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Abstract. The University of Genoa, Italy, addresses the challenge of
inaccessible cultural heritage stored in university archives worldwide
by implementing a comprehensive digitisation initiative. This project
focuses on collecting, storing, and digitising a wide array of items, includ-
ing books, manuscripts, archival materials, and documents related to
museum artifacts. To ensure accessibility for both humans and machines,
the initiative involves providing alternate descriptions, metadata, and
speech-to-text transcriptions for images and videos, as well as word-for-
word transcripts for ancient texts where OCR is ineffective. We present
the design of a transcription system for the University Museum System
(SMA-UniGe) at the University of Genoa, which includes user interface
elements and engagement techniques. By leveraging gamification theory,
the system transforms the typically monotonous task of transcription
into an engaging experience, encouraging participation from digital vol-
unteers. This initiative aligns with the University’s third mission of pub-
lic engagement, aiming to disseminate knowledge beyond the academic
environment and contribute to social, cultural, and economic develop-
ment.

Keywords: Cultural Heritage - Gamification - User Experience

1 Introduction

After conducting a thorough census of the cultural assets at the University of
Genoa (UniGe) in July 2021, it was decided that these valuable cultural resources
should be made fully accessible. Consequently, the University Museum System
(SMA, “Sistema Museale di Ateneo”, in italian) was established, offering a uni-
fied online platform where the digitised and archived cultural heritage can be
accessed by everyone as an interactive exhibition. This system encompasses mul-
tiple museums, botanical gardens, biobanks, archives, and a variety of collections.
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5.3 Limitations

We acknowledge that our study is limited by the small sample size and not bal-
ancing the presentation order of the A-B scenarios in the study. However, the
main focus of our research was on exploring and evaluating the methodology of
using VR for assessing nature landscapes and comparing it to paper-based pre-
sentations. Also, we noticed that repetitive questions and the use of the same pic-
tures seemed to affect participants’ perception of the virtual environment to some
extent. As another limitation, the quality and realism of the Al-generated VR
environments impacted participants’ perceptions, including difference between
the scenarios. This is however a methodological lesson learnt in preparing the
visualizations. For instance, we cannot be sure whether people did not like the
wind turbines or the lack of trees. Future research should focus on improving
the realism and consistency of VR environments to better assess their impact.

In the future, to gain more insight into the phenomenon of perceptions of
technology in nature, a comparison with a data set collected in-the-wild in the
nature should be included. This is especially important, as there is generally a
lack of nature and technology user experience studies that have been conducted
in a wilderness context. Jones et al. report that of 101 HCI studies conducted
outdoors involving a person using a computer, 82 took place in urban settings
[15]. Including an in-the-wild study would also provide insight into the method-
ological feasibility of simulating the nature experience in VR.

6 Conclusion

Our research seeks to make two types of contributions. On one hand, it offers
insight into user perceptions of integrating technology into nature scenes. On
the other hand, it emphasizes the importance of creating research methods for
assessing technologies that seek to create close-to-genuine nature experiences or
simulate and study the disturbances in nature experiences in VR.

Comparing VR and 2D paper printouts revealed that VR was perceived as
an immersive, interesting, and even exciting experience, which participants liked
and which they perceived suitable to assess nature scenarios and technology
embedded into it. However, 2D paper printouts were reported as giving more
room for participants’ imagination and reflections. The VR environment also led
participants to pay attention to other details rather than the holistic landscape.
Our findings comparing the landscape without and with windmills reveal that
the landscape without technology was perceived more positively and as more
restorative. We acknowledge that our findings are limited by the small study
sample and the artificially generated content used.

Acknowledgements. This research has been supported by the project Reconceptual-
izing Boundaries Together Towards Resilient and Just Arctic Future(s) (REBOUND),
grant number 358482 and 358498, funded by the Strategic Research Council (SRC)
established within the Research Council of Finland, and ProtoXR project funded by
ERDF.
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5 Discussion
5.1 About the Methods VR vs 2D Printouts

The main focus of our research was to compare the methods of using VR and
paper for studies concerning nature landscapes. Generally, VR versions of the
scenarios were perceived as slightly more positive and less negative than the 2D
version in both scales. VR was generally liked by the participants, and it was per-
ceived as immersive and interesting. For instance, some participants who tested
the VR first felt uninterested in watching the scenarios in 2D after they had
already seen them in VR. Thus, we believe that the immersive and experiential
power of VR can be utilized to capture people’s attention to topics related to
natural landscapes and technology. However, the unauthentic nature generated
by AI should be carefully checked for inconsistencies.

Interestingly, the paper version was said to provide more flexibility to explore
your feelings towards the setting, leaving more room for imagination. Prior
research on using VR for user studies has reported that in VR, users’ atten-
tion is easily captured by high-fidelity details [25]. This may be true also in our
study. These findings highlight that paper illustrations and simple low-fi solu-
tions can have their place when engaging citizens in discussions about technology
and nature. We believe these methodological findings provide valuable insight
when planning future studies addressing nature experiences.

5.2 About the Just Green Transition

Our research contributes to the topical discussion of just transition for green
technologies [41]. Our research touches on the complex interplay between tech-
nological interventions and the preservation of genuine nature experiences. Sus-
tainable technologies and their development are critical given the climate change
crisis. However, creating and using technology that promotes environmental sus-
tainability and reduces the ecological footprint creates conflicting responses.
Some of the affected people are those who live in the areas that are subject
to the implementation of large energy plants or mines. These are often remote
areas, such as subarctic regions with indigenous people and their traditional
lifestyle [30], and high recreational nature value for tourism. The transition to
sustainable technologies already creates conflicts and societal tensions [6].

Behaviors related to eco-friendly and sustainable technological solutions are
promoted as a green transition. On the other hand, locating windmills in wilder-
ness areas is criticized for ruining the wilderness, harming the natural ecosystems
including traditional occupations such as reindeer herding, and generally nega-
tively affecting the nature experience. Our explorative study results are aligned
with this, as the nature landscape without windmills was perceived more posi-
tively through the Positive and negative Affect Schedule (PANAS), the qualita-
tive responses seconding this. Our findings suggest that immersive technologies
like VR can be valuable tools for environmental impact assessments and stake-
holder engagement, offering a more nuanced and richer understanding of public
perceptions and acceptance of renewable energy projects.
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unbalanced mixture of landscape elements and vegetation not found in the region
made people wonder where they were. P10 described her experience in scenario
B: “I must be at the seaside because the vegetation does not look like the vegeta-
tion of the fells. There is a strong wind there”. She made reasonable deductions
based on what she saw, even though it might contradict the previous mountain-
ous and forested environment.

Several participants felt that the environment was confusing because of the
inconsistencies in the Al environment, such as rivers that disappeared and
appeared in strange places, or branches hanging from the air. The AI’s weird
design made it obvious that they were in the VR world. However, as partici-
pants were able to place themselves in the picture as if they were in real nature,
the experience was more comprehensive. Some participants explained that they
could imagine elements of real nature there, such as the sound of water and
real changes in height. Some participants were impressed the how realistic the
picture was. If you glanced at it fast it looked like a photograph, one participant
described their first impression.

The Al-generated virtual environment made some of the participants cau-
tious or skeptical. The virtual environment was exaggeratedly Al-like when
viewed with VR glasses. The inconsistencies in the images noticed by partic-
ipants (Fig.7) and the variation in image quality disturbed the experience and
moved the focus from the actual nature experience more toward other elements.
One participant said that its unauthentic nature made them approach it with a
certain reservation. It even felt a little annoying for them and they stated that
they would rather choose “real” nature. Virtuality of the nature environment
could affect participants’ perception of it. For example, P8 described their expe-
rience: “The fact that the landscape is virtual takes away the strongest edge
from negative feelings. At the same time, the picture reminds us that this is a
reality somewhere. Beautiful nature is being destroyed and we are all collectively
guilty of it because of our energy needs”.

