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Zusammenfassung

Immersive Virtual Reality (IVR) eröffnet neue Möglichkeiten durch authentische Si-
mulationen und bietet praxisorientierte Lernerfahrungen, die insbesondere in der Lehr­
kräfteausbildung von hoher Relevanz sind. Im vorliegenden Beitrag skizzieren wir ein 
Lehrkonzept zur Förderung der Erklärfähigkeit und Reflexionskompetenzen von Stu­
dierenden der Wirtschaftspädagogik. Zentrales Element des Lehrkonzepts ist die im­
mersive VR-Lernumgebung Teach-R, die impulsgesteuerte Unterrichtsgespräche mit 
virtuellen Avataren ermöglicht. Videografierte Unterrichtssequenzen werden systema­
tisch ausgewertet und im Rahmen einer kollegialen Reflexion (Collaboration Circle) eva­
luiert. Eine quasiexperimentelle Studie vergleicht IVR-gestützte Simulationen mit her­
kömmlichen Rollenspielen hinsichtlich Immersion und Plausibilitätswahrnehmung. 
Die Ergebnisse zeigen signifikante Vorteile der immersiven IVR-Umgebung. Darüber 
hinaus konnten mittels qualitativer Analysen auf Basis von Experteninterviews zentrale 
Stärken, Herausforderungen und Entwicklungsperspektiven identifiziert werden. Der 
Beitrag liefert empirisch fundierte Empfehlungen für die Integration immersiver Lern­
umgebungen in die Lehrkräfteausbildung.

Abstract

This study examines how immersive virtual reality (IVR) can enhance students’ explana­
tory and reflective skills in economic and business teacher education. To address this 
aim, we developed a teaching concept centred on the immersive IVR classroom Teach-R, 
which facilitates stimulus-driven classroom discussions with virtual avatars. Recorded 
teaching sequences are systematically coded and analysed within a structured peer re­
flection format (“Collaboration Circle”). A quasi-experimental study compares IVR-sup­
ported simulations with conventional role-plays in terms of immersion and perceived 
plausibility, demonstrating significant advantages of the immersive approach. Com-
plementary qualitative and strengths, weaknesses, opportunities, and threats (SWOT) 
analyses based on expert interviews identify key strengths, challenges, and opportunities 
for further development. The findings provide empirically grounded recommendations 
for integrating immersive learning environments into teacher training.



