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“‘Wie Augmented und Virtual Reality
die Bildung revolutionieren.” 4
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|. EinfGhrung AR & VR

——

Mixed Reality

Real

Augmented

Environment Reality

Augmented
Virtuality

Virtual
Environment

Das Realitats-Virtualitats-Kontinuum (eigene Darstellung, in Anlehnung an Milgram und Kishino, 1994)
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Virtual Boy, 1995;
ausprobiert an der
Universitat
Salzburg, Marz
2019

Ivan Sutherland:
The Sword of
Damocles (circa
1968). Reprinted
from Sherman and
Craig (2003), with
permission from
Elsevier. Zitiert
nach Baus &
Bouchard, 2014.
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By Dave Pape - Own work, Public Domain,

i ) i . . e 1picl=
CC BY-SA 1.0, https://commons.wikimedia.org/w/index.php?curid=1122875 https://commons.wikimedia.ora/wi/index.ohp?curid=1705088



https://commons.wikimedia.org/w/index.php?curid=1705088
https://commons.wikimedia.org/w/index.php?curid=1122875

Was ist AR?

,...computergestutzte Erweiterung
unserer Realitat.”

...Vorhandensein von digital und real
zur gleichen Zeit und am selben Ort.”

z.B. Azuma, 1997; Azuma et al. 2001; Klopfer & Sheldon, 2010




Vision-based AR

Trigger/Marker

Warum gab es Mumien?

Im Alten Agypten bestimmes ¢
sondern auch den Tod,

Gotter zu fuhren.
vision-based
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Location-based AR

ocation-based

details

Pucky2012 [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]



Detection-based AR Markerless AR
! detection-based
{ &
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Mobiles Endgerat

...mit Kamera.

oi‘s \j- AR App, z.B. WWF Free Rivers

Screenshot CCO



See-through AR

| | AR/Mixed-
| | Reality Brille &

—

z.B. Glass,
HoloLens
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Spatial-AR
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DDR Museum Berlin
By tacowitte - Attribution 2.0 Generic (CC BY 2.0),

https://www.flickr.com/photos/inyucho/5595836743/in/photostream/

By Tefita228 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?
curid=65147812



https://commons.wikimedia.org/w/index.php?curid=65147812
https://www.flickr.com/photos/inyucho/5595836743/in/photostream/
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(immersive) Virtual Reality

Immersion
paad

Imagination
. =

Interactivity



Zusammenfassung

REAL
ENVIRONMENT

Tangible User
Interfaces (TUI)
ATUI uses real physical objects
to both represent and interact with
computer-generated information
(Ishii & Ulimer, 2001),

Augmented
Reality (AR)
AR "adds' computer-generated

information to the real world
(Azuma, et al. 2001)

7 N

‘See-through' AR (either optical or video)

MIXED REALITY (MR)

Augmented
Virtuality (AV)

AV ‘adds’ real information 10 a

comp

A user wears a head-mounted display, through which

they can see the real world with computer-generated

(Bimber & Raskar, 2005)

Using physical objects to create a virtual
model (Ichida, ltoh, & Kitamur, 2004). As
a user adds a physical "ActiveCube’ to the
construction, the equivalent virtual model
is automatically updated

The 'Bubble Cosmos' — 'Emerging
Technology' at SIGGRAPH06, The
paths of the smoke-filled bubbles
are tracked, and an image is
projected into them as they rise.

it

Augmented Spatial AR

models (PA Spatial AR displays project
model)area | computer-generated information
type of Spatial | directly into a user's er

Rolland, 2005; Billinghurst, Grasset & Looser, 2005).

See-through AR: the butterfly is computer-generated, and
everything else is real (Fischer, Bartz & Straller, 2006; Kdisch,
Bane, Hollerer, & Turk, 2006).

(Regenbrecht, et al. 2004)

St on lop (Cakmakci, Ha &

74

Semi-immersive VR
A semi-immersive VR display
fills a limited area of a user’s

field-of-view.

Semi-immersive VR using the Barco
Baron workbench (Drettakis, Roussou,
Tsingos, Reche & Gallo, 2004)

VIRTUAL
ENVIRONMENT

Virtual
Reality (VR)

VR refers to completely computer-generated
environments (Ni, Schmidt, Staadt,
Livingston, Ball, & May, 2006; Burdea &

Coffet 2003)

Immersive VR

Immersive VR, which uses either a head-
mounted-display or a projection-based
system, completely fills the user's field-of-

view.

Projection-based immersive VR
The users are fully immersed in the
'CAVE' (FakeSpace, 2006; Cruz-
Neira, Sandin & DeFanti, 1993).

Continuum of advanced computer interfaces, based on Milgram and Kishino (1994).