Fig. 7. Strange details in VR world generated by Al: a window on the bridge (left),
half-finished wind turbines, and strange structures on the horizon (right)
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4.4 VR Experience

On average, participants felt that VR as a testing method was interesting. It
was mentioned that virtual nature was an interesting way to reflect on one’s
own nature experience. Comparing the same landscape in the picture and in VR
brought up new perspectives. It made participants curious about the environ-
ment and feel like they were not in a small room. A positive feature of the VR
world was being able to look everywhere around you which made the experience
feel more authentic, e.g. “When working with VR glasses, you feel that you are
somehow in control and the feeling is more authentic. Feels easier to belong to
that place” (P13). One participant questioned the need for VR in this kind of
test, e.g. “There wasn’t anything to do in VR so I was wondering a bit if the VR
aspect was necessary, but I was interested enough to look around the environ-
ment” (P7). Several participants mentioned that it would have been interesting
to be able to move around in the VR environment, exploring the surroundings
and interacting with it. One participant suggested that lying down and look-
ing at the scenery could have been one option as well. P11 explained that her
experience in VR helped her to get a general idea of the place, but at the same
time she felt that she was mainly a spectator and did not feel like she could
participate in the scenery.

Compared to other possible alternatives, VR was said to be the best method
for this kind of use. Participants mentioned that VR helped them to imagine
themselves in the setting. The 3D world and the relative scale of the objects
around them were easier to understand in VR.

One factor that should be considered is the soundscape. During the experi-
ment window was open and bird song could be heard from the outside. Some par-
ticipants mentioned that fitting to the experience. During the testing, it started
raining outside and the window was closed. Instead of the bird sounds, one
participant heard the mechanical sound of ventilation and it seemed to affect
her experience, e.g. “I feel like I hear a technical sound coming from the wind
turbines. I wonder how low the wind turbines are” (P19).

Since several participants had used VR a lot, they were critical of the quality
of the VR experience, e.g. “With VR, the user gets a good spatial experience, as
long as the environment looks believable and not distorted” (P5). Poor quality,
a fish-eye effect, and strange Al-generated elements disrupted the overall expe-
rience. Some participants also mentioned feeling dizzy or uncomfortable because
of the distortion, e.g. “There were a lot of flaws in the place that broke the expe-
rience. The landscapes were disconnected from each other and were connected
illogically” (P14). Seeing your body instead of hovering in the air was mentioned
as one method to improve the experience.

4.5 Al-Generated Environment

Many participants were like-minded about scenario A being fitting for outdoor
activities such as hiking or camping. However, it did not resemble the local
landscape, making it more difficult to feel a deep connection to the place. The
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scenario A. Especially when there was another picture as a point of comparison,
the difference was clear and the negative feelings were quite strong, e.g. “Wind
turbines make you irritated and the landscape somehow remains empty” (P13).
One participant described nature as a place where there are no worries and you
need to have respect towards it.

4.3 Immersive VR Versus 2D Printouts

After the study session, each participant was asked which testing method they
liked better. Everyone answered they preferred VR as a testing method over the
2D image. Still, a few of the respondents answered that the image printed on
paper helped them to imagine themselves to the scene better. With the paper
version, it was perceived that there was more flexibility to explore your own
reflections and feelings towards the setting, and it left more room for imagi-
nation, whereas the VR could be overwhelming with its all confusing elements.
Interestingly, VR environment could also be perceived as psychologically distanc-
ing, since everything was already given and you needed to observe the scenery
as a floating outsider.

Some participants who tested VR first felt uninterested in watching the sce-
narios again in 2D after they had already seen it in VR. They stated that looking
at the image they were not as observant as in VR. It was not possible to enter the
picture and the landscape in the same way, which they felt limited their experi-
ence. Even if the picture was still beautiful, it remained uninteresting compared
to VR: “After seeing the scenarios in VR, I don’t really care about the image”
(P7). The 2D image looked nice, but it did not make as strong impression as
VR “It’s hard to get anything out of the picture alone after wearing VR glasses”
(P3).

The VR experience was perceived to be more forgiving of the inconsistencies
in the AI design. Respondents said they paid less attention to little details when
there was more to explore. In VR the virtuality of the environment felt less
disruptive than on paper. This could be explained that virtuality feels more
natural in Virtual Reality as it is automatically part of it. Virtuality in this
case refering to the artificial nature of the environment. Vague unfinished Al
structures were not visible on a printout. It helped participants to focus better,
and some felt more active while looking at the paper image than in the VR
world. The 2D picture was mentioned being more “cozy” than VR environment.
It was easy for many to imagine the sounds in the scenery through the 2D image,
e.g. water and birds in scenario A and the loud noise of wind turbines in scenario
B.

The evaluation of the positive and negative feelings evoked by the scenarios
produced conflicting answers. For example, P1 felt that the experience of scenery
B was more positive in 2D than in VR. Whereas, P3 was surprised how negative
feelings were also transmitted through just a picture.
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with VR and 2D (n=14)

On the negative side, the abundance and proximity of wind turbines were said to
spoil the nature experience, e.g. “Wind turbines spoil the landscape. You wonder
what kind of noise the turbines make if you walk among them” (P14). However,
it was not seen to affect the fascination with the place itself since large-scale
mechanical things can be as fascinating to watch as nature, e.g. “Wind turbines
could also be fascinating objects, mainly to look at and wonder. Technology is
also interesting along with nature” (P6).

A more neutral viewpoint argued that wind turbines were a surprising ele-
ment after scenario A. When viewed from a distance, wind turbines were a
somewhat neutral sight. But in the foreground of the picture, they arouse the
viewer’s desire to quickly pass by. The presence of wind turbines seemed some-
how pervasive and disturbing. The presence of strange wind turbines was said
to give the place a cursed impression which confused the viewer. Visiting there
might be interesting but wind turbines were seen as somehow threatening as if
they could attack you, e.g., “a dystopian landscape where I just want to cut
down the wind turbines” (P12).

It was also mentioned that in scenario B human influence on the landscape
was clearly present which made the place feel not as mentally relaxing as in
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With PRS, the VR version got higher scores in each category, Fig.5. The
greatest difference was with coherence, where the difference between VR and 2D
was 0.9 in scenario B and 0.78 in scenario A. Overall, scenario B was evaluated as
more confusing, distracting and chaotic than scenario A. Also, compatibility with
scenario A was between 5-6, whereas scenario B was between 2-3. Participant
P9 explained that for them, an environment that was as natural as possible
seemed to be the most interesting and suitable for their personality. Several
responded similarly, e.g. P3 when describing Scenario B in VR: “although there
was a lot of interesting things in this place, the scenery was depressing”. P1
did not feel a connection to a place like presented in scenario B, but mentioned
that seeing many wind turbines in the same place would be an experience itself.
They could visit the place, but would not like to spend long periods of time
there. More detailed differences of the perceived restoration can be seen in Fig. 6.
For example, in coherence, there is a noticeable dispersion in the 2D version of
scenario B. Some of the participants mentioned that confusion, distraction, or
chaos is not always a negative thing. That might partly explain the split in the
responses.

