
ORIGINAL RESEARCH

Received: 24 June 2025 / Revised: 10 December 2025 / Accepted: 12 December 2025
© The Author(s) 2026

	
 Dominik Evangelou
dominik.evangelou@uni-duisburg-essen.de

Miriam Mulders
miriam.mulders@uni-duisburg-essen.de

Kristian Heinrich Träg
kristian.traeg@uni-duisburg-essen.de

1	 Chair of Educational Technology and Instructional Design, University of Duisburg-Essen, 
Universitätsstraße 2, 45141 Essen, Germany

Debriefing in Virtual Reality Simulations for the 
Development of Counseling Competences: Human-Led or 
AI-Guided?

Dominik Evangelou1  · Miriam Mulders1  · Kristian Heinrich Träg1

Technology, Knowledge and Learning
https://doi.org/10.1007/s10758-025-09941-8

Abstract
Simulation-based learning has established itself as a powerful instructional method in 
higher education, especially in domains that require complex interpersonal competencies 
such as counseling. Debriefing plays a pivotal role in transforming simulation experiences 
into meaningful learning by fostering critical reflection and integration of knowledge. 
While expert-facilitated debriefings are considered the gold standard, recent advancements 
in generative Artificial Intelligence (AI) have made chatbot-guided self-debriefings a scal-
able alternative. This study examines the effectiveness of moderated versus chatbot-sup-
ported debriefing formats following a Virtual Reality (VR)-based counseling simulation. 
A total of 45 undergraduate students in educational science participated in a controlled 
experiment. All participants engaged in a VR counseling scenario and were subsequent-
ly assigned to either a human-moderated or a chatbot-guided debriefing condition. The 
study investigated changes in counseling competence, self-efficacy, and learner percep-
tions across the two debriefing formats. Both self-efficacy and counseling competence 
increased significantly over time. The largest gains, particularly in counseling competence, 
were recorded after the debriefing, even though these gains were independent of the spe-
cific debriefing method employed. These findings underscore the importance of debriefing 
in educational contexts and indicate that a chatbot-based format could serve as a feasible 
alternative to traditional, moderator-led debriefings.
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1  Introduction

Debriefing is a widely applied technique across various fields, such as trauma processing 
evaluation of simulated military missions, psychological post-experimental research, and 
simulation scenario analysis (Dieckmann, 2018). This paper concentrates on post-simulation 
debriefing following a Virtual Reality (VR) training. Here, debriefing involves reflection on 
the simulation experience and analysis of psychological and social processes occurring dur-
ing the simulation, aiming to facilitate the transfer of learning outcomes to real-life contexts 
(Kriz & Nöbauer, 2015). Integrating debriefing into VR-based educational settings is essen-
tial, as it enables learners to critically assesses their decision-making, consequences, and 
alternative actions (Luctkar-Flude et al., 2021a). Crookall (2023) underscores debriefing 
as the core-component of simulation learning, where individuals transform their simula-
tion experiences into knowledge. Regardless of a serious game’s design, effective learning 
depends on coupling gameplay with appropriate debriefing. Thatcher (1990) highlighted 
the pivotal role of debriefing as a mechanism that structures cognitive reflection and syn-
thesizes experiences into a coherent framework, thereby facilitating the transfer of acquired 
knowledge and skills to new learning environments. Building on Schön´s (1992) theory of 
reflection, debriefing can be understood as a structured process that bridges reflection-in-
action and reflection-on-action. While reflection-in-action occurs during the simulation as 
participants interpret and respond to dynamic situations in real time, the debriefing phase 
provides the necessary space for reflection-on-action—the retrospective analysis of experi-
ences, decisions, and emotional responses.

The literature on debriefing generally distinguishes between two primary types: moder-
ated debriefing and self-debriefing. These approaches vary based on factors such as par-
ticipant numbers, instructional methods, technological requirements, and the role of the 
instructor (Dufrene & Young, 2014; Favolise, 2024; Luctkar-Flude et al., 2021a). Moderated 
debriefing is highlighted by the INACSL Board of Directors (2016), the governing body of 
the International Nursing Association for Clinical Simulation and Learning, as the most 
effective method for facilitating reflection. While moderated debriefing is widely adopted 
in practice (e.g., Boet et al., 2011; Tilton, 2013; Tilton et al., 2015; Verkuyl et al., 2018), 
empirical evidence does not unequivocally support its superiority in terms of effectiveness 
(Dufrene & Young, 2014). This discrepancy underscores the need for further investigation 
into the efficacy of different debriefing methods. Moreover, although research on debriefing 
is expanding, a substantial proportion of studies focus on the healthcare sector (e.g., Cheng 
et al., 2020). Accordingly, the systematic extension of research to encompass educational 
settings constitutes a critical area for future research and theory development (Dufrene & 
Young, 2014; Favolise, 2024; Garden et al., 2015; Luctkar-Flude et al., 2021a).

Based on this background, the present study investigates how different formats of post-
simulation debriefing—specifically expert-moderated versus chatbot-guided—affect learn-
ing outcomes and student perceptions in a VR-based counseling training. It is assumed that 
debriefing enhances both students` self-efficacy and counseling competence compared to 
pre-debriefing levels. Furthermore, based on prior findings emphasizing the importance of 
human facilitation for deep reflection, it is hypothesized that moderated debriefing will lead 
to higher gains in self-efficacy and competence, as well as more positive evaluations than 
chatbot-guided self-debriefing.
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This article first reviews the current state of research of various debriefing methods to 
establish and justify the research question and underlying assumptions. Subsequently, the 
methods section describes the study procedure in detail, providing in-depth insights into the 
design of both debriefing approaches, as such descriptions are often underrepresented in the 
literature. Finally, the results are presented, critically discussed, and contextualized within 
the fields of educational research and practice.

2  Background

2.1  Simulation-Based Learning in Higher Education

Simulation-based learning has become an increasingly important pedagogical approach in 
higher education, particularly in fields requiring the development of practical competen-
cies such as counseling, healthcare, and teacher education (Cook et al., 2011; Lateef, 2010; 
Schmid Mast et al., 2018). By creating authentic, risk-free environments, simulations allow 
learners to apply theoretical knowledge in realistic scenarios and develop skills such as 
decision-making, communication, and critical thinking (Neundlinger et al., 2022; Stiefel-
bauer & Janko, 2023).

With the rapid and continuous advancement of immersive technologies such as VR, 
simulation experiences have gained new dimensions of realism, interactivity, and emotional 
engagement (Radianti et al., 2020; Makransky & Petersen, 2021; Caldas & Aviles, 2020). 
Social VR platforms, a specific form of VR that allows individuals to meet and interact 
synchronously in a shared virtual space, create environments for role-play and experiential 
learning that closely mimic real-life situations (Mystakidis et al., 2021).