By Electricbadger (talk) (Uploads) - Own work, CC BY-SA 3.0, https://en.wikipedia.org/w/index.php?curid=14938535



https://en.wikipedia.org/w/index.php?curid=14938535

ll. Lernen mit AR & IVR

Cognitive Theory of Multimedia Learning (CTML)

(Mayer, 2014, 2019)

MULTIMEDIA
PRESENTATION
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Cognitive Theory of Multimedia Learning (CTML)
(Mayer, 2014; 2019)

3 Design Goals

Unter Berlcksichtigung von:
- Dual Coding Theory (Paivio, 1991)
- Cognitive Load Theory (Sweller, 1988; Sweller et al., 2019)

- Generative Learning Theory (Wittrock, 1974, 2010)

Reduce
extraneous
processin

Manage
essential
processin

Foster
generative
processin




Konsequenzen AR

Raumliche & zeitliche Nahe
(Kontiguitat)

(e.g. Sommerauer & Miiller, 2014)

Cognitive Load

(Akgayir and Akgayir, 2017; Antonioli et al., 2014; Goff et al.,
2018)

Just-in-time instruction
(Van Merrienboer & Kester, 2014)

Effective & enjoyable

(Radu, 2014; Garzon et al., 2020, 2019)



Konsequenzen IVR

Ablenkungs-Hypothese

(Parong & Mayer, 2018, 2020)

Hedonismus
(van der Heijden, 2004; Makransky et al., 2020)

Cognitive Load
(Makransky et al., 2019)

Effective & enjoyable

(Parong & Mayer, 2018; Meyer et al., 2019)


http://emblematicgroup.com/experiences/project-syria/

Cognitive Load

Reduce
extraneous
processing

Bild aus Alves et al., 2019

Konsequenzen AR




Cognitive Load

Ablenkung
vermeiden

Bild aus Alves et al., 2019

Konsequenzen AR




Cognitive Load

2008 references
identified fhrough | ——>
search of the four 10 duplicates excluded
electronic databases
 —
1998 titles and 1882 excluded for:
abstracts screened ™ 1307n°é.AR
m 411 it
Reduce ? = Tk
B 51 no primary
ch
extraneous l - Do
. H
processing n _ . A
126 potential application
mcludes development

126 full texts —— | 66 excluded for:
reviewed and
screened B 17notAR
B 25noCL
B 1 no pnmary research
B 20 not empirical
B ] replication
B 2 not available
60 mcluded
publications
(containing 64
studies)

Buchner, Buntins, & Kerres; 2021a, b

Konsequenzen AR




Cognitive Load

Reduce
extraneous
processing

2008 references

identified through
search of the four 10 duplicates excluded
electronic databases
198 tifles and 1882 excluded for:
abstracts screened B 1307 not AR
B 411 no Cognitive
B 51 no primary
research
B 22 not empirical
B 3replications
) B 78 concept of AR
126 potential application
mcludes development
126 full texts 66 excluded for:
reviewed and
screened B 17notAR
B 25noCL
B 1 no primary research
l B 20 not empirical
B ] replicati
B 2 not available
60 mcluded
publications
(containing 64
studies)

Buchner, Buntins, & Kerres; 2021a, b

Konsequenzen AR

Nicht signifikant bei
AR vs. other

Effekte qualitativ
erklaren

Signifikant bei
Spatial AR vs.
See-through AR

Reduzierter CL
fuhrt zu hoherer
Performanz




Effective & enjoyable
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Konsequenzen AR

Manage
essential
processin

Foster
generative
processin




Effective & enjoyable

i

)

Manage
essential
processin

Foster
generative
processin

Konsequenzen AR

Wu et al., 2018

AR mit

Mindtool VS | AR ohne

Buchner, 2021

AR mit Lern-

) VS | AR ohne
strategie




Ablenkung, Hedonismus, effective & enjoyable

Reduce Manage Foster
extraneous essential generative
processing processing processing

Konsequenzen IVR

White blood cells

* White blood cells, or leukocytes, take up less than
1% of the blood’s total volume.

* Their main function is to protect our body from
infection.

VS @

m

Cell membrane

* On the outside of the macrophage Is a typical cell
membrane structure.

* There are thousands of receptors proteins on the
surface of the cell.

+ Some of these proteins are tasked with transferring
information and others with transferring cargo.

Bilder aus Parong & Mayer, 2018, 2020




Konsequenzen IVR

Ablenkung, Hedonismus, effective & enjoyable

 »

)

Reduce
extraneous
processing

Manage
essential
processing

Foster
generative
processing

?|

Lernerfolg:
IVR < PPT

Affektive/motivationale Lernziele:
IVR > PPT

More effective:
IVR mit Lernstrategien > IVR ohne

Enjoyable:
IVR mit Lernstrategien = IVR ohne

e.g. Parong & Mayer, 2018, 2020; Makransky et al. 2019, 2020



Cognitive Theory of
Multimedia Learning

Meaningful IVR learning framework

Konsequenzen IVR

dual coding
theory

cognitive load
theory

generative
learning theory

l:l = inside VR
I:I = outside VR

instructional design
goals

reduce
extraneous
processing

manage essential
processing

foster generative
processing

key features

immersion

interaction

imagination

meaningful learning
with iVR technology

Learning first,
immersion second

Provide learning
relevant information

Segment complex task
in smaller units

Guide immersive
learning

Build on existing
knowledge

Provide constructive
learning activities

Mulders, Buchner, & Kerres, 2020




l1l. Lernszenarien

- Einsatz von AR/VR im Sinne einer gestaltungsorientierten Mediendidaktik (Kerres, 2018)

