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Abstract: The evolving potential of virtual reality and the Metaverse to create immersive,
engaging learning experiences and of digital escape room games to provide opportuni-
ties for active, autonomous, personalised learning has brought both to the forefront for
educators seeking to transform traditional educational settings. This study investigated
the impact of collaboration within a virtual reality serious escape room game in the Meta-
verse that was designed for English as a Foreign Language (EFL) learners to explore how
this approach influences their academic performance and overall learning experience. A
comparative research approach was adopted using twenty (n = 20) adult learners divided
into two equal-sized groups; the experimental group completed the virtual reality escape
room in pairs, while the control group completed it individually. Mixed methods were
employed, utilising a pre- and post-test to measure academic performance, as well as a
questionnaire and two focus groups to evaluate participants’ learning experiences. Results
indicated a trend of learners working collaboratively showing better learning outcomes
and experience, offering valuable insights regarding the integration of serious Metaverse
games in language-focused educational contexts.

Keywords: virtual reality; metaverse; escape rooms; serious games; English as a foreign language
(EFL); vocabulary learning; collaboration; adult learners; online learning; distance education

1. Introduction
For decades, traditional education has adhered to a teacher-centred framework char-

acterised by conventional classrooms, treating learners as passive recipients and focusing
on standardised testing. However, as learners’ needs continuously evolve, educators are
reassessing teaching practices to boost their motivation, engagement and participation
while ensuring that the intended learning goals are achieved. This shift has led to the emer-
gence of advanced interactive tools and innovative teaching approaches in the educational
processes, such as the incorporation of technological and game-like elements, to create
more dynamic and inclusive learning environments.

For instance, immersive technologies like virtual reality (VR) and augmented real-
ity (AR) have gained considerable attention by educators for offering highly interactive,
engaging environments that deepen understanding and improve academic achievement
by motivating learners to actively participate in the learning process [1–3]. Especially,
learning approaches based on VR can have a number of positive effects, including foster-
ing learners’ engagement and motivation and broadening learning opportunities beyond
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face-to-face instruction [4]. VR can also improve learning quality, having a significantly
positive impact on students’ learning outcomes [5–7], and potentially foster collaborative
learning experiences by enabling shared simulated spaces that support remote collabo-
ration, enhance communication and facilitate the co-construction of knowledge among
learners [8]. VR typically refers to a computer-generated environment that replicates the
real world, providing a sense of immersion by creating the illusion of physical presence [9].
Based on the user’s level of immersion, three different types of VR can be identified: fully
immersive, semi-immersive and non-immersive [10]. In educational settings, the choice
largely depends on the needs, competencies and availability of resources within the given
educational context. For instance, in non-immersive VR, users interact with the virtual
environment via a computer, controlling a character’s actions through input devices like a
keyboard or mouse [10]. The social 3D virtual environment in which users’ avatars interact
and collaborate is the so-called Metaverse [11]. The Metaverse is an evolving network of
interoperable virtual worlds and multiuser social VR and AR spaces that is mature for
flexible, online, distance, embodied communication and cooperation [12].

The incorporation of game-like approaches in the educational process is also becoming
more and more popular. Escape room (ER) games, in particular, have sparked the interest
of educators who aim to create active and engaging learning environments. Escape rooms
have been defined as “live-action team-based games where players discover clues, solve
puzzles, and accomplish tasks in one or more rooms in order to accomplish a specific
goal (usually escaping from the room) in a limited amount of time” [13] (p. 1). When
games are designed with objectives other than pure entertainment, they are characterised
as serious; thus, in education, serious escape room games are those that combine learning
with gameplay [14]. In this context, they also have the potential to foster meaningful
communication and collaboration [15]. Nonetheless, in the educational context, there are
also cases of learners playing ERs individually [16]. Higher education is the most prominent
level of escape room application, while ERs seem to be particularly popular in the medical
field, followed by STEM and, in general, natural sciences [16–19]. A lot of the available
literature focuses on their positive effects on learners’ motivation and engagement, as
well as on improved learning outcomes; however, the wide majority relies on students’
perceptions of learning gains rather than actual test data [16,17,19].

Although both virtual reality and escape rooms are established as effective teaching
and learning tools in various educational fields, there is still a lack of evidence in more
theoretical fields. More specifically, foreign language learning has been one of the most
under-researched fields, both in the application of VR solutions [20,21] and in the integra-
tion of ERs [18]. However, the significance of foreign language learning, and particularly
English as a Foreign Language (EFL) learning, is undeniable in today’s interconnected
world. EFL refers to “English language programs in non-English-speaking countries where
English is not used as the lingua franca” [22] (p. 85). EFL teaching and learning can be
quite complex and challenging, as EFL learners usually practise the language in a more
controlled, non-authentic environment, necessitating the creation of simulated real-life
scenarios in the classroom.

Combining virtual reality and escape rooms in education, particularly in EFL contexts,
can potentially create highly immersive and engaging learning environments, adding a
layer of interactivity that traditional educational methods often lack. However, research on
the pedagogical value and optimal use of virtual reality escape rooms (VRERs) remains
limited, underscoring the need to explore how these approaches can enhance both the
emotional and educational outcomes of EFL learners.
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1.1. VR Escape Rooms in Education and in EFL Contexts

Despite VR educational escape rooms being a relatively new field, a review con-
cluded that VR is among the variety of tools used in serious educational ER contexts,
emphasising its ability to enhance social interaction and collaboration and to make learn-
ing more effective [23]. The increasing application of VRERs is evident in a wide range
of disciplines, including computer science [24–28], biology [29,30], chemistry [31], envi-
ronmental engineering [32], history, arts and informatics [33] and even building energy
simulation [34], as well as in the context of testing learners’ problem-solving, critical
thinking and observation skills [35]. With regard to academic performance and learning
outcomes, learners, as well as educators, seem to consider VR escape rooms useful for
learning [25,31], with several studies concluding that learners’ perceptions of their learning,
understanding and overall performance improved [27,28,30,32]. Learners’ actual academic
performance also seems to be positively affected, with a number of studies reporting on
improved learning outcomes [26,29,30,32]. In terms of participants’ overall user experience,
educational VRERs can increase learners’ motivation [27–30,32,33] engagement [24,31,34],
enjoyment [24,25,27–30,32,34], interest [27,28], satisfaction [29,32] and immersion [26,34].
Learners can become more invested in the learning process due to the entertainment factor
of such environments [31], which also helps maintain their attention to the task at hand
and increase their curiosity [34].