Recent advances in artificial intelligence (AI), particularly in generative AI and large lan-
guage models (LLMs), are further transforming the landscape of simulation-based learning. 
AI-driven avatars and conversational agents can now simulate complex social interactions, 
such as client interviews, feedback sessions, or emotionally charged counseling scenarios 
(Benfatah et al., 2024; van As & Cooke, 2024). These intelligent agents allow for adaptive, 
context-sensitive responses that create more personalized and engaging learning experi-
ences. Moreover, AI can support learners not only during the simulation itself but also in 
reflective processes afterward, for instance by guiding self-debriefings via chatbots or eval-
uating performance metrics in real time (Evangelou et al., 2025; Bimpong et al., 2024). The 
integration of AI in simulation environments thus holds considerable potential to increase 
scalability, accessibility, and adaptability of educational interventions, especially in higher 
education contexts where instructional resources are limited. However, these possibilities 
also raise questions about the pedagogical quality and effectiveness of AI-mediated experi-
ences compared to traditional, human-guided approaches.

While simulations provide rich experiential contexts for learning, their effectiveness 
depends on the extent which learners engage in systematic reflection on their experiences. 
This underscores the importance of debriefing as the pedagogical mechanism that transform 
experience into learning.

1 3



D. Evangelou et al.

2.2  The Role of Debriefing

Within simulation-based learning, debriefing serves as the central reflective component that 
bridges experience and conceptual understanding. Debriefing is widely regarded as a central 
component of simulation-based learning, as it facilitates reflective processes that consoli-
date and deepen learning (Dreifuerst, 2015; Fey & Jenkins, 2015). In educational contexts, 
debriefing provides an opportunity for learners to analyze their actions, consider alterna-
tives, and connect simulated experiences with theoretical concepts and real-world applica-
tions (Sawyer et al., 2016).

2.2.1  Why Debriefing Enhances Learning

From a theoretical standpoint, the effectiveness of debriefing can be explained through 
Kolb’s (2014) experiential learning theory, which identifies reflection as the central mecha-
nism that transforms concrete experience into abstract knowledge. In Kolb’s model, learn-
ing unfolds as a cyclical process comprising four stages: concrete experience, reflective 
observation, abstract conceptualization, and active experimentation. Within this cycle, 
debriefing constitutes the critical transition from experience to abstraction, providing the 
cognitive and social space for learners to interpret events, uncover underlying principles, 
and integrate new insights into their mental frameworks.

Kolb’s assumptions are further supported by Gibbs (1988), who underscored that in 
experiential learning, not only the performance of an action but, more importantly, the sub-
sequent reflection on that action and the contextualization of what has been learned within 
theoretical frameworks are indispensable for meaningful knowledge construction.

Building on these foundations, virtual simulations extend experiential learning by 
enabling learners to acquire and apply practical skills in a safe and controlled environment 
while engaging in structured reflection afterward. In this context, experience serves as an 
essential source of learning, whereas systematic reflection provides the foundation for trans-
forming practice into understanding (Fanning & David, 2007).

Schön’s (1992) theory of reflection complements this perspective by highlighting that 
learning emerges from the dynamic interplay between action and thought. While reflection-
in-action occurs during the simulation as participants respond to unfolding situations, reflec-
tion-on-action takes place afterward, most prominently during debriefing, when learners 
critically analyze their previous decisions and performance. Debriefing thus operationalizes 
reflection-on-action, turning practice into insight and fostering the development of profes-
sional competence through guided reflection.

In addition to its cognitive role, debriefing encompasses strong affective and metacog-
nitive dimensions. It allows learners to process emotions that arise during simulation, to 
evaluate their performance, and to articulate personal learning goals. This emotional inte-
gration enhances self-efficacy, supports professional identity formation, and strengthens the 
capacity for critical self-reflection (Cantrell, 2008; Rudolph et al., 2006).

Empirical research substantiates these theoretical principles. Kriz et al. (2007) and Hense 
and Kriz (2008) showed that even highly realistic simulations fail to produce lasting learn-
ing effects when debriefing is absent or poorly structured. Similarly, Ryoo and Ha (2015) 
found in a pre–post study that students, specifically nursing professionals, exhibited signifi-
cantly improved clinical competencies and self-reflection skills following a debriefing ses-
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sion. In line with these findings, Shinnick et al. (2011) argued that learning does not occur 
primarily or exclusively during the simulation itself, but rather that the subsequent debrief-
ing is the decisive factor in achieving measurable learning gains. This insight is particularly 
relevant for educators employing (virtual) simulations, as it underscores the pivotal role 
of well-structured and adequately timed debriefing sessions in facilitating meaningful and 
sustainable learning outcomes.

Taken together, these theoretical and empirical insights illustrate why debriefing is indis-
pensable in simulation-based education: it transforms action into understanding, emotion 
into insight, and isolated experience into transferable knowledge.

2.3  The Structure and Formats of Debriefing

Having established why debriefing facilitates learning, the next question concerns how it 
should be designed and conducted to maximize educational effectiveness.

2.3.1  How Debriefing Should be Structured

Various models describe how post-simulation debriefing should be structured. These typi-
cally comprise between three and seven stages that define the process in detail. Generally, 
debriefing begins with the pre-briefing phase, during which the conditions for structured 
reflection and the overall procedure are discussed with learners. This includes establishing a 
psychologically safe environment and clearly defining learning objectives (Crookall, 2023; 
Jain, 2022).

Regardless of the specific model, debriefing commonly follows three main phases: a 
reaction phase, in which participants share initial emotional responses; an analysis phase, 
focusing on actions and applied skills; and a summary phase, where insights are linked to 
objectives and future learning activities (Jain, 2022).

Thatcher and Robinson (1985) describe the debriefing process in five stages: identifying 
the impacts of the experience, examining processes in detail, clarifying key concepts and 
principles, analyzing emotions, and considering the perspectives formed by participants. 
Their framework represents one of the earliest attempts to systematize reflection, emphasiz-
ing the progression from emotional to analytical engagement.

The Structured Debriefing in Simulation-Based Education model by Palaganas et al. 
(2016) comprises three consecutive phases. In the Reactions phase, participants share 
immediate impressions and emotions following the simulation, which helps to reduce ten-
sion and ease the transition into reflection. The Understanding phase forms the core of the 
debriefing, focusing on analyzing performance gaps and exploring underlying thought pro-
cesses. Finally, the Summary phase consolidates key learning points and formulates take-
home messages. This model provides a concise and learner-centered structure that integrates 
emotion, analysis, and application.

The Debriefing with Good Judgment (DWGJ) model by Rudolph et al. (2006) focuses 
less on procedural structure and more on the conditions that enable effective reflection. 
The authors argue that debriefing can never be entirely free of judgment; thus, evaluative 
feedback must be communicated in ways that maintain psychological safety and motivation 
to learn. Three elements are central: supporting learners in recognizing and reframing their 
frames—the assumptions or emotions shaping their actions; adopting an attitude of genuine 
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curiosity toward the learner; and applying the advocacy–inquiry technique, combining open 
feedback (advocacy) with exploration of the learner’s reasoning (inquiry).