1 Objectives and motivation

Classroom role-plays and teaching simulation scenarios have a long-standing tradition 
in teacher education and are widely used to simulate instructional situations, promote 
reflective practice, and support the development of pedagogical competencies. The use 
of simulations has proven particularly promising for improving the performance of 
student teachers (prospective teachers in vocational schools). They create authentic 
learning environments in which complex content can be better understood and deci­
sion-making and problem-solving skills are promoted (Chernikova et  al. 2020). Anchor­
ing learning in concrete situations further reinforces this effect (Kolodner 1992). This 
also applies to the field of business education, where such methods have been integra­
ted into university-based teacher preparation for many years. In the course Reflection on 
Business Learning Environments, conventional 1:1 microteaching had been employed for 
years as a central didactic element. Teaching simulations were conducted with video 
recordings, with one student acting as the teacher and another as a vocational student. 
In practice, however, this format offered only a limited approximation of the authentic­
ity of real classroom conditions. The degree of authenticity was restricted for many rea­
sons, for example, by the comparable content knowledge of both participants, which 
enabled the “students” to anticipate instructional content, thereby distorting genuine 
comprehension difficulties. In response to these observations, the course was rede­
signed to enhance the authenticity of the simulations. By systematically incorporating 
common student misconceptions, the revised format aimed to replicate realistic in­
structional challenges more effectively. This approach not only increases the practical 
relevance of the seminar but also facilitates the transfer of theoretical knowledge into 
instructional practice. Furthermore, current research on the use of immersive virtual 
reality (IVR) in educational contexts was examined. In this context, Conrad et  al. (2024) 
conducted a systematic review comparing the effectiveness of traditional instructional 
media with IVR-based environments and found that IVR yields learning outcomes that 
are at least equivalent to, and in many cases surpass, those achieved through conven­
tional formats. This review is grounded in the ICAP framework (Chi & Wylie 2014), 
which categorises learning activities according to the degree of cognitive engagement 
they foster – ranging from passive and active to constructive and interactive modes. 
The superior performance of IVR can be attributed to its capacity to elicit higher levels 
of engagement, particularly at the constructive and interactive levels, thereby promot­
ing deeper and more durable learning processes. Both traditional 1:1 role-plays and 
IVR-based simulations can be classified within the highest engagement category, inter­
active learning, according to the ICAP model. Thus, IVR applications may be consid­
ered at least as effective as conventional role-play scenarios and, under certain condi­
tions, potentially more effective. Further evidence from Huang et  al. (2023b), based on 
a systematic review of IVR use in teacher education, indicates that IVR environments 
are primarily employed to foster procedural teaching skills. Reported effect sizes (Co­
hen’s d) across the reviewed studies range from 0.31 to 0.51, reflecting medium to large 
effects in educational settings (Cohen 1992).
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Effective teaching hinges on the ability to convey new content accurately and in a 
way that supports student understanding. Explanation is widely recognised as a core 
instructional practice (Ball et  al. 2005). Teachers must not only introduce new concepts 
in a structured and comprehensible manner but also address common student mis­
conceptions in real time (Seifried et  al. 2022). However, empirical studies consistently 
show that many pre-service teachers struggle to construct well-organised and learner-
centred explanations (e. g., Findeisen 2017; Findeisen et  al. 2021; Findeisen & Seifried 
2023; Guler & Celik 2016). While explanation skills can be developed during teacher 
education, the extent of improvement is often limited and requires targeted instruc­
tional support (Findeisen et  al. 2021). Integrating immersive virtual reality (IVR) into 
teacher training offers additional opportunities for fostering these competencies. IVR 
allows for the simulation of complex, rare, or emotionally charged teaching scenarios 
within a safe and controlled environment – providing opportunities for experimenta­
tion without real-world consequences (Jensen & Konradsen 2018). Moreover, IVR tech­
nology supports repeated and consistent practice, which is critical for mastering com­
plex instructional tasks (Huang et  al. 2023a). Based on these considerations, the virtual 
classroom tool Teach-R (Huang et  al. 2021) was integrated into a master’s level course 
in Economic and Business Education at the University of Mannheim. As part of the 
teaching concept, the IVR environment was complemented by the Collaboration Cir­
cle, a structured peer reflection format described in detail in section 4.2. To address the 
challenge of the high acquisition costs for VR headsets (HTC-Vive), the devices used in 
this project were procured through external funding from the Stiftung Innovation in 
der Hochschullehre.

This intervention aimed to support the development of students’ explanatory com­
petence by creating realistic teaching situations under controlled conditions, standard­
ising key variables such as learning objectives, student behaviour, and classroom dis­
ruptions. To evaluate the potential of IVR-supported simulations in developing this 
core skill, we conducted a qualitative analysis of students’ recorded teaching episodes. 
Within the context of university-based teacher preparation, this project represents an 
innovative approach to linking theory and practice. By leveraging VR technologies, pro­
spective teachers can engage in focused, low-risk practice that promotes both pedagogi­
cal and didactic skill development.

This contribution investigates the quality of teacher explanations from a theoretical 
and empirical perspective. First, it reviews and contextualises existing research on the 
characteristics and dimensions of effective instructional explanations. Second, it pro­
vides a theoretical foundation for the role of reflection processes in teacher education. 
Building on these foundations, the immersive virtual classroom environment Teach-R is 
introduced and conceptually situated within the broader field of immersive virtual real­
ity (IVR) applications. Subsequently, our contribution outlines the research questions. 
Section four presents the design of the accompanying empirical study, describes the 
course structure, and details the underlying didactic concept. Section five reports both 
quantitative and qualitative findings. Student feedback and expert evaluations of the IVR 
simulation are systematically analysed using a SWOT framework. Finally, section six 
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discusses the methodological limitations of the study and outlines implications and per­
spectives for the further development of VR-supported teaching concepts in teacher edu­
cation.

2 Theoretical foundation

2.1 Quality of teaching explanations
The model of professional competence proposed by Baumert and Kunter (2013 based on 
Shulman 1986) identifies several interrelated domains that collectively constitute teach­
ers’ professional knowledge: content knowledge, pedagogical content knowledge, peda­
gogical/psychological knowledge, organisational knowledge, and counselling knowl­
edge. These cognitive domains are complemented by personal dispositions such as 
beliefs, values, goals, motivational orientations, and self-regulation skills, all of which 
together constitute professional competence.