In EFL, research is still relatively scarce. A few examples can be found on digital escape
rooms in purely EFL contexts utilising either desktop-based digital platforms [36–39] or
augmented reality [40]. Different areas of focus are observed, including vocabulary [36,40],
grammar [39], integrating language learning with history [38], introducing young adult
literature [37] and enhancing receptive and productive skills [40]. Apart from a paper
that only outlines assessment methods without implementing them [36], the rest focus on
practical applications. Results indicate that both students’ [37,38] and teachers’ [37,40] per-
ceptions of the effectiveness of such environments for learning are quite positive. Nonethe-
less, only one study talks about students’ actual learning outcomes, observing significant
improvement in scores from pre- to post-test [39]. Additionally, learners report higher
levels of motivation and engagement in this setting [37–39], with teachers also viewing
these experiences as capable of positively influencing such affective factors [37,40].

In virtual reality EFL contexts, one example described the development of a 360-degree
interactive virtual tour of a university in Mexico during the COVID-19 pandemic, which
was later transformed into an escape room to support English language learners [41]. The
primary goal was to improve learners’ English proficiency. However, the study lacks
empirical data on the actual impact of this environment on language-learning outcomes, as
no formal testing or assessment was conducted.

A more thoroughly evaluated example of a VRER in English language education
is SpEakWise VR [42]. This international telecollaborative seminar combined tandem
language learning with gamification elements and social VR in an immersive environment.
Tandem language learning is “language-based communication between language learners
who are native speakers of different languages, acquiring each other’s language as L2” [43]
(p. 178). In this case, English and German were the target languages, and participants
were tasked with solving multilingual collaborative puzzles structured in a way that
resembled an escape room. The study found that the VRER had a positive impact on
learners’ motivation and engagement, with participants perceiving this dynamic, social
virtual environment as a medium that can enhance their language-learning experience.
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1.2. Player Dynamics in Educational VRERs: Collaboration and Individual Play

The average size of teams in escape room games is 4.58 people [13]. When it comes
to ERs and digital ERs in the educational context, the typical setup includes three to
six players [19,23], with five being the most common number [16]. However, there are
also instances, though less frequent, of learners working in pairs or participating in single-
player escape rooms [16,19,23]. Overall, smaller groups seem to be more effective, as it was
observed that teams consisting of more than six participants required more time to play the
game and did not actually manage to finish on time [19,23], concluding that the ideal team
size of an ER is up to four or five participants [23].

Virtual reality and Metaverse platforms also have the potential to be used both in-
dividually and collaboratively in education. In the context of collaborative learning, VR
can be an effective way of engaging and motivating learners, as well as supporting remote
learning and collaboration [8]. When it comes to VRERs, these are usually designed for
single-player experiences [44]. There are, however, examples of multiplayer VR escape
rooms. For instance, Ioannou et al. [44] developed a fully immersive VR escape room to ex-
plore alternative ways of communication within this environment, indicating that players’
engagement and satisfaction increased. Another research study talked about the impact of
VR on social processes, examining how it can influence the way people collaborate within
an immersive educational virtual reality environment [45]. Results showed that VR can
have both a positive and a negative impact on how players communicate and collaborate
with each other and that this depends on their level of experience.

The decision regarding whether learners will work independently or in groups, and
the size of those groups if working collaboratively, largely depends on pedagogical and
technical factors. From a pedagogical point of view, pairs or small groups might be preferred
as a way of better simulating personal social interactions [8] or to ensure that all learners
are active, involved and immersed in the experience and there are no communication or
organisation problems hindering collaboration [19,23]. Conversely, individual experiences
can offer an opportunity for more personalised or even self-paced learning. Classroom
size, time, facilities [16] and equipment availability [8] can also have a significant impact
on player dynamics in a classroom setting.

1.3. Contribution of the Study

Taking all of the above into consideration, it is clear that there are very few studies
relating to the implementation of VR or even digital escape rooms in the EFL context, with
the majority relying either on students’ and teachers’ perceptions to report on their effects,
or not having undergone empirical testing. Additionally, while both collaborative and
non-collaborative VRERs can promote engagement and learning in the educational context,
there are no studies that compare the benefits of one approach over the other. In fact, given
that the majority of VR escape rooms are usually designed for individual players [44] and
taking into account the positive effects of collaboration in education [46], it is interesting to
examine whether it can also affect outcomes in a VRER environment.

Therefore, this study aims to investigate the role of collaboration within a VR escape
room environment in the Metaverse that was specifically designed for adult EFL learners.
The focus was placed on vocabulary, as VR environments can positively affect vocabulary
learning and retention in the EFL context [47], while escape rooms in EFL settings foster
contextualised learning [48]. The intervention was implemented in a non-formal educa-
tional context. Non-formal education refers to any planned educational activity that is not
part of a formal educational setting and aims to improve users’ skills by addressing their
needs [49]. Moreover, it was tested online since immersive technologies are commonly used
in distance foreign language- education and can enhance learning achievement, attention,
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motivation, engagement and satisfaction, as well as support experiential and collaborative
learning [3].

The goal of the current paper is to examine possible effects on learners’ academic
performance and learning experience when manipulating a variable, i.e., collaboration. In
this regard, the following research questions (RQs) were formed:

RQ1: What is the effect of the incorporation of collaboration in a Metaverse VR escape
room on EFL learners’ academic performance compared to when they play individually?

RQ2: How does collaboration in a Metaverse VRER influence EFL learners’ perceived
learning effectiveness?

RQ3: What is the role of collaboration in a Metaverse VRER on EFL learners’ perceived
cognitive benefits?

RQ4: To what extent does a collaborative VRER in the Metaverse affect EFL learners’
active engagement and control over the learning process?

RQ5: What is the effect of collaboration in a Metaverse VRER on EFL learners’ motiva-
tion and satisfaction compared to when they play individually?