Zinns et al. (2020) developed the seven-step REFLECT framework to provide educa-
tors with a standardized yet time-efficient guide for debriefing. The acronym stands for 
sequential steps, Review, Encourage, Focused Feedback, Listen, Emphasize, Communicate, 
and Transform, hat structure the dialogue from collective review to actionable outcomes. 
The framework offers a clear conversational pathway that integrates emotional expression, 
feedback, and forward planning.

The PEARLS for Systems Integration (PSI) framework by Dubé et al. (2019) represents a 
higher-order, system-oriented model that extends the focus of debriefing beyond individual 
learning toward organizational improvement. It comprises five phases: defining simulation 
objectives with relevant stakeholders; presenting the scenario to create shared understand-
ing; optionally allowing participants to express impressions or emotions; conducting a struc-
tured analysis using tools such as targeted questioning to identify systemic weaknesses; and 
concluding with a summary that defines responsibilities and next steps for improvement.

Despite their conceptual differences, these models share several fundamental design 
principles. Each emphasizes the creation of psychological safety to foster trust and openness 
for honest reflection, a structured progression that guides learners from emotional response 
to analytical understanding and synthesis, and the integration and transfer of insights into 
future professional practice.

As Crookall (2023) emphasizes, transparent documentation of debriefing design, its 
structure, timing, and pedagogical rationale, is crucial for advancing both educational prac-
tice and research.

2.3.2  Moderated and Self-Guided Debriefing

Debriefing formats can be broadly categorized into moderated (facilitator-led) and self-
guided (independent) approaches.

In moderated debriefing, a trained facilitator leads participants through structured reflec-
tion, providing feedback, clarifying misconceptions, and fostering collaborative meaning-
making (Cheng et al., 2017; Sawyer et al., 2016). This approach is widely considered the 
gold standard in simulation-based education because facilitators can dynamically adapt dis-
cussions to learners’ needs and model critical thinking (Fey & Jenkins, 2015). However, 
moderated debriefing is resource-intensive, relies on facilitator expertise, and may vary in 
quality (Cheng et al., 2017).

To address scalability challenges, self-guided debriefing formats have been developed, 
allowing learners to reflect independently using structured prompts, reflection guides, or 
digital tools (Boet et al., 2014; Tosterud et al., 2013). Such approaches align with construc-
tivist learning principles, emphasizing learner autonomy and self-regulated learning. None-
theless, evidence is mixed: self-debriefing may yield superficial reflection among novices 
(Dufrene & Young, 2014), but when supported by adequate scaffolding—such as reflection 
questions, visual aids, or conversational AI—it can achieve comparable results to facilitated 
sessions (Koole et al., 2012; Luctkar-Flude et al., 2021b).

A recent development within this domain is chatbot-guided debriefing, which utilizes 
conversational AI to emulate facilitator behavior through question sequencing, summariza-
tion, and empathy cues. Initial research indicates that chatbot-guided reflection can enhance 
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engagement and accessibility (Favolise, 2024; Verkuyl et al., 2018), though empirical vali-
dation remains limited. Although debriefing is widely recognized as essential for learning, 
its implementation remains resource-intensive and context-dependent. Emerging technolo-
gies—particularly conversational agents—offer new opportunities to facilitate reflective 
processes at scale.

2.4  Conversational Agents in Education

Building on this, conversational agents represent a technological extension of debriefing 
practice, emulating key aspects of human facilitation to guide learners through structured 
reflection dialogues. Driven by advances in natural language processing and generative AI, 
such agents, often referred to as chatbots, are increasingly integrated into educational con-
texts to support learning, feedback, and reflection (Winkler & Söllner, 2018). They can 
engage learners in context-sensitive dialogues that approximate human tutoring, enhancing 
self-regulation and metacognitive engagement (Holmes et al., 2019; Kerlyl et al., 2007).

Within simulation-based learning, conversational agents are gaining traction as scal-
able alternatives to human facilitators. Recent studies suggest that AI-driven chatbots can 
lead learners through structured reflection protocols, pose adaptive questions, and provide 
empathic feedback (Favolise, 2024; Kumar et al., 2025; Verkuyl et al., 2018, Evangelou 
et al., 2025). Their main advantages lie in scalability, consistency, and independence from 
time or personnel constraints making them particularly attractive in higher education, where 
trained facilitators are often scarce.

The emergence of generative AI has further expanded this potential. Modern language 
models can produce coherent, contextually appropriate responses that support metacogni-
tive processes such as reflection and goal setting (Kasneci et al., 2023; Zawacki-Richter et 
al., 2019). When pedagogically designed, learners perceive AI-guided debriefings as engag-
ing and helpful (Nghi & Anh, 2024; Wang & Akhter, 2025). Nonetheless, current systems 
still face notable limitations, such as limited emotional sensitivity, difficulty with nuanced 
follow-up questioning, and a tendency to confirm rather than challenge learner input (Liang 
& Hwang, 2023; Sharma et al., 2025).

In summary, conversational agents offer promising opportunities to scale reflective 
learning processes but remain pedagogically underexplored. Empirical evidence directly 
comparing AI-guided and human-facilitated debriefings is still scarce, particularly in higher 
education contexts involving immersive VR simulations. Addressing this gap, the present 
study investigates how chatbot-supported debriefing compares to expert-moderated ses-
sions in promoting learning and reflection.

2.5  Research Gap and Focus of the Present Study

Empirical comparisons between moderated and self-guided debriefing have yielded incon-
sistent findings. Some studies report equivalent outcomes regarding learner satisfaction and 
knowledge gains (Verkuyl et al., 2018), while others find that moderated sessions foster 
deeper reflection and higher engagement (Garden et al., 2015). Given this heterogeneity, 
meta-analytic conclusions remain premature.

Despite the well-established importance of debriefing in simulation-based learning, 
existing research is largely concentrated in the healthcare sector (e.g., Cheng et al., 2014, 
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2020). There is a growing need to explore debriefing practices in other domains, such as 
teacher education and counseling training, where reflection plays an equally critical role in 
developing professional competencies.

At the same time, moderated debriefings, although considered the gold standard, are 
often resource-intensive and may not be feasible in larger-scale or technology-enhanced 
educational contexts. To address these challenges, recent studies have begun to investigate 
alternative formats such as self-guided or AI-supported debriefings (e.g., Liang & Hwang, 
2023). Conversational agents, particularly chatbots, have shown promise in facilitating struc-
tured reflection without requiring continuous instructor involvement. However, empirical 
evidence directly comparing AI-guided and human-facilitated debriefings remains limited, 
especially within higher education contexts that incorporate immersive VR technologies.