4 —e—Scenario A 2D

—e— Scenario AVR
3 Ermesm——— Scenario B 2D

—=e—Scenario B VR

Means of Perceived Restoration Scores

Being away Fascination Coherence Compatibility

Fig. 5. Means of perceived restoration divided by four categories in both scenarios with
VR and 2D (n=14)

4.2 Green Energy and Sustainability

Scenario B who’s landscape was dominated by wind turbines, aroused mixed
feelings in the viewers. Sustainability issues came to mind for many and both
pros and cons were shared in the answers. More on the positive side of opinions
the progress in the use of wind power was seen as a good thing. Also, huge wind
turbines were mentioned to arouse interest or curiosity, e.g. “The landscape and
the view are new. I have never been near wind turbines built so close together. A
confusing, but at the same time curious state of being” (P10). On the other hand,
the built environment was also stated to be more boring compared to nature.
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Table 1. Significant Pairs

Dataset |Scenario 1|Scenario 2|Statistic|p-value Significant (p < 0.0083)
Positive |A 2D A VR 13.0 0.040921 False
Positive (A 2D B 2D 0.0 0.002200 True
Positive |A 2D B VR 5.0 0.001221 True
Positive |A VR B 2D 0.0 0.000122/True
Positive |A VR B VR 0.0 0.000122 True
Positive B 2D B VR 38.0 0.936938 False
Negative A 2D A VR 10.0 0.495868 False
Negative A 2D B 2D 0.0 0.002209 True
NegativelA 2D B VR 0.0 0.003346 True
Negative A VR B 2D 1.0 0.002852 True
Negativel A VR B VR 1.0 0.002852 True
Negative B 2D B VR 16.0 0.439659 False
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Fig. 4. Boxplot of Positive and Negative Affect Schedule in scenarios A and B with
VR and 2D (n = 14); Significant Pairs *(p =0.0001), **(p =0.001), ***(p =0.002)

Table 2. Statistics (PANAS)

Dataset A2D |AVR B2D |BVR
Mean Positive |3.528571/3.857143/2.3214292.378571
Median Positive |3.6500003.8500002.400000/2.450000
Standard Deviation|Positive 0.940072|0.805476/0.609134/0.842321
Mean Negative|1.321429/1.307143/2.342857|2.192857
Median Negative|1.200000/1.2000002.500000/1.650000
Standard Deviation/Negative 0.355568/0.370995/0.922967/1.125552
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Fig. 3. Left a participant evaluation of the environment from a picture. Right a par-
ticipant watching the scenery in VR.

their familiarity with VR, one had tried VR once, 4/14 a few times (1-5), and
9/14 had used VR more than five times.

4 Results
4.1 Comparing Scenarios Without (A) and with (B) Windmills

Statistical tests were run separately for positive and negative datasets (PANAS).
First, a non-parametric Friedman test was conducted to examine whether there
were significant differences in participant responses across the different sce-
narios and viewing methods: A 2D, A VR, B 2D, and B VR. The results
of the Friedman test indicated a significant difference between the conditions,
2%(3) = 29.82, p < .001. Similarly, the results of the negative dataset indicated
a significant difference between the conditions, 2%(3) = 24.93, p < .001. To
further investigate these differences, pairwise comparisons were conducted using
Wilcoxon Signed-Rank Tests with a Bonferroni correction applied to account for
multiple comparisons (« = 0.0083). The results are presented in Table 1.

On average, participants associated more positive words towards nature with
minimal human impact than nature with extensive human impact. Figure 4 illus-
trates how scenario A without windmills scored higher (3.53; 3.86) on the positive
affect schedule than scenario B with windmills (2.32; 2.38) Table 2. Scenario A
was also perceived as less negative (1.32; 1.31) than scenario B (2.34; 2.19). The
difference between positive and negative affect was seen in the case of scenario
A where positive affect surpasses 3.5 and negative affect stays under 1.5. On the
contrary, scenario B was perceived almost as positive as negative. Generally, VR
versions of the scenarios were perceived slightly more positively and less nega-
tively than the 2D version in both scales. However, in the case of VR version of
scenario B there is great dispersion between answers.
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Fig. 1. Al generated virtual environment, left Scenario A, right Scenario B
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interaction with the software, with a researcher changing the images remotely
using the pc when the participant indicated that they were ready to move to the
next image. The wireless connection induced no significant latency that would
affect the user experience. Half of the subjects were shown VR first (Fig. 2). After
spending 5-10 min exploring the VR environments (scenario A and scenario B),
the participants evaluated their experience using PANAS and PRS, and filled
out the questionnaire on a computer. The other half of the subjects started by
viewing 2D printed versions of the same scenarios and completing a paper version
of the same questionnaires. The time participants spent in the study varied from
30 min to two hours, with an average of 45 min. The scenarios were shown to all
the participants in the same order, scenario A first and scenario B second.

3.2 Participants

In total, the study included 14 participants (seven men, six women, and one non-
binary person), with the ages between 18-24 (2/14), 25-34 (9/14), 35-44 (2/14),
and 45-54 (1/14), with affiliation in different disciplines of design. Considering
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3 Research Method

3.1 Study Set-up

The Virtual Nature Environment. The study used two different scenarios
of nature environments generated by Al (Fig.1). SkyboxAlI was used to create
the 360 image. The used prompt was: Northern Europe Forest landscape, Euro-
pean spruce, European red pine, birch, blue river with waterfall, subshrub, lush
plants. The idea was to generate a virtual nature environment that resembled
the environment that the subjects were used to seeing. After three rounds of
generation, the result was satisfying enough. However, Al wanted to include
mountains and vegetation that might distance the virtual nature from the natu-
ral setting of the study area. A 360 picture was then edited in Adobe Photoshop.
Using Photoshop’s generative fill tool the environment was modified. The used
prompt was: Wind turbines park. This time the Al tool had some issues com-
pleting the task. The wind turbines were distorted and too small. After seven
rounds of generation, the best option was chosen from the 21 edited images. The
image quality deteriorated during the editing process, although the 360 perspec-
tive remained intact. Also, the picture itself was quite provocative, changing the
landscape significantly from the unedited version (lack of trees and mountains).
Both mentioned factors were expected to affect the VR experience.

Questionnaire with PANAS and PRS. In the study, two different scales
were used to evaluate the experience. Positive and negative Affect Schedule
(PANAS) [42] and Perceived Restoration Scale (PRS) [14] Both scales were
offered in English and with the subjects’ native language. As the scales are com-
monly used in studies exploring the restoration of virtual and real environments,
they were deemed as suitable for comparing a virtual nature experience through
VR and from the 2D printed image. In PANAS there were 10 positive words
and 10 negative words that respondents estimated in what extent the virtual
nature made them feel that emotion, on a five-point Likert scale where 1=Not
at all/very slightly; 5= Extremely. The total score is calculated by finding the
sum of the 10 positive items, and then the 10 negative items. Scores range from
10-50 for both sets of items. For the total positive score, a higher score indicates
more of a positive affect. For the total negative score, a lower score indicates less
of a negative affect. [42]

Four elements Being away, Fascination, Coherence, and Compatibility of Per-
ceived Restoration were measured on a seven-point Likert scale with sixteen
statements. (1=Not at all; 7=Completely). After each section, the respondent
was asked to explain in a few words the reasons that made them feel the way
they had described above.

The scenarios were shown to the subjects in two forms, as a 360° image in VR
via a head-mounted display and a 2D image printed on A4-sized paper, Fig. 3.
Subjects could hold the picture in their hand during the evaluation. The VR
headset was the Meta Quest 3, ensuring sufficient graphical fidelity and field of
view, which was connected wirelessly to a computer. The participants had no
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ments presented using VR video can alleviate stress to some extent. Although
an artificial environment is not as effective in relieving stress physically as a
natural environment, it can still relieve stress psychologically. The use of static
360 videos from peaceful natural locations with local cultural context and min-
imal visible or audible human influence is an effective approach when designing
virtual natural environments for stress reduction [17].

2.3 Restoration and Measuring the Affect

One approach to studying the various positive effects of nature is restoration.
Restoration means recovery from stress, and renewal of a person’s physical, psy-
chological, and social resources, which have decreased due to adaptation to stress
factors triggered by the environment [13,19]. According to Ulrich et al.’s [39]
Stress Reduction Theory (SRT), nature, green spaces, and images of nature sup-
port restoration. Attention Restoration Theory (ART) suggests that spending
time in nature or viewing it can improve mental fatigue and concentration [18].
According to ART, restorative experiences consist of four elements: being away,
fascination, coherence, and compatibility. These four categories are used as a
base of the Perceived Restorative Scale (PRS), which is a tool developed by
Hartig et al. [14] to measure the restorative quality of environments. One of the
main goals is to give planners a measurement tool that could be used to assess
the effects of current and future spaces. The scale uses ART properties as mea-
surement attributes. The object is evaluated according to 16 statements with a
seven-point scale.