2. Materials and Methods
2.1. Materials

To answer the research questions, a desktop-based VR educational escape room was
designed, following the stages of the Room2Educ8 framework [50]. The game was devel-
oped in Frame VR, a user-friendly, no-code Metaverse platform. It had a mystery theme,
and learners had to find and save a kidnapped film star within 75′, with the teacher playing
the role of the kidnapper/game master. The escape room was divided into two main
Frames in order to be able to accommodate a larger number of elements without perfor-
mance problems being caused. Before entering the ER, a briefing session was conducted
virtually in a separate Frame. Another Frame was also added after the final room, leading
to the outside, where the debriefing took place. Snapshots of the environment are presented
in Figure 1.
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From a pedagogical perspective, the VRER was targeted towards adult EFL learners of
a B1+ to B2 level according to CEFR. The primary goal was to foster vocabulary acquisition,
as vocabulary is foundational in language learning, directly impacting learners’ ability
to comprehend and produce the target language. More specifically, after consulting with
some of the participants, film-related vocabulary was selected, with the ER being proposed
as a standalone activity at the beginning of a unit on “Entertainment and the Arts” after
learners have been exposed to the topic to help introduce and practise the relevant thematic
vocabulary. To complete the ER, they also needed to have some basic comprehension and
communication skills in the target language that correspond to their level.
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The intervention was based on the 5Es model [51], which is widely adopted by
EFL teachers for its potential to promote learner-centred environments and facilitate the
educational process [52]. The 5Es represent the five different stages of the learning process,
namely Engage, Explore, Explain, Elaborate and Evaluate. In the ‘Engage’ stage, learners
are welcomed to the ER via a video by the game master, and a matching activity helps elicit
and build on prior knowledge of film-related vocabulary. In the next two activities, they
‘Explore’ new vocabulary concepts based on contextual clues. Following that, they ‘Explain’
their understanding of the new vocabulary by putting into practice the newly acquired
knowledge to solve an activity that uses the words in real context. Next, they further
‘Elaborate’ on that by using the new vocabulary themselves to talk with the game master
and get an important clue. Finally, an interactive quiz allows learners to ‘Evaluate’ their
own learning while providing teachers with an opportunity to assess learners’ progress.
Learners also had the chance to practise reading, listening, speaking, critical thinking, and
problem-solving skills by engaging in the various activities. Critical thinking and problem-
solving are two of the core 21st-century skills that can be developed in VR environments [53].
In the escape room context, where learners are tasked with synthesising information to
solve puzzles and riddles, the development of these skills is facilitated [54].

2.2. Methods

Participants were recruited based on their expressed interest in the study. A prerequi-
site was that they had to be 18 years or older. Since the sample was not homogenous, in
the sense that they were not all part of the same class or with the same background, it was
essential to define their level using a language assessment test. To do that, the Cambridge
General English Language Assessment Test [55] was chosen after taking into account spe-
cific criteria regarding accessibility, conciseness and quality. Twelve participants completed
the test prior to the creation of the ER, achieving scores placing them at a B1 to B2 level.
These scores determined the level for which the educational intervention was designed,
with the rest of the learners being required to achieve scores within this range. Out of
26 individuals who initially expressed interest, 20 met the required proficiency level and
were finally selected.

The study incorporated comparative explanatory research [56] to explore and explain
how two different learning approaches—collaborative and non-collaborative—impact vari-
ables like academic performance and learning experience within a distance VRER environment.
The purpose of the study is to examine the differences between the two conditions and answer
the question of whether working collaboratively in a VRER has more, less or equal impact on
learning outcomes and experience compared to working in the same escape room individually.
The 20 participants were randomly assigned to two equal-sized groups: individual players
(control group) or players in pairs (experimental group), ensuring that individuals paired
together were already acquainted, as is the case in typical classroom settings. The small
number of participants dictated the decision to have pairs instead of larger groups in the
experimental condition. Synchronous remote collaboration is the most common form of
interaction in multiplayer VR games [57]. In this study, participants in pairs worked either
remotely or by sharing the same space and device.

A mixed-method research design was used, integrating both quantitative and qualita-
tive data, to increase the accuracy and quality of the research findings [58]. Quantitative
data included a pre- and post-test and a questionnaire, while qualitative data were gathered
through focus groups. More specifically, data on learners’ academic performance before the
intervention were collected using a pre-test consisting of 14 multiple-choice questions. The
content was determined after consulting a variety of EFL textbooks of the relevant levels. It
was also evaluated and validated by three in-service EFL teachers with extensive teaching
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experience and diverse expertise across various educational fields, including specialisation
in adult education. The final items were approved by all three of them, with comments
indicating that the content is well-suited for testing learners’ vocabulary knowledge. The
same set of questions, but in different order, was also used as a post-test to facilitate the
comparison of learners’ performance (Appendix A, Table A1).

To evaluate the overall learning experience, particularly the aspects related to learners’
perceived learning effectiveness and cognitive benefits, motivation, satisfaction, engage-
ment and control over the learning process, learners completed a 24-item questionnaire
adapted from [59]. The particular questionnaire constitutes an adaptation from previous
validated instruments and was used in this study to test how desktop virtual reality can
influence learning outcomes [59]. The questionnaire was adapted by removing some parts
which were not relevant to the current study’s aims. Participants provided their responses
on a five-point Likert scale, as follows: 1: ‘Strongly disagree’, 2: ‘Disagree’, 3: ‘Neutral’,
4: ‘Agree’, 5: ‘Strongly Agree’. Before the questionnaire items, learners were also asked to
fill out some demographic data (Appendix A, Table A2).

In addition to the questionnaire, learners also participated in online focus groups in
order to have a chance to further elaborate on the learning experience. They were split
into two focus groups of 10 based on whether they had completed the ER alone or in
a pair so as to facilitate conversation among participants with similar experiences. The
questions that guided the discussion among the focus groups were developed based on
the principles outlined by Krueger [60] (Appendix A, Table A3), who is recognised for his
work in focus group interviewing. They aimed to promote conversation in order to create a
social experience and allow participants to feel more comfortable in sharing their thoughts.