The teaching approach presented in this contribution focuses on the development 
of professional knowledge, with particular emphasis on subject-specific instructional 
competencies. These include the ability to explain complex content clearly, to structure 
explanations coherently, and to adapt instructional discourse to the learners’ prior 
knowledge and needs (Baumert & Kunter 2013; Findeisen 2017; Findeisen et  al. 2021). 
The instructional concept specifically targets those dimensions of professional knowl­
edge that are critical for fostering explanatory competence.

For prospective teachers in business education, two elements are especially impor­
tant: knowing how to construct high-quality explanations and understanding learners’ 
preconceptions and likely misconceptions. To evaluate the quality of instructional ex­
planations, the model developed by Findeisen (2017) and further refined by Findeisen 
et al. (2021) is applied. This model, based on comprehensive literature analyses, defines 
five key dimensions essential to high-quality instructional explanations:

1. Subject matter content – logical structuring and clarification of complex concepts;
2. Learner-centredness – active engagement with learners and adaptive instructional 

dialogue;
3. Process structure – organisation of the explanation, activation of prior knowledge, 

and summarisation of key points;
4. Representation of content – use of illustrative examples and visualisations, includ­

ing comparisons and contrasts;
5. Linguistic adaptation – appropriate language level, clarity of expression, and sup­

portive use of body language.

Empirical findings by Findeisen et  al. (2021) demonstrate that selected aspects of ex­
planatory competence can be improved through targeted short-term interventions. No­
tably, significant gains were observed in process structuring, while learner-centredness 
showed improvement primarily through repeated practice.
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2.2 The importance of reflection in teacher training
Reflection on one’s teaching practice is a fundamental component of professional devel­
opment in teacher education. It involves the capacity to critically examine one’s instruc­
tional actions from multiple perspectives, to evaluate them with a degree of detachment, 
and to formulate alternative strategies for improvement. The central aim is the continu­
ous enhancement of teaching competence, as well as the reassessment and develop­
ment of one’s professional beliefs, values, and attitudes (von Aufschnaiter et  al. 2019). 
Reflective processes can occur at various stages of teaching (Schön 1987). Reflection-in-
action refers to the ability to reflect while teaching is taking place, enabling real-time 
adjustments. Reflection-on-action, in contrast, occurs retrospectively, after the instruc­
tional episode has concluded. Depending on the context, reflection may be conducted 
independently (self-reflection) or facilitated by others (external reflection). For example, 
when students receive structured feedback from experienced educators, this constitutes 
a form of guided external reflection (Kroath 2004).

2.3 Immersive learning environments
Compared to other virtual reality formats, IVR offers a greater degree of immersion and 
interactivity (Makransky & Petersen 2021). Immersion refers to the perceptual separation 
from the physical environment in favour of a virtual one and can be assessed through 
objective measures (Cummings & Bailenson 2016). In contrast, presence denotes the sub­
jective sense of “being there” in the virtual space, encompassing cognitive, emotional, 
sensorimotor, and spatial dimensions (Björk & Holopainen 2005). Interactivity, in turn, 
is considered a key driver of presence, as active engagement with the virtual environment 
intensifies this subjective experience. The Cognitive Affective Model of Immersive 
Learning (CAMIL) by Makransky and Petersen (2021) provides a theoretical framework 
for explaining how learning occurs in IVR environments. It posits that learning effective­
ness depends on the deliberate implementation of two key design features: presence and 
agency. While presence is supported by a high level of immersion, agency stems from the 
learner’s ability to control their actions within the environment. Together, these features 
influence six mediating factors: (1) interest, (2) intrinsic motivation, (3) self-efficacy, 
(4)  embodiment, (5) cognitive load, and (6) self-regulation. These factors ultimately affect 
the acquisition of factual, conceptual, procedural, and transferable knowledge.

The didactic concept presented in this study leverages an immersive learning envi­
ronment to enhance the quality of student teachers’ instructional explanations and pro­
vide targeted support. It is based on the systematic analysis of recorded teaching epi­
sodes within the IVR classroom Teach-R (Wiepke et  al. 2019). In this setting, student 
teachers develop microteaching units on economic topics – such as shifts in supply and 
demand and their effects on market equilibrium – which are subsequently evaluated 
using the quality criteria outlined above in section 2.1.
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2.4 Research questions
Based on the theoretical considerations outlined above, the following research ques­
tions (RQ) are derived:

• RQ1: To what extent does the use of an IVR classroom influence business educa­
tion students’ perceived sense of immersion compared to a traditional 1:1 role-
play scenario?