Another scale commonly used to evaluate feelings is the Positive and Negative
Affect Schedule (PANAS) developed by Watson et al. [42]. This mood scale
consists of 20 words, half of which measure positive affect and the other half
negative affect. Each item is rated on a five-point scale. Because the PANAS is
a self-report questionnaire, it can be inaccurate in assessing people’s mood. The
answer is always subjective and depends on the reviewer’s interpretation of the
word and their ability to estimate their feelings. Also, not every word applies
to every type of situation, so it must be taken into account when analyzing the
results.

When estimating the restorative qualities of the environment, several mea-
surements are often combined to gain a broader understanding of the factors
affecting the entire experience. The research of Mattila et al. [27] examined the
effects of restorative experiences in an immersive virtual reality forest environ-
ment by using the Subjective Vitality Scale (SVS), Positive and negative Affect
Schedule (PANAS), Restoration Outcome Scale (ROS) and Perceived Restora-
tion Scale (PRS). The results showed that the VR environment and a real for-
est were generally as restorative, but the virtual environment was perceived as
more fascinating and coherent. Often virtual reality is considered to be a better
method than traditional 2D media in delivering audiovisual stimuli. However,
researchers have differing findings about the restorative effectiveness of VR when
compared with nature photos or actual physical nature [24].
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There is no single definition of VR. The field is dynamically evolving due to
new research, developing technologies, and expanding application possibilities.
Classical definitions of VR include, e.g. “real-time interactive graphics” [7]. How-
ever, many scholars consider VR as a broader concept [2]. Milgram and Kishino’s
virtuality continuum raises discussion on the distinction between real and virtual
[29]. Kardong-Edgren et al. suggests immersion and presence as a way to define
VR [20]. Since higher immersion results in higher presence, it is an important fac-
tor in the VR experience. Among the various VR definitions, three features are
common: immersion, presence, and interaction with the virtual environment [7].
VR technology encompasses non-immersive, semi-immersive, and fully immer-
sive spaces depending on the degree of presence and used equipment [9,11].
Non-immersive VR utilizes screens to deliver the VR experience. In this case,
the virtual world does not obscure the real world and users do not feel complete
presence in the scene [11,33]. Also, only some of a user’s senses are stimulated.
Semi-immersive experiences, e.g. a flight simulator combining both physical and
virtual elements [7,11]. Fully immersive VR creates an illusion of “being there”
by replacing the physical surroundings and making the person feel like they are
present in the virtual world [9,31]. Typically, fully immersive VR is presented
through head-mounted displays (HMD) and interaction is enabled via hand-held
controllers. thus the definition of VR can slightly vary between different sources
and use situations. Therefore, in this study, VR relies on a broader definition
of virtual reality including non-interactive viewing of 360 pictures through an
HMD.

2.2 Nature Connectedness

Humans have an evolution-based need to feel the connection with nature [21,44].
That concept is called biophilia-love of life, which Wilson [21,44] defines as the
desire to connect with living beings and the natural environment. This natural
tendency of humans urges them to seek connections with nature and other forms
of life, including a longing to be close to nature and a preference for things that
resemble it. Richardson and Butler [32] emphasize the problem of how biophilic
properties commonly remain superficial in practical design projects as the most
important result of biophilic design, i.e. a deeper and stronger connection with
nature, is often overlooked.

Nature connectedness is defined as an individual’s perceived relationship with
the natural world [26]. Often it is discussed in a context of pro-environmental
behavior [37], a variety of health and wellbeing outcomes, and overall happi-
ness [4]. The basis for nature connectedness is created in childhood, but even
short experiences in nature can increase connection with nature in adults [35]. A
study by Calogiuri et al. [3] demonstrates that using 360 videos and computer-
generated scenarios to create immersive virtual nature, can be equally effective
in increasing nature connectedness, as long as the same level of immersion and
interaction is offered.

Studies have presented that nature connectedness has a significant effect on
health, wellbeing, and happiness [4]. Wang et al. [40] report that forest environ-
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such as windmills become a visible part of the landscape in many places. Despite
their environmental benefits, these technologies harm the local natural ecosys-
tems by replacing nature with a constructed environment, and affecting animals
such as reindeer [36] and birds [22]. The green energy constructions also alter
the visual and experiential qualities of natural environments. This raises the
question about green transition technologies’ impact on nature engagement and
experience. Thematically, our research is part of a larger discussion of just tran-
sition for the green transition, highlighting the complex nature of sustainable
technologies, green transition, and the effects on local and larger societal frame-
works [16,23].

More research is needed on participatory design for pluriversal perspectives
on sustainability. VR can be a useful tool in the domain, and its suitability
for such studies needs to be evaluated. As the contribution of our work, we
report the pros and cons of using VR compared to paper-based visualizations of
nature landscapes without and with technology constructions. By exploring the
methodologies to investigate green transition, we pave the way to better user
research methods and research tools for citizen participation in green transition
decision-making.

2 Related Work
2.1 HCI and Nature Experiences

In the area of Human-Computer Interaction, the combination of nature experi-
ences and technology has been investigated from different viewpoints. Webber et
al. [43] have presented typologies in use technology for nature engagement, and
bring up dimensions of directness and distance in nature engagements. These
dimensions of directness include direct, abstracted, and simulated nature expe-
riences. It has been highlighted that technology has the potential to enhance
engagement with nature, promoting wellbeing and awareness of natural envi-
ronments as well as its fragility [12]. However, designing technology for nature
encounters requires addressing the balance between support and intrusiveness,
especially in mobile contexts, where devices can both enhance and disrupt the
user’s interaction with nature and outdoors [28].

VR and AR technologies can contribute to linking individual users with envi-
ronmental issues by providing immersive experiences for learning, increasing
users’ self-efficacy, and influencing behavior change [8]. However, while technol-
ogy enables simulated nature experiences, it often lacks the multisensory quali-
ties of authentic nature. For connecting with nature, extended reality (XR) tech-
nologies have been used for immersive experiences with nature [10], embodying
animals in immersive virtual environments [1], and for gamified experiences for
environmental awareness [34]. A systematic literature review of 80 papers focus-
ing on VR and AR with environmental sustainability revealed that most com-
monly the technologies were used for education and learning purposes, followed
by promoting ecological behavior [8] such as for behavioral change in plastic
consumption [5].
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Abstract. In this paper, we explore Virtual Reality (VR) as a tool for
user studies assessing nature perceptions. We collect user perceptions of
green transition technology in nature, and compare a natural landscape
and one with windmills, both as paper and VR representations, in a
user study (n=14). Our salient findings indicate that while VR provides
more immersive and engaging experiences, paper-based visualizations
allow more freedom for the user’s own imagination and reflections on
personal experiences on green technologies in nature. Moreover, in VR,
the participants tend to get more distracted by the visual details, for
instance the implausibilities of the virtual world. The landscape without
windmills was perceived as more positive (PANAS) and more restorative
(PRS).

Keywords: nature - HCI - virtual reality - user studies - user
experience - green transition - sustainability

1 Introduction

Nature connection has been reported to improve both physical and mental health
and wellbeing [45,46], and also emerging technologies have been utilized for fos-
tering this connection [12,38]. This paper explores the use of VR in assessing user
perceptions of nature landscapes and compares how people perceive a natural
landscape with a landscape containing built technology. Our research contribu-
tion is two-fold. Firstly, we investigate the method of using VR for assessing
human perceptions of natural landscapes and compare the approach to paper-
based visual presentations of nature landscapes. Secondly, we explore people’s
perceptions of integrating a green transition technology, windmills, into the land-
scape visualizations. The motivation of our research lies in evaluating and devel-
oping research methods to assess technology-mediated nature experiences.

Our work is partially motivated by the global trend of green transition, which
includes setting up new large-scale technological solutions [41]. As we increas-
ingly seek sustainable solutions to address environmental concerns, technologies
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long-term impact of VR training to determine whether these initial gains in
performance and engagement are sustained over time.