Quantitative data were analysed using descriptive statistics in SPSS. Non-parametric
tests were utilised due to the small sample size, the use of ordinal Likert scale data from
questionnaires and the potential for non-normal distribution in order to provide a more reli-
able approach by not assuming data normality. More specifically, the Wilcoxon signed-rank
test was used to determine the improvement in pre- and post-test scores within each group,
and the Mann–Whitney U-test was used to compare pre- and post-test results between the
two groups, as well as to compare questionnaire responses on learning experience across
groups. The data from the focus groups were transcribed and organised based on the key
themes of the research. The qualitative findings were reviewed alongside the quantita-
tive data to provide a clearer understanding of how participants in the collaborative and
individual conditions perceived the learning experience.

Informed consent was obtained from all participants prior to their voluntary involve-
ment in the study. They were orally informed about the study as well as of their right to
withdraw at any point. More specifically, they were told that they would be participating
online in a VR escape room activity in English that is part of a research project; thus, they
would need to complete some tests and a questionnaire as well as participate in a focus
group. All the information was presented in Greek, the participants’ native language,
to ensure that everyone understood what their participation would entail. Regarding
confidentiality, data collected from participants, including pre- and post-test results and
questionnaire responses, were anonymised by having them use unique 4-digit identification
codes in place of names and using the first, middle or last two digits to report on the results.

Implementation

The implementation and evaluation of the escape room game took place in August 2024.
Participants were asked to complete the online language level assessment test within a
specific time limit, sending back their results with screenshots. Approximately 15 min
before the ER sessions, they were sent the pre-test. A total of 15 live sessions were organised,
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namely 10 for each one of the individual participants in the control group and 5 for each one
of the pairs in the experimental group. Immediately after participants completed the pre-
test, they were sent a link to the first Frame. The communication was thereafter conducted
through Frame VR. The briefing session with the instructions and the storyline video took
place in this Frame, lasting approximately 15 to 20 min, depending on whether learners
chose to customise their avatar as well as on their level of familiarity with technology. At
the end of it, learners were directed to the ER through a link in the first Frame.

All participants managed to escape within the appointed time frame of one hour and
15 min, with an average completion time of 71 min and 14 s. The teacher was present in
the escape room in two modes, namely as a spectator and as an avatar, to be able to talk to
participants without being seen. Individual participants completed the ER on their personal
computers one at a time, with 3 pairs doing so on separate computers from different
locations and 2 pairs using the same computer with a shared avatar (Figure 2). During the
implementation, some technical problems were encountered by a few participants, mostly
related to connectivity and navigation.
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After completing the escape room, the debriefing took place, lasting approximately
10 min per session and concluding the live meeting. Then, participants were sent the link to
the learning experience questionnaire, which they were asked to complete immediately after.
The post-test was completed exactly one week after they participated in the ER. The two
focus group sessions took place once the desired number of participants from each condition
had completed the ER, attempting to avoid long delays between the ER intervention and
focus group sessions. They were conducted in the participants’ native language to ensure
clear communication, minimise misunderstandings and create a comfortable environment
for everyone.

3. Results
3.1. Demographics

From the total of 20 participants, 12 (60%) were female and 8 (40%) were male, while
the predominant age group was between 25 and 29 years old, accounting for 75% of the
population (n = 15), with three participants being 30–39 (15%) and two being 18–24 years
old (10%). Gender-wise, participants were equally split in the control group, whereas in
the experimental condition, there were seven female and three male participants (Figure 3).
Age distribution was fairly similar between the two groups (Figure 4).



Future Internet 2025, 17, 21 9 of 23

Future Internet 2025, 17, x FOR PEER REVIEW 9 of 24 
 

 

the experimental condition, there were seven female and three male participants (Figure 
3). Age distribution was fairly similar between the two groups (Figure 4). 

 

Figure 3. Gender distribution across the different conditions. 

 

Figure 4. Age distribution across the different conditions. 

3.2. Academic Performance 

In terms of academic performance, overall, both groups improved (Figure 5), except 
for two learners in the control group, who scored the same both in the pre-test and in the 
post-test. A Wilcoxon signed-rank test comparing the pre- and post-test results of each 
group indicated a statistically significant difference for both pairs (p = 0.005 < 0.05) and 
individuals (p = 0.011 < 0.05). Looking at the mean score for each one of the groups, both 
started with a mean pre-test score of 8.50, but the post-test mean score for pairs was 12.50, 
whereas for individuals, it was 11.10. Performing a Mann–Whitney U-test on the post-test 
scores of the two groups showed a statistically significant difference (p = 0.041 < 0.05), 
indicating that the group in which learners worked collaboratively had a better final per-
formance. However, when performing the same test on the difference in pre- and post-
test scores between the two groups, the results showed a p value greater than 0.05 (p = 
0.069), which means that there was no statistically significant difference in improvement 
between the two groups. 

Figure 3. Gender distribution across the different conditions.

Future Internet 2025, 17, x FOR PEER REVIEW 9 of 24 
 

 

the experimental condition, there were seven female and three male participants (Figure 
3). Age distribution was fairly similar between the two groups (Figure 4). 

 

Figure 3. Gender distribution across the different conditions. 

 

Figure 4. Age distribution across the different conditions. 

3.2. Academic Performance 

In terms of academic performance, overall, both groups improved (Figure 5), except 
for two learners in the control group, who scored the same both in the pre-test and in the 
post-test. A Wilcoxon signed-rank test comparing the pre- and post-test results of each 
group indicated a statistically significant difference for both pairs (p = 0.005 < 0.05) and 
individuals (p = 0.011 < 0.05). Looking at the mean score for each one of the groups, both 
started with a mean pre-test score of 8.50, but the post-test mean score for pairs was 12.50, 
whereas for individuals, it was 11.10. Performing a Mann–Whitney U-test on the post-test 
scores of the two groups showed a statistically significant difference (p = 0.041 < 0.05), 
indicating that the group in which learners worked collaboratively had a better final per-
formance. However, when performing the same test on the difference in pre- and post-
test scores between the two groups, the results showed a p value greater than 0.05 (p = 
0.069), which means that there was no statistically significant difference in improvement 
between the two groups. 

Figure 4. Age distribution across the different conditions.