• RQ2: To what extent does the use of an IVR classroom influence students’ percep­
tion of implausibility compared to a traditional 1:1 role-play?

• RQ3: How do students perceive and evaluate the IVR classroom, and how does its 
use influence the development of their explanatory competence?

• RQ4a: How do expert practitioners evaluate the didactic and technical design of 
the IVR classroom in the context of teacher education?

• RQ4b: What recommendations do experts derive from their evaluation regarding 
the further development of VR-supported learning environments in teacher train­
ing?

3 Method

3.1 Study design
To investigate the effects of the IVR classroom on the development of professional com­
petencies, as well as the learning and perceptions of prospective teachers in vocational 
schools (business education students), a quasi-experimental, cross-sectional study de­
sign was employed. The sample consisted of two parallel groups drawn from the Mas­
ter’s-level seminar Reflection on Business Learning Environments within the Business Edu­
cation programme (N  =  46). The control group (n  =  17) participated in a traditional role-
play with video recording, while the experimental group (n  =  29) used the IVR system 
Teach-R. Based on clearly defined learning objectives, both groups designed and deliv­
ered a microteaching unit on the topic of demand shifts. The intervention was imple­
mented at two time points (t₀, t₁). In the experimental group, both sessions were con­
ducted using the IVR environment, in which avatars simulated common student 
comprehension difficulties. A coach observed participants in real time and adjusted ava­
tar behaviour accordingly. In contrast, the control group initially (t₀) engaged in a con­
ventional 1:1 micro-teaching scenario, with one student acting as the teacher and an­
other as the learner. After a five-week interval (t₁), the control group also conducted their 
lesson using the IVR classroom. Both groups addressed the same instructional content.

Following the first intervention session (t₀), participants’ experiences with the 
learning environments were assessed using standardised questionnaires. Immersion 
was measured using the Immersion Scale developed by Wirth et  al. (2008) (e. g., “I was 
so engrossed in the lesson that in some cases I wanted to talk directly to the virtual 
students”; α  =  .87). Perceived plausibility was assessed using the Disbelief Scale by Vor­
derer et  al. (2004) (e. g., “I focused on whether there were any inconsistencies in the VR 
classroom”; α  =  .80).

154
Bridging Theory and Practice: Developing Explanatory and

 
Reflective Skills through Immersive VR in Teacher Education



In
pu

t
Pr

ac
tic

e 
Ap

pl
ic

at
io

n 
I

Re
fle

ct
io

n 
an

d 
C

ol
la

bo
ra

tio
n 

C
irc

le
Ap

pl
ic

at
io

n 
II

St
ru

ct
ur

e 
of

 th
e 

C
ou

rs
e

Re
co

rd
in

g 
of

 th
e 

Te
ac

hi
ng

 E
xp

la
na

tio
n

(E
xp

er
im

en
ta

l G
ro

up
)

Re
co

rd
in

g 
of

 th
e 

Te
ac

hi
ng

 E
xp

la
na

tio
n 

(C
on

tr
ol

 G
ro

up
, 

ac
co

m
pa

ny
in

g 
se

m
in

ar
)

Ev
al

ua
tio

n 
of

 th
e 

IV
R 

Te
ac

hi
ng

 S
ce

na
rio

 
by

 E
xp

er
ts

Th
eo

re
tic

al
 

fo
un

da
tio

n

Fa
m

ili
ar

iz
at

io
n 

w
ith

 th
e 

IV
R-

Te
ac

h-
R 

en
vi

ro
nm

en
t 

(te
ac

he
r's

 
pe

rs
pe

ct
iv

e)

St
ud

en
ts

 c
on

du
ct

 
th

ei
r f

irs
t i

m
pu

ls
e-

dr
iv

en
 te

ac
hi

ng
 

co
nv

er
sa

tio
n

Fi
rs

t r
ec

or
di

ng
 in

 th
e 

IV
R 

Te
ac

h-
R 

ap
pl

ic
at

io
n

Pa
rt

ic
ip

an
ts

 a
na

ly
ze

 
th

ei
r o

w
n 

te
ac

hi
ng

 
ex

pl
an

at
io

ns
 u

si
ng

 
M

AX
Q

D
A 

so
ftw

ar
e 

ba
se

d 
on

 a
 s

et
 o

f 
co

di
ng

 g
ui

de
lin

es
. 