Against this background, the present study investigates how different formats of post-
simulation debriefing, specifically expert-moderated versus chatbot-guided, influence learn-
ing outcomes and student perceptions in a VR-based counseling training. The study thereby 
extends existing simulation research into the field of teacher education and explores scal-
able, digitally supported reflection practices. Based on the reviewed literature, the study 
seeks to answer the following research question: To what extent does the format of post-
simulation debriefing (moderated vs. chatbot-guided) influence learning outcomes and stu-
dent perceptions in a VR-based counseling training?

From this question, the following hypotheses were derived and empirically tested:

1.	 Students’ self-efficacy is higher after a debriefing than before a debriefing.
2.	 Students’ counseling competence is higher after a debriefing than before a debriefing.
3.	 A moderated debriefing is rated more positively by students than a chatbot-guided 

debriefing.
4.	 Students’ self-efficacy is higher after a moderated debriefing than after a chatbot-guided 

debriefing.
5.	 Students’ counseling competence is higher after a moderated debriefing than after a 

chatbot-guided debriefing.

3  Methods

The complete pre-registered study design is available on the Open Science Framework 
(OSF).1 The study was conducted in January 2025 at a large university in Germany 
and involved undergraduate students of educational science who were enrolled in mul-
tiple seminars focusing on the development of counseling competencies. The VR train-
ing sessions were implemented using the social VR platform Engage, which enabled 
immersive, simulation-based learning experiences. Prior to participating in the VR 
training, students had been introduced to the communication techniques—summariz-
ing, paraphrasing and mirroring, using I-messages and questioning techniques—during 
the respective seminars. These techniques were taught through a dedicated in-person 
session as well as a screencast presentation, ensuring that all participants had received 
comparable theoretical input before engaging in the practical simulation. The VR train-
ing centered on counseling a fictional client seeking a career change. The client was 

1 OSF-Link: ​h​t​t​p​s​:​​/​/​o​s​f​​.​i​o​/​j​g​​u​h​4​/​​?​v​i​e​w​​_​o​n​l​y​​=​4​4​b​6​0​​0​c​2​1​​f​8​6​4​e​0​7​9​4​b​b​4​1​f​9​0​4​f​9​7​3​d​2
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portrayed by an experienced student research assistant. A more detailed description of 
the VR training can be also found in Sect. 3.4.

3.1  Sample

Participants were undergraduate students from a large university in Germany who were 
enrolled in a seminar focused on counseling techniques. All participants had prior knowl-
edge of fundamental conversational strategies. Initially, 46 individuals took part in the 
study. However, one participant withdrew early due to motion sickness, resulting in a final 
sample of N = 45 (age M = 22; SD = 8.7). Of these, 22 were randomly assigned to the chatbot 
self-debriefing condition and 23 to the moderated debriefing condition. The final sample 
included 6 male and 39 female participants.

3.2  Debriefing Design

To ensure replicability and transparency, the debriefing design was systematically 
planned and documented (Crookall, 2023; Palaganas et al., 2016). Debriefing was inte-
grated as a core instructional element within the VR-based training and implemented 
immediately after each individual simulation. This sequencing was intended to promote 
cognitive consolidation and emotional processing while the experience was still fresh 
in participants´ minds.

3.2.1  Instructional Design Considerations

The debriefing design was guided by pedagogical and structural principles derived from 
the theoretical frameworks discussed in 2.3.1. During the planning phase, competency-
oriented learning objectives were defined as the foundation for both the simulation and 
the debriefing. The VR training aimed to foster key communication skills—including 
summarizing, paraphrasing and mirroring, using I-messages, and applying questioning 
strategies. To ensure alignment between the VR scenario and these learning objectives, 
the simulation depicted a realistic counseling situation with a virtual client (“Lena”) who 
was considering a career change. Students assumed the role of counselor and were tasked 
with supporting the client using the targeted communication techniques. In preparation 
for the debriefing, contextual factors such as group size, participant composition, and 
prior experience were considered to establish a psychologically safe and supportive envi-
ronment (Crookall, 2023). The role of the debriefer followed the framework proposed by 
Palaganas et al. (2016). As a reminder, this framework describes a simple three-step flow 
for guiding reflection in simulation-based learning. It begins with participants’ immediate 
reactions, moves into a focused exploration of what happened and why, and concludes 
with a brief recap of the main insights. This structure supports clear and meaningful 
reflection on the learning experience.

3.2.2  Debriefing Conditions

Two debriefing conditions were implemented to compare the effects of human- versus AI-
guided facilitation:
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Moderated debriefing (facilitator-led):

In this condition, the facilitator actively guided the reflection process, asking open-ended 
questions, clarifying misunderstandings, and helping learners articulate key insights. The 
facilitator also summarized the discussion and explicitly linked observations to theoretical 
concepts and practical applications.

Chatbot-guided self-debriefing:

In this condition, the facilitator provided only the introductory instructions, while the debrief-
ing itself was conducted by students using an generative chatbot. The chatbot prompted par-
ticipants with reflection questions modeled on the same structure as the moderated sessions, 
encouraging emotional articulation, analytical reasoning, and synthesis.

Both conditions followed an identical temporal structure and shared reflection prompts 
to ensure comparability of content, duration, and cognitive demand.

3.2.3  Sequence and Timing

Given the short, single session nature of the VR training, a simple sequence model (Croo-
kall, 2023) was applied. The debriefing began immediately after the simulation and con-
sisted of a single reflective episode lasting approximately 20–25 min, corresponding to the 
duration of the simulation itself. The debriefing followed the Structured Debriefing in Sim-
ulation-Based Education by Palaganas et al. (2016), encompassing reaction, understanding, 
and summary phases:

Reaction Phase (~ 5 min):

Learners were invited to express immediate emotional responses to the simulation. Facilita-
tors (or the Chatbot) used opening prompts such as How are you feeling right now? or What 
stood out to you most? to promote emotional processing and transition toward cognitive 
reflection. This phase concluded with a short facilitator summary of key scenario elements 
to ensure shared situational understanding.

Understanding Phase (~ 10 min):

The reflective discussion focused on analyzing communication strategies and decision-mak-
ing processes during the simulation. Participants reconstructed their actions, identified chal-
lenges, and discussed the effectiveness of applied techniques. Guiding questions included, 
for example: Which communication technique did you find most difficult to apply? or How 
did you decide when to use a specific strategy? Learners were encouraged to generalize their 
insights and relate them to real-world counseling contexts.

Summary Phase (~ 5–10 min):

Learners summarized their key takeaways in their own words (e.g., What is the most impor-
tant insight you gained form today´s session?). The facilitator or chatbot synthesized the 
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discussion and connected it to broader professional practice, marking the conclusion of the 
debriefing.