3.2. Academic Performance

In terms of academic performance, overall, both groups improved (Figure 5), except for
two learners in the control group, who scored the same both in the pre-test and in the post-
test. A Wilcoxon signed-rank test comparing the pre- and post-test results of each group
indicated a statistically significant difference for both pairs (p = 0.005 < 0.05) and individuals
(p = 0.011 < 0.05). Looking at the mean score for each one of the groups, both started with a
mean pre-test score of 8.50, but the post-test mean score for pairs was 12.50, whereas for
individuals, it was 11.10. Performing a Mann–Whitney U-test on the post-test scores of
the two groups showed a statistically significant difference (p = 0.041 < 0.05), indicating
that the group in which learners worked collaboratively had a better final performance.
However, when performing the same test on the difference in pre- and post-test scores
between the two groups, the results showed a p value greater than 0.05 (p = 0.069), which
means that there was no statistically significant difference in improvement between the
two groups.
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3.3. Perceived Learning Effectiveness

Based on the results from the learning experience questionnaire, it appears that learners
who completed the VRER in pairs had slightly better perceptions regarding their learning
effectiveness compared to those who played individually (Figure 6). Q1 was a reverse
question, reading, “The VRER did not help me learn a lot”. Participants of both groups
seemed to agree on the fact that this was not the case by rating the statement with an
average of 1.2. In general, all questions yielded positive results for both groups, indicating
that both pairs and individual learners consider the VRER an effective learning method.
However, running a Mann–Whitney U-test on the overall construct of perceived learning
effectiveness by calculating the mean for each question revealed no statistically significant
difference (p = 0.132 > 0.05) between pairs and individuals. It should be noted that, for
all categories, reverse questions were taken into consideration, and their score items were
reversed before running the tests to ensure that the results reflect the true differences
between groups.
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3.4. Perceived Cognitive Benefits

The same pattern is observed for perceived cognitive benefits, with all items revealing
an overall positive rating (≥4.2) for both groups and learners in pairs exhibiting slightly
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higher ratings (Figure 7). From individual results, what stands out is the answer of one
participant working in a pair, who adopted a neutral stance towards the fact that the VRER
made comprehension and memorisation easier, rating both items with 3. Despite the overall
more positive ratings of people working in pairs, the difference was still not statistically
significant (p = 0.134 > 0.05).
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3.5. Engagement and Control over the Learning Process

Similar results are reported for the ‘control and active learning’ construct (Figure 8), with
the Mann–Whitney U-test indicating a non-statistically significant difference (p = 0.094 > 0.05).
However, it is clear which question refers to control (Q2) and which ones refer to learners’
active engagement and participation in the learning process (Q1, Q3). Therefore, given the
obvious difference that can be observed in Figure 8, it was deemed appropriate to also conduct
the test separately for question 2 and for questions 1 and 3. The results showed no statistically
significant difference in learners’ control over the learning process (p = 0.687 > 0.05); however,
learners who worked in pairs appeared to be significantly more engaged and active in the
learning process (p = 0.025 < 0.05) than those who worked individually.
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3.6. Affective Factors: Motivation and Satisfaction

When it comes to motivation, it seems that overall, both groups were satisfactorily
motivated, with learners working in pairs being a bit more motivated than those who
worked alone (Figure 9). What is interesting to note here is that for Q1, “I enjoyed this VR
educational escape room very much.”, the mean rating of individuals (4.6) was slightly
higher than that of pairs (4.5). This difference is explained by the fact that one participant
from the pairs rated the question with 2, significantly affecting the mean score. Nonetheless,
the same participant rated the rest of the questions with 4 or 5 and the reverse questions
with 1 or 2, suggesting, perhaps, that the first answer was a mistake. Another noteworthy
answer was that of an individual participant who stated that they strongly agreed with
the fact that they felt pressured while learning in this VRER. Despite the overall better
ratings of participants working in pairs, a p value of 0.071 showed no statistically significant
difference between the two groups.
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Finally, for satisfaction, which was the last construct of the learning experience question-
naire, results did not differ compared to the rest of the constructs; both groups of learners were
generally satisfied with the experience, with those working in pairs exhibiting slightly higher
levels of satisfaction (Figure 10) but not statistically significant (p = 0.123 > 0.05).

3.7. Focus Group Results

The results from the two focus groups revealed that half of the participants had played
an escape room game before (Figure 11), but never online and not for educational purposes.

Regarding their level of familiarity with VR, participants from both groups reported
that they were familiar with the notion, but none of them had ever tried immersive VR.
Even though some participants had played online games that incorporated elements of VR
in 3D environments, most were unsure about whether their previous experiences qualified
as true virtual reality.

Overall, they were overwhelmingly positive about the VRER experience, with both
individual (I) and paired (P) participants expressing excitement and enthusiasm. Those in
the pair condition, in particular, reported higher levels of enjoyment, possibly due to the
social and interactive aspects of working together. Participants who worked individually
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also had very positive comments about the experience, focusing on the gamified nature of
the escape room.

(P): “It was amazing. I wish teachers would do something like that when we were
at school”.

(P): “I had so much fun. It is actually the first time ever that I was so motivated to do
something related to English”.

(I): “Wow. . . It was awesome. I was so invested in the plot”.
(I): “I had never imagined you could play an escape room online and make it

so exciting”.
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Both groups felt involved in the learning process, but the pair participants reported
a deeper sense of engagement, similar to the results from the questionnaire, while also
reporting high levels of motivation within this context. For individuals, the experience was
engaging, but they occasionally reported the absence of social interaction.
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(P): “I was super motivated because [my partner] kept pushing me to think harder”.
(P): “It was very engaging. So much better than just sitting in a classroom and listening

to a teacher”.
(I): “Typically escape rooms are for teams. I missed having someone else there. I don’t

think having too many people would have worked out because it was online, but like one
or two more”.

On the contrary, there were also individual participants who preferred working alone
and would not have wanted anyone else in the room. They even stated that working alone
gave them a bigger sense of accomplishment.

(I): “It was so much better working alone. I took my time [. . .]. And I didn’t have
anyone to disagree or argue with”.

(I): “Now, I managed to escape on my own and I am very proud of myself. I don’t
think I would have felt the same sense of accomplishment if I had worked in a team”.