Th
ey

 th
en

 re
fle

ct
 o

n 
th

ei
r a

pp
ro

ac
h 

in
 a

 
co

lla
bo

ra
tio

n 
ci

rc
le

.

Se
co

nd
 re

co
rd

in
g 

of
 th

e 
te

ac
hi

ng
 e

xp
la

na
tio

n 
in

 
th

e 
IV

R 
Te

ac
h-

R 
ap

pl
ic

at
io

n

Vi
de

o 
re

co
rd

in
g 

of
 th

e 
1:

1 
ro

le
-p

la
y

Re
pe

at
ed

 v
id

eo
 

re
co

rd
in

g 
of

 th
e 

1:
1 

ro
le

-p
la

y

St
ud

en
ts

 c
on

du
ct

 
th

ei
r s

ec
on

d 
im

pu
ls

e-
dr

iv
en

 
te

ac
hi

ng
 

co
nv

er
sa

tio
n

Ex
pe

rt
s 

ar
e 

as
ke

d 
ab

ou
t t

he
 

au
th

en
tic

ity
 o

f t
he

 s
im

ul
at

io
n 

an
d 

gi
ve

 th
ei

r a
ss

es
sm

en
t

Fi
gu

re
 1

: 
C

ou
rs

e 
st

ru
ct

ur
e 

an
d 

re
se

ar
ch

 d
es

ig
n

Robert Mühldorfer, Christian W. Mayer, Julia Derkau, Corinna Braun, Jürgen Seifried 155



To gain deeper insights into the opportunities and limitations of the IVR classroom, 
semi-structured expert interviews (n  =  4) were conducted. The interviewees were expe­
rienced teachers with 18 to 28 years of professional experience, currently involved in 
teacher training or continuing education. The interviews were analysed using a SWOT 
framework (Wöhe et  al. 2023). A structured coding manual guided the identification 
and categorisation of: (1) strengths and practical implications, (2) weaknesses and de­
sign recommendations, (3) opportunities for future development of VR-based learning 
environments, and (4) risks and necessary implementation conditions.

3.2 Procedure of the course
The master’s seminar is structured around two central components: first, it introduces 
quality criteria for subject-specific instructional explanations, with a focus on impulse-
driven classroom discussions; second, it teaches systematic reflection techniques based 
on video analysis and peer feedback through a structured Collaboration Circle. The se­
minar follows five consecutive phases over the semester (see Figure 1).

The seminar begins with an introduction to the theoretical foundations and estab­
lished models of high-quality instructional explanations. Students also learn methods 
for reflecting on and analysing teaching simulations. This is followed by an orientation 
phase in which students become familiar with the immersive VR environment Teach-
R. To ensure the hygienic use of the headsets, each participant had the opportunity to 
receive a disposable facial interface cover. The headset was cleaned with disinfectant 
after each use. The system is introduced within the framework of the CAMIL model 
(Makransky & Petersen 2021), and early familiarisation is provided to reduce cognitive 
load during subsequent simulations. In the third phase, students conduct their first 
micro-teaching session in IVR, with lessons recorded from the teacher’s perspective. In 
the following reflection phase, participants analyse their explanations using MAXQDA 
2024 (VERBI Software 2023) and an evaluation rubric based on Findeisen (2017). The 
video-based reflections provide differentiated feedback and form the basis for targeted 
improvements. A second IVR simulation then allows students to apply their insights, 
refine their instructional strategies, and reflect on the progress made.

Building on these individual reflection cycles, the seminar transitions to its collab­
orative component: the Collaboration Circle. This structured peer reflection format is 
designed to foster the development of teaching skills through iterative and cooperative 
engagement with authentic classroom scenarios. In small groups, students analyse 
classroom management challenges, jointly develop teaching strategies, and critically 
reflect on their teaching behaviour. The process follows the principles of peer counsel­
ling (Franz & Kopp 2003; Tietze 2010) and draws on authentic teaching cases from stu­
dents’ prior practical experience, which are translated into scenarios and tested in the 
immersive VR environment.

The Collaboration Circle was implemented as a four-part workshop series. Each of 
the four 90-minute sessions focused on a specific phase: (1) Introduction to the peer 
counselling method and initial exercises, (2) Peer coaching/peer counselling based on 
authentic teaching experiences, (3) Translation of cases into didactic scenarios for im­
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plementation in the VR classroom, and (4) Refinement of these scenarios through peer 
review and joint editing.