Another potential area for future work is the incorporation of advanced fea-
tures such as eye-tracking technology. Eye-tracking could offer more precise data
on where participants are focusing their attention, allowing for more detailed
analysis of performance. This would also enable trainers to identify areas where
participants might be struggling or distracted, providing opportunities for tar-
geted interventions.

Lastly, while this study focused on apartment searches, VR training can
be expanded to include other areas of law enforcement, such as conflict de-
escalation, crowd management, or tactical operations. Expanding the use of
VR beyond basic operational training would help prepare police officers for the
diverse scenarios they may encounter in the field.

6 Conclusion

This study examined the effectiveness of a Virtual Reality (VR) simulator as a
supplementary tool for developing situational awareness skills in police training,
particularly situational awareness during apartment search operations. The find-
ings demonstrate that while VR enhances user confidence and allows for quick
adaptation to virtual environments, the usability of control devices and visual
display quality play critical roles in determining task focus and performance
outcomes.

Control device interference was found to significantly impact participants’
concentration and overall task performance, highlighting the need for fur-
ther optimization of control mechanisms. Additionally, visual interference was
strongly correlated with control issues, indicating that improvements in both
areas are essential for enhancing the VR training experience.

Although stress was shown to slow down task completion times, it did not
significantly affect performance accuracy, suggesting that participants were able
to maintain precision under pressure. This indicates that VR can effectively
simulate high-pressure environments without negatively impacting task quality,
making it a valuable tool for preparing police cadets for real-world challenges.

However, the novelty of VR technology and the small sample size used in
this study suggest that further research is necessary. Future studies should focus
on larger participant groups, extended real-world application, and potential
improvements to control devices and visual displays. Incorporating advanced
technologies such as eye-tracking could provide more precise data on participant
focus, enabling more targeted training interventions.

Overall, the VR simulator presents a promising and scalable solution
for enhancing soft skill training, particularly situational awareness, in police
academies. By addressing the identified limitations, VR can play an integral
role in preparing law enforcement officers for complex and high-stakes scenarios
through immersive and efficient training environments.
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The usability of the VR interface, which participants rated positively, high-
lights the importance of user-friendly design. Participants were able to adjust
to the controls relatively quickly, but the moderate correlation between control
device interference and adjustment difficulty (r = 0.4) suggests that even minor
improvements in the intuitiveness of the interface could further enhance the user
experience and training outcomes.

5.3 Effect of Stress on Performance

The study also revealed that while stress had a moderate negative correlation
with task completion times (r = —0.45), it did not significantly affect task per-
formance quality. This finding aligns with previous studies by Caserman et al.
[4], which indicated that VR-induced stress might slow down decision-making
but does not necessarily impair the ability to perform tasks accurately.

This is particularly relevant in police training, where cadets must be able
to function effectively under high-pressure situations. The ability of VR to sim-
ulate stress-inducing environments without negatively impacting task accuracy
demonstrates its value as a training tool. Future iterations of VR simulators
should aim to manage stress levels to improve task efficiency without compro-
mising performance quality.

5.4 Training Efficiency and Practical Implications

The relatively short average task completion time (180s) indicates that VR can
efficiently replicate critical elements of traditional training, such as apartment
search operations, without requiring extensive time and resource investments.
VR’s adaptability and scalability allow for the rapid creation of varied training
environments, making it a valuable tool for police academies that may face
logistical challenges when providing frequent training opportunities.

The strong correlation between control device interference and visual inter-
ference emphasizes the need for improving both control mechanisms and visual
display quality to ensure high levels of training fidelity. If addressed, these
improvements could make VR an even more effective and scalable alternative
to traditional physical setups.

5.5 Challenges and Future Directions

While the results are promising, there are several challenges to be addressed
in integrating VR as a mainstream training tool for police academies. Control
device interference was found to significantly affect participants’ focus and task
performance. Therefore, improving the intuitiveness of the control devices and
minimizing visual interference should be a priority in future developments of VR
training programs.

Additionally, the novelty of VR technology may have contributed to initial
enthusiasm, which could influence the results. Future studies should explore the
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Fig. 9. Pearson correlation matrix for post-questionnaire results, illustrating relation-
ships between control device interference, task performance, sense of immersion, and
other factors. Strong correlations are in red, and weaker correlations are in blue. (Color
figure online)

Moreover, the strong correlation between control device interference and
visual interference (r = 0.7) suggests that these two factors may compound
the overall difficulty of performing tasks in VR. This indicates that improving
control mechanisms must go hand in hand with ensuring high-quality visual
displays to minimize distractions and improve performance.

5.2 Role of Immersion and Usability

The sense of immersion plays a critical role in the effectiveness of VR training.
As noted by Witmer et al. [19], immersion is key to engaging users deeply in
simulated scenarios. In this study, participants who reported higher immersion
levels also experienced better task performance. This reflects the importance of
not only providing intuitive control devices but also ensuring that the overall
VR experience is seamless, with minimal technical distractions.
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Fig. 8. Trainee’s perspective during the training session, showing secured points in
the virtual environment. This live scoring system allows the instructor to monitor the
trainee’s progress in real-time.

These findings suggest that improving control mechanisms and minimizing
visual distractions could enhance task performance in VR training environments.
Addressing stress management could further improve task efficiency without
sacrificing performance quality.

5 Discussion

The results of this study suggest that Virtual Reality (VR) can be a viable tool
for supplementing training in tasks such as apartment searches. By leveraging
immersive environments, VR offers potential for improving both perceived and
actual task performance. This section discusses the implications of these find-
ings, aligns them with existing literature, and explores potential challenges and
opportunities for integrating VR into police training programs.

5.1 Impact on Training Outcomes

The study results highlighted the importance of control device design and usabil-
ity in influencing task performance in VR training. Participants who experienced
less interference from control devices reported better focus, leading to improved
task performance. The moderate negative correlation between control interfer-
ence and task focus (r = -0.5) aligns with previous research by Narciso et al.
[9], which emphasized the role of ease of use in enhancing the effectiveness of
VR training. This finding suggests that optimizing control devices could signifi-
cantly enhance training outcomes by enabling participants to better concentrate
on task objectives rather than the mechanisms of interaction.
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Fig. 7. Visualization of the operator’s field of view and sensor rays used for tracking
areas observed during the training session. These rays help the simulator detect which
parts of the virtual apartment the operator has examined.

As shown in Fig. 9, the Pearson correlation matrix highlights significant rela-
tionships between various aspects of the VR experience. In particular, control
device interference (Q02) shows strong correlations with task focus (Q06) and
visual interference (Q07), suggesting that difficulties with control devices and
visual display quality often co-occur and can negatively affect task performance.

4.2 TImpact of Perceived Stress on Performance

A moderate negative correlation (r = —0.45) was found between perceived stress
and task completion time, indicating that participants who experienced higher
levels of stress tended to take longer to complete their tasks. However, the cor-
relation between stress levels and performance quality (r = 0.21) was not sig-
nificant, showing that while stress affected the speed of task completion, it did
not reduce the overall quality of task execution.

4.3 Key Findings
The results of the study point to several key conclusions:

— Control Device Interference: Control device interference significantly
impacted task performance and focus, with greater interference correlating
with decreased concentration and a reduced sense of control.

— Visual Interference: Control device interference often coincided with visual
display issues, compounding distractions and impairing task execution.

— Stress and Task Completion: Higher stress levels were associated with slower
task completion times but did not affect task quality, indicating that partic-
ipants maintained accuracy despite feeling stressed.
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Fig. 6. Detailed view of a room with furniture in the VR simulator. This image high-
lights the intricate details included in the virtual environment to improve immersion
and support cadets’ situational awareness during training.

ronment. Question Q02 (“How much did the control devices interfere with the
performance of the assigned tasks?”) revealed significant correlations with vari-
ous aspects of the VR experience, indicating that control mechanisms played a
critical role in shaping task performance and user experience.