In terms of participants’ learning effectiveness, both pairs and individuals reported
positive results. Particularly, learners in pairs focused on the implicit learning that took
place while playing the VRER. Individual learners also perceived the experience to be
useful in helping them acquire new knowledge, with one participant stating that they were
not sure if they would be able to retain that knowledge.

(P): “You learn without realising it”.
(I): “Yeah, I think it helped actually learn the new vocabulary. Don’t ask me if I’ll

remember it in a month. Probably not. . . But still, it was helpful”.
Regarding the challenges participants faced while playing, some technical issues

were reported by both groups, at times disrupting immersion. There were also some
recommendations for improving the experience.

(P): “I wish I could see the timer the whole time we were in the room”.
(I): “At times, it was too quiet. Some background music or some more sound effects

would have helped”.
All in all, participants of both groups seem to have had a positive experience, with

learners in pairs reporting on it with more enthusiasm, highlighting the positive aspects
of working with a teammate. Moreover, both conditions led to positive learning out-
comes, demonstrating the VRER’s potential to be effective in both collaborative and
individual settings.

4. Discussion
4.1. Learning Outcomes: Perceptions vs. Actual Performance and the Effect of Collaboration

The results of the study indicated that learners’ academic performance improved
after playing the escape room, a finding that aligns with previous research [26,29,30,32,39],
underscoring the potential for an interactive and playful environment to lead to positive
learning outcomes. These improvements were overall evident across both conditions,
suggesting that regardless of whether learners worked individually or collaboratively,
the Metaverse VRER experience positively impacted their performance. On the other
hand, the mode of collaboration did not have an impact on learning outcomes, as there
was no difference in pre- and post-test scores between pairs working remotely and those
working face-to-face. These outcomes hold considerable relevance, given that this is one
of the first attempts at integrating virtual reality with EFL education in the context of an
educational escape room. The positive results from both conditions suggest that teachers
could implement Metaverse VRERs as supplementary tools to cater to different learner
preferences, thereby personalising instruction and enhancing learning outcomes. Moreover,
the adaptability of VRERs means they can be used in both face-to-face and online learning
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environments, offering flexibility for teachers dealing with varied classroom settings or
remote teaching scenarios.

Learners’ positive perceptions of their learning effectiveness also agree with previous
findings [25,30,32,37,38,42], highlighting the fact that they consider Metaverse VR educa-
tional escape rooms to be an effective teaching and learning method. It is important to
note that their perceptions of their learning also reflected their actual performance, further
reinforcing the validity of the escape room as an effective educational tool. In general,
participants found the learning activities meaningful, while the interactive, game-based
approach provided opportunities for practical application, which learners identified as
beneficial for acquiring the target vocabulary.

Moreover, the study’s results showed that learners’ perceived cognitive benefits also
improved, supporting the notion that educational escape rooms can enhance cognitive
engagement [40] by fostering problem-solving and critical thinking skills in an authentic,
low-stress environment. The escape room can, therefore, also prove to be an opportunity for
meaningful learning, which occurs when learners can transfer their new knowledge to new
situations [61]. Thus, the positive effects of the VRER on both perceived and actual learning
outcomes emphasise its value as an effective method for EFL teaching and learning.

However, when it comes to comparing the results of the two groups, namely collabo-
rative and non-collaborative, which was the initial aim of this study, things become less
clear. Learners who played the escape room in pairs seemed to do better in the post-test
than those who played individually. Nonetheless, there was no statistically significant
difference in learners’ improvement between the two groups. This contradictory finding
can be explained by taking into account the small sample size of the study. Having only
twenty participants means that even a slight difference in post-test scores, such as the one
found here (1.4), could show up as significant, but the improvement might be harder to
distinguish statistically due to improvement scores being relatively close between partici-
pants in the two groups. In addition to that, despite perceptions of learning effectiveness
and cognitive benefits being higher in learners who worked collaboratively, the differences
are still not significant enough to be able to conclude with certainty that the collaborative
condition is more effective. It is also noteworthy that, for these two constructs, the percep-
tions of learners who collaborated remotely were slightly better than those collaborating
face-to-face, perhaps suggesting that the mode of collaboration can play a role in how
learners perceive the overall learning impact of the experience.

It is undeniable that collaboration in the EFL context can have a number of benefits,
including improving learners’ performance [62] and positively impacting their engage-
ment [63], as well as teachers’ and learners’ perceptions [64]. Therefore, despite the fact
that no safe conclusions can be drawn as to the effectiveness of collaboration over a
non-collaborative learning environment in the context of VRERs, the results of the study
can serve as a basis for future research on the implementation of VR escape rooms in
EFL education.

4.2. Learning Experience: Motivation, Satisfaction, Engagement and Control over the
Learning Process

As expected, both groups reported an overall positive learning experience. In line
with previous findings, this study highlights the positive impact of the VRER on learners’
engagement [24,31,34,44], motivation [27–30,32,33] and satisfaction [29,44], but also on
learners’ control over the learning process. When it comes to comparing the two groups,
pairs exhibited higher levels in all aspects of the learning experience; however, only results
on engagement showed a statistically significant difference. Therefore, we can conclude that
learners who worked collaboratively felt more engaged and active in the learning process.
Results are further enhanced by the qualitative data, indicating that learners who worked
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collaboratively reported on the experience with more enthusiasm, highlighting the positive
outcomes of working in a pair. Even though there were also a few participants stating
that they preferred working alone, their quantitative results on learning performance and
experience were not better than those of learners working in pairs, suggesting, perhaps,
that the benefits of collaboration in this context outweigh individual preferences and may
provide a more effective learning environment overall. In addition to that, the mode of
collaboration could potentially impact the learning experience, as quantitative data showed
that pairs working remotely exhibited slightly higher motivation compared to pairs sharing
the same computer, but their satisfaction, engagement and control levels were lower.

Although the sample size of the current research is too small to be able to draw
definitive conclusions, the results indicate a clear trend: learners who work collaboratively
in an EFL VR escape room experience tend to exhibit better learning outcomes and higher
levels of engagement, motivation and satisfaction, as well as experience a positive effect
on their perceived cognitive benefits, perceived learning outcomes and a greater sense of
control over the learning process.