This iterative cycle of analysis, feedback, and revision directly informed the im­
provement of students’ instructional designs. Beyond the academic content, the Collab­
oration Circle aims to support both professionalisation and personal development. 
Structured peer collaboration is intended to enhance cognitive engagement, perform­
ance outcomes, and socio-emotional growth (Johnson & Johnson 2018). The reciprocal 
nature of the process promotes trust and mutual appreciation through dialogical feed­
back and joint reflection (Ragins 2011). Theoretical and empirical studies underline 
that personal development is driven not by isolated knowledge construction but by its 
co-construction through social interaction and collaborative activity (Reusser & Pauli 
2015). In vocational education contexts, guided peer interaction in learning circles such 
as the Collaboration Circle has been shown to promote critical thinking and intersub­
jective understanding (Grealish et  al. 2019).

A key success factor for collaborative learning is the structured organisation of 
interaction (Reusser & Pauli 2015). The Collaboration Circle combines a clear frame­
work with flexibility to strengthen competencies in instructional design, self-reflection, 
communication, and collaboration. Digital tools, such as an online whiteboard, support 
transparent documentation and facilitate group work.

Informal feedback collected during and after the sessions suggests that students 
valued the Collaboration Circle as an academically enriching part of the seminar. Partici­
pants particularly emphasised the benefits of structured peer interaction, the motiva­
tional aspects of collaborative design, and an increased sense of professional self-efficacy. 
At the same time, some indicated areas for procedural improvement, such as scheduling 
and technical support for digital collaboration tools. The sessions – held as double les­
sons in addition to the main seminar – were described as cognitively demanding and 
draining. While the extended format was considered pedagogically valuable, it also posed 
challenges for concentration and workload management.

Work assignment: The teaching task was situated within the subject of general 
economics at a commercial vocational school, specifically targeting the training occupa­
tion of “retail salesperson”. The following learning objectives were defined for the in­
structional scenario:

1. Learners can explain how consumer behaviour influences pricing.
2. Learners can represent shifts in the demand curve within a price–quantity dia­

gram.
3. Learners can interpret changes in market equilibrium based on the diagram.

Participants were instructed to base their micro-teaching on the instructional materials 
provided. These included a schematic diagram of supply and demand as well as a car­
toon illustration designed to serve as an impulse for initiating a classroom discussion.
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The explanation task was to be completed within a time frame of approximately 
five to ten minutes. Participants were asked to structure their preparation with this 
time constraint in mind and to explicitly integrate the board illustration and cartoon 
into their instructional explanation.

3.3 Didactic concept and VR-simulation procedure
The simulation-based teaching component consists of multiple individual sessions in 
which participants actively assume the role of the teacher. Each simulation lasts ap­
proximately five to ten minutes and is supported by an instructional coach. The simula­
tions take place in a virtual classroom environment populated by 30 avatar students. 
Avatar behaviours – such as raising hands, taking notes, or displaying restlessness – 
can be selectively triggered through a central control interface. The coach operates two 
screens simultaneously: one displays the live perspective of the teacher, while the other 
is used to control the avatars’ behaviour. Student responses are delivered through pre-
recorded audio clips in both male and female voices. The simulation incorporates three 
parallel decision paths, allowing differentiated responses to the teacher’s explanations 
at various levels of complexity. This branching design enables the simulation to adapt 
dynamically to the participants’ performance. Based on the observed quality of the in­
structional explanations, the coach selects appropriate response patterns and steers the 
subsequent flow of the teaching scenario. This setup creates a realistic, interactive, and 
responsive learning environment in which participants can engage with complex class­
room situations in a practical and low-risk setting.

Figure 2: Perspective of student teachers in Teach-R
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4 Results

The results are presented below in line with the questions formulated in the “Research 
questions” section.

4.1 Immersion experience and plausibility as quality characteristics of virtual 
learning environments (RQ1 and RQ2)

Addressing RQ1 and RQ2, the evaluation revealed significant differences between the 
control and experimental groups regarding perceived immersion and plausibility. Stu­
dents in the control group reported substantially lower immersion scores (M  =  3.39, 
SD  =  1.00) than those in the IVR group (M  =  4.22, SD  =  0.98), with the difference reach­
ing statistical significance, t(44)  =  −2.72, p  =  .01.

Consistent with our expectations, participants in the control group also reported 
significantly higher perceptions of implausibility (M  =  3.76, SD  =  0.86) than their IVR 
counterparts (M  =  3.12, SD  =  0.76), t(44)  =  2.51, p  =  .02. These findings suggest that IVR-
supported learning environments are perceived as more immersive and authentic than 
traditional 1:1 role-plays. In literature, increased perceived plausibility is associated with 
stronger immersion and more effective learning, indicating a potential pedagogical ad­
vantage of VR technologies in teacher education.