A negative correlation (r =-0.5) between Q02 and Q06 (“How well could you
concentrate on the assigned tasks rather than on the mechanisms used to perform
said tasks?”) indicates that greater interference from the control devices was
associated with reduced task focus. Our findings align with prior studies showing
VR’s impact on focus and stress handling. For example, in anti-doping training,
VR was found to support focus and situational awareness under pressure, a
critical aspect of high-stakes decision-making [3]. This parallels the need for
police officers to remain focused and effective in demanding training scenarios.
Participants who experienced more difficulty with the control devices had greater
trouble concentrating on the task objectives.

A strong positive correlation (r = 0.7) between Q02 and Q07 (“How much
did the visual display quality interfere or distract you from performing the
assigned tasks?”) suggests that participants who reported interference from the
control devices also experienced difficulties with the visual display quality. This
highlights the potential interconnectedness between control and visual issues,
which could amplify the overall interference with task execution.

A moderate positive correlation (r = 0.5) between Q02 and Q01 (“How much
influence did you feel you had over interactions with the virtual apartment?”)
indicates that as interference from the control devices increased, participants
reported feeling less control or influence over their interactions within the vir-
tual environment. This further emphasizes the need for user-friendly controls to
enhance participants’ sense of agency.



42 H. Hansen et al.

Fig.5. Room with basic furniture in the VR simulation. The inclusion of furniture
increases the complexity of the virtual apartment, enhancing the realism of the training
and challenging cadets to identify potential risks and obstacles.

by participants were reflected in their actual performance during the simulation.
Furthermore, improvements in self-reported confidence post-training provided
additional evidence supporting the effectiveness of the VR simulator as a sup-
plementary training tool.

3.5 Limitations

Despite the promising findings, there were several limitations to this study. The
small sample size of participants limits the generalizability of the results to
a broader population. Additionally, there is the potential for novelty bias, as
participants may have been more enthusiastic about using the VR system due
to its novelty rather than focusing solely on the training content. Although every
effort was made to mitigate this by clearly communicating the training objectives
to participants, the influence of novelty on their responses remains a potential
limitation.

The technical capabilities of the VR equipment also imposed certain restric-
tions. For instance, the simulator lacked advanced features such as eye-tracking,
meaning that only head-tracking was used to determine where participants were
looking. This limitation may have impacted the precision of the performance
metrics, although the system still provided valuable insights into how well par-
ticipants navigated and cleared risk zones.

4 Results
4.1 Control Device Interference and Task Performance

The analysis of post-questionnaire responses provided valuable insights into how
control device interference affected participant performance within the VR envi-



Utilizing Virtual Reality to Enhance Situational Awareness 41

Fig. 4. 3D model of a room with checkpoints. This image shows the integration of
checkpoints within the training environment, guiding cadets through key areas they
need to secure during virtual apartment searches.

VR simulations. The primary aim was to develop the prototype and evaluate it by
determining the correlations between the participants’ self-reported confidence,
perceived stress, and their objective performance scores and time metrics.

The analysis involved comparing pre- and post-questionnaire results to eval-
uate how the VR training impacted participants’ confidence and sense of pres-
ence. For instance, the self-reported confidence levels from the pre-questionnaire
were compared against those in the post-questionnaire, allowing for a measure
of improvement after completing the VR training. Box plots and other visu-
alizations were used to illustrate the spread and central tendency of responses,
helping to identify trends in how participants perceived their training experience.

Additionally, correlation matrices were used to identify relationships between
variables, such as the association between perceived stress and performance
scores or time taken to complete the simulation. High correlation scores between
these variables helped determine the extent to which stress influenced perfor-
mance in the VR environment. Correlation matrices were particularly useful in
revealing patterns, such as whether participants with higher initial confidence
saw greater performance gains from VR training, or whether stress levels signif-
icantly affected task completion time.

To ensure that the findings were robust, the performance metrics from the
simulator were cross-referenced with the subjective data. This cross-analysis
enabled the study to explore whether improvements in confidence as reported
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Fig. 3. Overhead floor plan of a virtual apartment. This image shows the layout used
to guide cadets in navigating virtual environments, providing a clear view of risk zones
and checkpoints within the simulation.

The pre-questionnaire aimed to gather information about the participants’
prior experience with VR, their perceived stress levels using the Perceived Stress
Scale (PSS) [13], and their confidence in conducting apartment searches. Addi-
tionally, participants were asked to estimate how effective they believed VR
would be as a tool for improving their search abilities. The outcome of this
question compared with the actual performance score and helped to determine
the

After completing the VR training, participants filled out a post-questionnaire
based on the Presence Questionnaire by Witmer et al. [20], which assessed their
sense of presence and engagement in the virtual environment. Further questions
were included to evaluate the usability of the control devices and how much the
training experience improved their confidence in conducting apartment searches.

Objective data was collected directly from the VR simulator during the train-
ing exercises. Two key metrics were recorded: (1) the time taken to complete the
apartment search and (2) the performance score, which was calculated based on
the trainee’s ability to correctly secure all risk zones in the virtual environment.
Each risk zone was equipped with sensors, and the system automatically marked
them as secure when they were observed by the trainee during the simulation.

3.4 Data Analysis

Data analysis focused on both the subjective responses from the pre- and post-
questionnaires as well as the objective performance metrics collected during the
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Fig. 2. Another view of a 3D room model used in the VR simulation. This provides a
different perspective of the training environment, emphasizing the variability in apart-
ment layouts for different training scenarios.

session. If a sensor is obscured by furniture, it will automatically be considered
secure at the start of the session unless there is enough space between the sensor
and the furniture to allow for proper observation. Each secured area contributes
to the operator’s score, which is assessed by the simulator (Fig. 8).

The automated assessment system was designed to accurately detect which
zones in the apartment have been properly checked without compromising the
simulator’s performance. This allows instructors to provide live feedback based
on the operator’s score as they secure each risk zone.

3.3 Data Collection

To evaluate the effectiveness of the VR simulator as a training tool, both sub-
jective and objective data were collected during the study. The subjective data
consisted of pre- and post-questionnaires administered to the participants, while
the objective data were automatically collected by the simulator during the
training sessions.
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Fig. 1. 3D model of a room used in the VR simulator. This model represents the basic
environment in which police cadets train for apartment searches, helping them develop
situational awareness and decision-making skills.

helps cadets develop situational awareness and learn to focus on key objectives
even when presented with cluttered or visually stimulating surroundings.

Although the visual fidelity of the simulator balanced simplicity and realism,
the detailed models (see Figs.5 and 6) ensured that the training environments
were engaging without being overwhelming. Previous research by Wickens [18]
showed that excessive realism could detract from learning by introducing unnec-
essary visual information. Therefore, the simulator maintained an optimal level
of detail to help cadets concentrate on identifying risks, such as the checkpoints
seen in Fig. 4, and improve their ability to secure each zone effectively.

Overall, the VR simulator’s design aimed to maximize immersion while focus-
ing on core training objectives, such as decision-making under pressure and the
development of situational awareness, which is a critical skill for law enforcement
officers.

3.2 Simulator Monitoring and Performance Scoring

The simulator was responsible for monitoring the various inputs from the opera-
tor and using these inputs to score performance through data collection. Inputs
were collected via the VR headset and the two VR controllers held by the user.

The simulator determines which objects are within the operator’s field of
view using the headset’s position and rotation sensors. Since precise eye-tracking
equipment was unavailable, the simulator assumes that everything in the oper-
ator’s field of view is being observed. This data was essential in facilitating the
functionality that allows the operator to secure a risk zone (Figs. 7).

Whether an area of the apartment is secured or unsecured is determined by
sensors placed in key risk zones. These sensors are considered secured once they
have been observed at least once, and they stay secure for the remainder of the
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3.1 Artifact Development

The development of the VR training simulator followed an iterative process,
divided into two phases: the creation of a level editor and the development
of the VR simulator itself. The level editor enabled easy assembly of diverse
apartment layouts, while the VR simulator executed apartment search scenarios
in real-time. This iterative approach allowed for continuous refinement based on
feedback from the police academy instructors, ensuring the final artifact met the
specific training needs of law enforcement.