4.3. Implications

The insights of the present study can contribute to the academic discourse on im-
mersive learning while also offering valuable takeaways for educators seeking innovative
approaches to improve student engagement and learning effectiveness in language educa-
tion. Understanding how collaborative learning in a Metaverse VR escape room can affect
EFL learners offers a new perspective on the role of interactive technologies in language
learning. The results highlight the importance of creating interactive and socially driven
learning experiences, aligning with the notion that active participation and peer interaction
are key components of effective learning environments. The study also suggests that im-
mersive technologies like VR and the Metaverse may help bridge the gap between language
acquisition and practical application, offering learners a more dynamic and meaningful
way to develop language skills. These implications could inspire further research into
collaborative, immersive learning tools for language education.

Furthermore, from a practical perspective, incorporating VR-based collaborative tasks
in EFL education could allow educators to foster higher levels of motivation, engage-
ment and satisfaction by providing learners with opportunities to engage in team-based
problem-solving. In this context, learners also stated that they felt more in control of the
learning process, which could also foster a deeper sense of learner autonomy as the teacher
transitions from transmitting information to facilitating learning, guiding them towards
self-directed exploration and decision-making [65]. This enhanced sense of autonomy
can make the VRER an attractive alternative to more conventional methods. Ultimately,
these findings could influence the design of future language curricula, promoting more
interactive and technology-driven learning solutions to meet the evolving needs of students.
For institutions, adopting such tools could lead to better overall learning experiences and
outcomes, fostering an environment where students feel both challenged and supported.

5. Conclusions
This study aimed to explore the effects of collaboration within a VR escape room

environment in the Metaverse on learners’ academic performance and learning experience
in the context of English as a Foreign Language. The research provided valuable insights
into the potential of immersive, collaborative learning experiences to positively affect both
the educational and emotional aspects of language acquisition. As the field of immersive
learning continues to grow, future research is necessary to enhance the applicability of
these findings and to expand their impact across different educational contexts. In order
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to offer pathways for advancing this area of study, it is also essential to acknowledge the
limitations of the current research, which can be identified both in the development and
application of the escape room as well as in the execution of the study itself.

First of all, a significant limitation is the small number and uneven gender distribution
of participants recruited for this study, which makes it difficult to generalise the findings
beyond this specific context. To address this, future research should include larger sample
sizes and consider testing different populations in various educational settings to ensure
broader applicability. Additionally, taking into account that collaboration can sometimes
have drawbacks, such as personality clashes or unequal contribution, and that working
preferences can vary among individuals, it becomes evident that further research is needed
to explore how specific learner characteristics—such as comfort with collaboration, per-
sonal relationships and working styles—impact collaborative learning environments. It
is also important to acknowledge that the study used different interaction methods for
the collaborative condition, namely remote and face-to-face, to accommodate more partici-
pants, which may have impacted the results. Therefore, future studies should specifically
investigate different modes of collaboration but also varying group sizes to understand
how these factors shape interaction dynamics and influence the effectiveness of educational
VRERs in the Metaverse.

Another limitation is that, although the study used mixed methods, i.e., both qual-
itative and quantitative data to examine learners’ perceived and actual learning gains,
respectively, the absence of a delayed post-test to compare the long-term effects of the
intervention limits the ability to assess the retention of knowledge or sustained impact of
the intervention over time in either one of the conditions. This would be an important
aspect to include in future research to assess whether learning gains persist over time.
Furthermore, this study relied on a single VR escape room session. On the one hand, addi-
tional sessions could help students become more confident with the Metaverse platforms,
allowing them to focus more on the learning content and less on managing the technology.
On the other hand, research on virtual reality learning often observes a novelty effect, where
initial enthusiasm can lead to high engagement, but this effect usually diminishes with
repeated exposure [66]. Thus, future studies could also examine how repeated utilisation of
virtual reality escape rooms could affect learning outcomes, engagement, and motivation
over time.

Some technical difficulties also posed challenges during the study, particularly for
learners with lower-end devices or limited technological experience. These issues may have
impacted their overall experience and responses, highlighting the importance of thoroughly
testing VR environments before implementation in real educational settings to mediate
such instances. However, designing high-quality environments is not as straightforward. It
heavily depends on the technical expertise of the designer, who is usually a teacher with
limited programming skills, as well as on the VR development tools, which often have
their own limitations. For instance, in this study, the environment had to be broken into
four Frames, requiring learners to reconnect as they transitioned between Frames, which
may have disrupted their sense of immersion and ultimately affected the results. The time,
resources and technological infrastructure required for both the design and implementation
phases are also significant considerations. When incorporating such interventions into real
educational contexts, it is crucial to choose the appropriate technology—whether immersive
or non-immersive VR—to suit the specific educational setting. This decision impacts not
only the quality of the learning experience but also the practicality of integrating the
technology into daily physical and online classroom use. Therefore, it is essential to train
educators not only in designing high-quality interactive environments but also in how to
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strategically implement such interventions in the learning process, taking into consideration
all the necessary aspects.

Author Contributions: Conceptualisation, A.-M.P. and S.M.; methodology, A.-M.P. and S.M.; soft-
ware, A.-M.P.; validation, A.-M.P. and S.M.; formal analysis, A.-M.P.; investigation, A.-M.P.; resources,
S.M.; data curation, A.-M.P.; writing—original draft preparation, A.-M.P. and S.M.; writing—review
and editing, S.M. and I.K.; visualisation, A.-M.P.; supervision, S.M. and I.K.; project administra-
tion, S.M.; funding acquisition, I.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data are available here: https://zenodo.org/records/14592441
(accessed on 17 November 2024).

Acknowledgments: The first author would like to thank the instructors of the online MSc and Phd
program in Immersive Technologies–Innovation in Education, Training and Game Design of the
Department of Computer Science at the Democritus University of Thrace, Greece.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A

Table A1. Pre-test & Post-test questions.