4.2 Participants’ subjective assessment of the IVR environment (RQ3)
In addition to quantitative data, qualitative feedback was collected to capture participants’ 
subjective experiences with the IVR environment. The responses paint a nuanced pic­
ture. While many students highlighted the immersive quality and practical value of the 
IVR simulation, others noted limitations concerning realism and interactivity. For in­
stance, some students emphasised the positive effect of the IVR experience on their 
learning motivation and preparation:

“I found it a great experience. You were fully immersed in the classroom. I think this is a 
good exercise to prepare for the lessons.”

Other comments pointed to the need for further personalisation of learning content:

“In general, I think the VR simulation is a good way to teach, but I would like the lesson to 
be more individualised.”

Criticism focused on the challenges of interpreting nonverbal behaviour and on the 
limitations of pre-scripted avatar responses:

“Gestures and facial expressions were difficult to assess, i. e., whether the virtual pupils 
had understood or not.”

”Very interesting experience. Unfortunately, some of the answers were inappropriate/
unrealistic.”
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Some participants suggested integrating artificial intelligence to increase the natural­
ness and responsiveness of avatar dialogue:

“If AI were behind the answers, the answers would be more precise. Sometimes, the an­
swers didn’t quite match my questions.”

In summary, the feedback confirms the perceived innovative potential and instruc­
tional value of the IVR setting, while also identifying opportunities to improve authen­
ticity and interactivity.

4.3 Qualitative observations on competence development in Teach-R (RQ3)
The qualitative analysis of recorded teaching sequences provides additional insight into 
the development of explanatory competence. Students demonstrated measurable pro­
gress, particularly in their ability to contextualise economic content using everyday ex­
amples. In one example, the teacher focuses on shifting supply and demand curves 
without fully anchoring the content in everyday life:

Teacher (T): “… if demand increases, the supply curve shifts to the right. Can anyone tell 
me what happens to the market equilibrium in this case? Where does the intersection 
move to?”

Virtual Student (VS): “Huh, I don’t see any change in price here.”

[…]

VS: “The man is still filling up at the same price.”

T: “Mhm, exactly. Logically, in our example, the price hasn’t changed. But if, as the other 
two have correctly pointed out, the demand curve shifts to the right, then the intersection 
point in our diagram also changes.”

(Participant C9405RS. 0; 00:03:00–00:04:03)

In contrast, this teachers second sequence takes a significantly broader approach to 
explanation. The teacher picks up on the cartoon example of gasoline prices introduced 
at the beginning and uses it throughout to illustrate the shift in demand. The explana­
tion is closely linked to the learners’ everyday lives and helps them connect it to the 
economic model:

Teacher (T): “... Now, earlier on, there were many correct questions about this, and you all 
have experience with it: at the beginning of the holidays, gasoline prices are usually higher. 
So many people need gasoline at that time, and that’s why gas stations allow themselves to 
raise their prices. Can you tell me what would happen if we transferred that to our price-
quantity diagram [points to the board]? What would happen to our demand curve if many 
people demanded gasoline?”

[…]
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VS: “It’s obvious that as a gas station, I would also adjust my prices if I noticed that people 
were filling up a lot.”

T: “Exactly, right, gas stations will react. And in which direction will they [the demand 
curve] likely adjust?”

(Participant C9405RS. 1; 00:02:24–00:05:50)

This second excerpt exemplifies the dimension of content representation as defined by 
Findeisen et  al. (2021). Unlike the initial example, which presents the economic model in 
isolation, the improved explanation embeds the model in a familiar context – enhancing 
its relevance and accessibility.

4.4 Evaluation of the IVR scenario by experts (RQ4a and RQ4b)

Strengths and their implications for use
Experts evaluated the IVR scenario as largely authentic and pedagogically sound. In par­
ticular, the use of a cartoon as an introductory impulse was seen as realistic and practice-
oriented:

Expert 1 (E1): “… starting with a cartoon is quite common in practice, if it fits. Especially 
with this topic, I can imagine using it in my teaching …“

The scenario was also commended for its structural and didactic coherence:

E2: “… well, at least it corresponds pretty closely to what we do here in our teacher training. 
[…] But in itself, that was exactly what you did there. And I also found the sequence authen­
tic …“

A key advantage noted was the ability to record teaching sequences without data privacy 
concerns.