3.3  Instruments

Quantitative data were collected at three points as part of the experimental study: prior 
to the VR training, immediately after the training, and following the debriefing. Before 
completing the first questionnaire, participants generated a unique four-digit personal code 
to ensure pseudonymized data matching across measurement points. Subsequently, demo-
graphic information such as age and gender was collected, along with prior experience using 
VR technologies.

Counseling competence and self-efficacy were assessed using a shortened version of 
the questionnaire developed by Hertel (2009). Items referring to the knowledge acquired 
during teacher education, specifically in the context of school-based counseling, were 
excluded from the present study. Additionally, the term “parent counseling” was replaced 
with “counseling” to ensure the questionnaire addressed counseling in a more general sense, 
independent of the school setting. To measure counseling competence, 22 items from the 
corresponding subscale were used (e.g., “I am able to structure a counseling session in a 
way that is easy for the client to follow.”), rated on an 8-point Likert scale ranging from 1 
(“does not apply”) to 8 (“applies”). Self-efficacy was measured with 9 items (e.g., “I am 
confident that my counseling can make a difference.”), using a 6-point Likert scale ranging 
from 1 (“does not apply at all”) to 6 (“fully applies”).

Debriefing experiences and the perceived importance of the debriefing process were 
assessed using the Debriefing Experience Scale (Reed, 2012). The questionnaire was adapted 
for the present study by modifying items originally referring to the healthcare context (e.g., 
“The facilitator reinforced aspects of the health care team’s behavior.”) to reflect the coun-
seling context. In the self-guided debriefing condition, references to a “facilitator” were 
replaced with “chatbot”. The 20-item instrument is composed of four subscales: analysis of 
thoughts and feelings (e.g., “Debriefing helped me to analyze my thoughts.”), learning and 
making connections (e.g., “Debriefing helped me to make connections in my learning.”), 
facilitator skill in conducting the debriefing (e.g., “The facilitator allowed me enough time 
to verbalize my feelings before commenting.”), and appropriate facilitator guidance (e.g., 
“The facilitator taught the right amount during the debriefing session.”). All items were 
rated on a 5-point Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly agree”).

3.4  Procedure

The experimental study was conducted in a university laboratory under the supervision 
of an experimenter. Students registered for individual 90-min VR training sessions via an 
online scheduling tool. At the beginning of each session, participants received a concise 
overview of the procedure. During this briefing, they were informed that a debriefing would 
follow immediately after the simulation to reflect on their learning experience.

Before the training, participants provided written informed consent and were explicitly 
informed that they could withdraw from the study at any time without facing any nega-
tive consequences. They then completed an initial questionnaire and read a case vignette 
describing the simulated counseling scenario.
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Prior to entering the virtual environment, participants received a short technical introduc-
tion to the Head-Mounted Display (HMD) and the VR platform Engage, which hosted the 
simulation. During the VR session (M = 13.91 min; SD = 3.53 min), participants engaged in 
a counseling conversation with the virtual client “Lena”, portrayed by one of three trained 
female research assistants following a standardized script. They were instructed to apply the 
three communication techniques targeted in the training summarizing, paraphrasing and 
mirroring, using I-messages, and questioning strategies.

Following the VR session, participants completed a second questionnaire and were then 
randomly assigned to either the moderated or chatbot-guided debriefing condition. In both 
conditions, the objective of the 20-min debriefing, namely to reflect on the VR experience, 
was explicitly stated by the experimenter.

In the moderated debriefing, the experimenter sat face-to-face with the participant and 
followed the three-phase model by Palaganas et al. (2016), asking standardized open- and 
closed-ended reflection questions for each phase. Each phase focused on different aspects of 
the VR experience, and key insights were summarized at the end of the session. Experiment-
ers encouraged elaboration by asking open-ended questions (e.g., “What made you decide 
to respond in that way?”) and by linking students’ reflections to theoretical principles or 
previous experiences. These sessions typically evolved into dynamic dialogues character-
ized by follow-up questions and paraphrasing, allowing participants to explore multiple 
perspectives and evaluate their performance collaboratively.

In contrast, in the chatbot-guided self-debriefing, participants reviewed an instruction 
sheet outlining the debriefing’s purpose and five key reflection points (e.g., “Which com-
munication techniques did you apply successfully? Why?”). The printed instruction sheet 
was placed next to a laptop, where participants interacted with an AI-based chatbot. The 
chatbot introduced itself, explained the procedure, and led participants through the same 
three-phase structure used in the moderated sessions. Similar to the moderated debriefing, 
the chatbot asked learners to describe, analyze, and generalize their experiences.

The chatbot’s role and dialogue structure were developed iteratively in consultation with 
four researchers and pre-tested for clarity and usability by four trained student assistants. 
The chatbot was implemented using Meta Llama 3.1 8B Instruct, a compact instruction-
based language model by Meta AI, chosen for its reliability and consistent conversational 
behavior. To balance creativity with response stability, both the temperature and nucleus 
sampling parameters were set to 0.5.

The system prompt used to configure the chatbot defined its role as a debriefer and 
instructed it to guide participants through the reaction, understanding, and summary phases. 
The initial chatbot message was standardized as follows:

Welcome to the debriefing! I am your debriefer and would like to analyze with you your 
experiences and insights from the VR training on learning counselling techniques. Our 
debriefing will be conducted in three phases: Reaction Phase, Understanding Phase, and 
Summary Phase. In the reaction phase, we will clarify your feelings and emotions after the 
simulation. In the comprehension phase, we will analyze the activities in the simulation and 
understand the content learned. In the summary phase, we will generalize your findings, 
discuss their applicability to practice, and summarize what we have discussed. Let’s get 
started! Briefly describe how you feel at this moment after doing the VR training.

After completing the debriefing, participants filled out a final questionnaire, marking 
the end of the experimental session. The study procedure is illustrated in Fig. 1. All study 
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materials—including questionnaires, the moderated debriefing guide, the chatbot instruc-
tion sheet, and the vignette versions—are available via OSF.2

Following the study, the experiences of the VR simulation and the debriefing were revis-
ited and discussed within the seminar group.

4  Results

The following section presents the quantitative results of our experiment. Prerequisites 
checks and descriptive statistics are reported first. Subsequently, our findings are presented 
in relation to the hypotheses outlined in Sect.  2.5. All analyses were conducted using R 
version 4.4.2. To evaluate differences between experimental conditions and test the stated 
hypotheses, we performed a series of t-tests and analyses of variance (ANOVA).

4.1  Prerequisites

Several Shapiro–Wilk tests were conducted to check whether the different variables follow 
a normal distribution. Table 1 shows that all variables are normally distributed. In addition, 
we performed several Levene tests to assess the homogeneity of variance across conditions. 
Table 2 demonstrates that the variables are homogeneous across the conditions.