Instructions
Complete the following examples by choosing the answer you think is correct.
Pre-test
4-digit code: Choose a random 4-digit code. It is very important that you remember this code, as you will need to use
it in two more questionnaires (one completed after the escape room and one completed a week later).
Post-test
4-digit code: Use the same 4-digit code that you used in the pre-test and the questionnaire.
Note: correct answers are marked in bold
1. The film was criticised for being too __________, with an unoriginal plot that had no surprises and an ending that

could be guessed within the first 20 min. [a. captivating, b. intricate, c. predictable, d. compelling]
2. The plot was so ____________. Nothing ____________ happened throughout the entire film. I almost fell asleep.

What a waste of time and money. [a. intricate. . . mediocre, b. captivating. . . interesting, c. dull. . . intriguing,
d. extraordinary. . . compelling]

3. Which term refers to “the art of film photography, the process of planning and executing the visual aspects of a
film”? [a. cinematography, b. audience, c. resolution, d. foreshadowing]

4. The novel’s __________ plot with its complex character relationships and twists, required careful attention to
detail from the reader to fully understand the story. [a. underwhelming, b. blockbuster, c. intricate, d. dull]

5. The actors went through several __________ before the final performance to practise and perfect their scenes and
ensure the best possible outcome. [a. narratives, b. leading characters, c. rehearsals, d. blockbusters]

6. The critic described the film as ___________, noting that the ____________ was weak as there was nothing
interesting going on. [a. extraordinary. . . plot, b. mediocre. . . narrative, c. captivating. . . scenario,
d. dull. . . audience]

7. The final scene was __________, failing to deliver the excitement that the build-up promised and disappointing
everyone who was waiting for a plot twist. [a. a blockbuster, b. intriguing, c. compelling, d. underwhelming]

8. The novel’s __________ plot, with its unexpected twists and deep character development, made it hard for
readers to put the book down. [a. foreshadowing, b. predictable, c. mediocre, d. captivating]

9. What is the best definition for “audience”? [a. The group of people who watch a performance or film., b. The
complexity of the plot., c. The stage where the performance takes place., d. The storyline of a film.]

https://zenodo.org/records/14592441
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10. The ___________ film “Barbie” sold more than 1 billion tickets after just 2 weeks in cinemas, breaking box office
records and becoming one of the most successful films of the decade. [a. mediocre, b. blockbuster, c. intricate,
d. resolution]

11. Her performance was __________, leaving the viewers amazed and setting her apart from others in the film
industry. [a. mediocre, b. dull, c. extraordinary, d. intricate]

12. The __________ in the film was played by a famous actor who managed to bring to life an iconic historical figure
by putting up such a(n) _____________ performance. [a. audience. . . amazing, b. leading character. . .
compelling, c. resolution. . . extraordinary, d. foreshadowing. . . mediocre]

13. Which word best matches the definition: “An event or scene that hints at events that will happen later in a
story”? [a. foreshadowing, b. rehearsal, c. narrative, d. cinematography]

14. The __________ of the film answered all the questions and provided a satisfying ending. [a. blockbuster,
b. audience, c. resolution, d. cinematography]

Table A2. Demographics & Learning experience evaluation questionnaire.

Instructions: The present questionnaire aims at evaluating your learning experience after having completed the
Virtual Reality Escape Room (VRER). It consists of six parts. The first part relates to general demographic data. Parts
2–6 consist of statements related to the levels of motivation, the cognitive benefits, control and active learning,
perceived learning effectiveness and satisfaction. Please respond to the questionnaire by stating your level of
agreement with the statements. The completion of the questionnaire will take approximately 15 min. Thank you in
advance for your participation!
4-digit code: Use the same 4-digit code that you used in the pre-test. It is very important that you remember this code,
as you will need to use it in one more questionnaire (completed a week later).
Demographics

1. Please state your gender. [a. Female, b. Male, c. Other]
2. Please state your age group. [a. 18–24, b. 25–29, c. 30–39, d. 40–49, e. 50–59, f. 60+]
3. Did you play the escape room alone or in a pair? [a. Alone, b. In a pair]

Learning Experience Evaluation Questionnaire
5-point Likert scale [1. strongly disagree, 2. disagree, 3. neutral, 4. agree, 5. strongly agree]
Motivation

1. I enjoyed this VR educational escape room very much.
2. Using a VRER for learning was fun.
3. I would describe this VRER experience as very interesting.
4. I felt pressured while learning within this VRER environment. (R)
5. While playing the VR escape room, I was thinking about how much I enjoyed it.
6. The VRER did not hold my attention. (R)

Cognitive benefits
1. This type of VRER made comprehension easier.
2. This type of VRER made memorisation easier.
3. This type of VRER helped me to better apply what was learned.
4. This type of VRER helped me to have a better overview of the content learned.

Control and active learning
1. This type of VRER allowed me to be more responsive and active in the learning process.
2. This type of VRER allowed me to have more control over my own learning.
3. This type of VRER helped me get engaged in the learning activity.
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Perceived learning effectiveness
1. The VRER did not help me learn a lot. (R)
2. I gained a good understanding of the basic concepts of the materials.
3. I was interested and stimulated to learn more.
4. I was able to summarise and conclude what I learned.
5. The learning activities were meaningful.
6. I can apply what I learned in a real context.

Satisfaction
1. I was satisfied with this type of VRER learning experience.
2. I don’t think this VRER would benefit my learning achievement. (R)
3. I was satisfied with the teaching methods implemented in this VRER.
4. I was satisfied with this VRER learning environment.
5. I was satisfied with the overall learning effectiveness of the VRER.

(R): reverse question.

Table A3. Focus group questions.

1. Introduce yourselves to the group.
2. How familiar are you with VR?
3. Have you ever played an escape room game before?
4. Tell us about your overall impression of the VRER experience.
5. What would you say were the main challenges you faced while working in the VR escape room?
6. How involved did you feel in the learning process? Were there moments where you felt particularly engaged?
7. Can you share which parts of the game made you feel motivated while playing?
8. How do you feel about the overall learning experience? Do you think it was effective in helping you achieve

your learning goals?
9. Is there anything else we should have talked about but didn’t?
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31. Janonis, A.; Kiudys, E.; Girdžiūna, M.; Blažauskas, T.; Paulauskas, L.; Andrejevas, A. Escape the Lab: Chemical Experiments in
Virtual Reality. In Proceedings of the Information and Software Technologies; Lopata, A., Butkienė, R., Gudonienė, D., Sukackė,
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