Identified weaknesses and design recommendations
Experts offered critical feedback on the transition between the task briefing and the 
simulation phase, noting a lack of clarity regarding students’ assumed prior knowledge 
and the level of the simulated learner group:

Expert 1 (E1): “… the contributions were fine; I just wasn’t sure whether such qualified 
answers would come from a retail class.”

Technical aspects were also noted. The focus here was primarily on the delayed reac­
tions of the avatars:

E2: “There was always a delay between calling on a student and their response.”

Furthermore, the discussion process was considered to be inflexible due to predeter­
mined decision-making structures.
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Opportunities for the further development of VR-based learning concepts
Experts identified a range of potential applications for VR-based simulations beyond 
classroom management. One particularly promising area was the design of didactic 
transitions between teaching phases. One expert commented:

E1: “I can also imagine this [the IVR application] during the individual teaching phases. […] 
For example, handing over tasks would be one such example.”

This highlights the potential of VR environments as a training ground for the profes­
sional design of didactic phase transitions.

Language development and formative assessment strategies were also highligh­
ted. For instance, exercises focused on formulating comprehension-check questions 
and fostering language awareness were viewed as promising:

Interviewer (I): “If I understand correctly, language sensitivity, right? So …“

E1: “Exactly, something like that.”

[…]

I: “How do I formulate questions to check understanding?”

E1: “Yes, I can imagine that.”

Finally, experts saw potential in using VR for collegial case consultations, allowing pro­
spective teachers to analyse, test, and reflect on complex teaching situations in a risk-
free environment.

Risks and necessary framework conditions
Despite its promise, the experts emphasised that IVR simplifies the complexity of real-
life classroom interactions and may reinforce stereotypical student representations. 
Therefore, they recommended using IVR as a supplementary tool rather than as a pri­
mary instructional medium:

E1: “If you go into technology now and everything only works with VR, okay. Then you 
have to ask yourself whether you’re losing touch with reality.”

Additional barriers identified included the high cost and technological demands associ­
ated with implementation:

E3: “…they’re still far too expensive. […] If I were to sit the whole class down with thirty 
pairs of VR glasses…”

These concerns underscore the importance of carefully balancing pedagogical, technical, 
and policy considerations when integrating IVR environments into teacher education.
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5 Discussion

This study investigated the implementation of the IVR classroom Teach-R in teacher 
education, with a focus on perceived immersion, plausibility, and the development of 
explanatory skills among prospective teachers. The results indicate that IVR-based sim­
ulations outperform traditional role-plays, particularly in terms of authenticity and cog­
nitive engagement. Higher immersion scores and lower implausibility ratings among 
IVR participants support key assumptions of the Cognitive Affective Model of Immer­
sive Learning (CAMIL; Makransky & Petersen 2021), emphasising the significance of 
presence and agency in facilitating meaningful learning experiences. Qualitative analy­
ses of recorded teaching sessions further indicate that IVR-supported instruction con­
tributes to improved structuring of economic content and enhanced contextualization 
through everyday examples. These developments suggest deeper didactic reflection and 
a more sophisticated understanding of instructional coherence. The integration of IVR 
simulations with structured peer reflection, as implemented through the Collaboration 
Circle, appears to be a particularly promising approach for promoting competence de­
velopment in teacher education. In addition to methodological limitations, practical re­
strictions also arose during the implementation of the IVR simulations. To minimise 
motion sickness, students completed a short practice phase to orient themselves in the 
virtual space. Movements were limited to realistic actions; only voluntary “teleportation” 
within the classroom was possible to compensate for the smaller physical reception area. 
Since its introduction in the winter semester of 2022, only two cases of motion sickness 
have occurred. Nevertheless, several limitations must be acknowledged. The use of fixed 
decision paths in the simulation limits the flexibility and spontaneity of classroom inter­
actions. Additionally, reflective elements could be more systematically embedded within 
the overall learning design. From a methodological perspective, limitations include the 
non-random assignment of participants to experimental conditions and the reliance on 
self-report data for measuring key constructs. Despite these constraints, the study un­
derscores the considerable potential of IVR environments for teacher training – not only 
at the university level but also within later stages of professional development. Ongoing 
efforts are currently exploring how VR-based teaching scenarios such as Teach-R can be 
scaled and integrated more broadly into teacher education programmes.
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