2 ​h​t​t​p​s​:​​​/​​/​o​s​​f​.​i​​o​/​j​6​c​​8​​​4​/​?​v​​​i​e​w​_​o​​​n​l​y​=​1​a​​d​6​d​a​​2​1​5​c​d​b​4​5​d​c​a​b​4​2​f​d​a​7​6​d​0​b​4​a​3​b

Time W p
Self-efficacy t1 .98 .667
Self-efficacy t2 .97 .232
Self-efficacy t3 .97 .310
Counseling competence t1 .98 .720
Counseling competence t2 .96 .177
Counseling competence t3 .96 .088
Moderated debriefing t3 .93 .109
Chatbot-debriefing t3 .98 .914

Table 1  Normality test—results

t measurement time point

 

Fig. 1  Experimental procedure
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To control for potential confounding effects related to task duration, we examined 
whether the length of the debriefing sessions differed substantially between conditions. The 
overall average duration was 14.48 min (SD = 4.2). Participants in the moderated debrief-
ing (MB) condition spent an average of 14.6 min (SD = 2.92), whereas those in the chatbot 
debriefing (SB) condition spent 14.4 min (SD = 5.35). A Levene’s test indicated a significant 
difference in variance between the two groups F(1.43) = 6.59, p = .014, suggesting hetero-
geneity of variance. Accordingly, Welch’s t-test was conducted and revealed no significant 
difference in debriefing duration between the two conditions, t(32.18) = 0.12, p = .905.

4.2  Descriptive Statistics

Table 3 presents the descriptive statistics for all variables. All scales demonstrate good to 
excellent internal consistency, as indicated by Cronbach’s Alpha (Cronbach, 1951). Statisti-
cal significance tests for individual values are described in the hypothesis testing section.

4.3  Hypothesis Testing

To investigate the development of self-efficacy and counseling competence across the inter-
vention, a series of paired-samples t-tests and repeated-measures ANOVAs were conducted, 
incorporating both debriefing methods and measurement time points.

A paired-samples t-test revealed a significant increase in self-efficacy from measurement 
time point 1 to measurement time point 3, t(44) = 3.47, p < .001. A comparison between 
measurement time point 2 (following the VR simulation) and measurement time point 3 
similarly yielded a significant effect, t(44) = 3.94, p < .0001, supporting the hypothesis that 
self-efficacy improves following a debriefing session.

Table 3  Descriptive statistics
Min Md Max M SD α

Self-efficacy (t1) 2.38 4.1 5.75 4.1 0.82 .89
Self-efficacy (t2) 1.5 4.13 5.75 4.2 0.91 .92
Self-efficacy (t3) 2 4.5 6 4.4 0.94 .94
Counseling competence (t1) 3.86 5.4 7.29 5.4 0.83 .94
Counseling competence (t2) 2.23 5.59 7.52 5.6 1.14 .96
Counseling competence (t3) 2.82 6 7.68 5.9 1.11 .96
Moderated debriefing 3.74 4.4 5 4.4 0.39 .93
Self-debriefing 3 3.9 4.95 3.9 0.50 .91
Md median, t measurement time point

Time df F p
Self-efficacy t1 1.43 0.17 .681
Self-efficacy t2 1.43 0.08 .772
Self-efficacy t3 1.43 0.10 .748
Counseling competence t1 1.43 0.19 .661
Counseling competence t2 1.43 0.18 .673
Counseling competence t3 1.43 0.22 .641

Table 2  Homogeneity of vari-
ance tests—results

t measurement time point
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In terms of counseling competence, the data revealed even more robust results. A signifi-
cant increase was observed between measurement time points 1 and 3, t(44) = 4.27, p < .001 
(ΔM = − .49), and between time points 2 and 3, t(44) = 5.56, p < .001 (ΔM = -0.35). No sig-
nificant difference was found between time points 1 and 2. These findings suggest a marked 
improvement in perceived counseling competence over time, particularly after debriefing. 
Figures 2 and 3 illustrate the average increase in self-efficacy and counseling competence 
across the three measurement time points for the two debriefing methods.

An ANOVA for repeated measurements examined the effects of debriefing method and 
measurement time points on self-efficacy and counseling competence. Mauchly´s test indi-
cated that the assumption of sphericity was violated for both outcomes (all p < .001). As 
a result, the effect of time was evaluated using Greenhouse–Geisser adjusted degrees of 
freedom.

Results showed a significant main effect of measurement time point on self-effi-
cacy, F(1.38,59.55) = 8.47, p = .002, η2(g) = .020, and on counseling competence, 
F(1.45,62.40) = 12.20, p < .001, η2(g) = .039. These findings confirm that both values 
improved significantly over the course of the intervention. In contrast, no main effect of the 
debriefing method was found for self-efficacy (F(1.43) = 0.001, p = .971) or counseling com-
petence (F(1.43) = 0.46, p = .500), nor were any significant interaction effects detected. Post 

Fig.  3  Average increase in counseling competence for moderated debriefing (left) and self-debriefing 
(right). While the original Likert scale ranged from 1 to 8, only the relevant range from 5 to 7 is displayed 
here (mp = measurement point)

 

Fig.  2  Average increase in self-efficacy for moderated debriefing (left) and self-debriefing (right). 
While the original Likert scale ranged from 1 to 6, only the relevant range from 3 to 5 is displayed here 
(mp = measurement point)
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hoc comparisons using Estimated Marginal Means (EMMs) provided further insights into 
temporal trends, as detailed in Table 4. Self-efficacy showed a significant increase between 
measurement time points 1 and 3, with a non-significant difference between time points 1 
and 2, and a marginal trend between time points 2 and 3. For counseling competence, sig-
nificant improvements emerged between time points 1 and 3 and between time points 2 and 
3, while no significant change was observed from time point 1 to 2.

To compare the perceived effectiveness of the two debriefing formats, an independent 
samples t-test was conducted. Participants rated the MB significantly higher than the SB, 
t(39.806) = 3.68, p = .0007, d = 1.10, indicating greater satisfaction and perceived value in the 
MB condition (Fig. 4). This remains consistent across all four sub-facets of the debriefing 
scale: Analyzing thoughts and feelings (t(42.2) = 2.87, p = .006, d = 0.86), learning and mak-
ing connections (t(37.8) = 3.57, p < .001, d = 1.07), facilitator skill (t(40.2) = 2.41, p = .021, 
d = 0.72), and appropriate facilitator guidance (t(37.5) = 3.57, p < .001, d = 1.07) were all 
rated higher in the moderated group. It may be notable that in the human-moderated con-
dition, the subscales referring to the facilitator do not differ significantly from each other, 
(t(22) = 0.06, p = .953, d = 0.01), while they do in the AI-led condition (t(21) = 2.32, p = .031, 
d = 0.42), with facilitator skill showing higher values than appropriate facilitator guidance.