Level Editor. The development of the VR simulator began with the creation
of a level editor, which allowed for the rapid design and customization of vir-
tual apartment layouts used during training. This editor was designed to enable
instructors to easily configure rooms by adjusting the layout and positioning of
various elements such as walls, doors, and windows. By using the editor, trainers
could quickly generate diverse environments that simulated real-world apartment
settings.

The 3D models of these rooms (see Figs.1 and 2) demonstrate the basic
structure and variability of the apartment search environments used in the VR
simulation. These environments provide the foundation for training police cadets
in situational awareness, an essential soft skill for identifying potential risks and
hazards in unfamiliar spaces.

In addition to the 3D room models, an overhead floor plan (Fig. 3) was gen-
erated for each virtual apartment. This floor plan outlines key areas, such as
risk zones and checkpoints, that trainees need to clear during the apartment
search operation. The floor plan ensures that each simulation is well-structured,
enabling cadets to navigate the environment efficiently and focus on securing
critical areas.

The flexibility provided by the level editor allows trainers to modify environ-
ments as needed, ensuring that trainees encounter a wide range of scenarios. This
capability is critical for helping police officers develop the quick decision-making
and situational awareness necessary in real-life operations.

VR Simulator. The VR simulator was designed to run on the Oculus Quest 3,
providing an immersive training experience for police cadets. The system tracked
the cadets’ head and hand movements, enabling them to interact with and navi-
gate through virtual apartments while searching for risk zones. As demonstrated
in previous studies, room-scale VR simulations can create a high level of immer-
sion, which is critical for training exercises that require situational awareness
and decision-making under stress [4].

The virtual environments used in the simulator featured various levels of
complexity, starting from basic layouts and advancing to more intricate spaces
furnished with obstacles. Figures5 and 6 illustrate these environments, where
cadets were challenged to identify and secure risk zones amid furniture and other
potential distractions. This progressive increase in environmental complexity
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training emergency responders by providing them with realistic, stress-inducing
environments that mirror real-world incidents. This suggests that VR’s capabil-
ity to create dynamic, responsive training environments is especially beneficial
for police officers, who must remain calm and effective in unpredictable, high-risk
situations.

Moreover, the use of VR for decision-making in crisis situations has shown
significant potential, Conges et al. [5] emphasized the importance of training
police officers and crisis managers in simulated environments where decision-
making under stress is a key factor. This aligns with research by Witmer et
al. [19], which showed that presence and immersion in VR directly impact how
effectively trainees engage with the training scenarios, ensuring better retention
of learned skills.

Despite the growing body of research on VR’s effectiveness in various pro-
fessional fields, there remains a gap in the literature regarding its specific appli-
cation to soft skill training for police officers, particularly in apartment search
operations [7]. This study seeks to address that gap by investigating how VR
can be used to enhance situational awareness, decision-making, and risk man-
agement in such contexts. By utilizing a design science methodology, we aim to
evaluate the extent to which VR can complement traditional training methods
while providing additional flexibility and scalability [17].

This research builds on existing studies and aims to contribute new insights
into the role of immersive technology in law enforcement training. By focus-
ing on situational awareness skills, this study adds a critical dimension to the
broader conversation about how VR can be leveraged to enhance the training of
professionals who regularly operate in high-stress, life-threatening environments.

3 Methodology

This study employed a design science research methodology, which emphasizes
the iterative development of artifacts through collaboration with stakeholders,
ensuring the practical applicability of the results [10]. The primary goal of this
research was to prototype a Virtual Reality (VR) simulator aimed at supple-
menting traditional training for police cadets. Specifically, the study focused on
apartment search operations, where trainees must identify and secure risk zones
under pressure, simulating real-world scenarios that require situational aware-
ness and decision-making skills.

The study was conducted at Malmé University Police Academy in Sweden,
where police instructors served as stakeholders and provided critical feedback
throughout the artifact development process. The VR simulator was designed
and implemented using the Unity game engine [16], and the hardware employed
included the Oculus Quest 3 VR headset, which offered a portable and immersive
environment for training.
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can stimulate situational awareness by creating a sensory-rich experience. Such
multisensory simulations play a crucial role in developing high-pressure decision-
making skills essential for police officers in training. Allcoat et al. [1] found that
VR contributes significantly to learning outcomes by enhancing engagement,
immersion, and interactivity. Blacker et al. [21] demonstrated the effectiveness of
VR in improving decision-making under stress, particularly during high-pressure
military operations, further highlighting the potential for VR in law enforcement
training.

Despite these clear advantages, the integration of VR into official training
curricula has been slow due to logistical, technological, and financial constraints
[15]. Traditional police training methods often involve the creation of physical
environments, such as mock apartment complexes or training facilities, which
are both resource-intensive and difficult to adapt to different scenarios. As police
training continues to evolve to address increasingly complex threats, VR offers a
flexible, cost-effective alternative capable of generating diverse training scenarios
on demand.

The educational benefits of VR are well-documented beyond law enforce-
ment. Wickens [18] argued that while VR environments should focus on key
learning objectives, it is essential to avoid unnecessary visual complexity that
could overwhelm trainees. Peffers et al. [10] further highlighted the importance of
structured design in developing training systems to ensure that they align with
pedagogical goals. This balance between immersion and simplicity has informed
the design of many contemporary VR training systems, including those used for
police training.

Skills training, such as situational awareness and decision-making, is a central
aspect of police education. For example, in apartment search operations, officers
must quickly identify and secure risk zones, an essential task in law enforce-
ment operations [21]. However, traditional training often lacks the scalability
and adaptability needed to prepare officers for the full range of environments
they may encounter in the field. VR can address this gap by offering a platform
where training scenarios can be endlessly modified and adapted to different con-
texts, thus providing a richer, more comprehensive training experience [8].

Previous research has highlighted the role of immersion in VR-based learning
environments. Ponder et al. [11] emphasized that immersion and user interaction
are critical factors for the successful transfer of skills from virtual to real-world
scenarios. Their work on interactive storytelling in VR found that more immer-
sive environments resulted in better user engagement and skill retention. Narciso
et al. [9], in their systematic review of VR applications in professional training,
concluded that VR is particularly effective in environments requiring complex
decision-making, such as those faced by law enforcement officers.

Furthermore, advances in VR technology have made it possible to integrate
real-time performance tracking and automated feedback into training sessions,
providing trainers with valuable data on trainee performance. This real-time
assessment allows for more precise evaluations of skill development, particularly
in high-pressure scenarios. Kinateder et al. [6] found that VR was effective in
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training, where cadets are required to develop skills such as situational awareness,
decision-making, and risk management in complex and unpredictable scenarios.

Traditional police training often involves physically replicating environments
where trainees must practice techniques such as securing risk zones in apart-
ment searches. These physical setups can be costly, time-consuming, and may
not always provide the variety needed to adequately prepare cadets for the
diverse situations they will encounter in the field. Additionally, ensuring psy-
chological resilience in high-pressure situations requires repeated exposure to
stress-inducing scenarios, something that can be difficult to achieve consistently
through traditional means.

VR offers an alternative by providing immersive, interactive environments
that can replicate these complex training scenarios with high fidelity. In a VR
simulation, cadets can engage in tasks such as clearing rooms, identifying risk
zones, and making split-second decisions in a controlled yet realistic virtual set-
ting. These environments are highly customizable, allowing for varied scenarios
to be presented without the need for extensive physical resources.

This study explores the use of VR as a supplementary tool for training in
police academies, specifically within the context of apartment search operations.
The primary goal of this research was to prototype a Virtual Reality (VR)
simulator aimed at supplementing traditional training for police cadets. More
specifically, to which degree can VR replicate the immersive experience of real-
world scenarios, maintain training quality, and contribute to the psychological
preparedness of police students?

The evaluation of the VR system focused on key factors such as user immer-
sion, interactivity, and performance outcomes. The results of this study aim to
contribute to the broader understanding of how VR can be effectively utilized
as a supplement to traditional training in fields where situational awareness is
critical to success under pressure.