- Lerngelegenheiten mit lernbezogenen Handlungsmaoglichkeiten gestalten (e.g. Schwan & Buder, 2006)

Trainingswelten

Konstruktionswelten

Explorationswelten

Experimentalwelten

Prozedurales Wissen und psychomotorische Fahigkeiten

Gestalten und Erstellen in und von virtuellen Welten

Spielerisches und selbstgesteuertes Erkunden realitatsnaher Raume

Physikalische Gesetze aul3er Kraft setzen und eigene Annahmen prufen

Uberblick in Mulders & Buchner, 2020



AR Explorationswelt

EscapeFake — AR Escape Room Game

AR simuliert Mobel, Gegenstande, ganze Raume
Flow-Erleben
Positive Effekte auf affektive und kognitive Lernziele:
. Wissen
. Transfer
. Einstellung gegenuber Online-Information
. Selbstwirksamkeit hinsichtlich dem Erkennen von Fake News

https://escapefake.org
Open Educational Resource (OER) Paraschivoiu et al., 2021



https://escapefake.org/

IVR Trainingswelt

= VR-Lackierwerkstatt

- Reales Problem aus der Praxis (Bildungsanliegen)
- Design: 4C/ID (van Merrienboer & Kirschner, 2018)
— - Motivierend, besonders ein virtueller Trainer

Mulders, 2020; Sander, 2019; Zender et al., 2019


https://handlevr.de/
https://learninglab.uni-due.de/forschung/projekte/vr-lackierwerkstatt

V. Fazit — Herausforderungen, Perspektiven, ...

® «_..THE Learning Aid Of The 21st Century” (Rogers, 2019)
® AR/VR kein Treatment!

®  Medienvergleichsstudien dominieren (AR) (Garzon et al., 2019; Buchner et al., 2021)
¢ Usability dominiert (|VR) (e.g. Radianti et al., 2020)
® |VR Kernmerkmale fiir ,besseres” Lernen (Cummings & Bailenson, 2016)
®  Anderes Lernen, z.B.:
—  Embodiment (kriiger & Bodemer, 2020; Johnson-Glenberg et al., 2014)
— kooperative Lernformen (conley et al., 2020)
°

Zusammenarbeit:

— Arbeitsgruppe XR-Learning UDE: https://www.uni-due.de/e-learning/ag-xr-
learning.php

— Arbeitskreis VR/AR-Learning: http://uni-potsdam.de/vrarl/

— Learning Lab © https://learninglab.uni-due.de

34


https://www.uni-due.de/e-learning/ag-xr-learning.php
http://uni-potsdam.de/vrarl/
https://learninglab.uni-due.de/
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Potentiale AR

o . . :
Das Nicht-sichtbare sichtbar machen
(Sotiriou & Bogner, 2008)

¢ Magic Books > Lernerfolg
(Billinghurst et al., 2001; Grasset et al., 2008)

®  Motivation / Emotion
(Radu, 2014, Wu et al., 2013)

o )

Interaktion & Bewegung
(Metzger & Schulmeister, 2004; Chen et al., 2011)

¢ Exploratives Lernen
(Moser & Zumbach)

o . )

Design Based Learning
(Mathews, 2010; Buchner & WeiRenbock, 2019)

o e
Game-Based, Gamification,...

(Squire & Jan, 2007; Rosenbaum et al., 2007)

o

Psycho-motorische Aufgaben
(Kotranza et al., 2009)




Metaanalysen zu AR:

- »...medium effect on learning
gains...” (d = .68)

(Garzon & Acevedo, 2019)

« Ganz ahnliche Ergebnisse in anderen

Metaanalysen:
- Effektstarken zwischen .51 - .67
+ Wenige Studien, z.B. 12

+ Unterschiedliche methodische Zugange
wurden nicht berticksichtigt

Ll




Potentiale VR

¢ Forderung von Empathie
(Shin, 2018)

o L .

Abbau von rassistischen Vorurteilen
(Peck et al., 2013)

[ ) . . . .
Raumliches Verstehen & Abstraktionsniveau
verandern
(Bowman & McMahan, 2007)

Okologische Validitat, Psychologie,
Psychotherapie
(Parsons, 2015)

[ ) . . . .

Realistisches Eintauchen in andere Welten,
andere Korper, Situationen, ... (Slater & Sanchez-
Vives, 2016; Steptoe et al., 2013; Slater et al., 2006;

i Hande werden freil!l
(Lanier, 2018)

o

Konstruktivistisches Lernen
(Hellriegel & Cubela, 2018; Schwan & Buder, 2006)


http://emblematicgroup.com/experiences/project-syria/

Metaanalysen zu VR?

« Meist Desktop-basierte VR

-> Games besser als Simulationen!
(Merchant et al., 2014)

« Medizin

> Zu wenige Studien, keine Vergleiche
(Saposnik & Levin, 2011)

« Immersion
- ,,...to focus on tracking level, stereoscopic vision, and

field of view rather than higher quality visual and /’\j\\/\/\/\

auditory stimuli.” A -
(Cummings & Bailenson, 2016) s
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