthcare policies’ evolution and 
potentialities.  
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