Fig.  4  Boxplot for the evaluation of the moderated debriefing (MB) and the chatbot debriefing (SB). 
While the original Likert scale ranged from 1 to 5, only the relevant range from 3 to 5 is displayed here

 

SE df Estimate p
S (t1)–S (t2) .0766 88 .142 .2033
S (t1)–S (t3) .0766 88 .314 .0003
S (t2)–S (t3) .0766 88 .172 .0812
C (t1)–C (t2) .101 88 .143 .4884
C (t1)–C (t3) .101 88 .492  < .0001
C (t2)–C (t3) .101 88 .350 .0026

Table 4  Post-hoc comparisons

S self-efficacy, C counseling 
competence, t measurement 
time point, SE standard error
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In sum, these findings demonstrate that both self-efficacy and counseling competence 
improved significantly across measurement time points, particularly following the debrief-
ing session. However, the format of the debriefing, moderated versus chatbot-based, did not 
exert a differential impact on these outcomes. Consequently, the hypothesis that moderated 
debriefing leads to superior learning outcomes compared to chatbot-based debriefing cannot 
be supported. These compelling findings on the effects of additional debriefing in its various 
forms will be analyzed in detail in the following discussion section.

5  Discussion

5.1  Theoretical and Practical Contributions

The findings of our study underscore the pivotal role of debriefing in simulation-based learn-
ing, particularly within the domain of professional skill acquisition such as counseling. Both 
self-efficacy and counseling competence showed significant improvement following the 
debriefing phase, confirming theoretical models that position reflection as a key mechanism 
in the transformation of experience into learning (e.g., Kolb, 2014). These results also lend 
support to instructional design principles that emphasize the importance of post-experiential 
reflection for cognitive consolidation and transfer (DiStefano et al., 2014; Träg & Mulders, 
2025). Consequently, the isolated use of VR is insufficient. Rather, it requires meaningful, 
contextually integrated accompanying activities to facilitate a sustainable transfer of learn-
ing into real-world practice.

An interesting finding of the study concerns the divergent development of self-efficacy 
and counseling competence over time. Self-efficacy increased most markedly between mea-
surement time points 1 and 3, whereas only a slight upward trend was observed from time 
point 2 to 3. In contrast, counseling competence exhibited a significant improvement specif-
ically between the second and third measurement. One plausible explanation for this diver-
gence is the nature of the feedback received during the debriefing sessions: while affirming, 
it also included constructive elements that may have enhanced students’ awareness of their 
actual professional competence, thereby moderating previously elevated perceptions of self-
efficacy. Consequently, students who were confronted with more critical feedback may have 
reassessed their self-efficacy and reported lower values at subsequent measurement points.

Another particularly noteworthy outcome is the absence of significant differences in 
learning outcomes between the human-moderated and the chatbot-guided debriefing for-
mats. Although the moderated debriefing was rated more positively by participants in terms 
of perceived value and satisfaction, both conditions yielded comparable gains in perceived 
counseling competence and self-efficacy. This result invites further reflection on the under-
lying mechanisms of effective debriefing. It suggests that the cognitive engagement required 
for structured reflection may play a more decisive role than the social presence of a human 
facilitator. From a cognitive-psychological perspective, this aligns with the notion that 
metacognitive self-regulation processes can be activated through well-designed prompts 
and structured guidance, even in the absence of direct social interaction (Bannert, 2009). On 
the other hand, the fact that the human debriefing facilitator was rated as more appropriate 
and skillful may be hinting towards underlying social factors within the debriefing that a 
chatbot seemingly cannot imitate. This may be due to its lack of human appearance, which 
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in combination with the human-like conversational style portrayed here might be able to 
further improve the evaluation of the chatbot (Chen et al., 2023).

The findings also expand upon existing conceptions of debriefing by illustrating that a 
technology-mediated, self-guided process can achieve similar effects to traditional human-
facilitated sessions. However, the effectiveness of the chatbot-based debriefing likely 
depended on several key factors: the use of a clearly defined theoretical reflection model, the 
prebriefing instructions, and the conversational flow designed to simulate empathic, learner-
centered dialogue. These features align with core principles from established debriefing 
frameworks such as PEARLS (Eppich & Cheng, 2015) or Debriefing with Good Judgment 
(Rudolph et al., 2006), suggesting that structural and procedural quality may be more criti-
cal than the specific mode of delivery.

From a practical standpoint, the results point to promising implications for the scal-
ability of simulation-based education. Chatbot-guided debriefing offers a resource-efficient 
alternative in contexts where access to trained facilitators is limited. It may be particularly 
relevant in higher education settings characterized by large class sizes, time constraints, or 
asynchronous learning environments. Furthermore, self-debriefing via chatbot represents a 
promising addition to the instructional design of Massive Open Online Courses (MOOCs), 
allowing learners to engage in autonomous reflection and deepen their understanding in the 
absence of instructor-led feedback. However, while the chatbot was able to guide reflection 
and foster cognitive engagement, it lacked the nuanced emotional sensitivity and adaptive 
questioning strategies that human facilitators may provide. This is backed by the fact that 
the subscale appropriate facilitator guidance was rated significantly lower in the chatbot 
condition. Additionally, in another paper (Evangelou et al., 2025), we reported that the chat-
bot occasionally responded with an overly enthusiastic tone, which was perceived as inau-
thentic by some users. This underscores the importance of calibrating chatbot personality 
and emotional expressiveness in alignment with the conversational context. Furthermore, 
the transcript analysis revealed that tutor-led debriefings tended to elicit more elaborated 
and evaluative reflections, whereas chatbot dialogues remained more structured and confir-
matory. This difference likely stems from the tutors’ ability to dynamically adapt their ques-
tioning, a feature still limited in current conversational agents. These insights are based on 
ongoing qualitative analyses of the debriefing transcripts, which will be reported in future 
publications to provide a more in-depth understanding of the conversational mechanisms 
underlying both facilitation formats. In general, however, chatbot-based formats should be 
viewed not as a replacement but as a complementary tool within a broader instructional 
ecosystem, especially suited for preliminary reflection or situations where human modera-
tion is not feasible.

The findings of this study suggest that chatbot-guided debriefing can approximate essen-
tial elements of human facilitation, particularly in supporting structured reflection and self-
assessment. Comparable to reflective dialogues in counseling training contexts, similar 
mechanisms may operate in other domains such as medical and teaching education, where 
debriefing serves as a key vehicle for transforming experience into learning (Cheng et al., 
2020; Rudolph et al., 2006). In teacher education, for instance, chatbot-guided debrief-
ings could accompany microteaching sessions or classroom simulations, helping preser-
vice teachers to articulate pedagogical reasoning and critically evaluate their instructional 
decisions. Similarly, in medical or nursing education, conversational agents could provide 
standardized post-simulation reflections that promote psychological safety and consistency 
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across cohorts. These scalable formats would enable instructors to review and build upon 
students’ AI-facilitated reflections, reducing the need for continuous human moderation 
while maintaining pedagogical quality (Kumar et al., 2025; Verkuyl et al., 2018).

However, integrating AI-based debriefings into practice also presents challenges. These 
include ensuring data protection and ethical transparency (Kasneci et al., 2023), maintain-
ing psychological safety and trust (Cheng et al., 2020), and preventing overly confirmatory 
or shallow reflection patterns (Sharma et al., 2025). Hybrid models that combine AI and 
human facilitation may help to overcome these limitations: educators can use chatbot tran-
scripts for meta-reflection, iteratively refine prompts through learner feedback, and embed 
such systems within institutional quality frameworks (Winkler & Söllner, 2018; Zawacki-
Richter et al., 2019). Taken together, these approaches highlight how generative AI can 
extend reflective learning opportunities while retaining ethical and pedagogical integrity.

5.2  Limitations and Future Directions

While the findings of this experimental study offer valuable insights into the comparative 
effectiveness of human-moderated and chatbot-guided debriefing formats, several limita-
tions warrant consideration.

First, the relatively small sample size limits the generalizability of our results. Although 
the observed effects were statistically significant and robust across analyses, larger and more 
diverse samples are needed to validate the findings and explore potential moderating vari-
ables such as prior digital literacy, language proficiency, or interpersonal sensitivity.

Second, the study focused on a single, relatively brief VR simulation embedded in a 
tightly controlled laboratory setting. While this design ensured experimental control and 
comparability across conditions, it does not fully capture the complexity and variability of 
real-world learning environments. In particular, longitudinal designs that embed multiple 
reflection episodes across extended learning processes, such as semester-long counseling 
practica, may provide a more comprehensive picture of how debriefing formats contribute 
to the development of professional competence over time. Future research should explore 
the cumulative effects of debriefing in iterative learning cycles and investigate how chatbot-
based reflection performs in more authentic, situated contexts.

Third, the study focused exclusively on perceived outcomes, namely self-reported self-
efficacy and counseling competence, without including independent assessments of perfor-
mance or behavioral indicators. Although self-perception is closely related to engagement 
and motivation (Cheng & Tsai, 2020; Makransky et al., 2019), it does not always correspond 
to actual skill development. More experienced counselors-in-training seem to generally be 
more accurate in their self-assessments (Lepkowski et al., 2009). For our relatively inexpe-
rienced sample, this means that on the one hand, expert ratings might be preferable to accu-
rately assess counseling competence, while being more resource-intensive. Alternatively, 
creating an objective, reliable, and valid questionnaire to capture a set of complex skills 
like counseling competence may prove difficult. Still, future studies should incorporate 
objective performance measures such as objective questionnaire items, behavioral coding 
of counseling techniques or expert ratings of recorded sessions to triangulate findings.

Fourth, we did not include a control group without any debriefing. While such a com-
parison could have provided additional insights into the specific contribution of debriefing 
to learning outcomes, it was deliberately omitted in the current study due to ethical and 
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pedagogical considerations. In the context of higher education, withholding debriefing from 
one group would have meant depriving students of an essential reflective learning opportu-
nity that is considered integral to simulation-based instruction. Since debriefing serves not 
only as a feedback mechanism but also as a means of emotional processing and knowledge 
consolidation, excluding it entirely would have placed participants at a clear disadvantage 
compared to their peers. Moreover, including a no-debriefing control group would have 
introduced substantial differences in time on task between conditions, making it difficult 
to disentangle whether potential learning effects were due to the reflective process itself or 
simply to the additional time spent engaging with the material (Buchner, 2023). However, 
future research should address this limitation by systematically comparing conditions with 
and without debriefing under controlled circumstances, ideally in low-stakes or voluntary 
learning contexts where the absence of reflection does not negatively affect participants. 
Such designs could help isolate the incremental impact of debriefing and further clarify the 
unique benefits of human versus AI-guided facilitation. Including physiological or behav-
ioral indicators of reflection (e.g., think-aloud protocols or eye-tracking measures) might 
also provide more fine-grained evidence of how debriefing mechanisms influence cognitive 
and affective learning processes.

From a methodological standpoint, future research should incorporate qualitative data 
gathered during debriefing sessions to enrich the interpretation of quantitative findings. In 
particular, it would be worthwhile to examine whether students who received predomi-
nantly critical feedback tend to report lower levels of self-efficacy, whereas those exposed to 
more positive feedback may exhibit higher self-efficacy. A mixed-methods approach could 
thus yield deeper insight into individual learning processes and the underlying mechanisms 
shaping self-assessment. Furthermore, the integration of sentiment analysis could help iden-
tify emotional patterns within the feedback, thereby offering a more nuanced understanding 
of how the valence of feedback influences learners’ perceptions of their own competence.

Finally, while both debriefing formats were implemented with attention to instructional 
design, the human-moderated version naturally benefited from dynamic adaptation and per-
sonalized follow-up questioning. These are features that current AI systems can only par-
tially emulate. Moreover, generative models often display sycophantic behavior, tending to 
affirm user input uncritically rather than challenging misconceptions or encouraging deeper 
reflection (Sharma et al., 2025). This limitation may reduce the potential for meaningful 
cognitive conflict, which is essential for learning through dialogue. Furthermore, chatbots 
are not tutoring systems and typically lack an underlying learner model, thereby requiring 
students to regulate their learning processes through metacognitive strategies (Klar, 2025). 
As generative AI continues to evolve, future research should investigate how to best balance 
structure and flexibility in conversational agents, and under which conditions such systems 
can meaningfully replicate or even enhance the pedagogical value of human facilitation.

6  Conclusion

This study investigated the comparative effectiveness of moderated and chatbot-guided 
debriefing following a VR-based counseling simulation in higher education. The findings 
demonstrate that both debriefing formats led to significant improvements in participants’ 
self-efficacy and counseling competence. Notably, the largest gains were observed after the 
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debriefing phase, regardless of whether the session was facilitated by a human moderator 
or a chatbot. These results highlight the fundamental role of debriefing in consolidating 
learning outcomes within simulation-based education and suggest that AI-supported, chat-
bot-guided debriefings can serve as a viable and scalable alternative to traditional, resource-
intensive moderator-led sessions.

However, while chatbot-guided debriefing offers logistical advantages and supports 
learner autonomy, current AI systems only partially replicate the nuanced, adaptive feed-
back and emotional attunement characteristic of expert human facilitators. As generative AI 
continues to advance, future research should further explore how conversational agents can 
be optimized to balance structure with flexibility and to what extent they can meaningfully 
replicate or even enhance the pedagogical value of human moderation.

Overall, the integration of AI-driven debriefing tools holds considerable promise for 
increasing the accessibility and scalability of simulation-based learning in higher education, 
provided that their design remains grounded in evidence-based pedagogical principles.
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