2 Background

As Virtual Reality (VR) technology continues to evolve, its applications in pro-
fessional training, particularly in law enforcement, have gained increasing atten-
tion. VR offers the ability to simulate complex, high-stakes environments that
are difficult or expensive to replicate in the physical world, making it a powerful
tool for training in areas such as situational awareness, decision-making, and
risk management. These skills are critical for police officers in high-pressure field
operations where the ability to make split-second decisions can have life-or-death
consequences [2].

VR has shown great potential in the realm of police training, with multiple
studies demonstrating its effectiveness. Caserman et al. [4] explored VR’s role
in tactical police training using Al-supported simulations for cover detection,
showing how immersive environments can enhance critical thinking and tactical
skills. VR enhances sensory immersion, a key factor for skill development in
complex environments. In [14] Rosenkvist et al. (2019) demonstrated how VR
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Abstract. This study examines police students experience of using Vir-
tual Reality (VR) as a tool for training situational awareness during
apartment search operations. The study included both a qualitative and
quantitative approach to evaluate a prototype aimed to supplement tra-
ditional training. The findings highlight that control device and visual
display interference significantly affect task performance and concentra-
tion. While stress increased task completion times, it did not reduce
accuracy, demonstrating the value of VR in simulating high-pressure
environments. VR offers a flexible, scalable, and cost-effective alterna-
tive to traditional training methods. However, optimizing control mecha-
nisms and visual fidelity remains essential. Future research should explore
advanced features like eye-tracking to further enhance the training expe-
rience. These findings contribute to the growing body of research on VR’s
role in police and vocational training.
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1 Introduction

Virtual Reality (VR) technology has seen significant advancements in recent
years, leading to its increasing adoption across a range of sectors, including edu-
cation, healthcare, and law enforcement. In particular, VR has shown potential
as a valuable tool for training in high-stakes environments, where traditional
training methods may be resource-intensive and limited in scope. Beyond tra-
ditional law enforcement applications, VR has been increasingly recognized for
its educational value in high-stakes environments. For instance, VR-based anti-
doping education for young athletes has shown that immersive environments
can effectively promote ethical decision-making and situational skills [12]. This
underscores VR’s versatility as an educational tool, validating its application in
diverse training scenarios such as police work. One such environment is police
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of three sessions per participant, highlighting a significant deviation from our
goals.

Student 10 received six sessions in a row, while Student 11 only received one
VR session, both showing some improvements during post-observations. Despite
the teachers’ enthusiasm and dedication, the logistical difficulties and constraints
faced by the teachers and pedagogues at Frejaskolen, such as time management
and scheduling, posed significant barriers.

Future iterations should include some changes to the VR train station sim-
ulation. This includes scenarios like delayed or canceled trains and last-minute
track changes. Additionally, the simulation does not accurately reflect the usual
crowd at Anonymous station. Anonymous station is typically quite busy, not
represented by the number of NPCs walking around in the current version of
the application. The number of passengers on the trains is also lacking, as trains
would be almost full during peak hours, and children would have to wait their
turn to get on or off the train. Since the target group might have sensory issues,
including this aspect in the simulation could prepare the participants for the sen-
sory overload they might experience at a crowded station or on a packed train.
This was, however, not possible in this version due to the limited computational
capabilities of the Meta Quest 2.

Additionally, in real life, children would sometimes encounter a ticket inspec-
tor, which is not part of the current simulation. Including this element could pro-
vide a valuable learning experience, teaching children how to interact with the
inspector and presenting scenarios where others might not have a ticket. These
situations could lead to raised voices or other behaviors, creating unfamiliar
situations for the children to navigate.

Our study demonstrates VR’s potential to bridge gaps in practical skill acqui-
sition for children with ASD, while highlighting g the need for robust and adapt-
able VR systems. Future work could explore the integration of Al to dynamically
adjust scenarios based on real-time user feedback and behavior, enhancing the
personalized learning experience. Additionally, creating an application on a dif-
ferent device, such as a tablet, would allow the teachers to follow the student’s
performance in real-time as well as enable them to make changes to the sim-
ulations, such as the number of NPC passengers, noise level or even introduce
events such as train delays, cancellations and changes of tracks.

This short paper aims to explore VR’s opportunities and illustrate its poten-
tial. It hopes that future research and development can make significant strides
in utilizing VR to support and enhance the independence and quality of life for
individuals with ASD and other special needs.
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and introduce them to the steps required for independently utilizing this form of
public transportation. In this section, we will discuss the results of the two par-
ticipants who went through all phases of the planned evaluation: pre-observation,
VR training, and post-observation: student 10 and student 11.

The data collected from pre- and post-VR training observations demon-
strated improvements in the participants’ skills in key areas, such as recognizing
transportation signs, understanding schedules, and managing check-in systems.
These findings suggest that the VR intervention can potentially enhance inde-
pendent public transportation skills.

During the pre-observational phase, participants exhibited varying levels of
confidence and familiarity with the public transportation system. Notably, some
participants relied heavily on habitual behaviors or required peer support. For
instance, Student 10 focused exclusively on reaching the platform to catch the
train, demonstrating an unawareness of the need to take a different train. Con-
versely, in the post-observational phase, the same student displayed marked
improvements in confidence and attentiveness, consistently checking relevant
screens, successfully navigating to the correct platform, and entering the correct
train. This transformation, observed after six VR training sessions with Student
10, underscores the effectiveness of VR training in altering habitual behaviors
and enhancing situational awareness.

Similarly, Student 11 exhibited challenges during the pre-observational phase,
including a complete lack of awareness regarding when to disembark from the
train. Pedagogues had to intervene as the student had traveled one stop too
far. During post-observation, however, Student 11 demonstrated considerable
improvement by independently getting off at the correct station. The progress
after just one training session highlights the potential for further advancements
with additional training.

Interestingly, the students spent more time in the real train station after VR
training compared to the pre-training observations. Student 10’s time increased
from 2min to 5:44 min, and Student 11’s time increased from 3 min to 6:42 min.
This increase in time suggests that the students were perhaps more attentive to
their surroundings during the second attempt, likely because they had trained
in the VR simulation. The VR training may have made them more aware of
their environment and more diligent in following the steps necessary to navigate
the station independently. However, it is also possible that unknown factors
influenced their performance, and further investigation would be required to
understand these changes entirely.

The special education school participating in this study has VR and gaming
on their schedule for their students. Therefore, the teachers received complete
control of the VR training sessions, and the authors had no interaction with the
students during the whole process. This, however, removed the ability to control
the training phase, resulting in training not being performed as planned due to
scheduling issues at the school. Out of the 11 participants initially participating
in the pre-observation phase, only five proceeded to the training phase, with
varying numbers of sessions. Only one participant met the expected minimum
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Student 6: Conducted one session, spent 4min and 4s, asked for help,
entered the correct train on the first attempt but missed one task, and noted
a lack of realism.

Student 10: Conducted six sessions over 9 days. In the first session, the stu-
dent spent 10min and 57s, did not ask for help, and entered the correct
train on the second attempt. In subsequent sessions, the student consistently
entered the correct train on the first attempt, noted task completion discrep-
ancies, and discovered glitches.

Student 11: Conducted one session, spent 34 min and 53s, asked for help
initially, entered the correct train on the second attempt, completed most
tasks, had issues with the virtual school transportation card, and seemed to
enjoy the experience.

In summary, 12 sessions were conducted by 5 participants. Most boarded the

correct train on the first session, with Students 10 and 11 requiring a second
attempt. Participants generally completed the tasks, though Student 6 missed
one. Technical issues included glitches and incorrect displays, with varied par-
ticipant behaviors observed.

3.3 Post-observations

Due to scheduling issues, only two participants, Student 10 and Student 11,
were observed in this phase. The following details summarize their actions and
behaviors during the observation.

— Student 10: Checked the departure screens at the entrance, outside 7-Eleven,

and at Platform 5. Successfully checked in and boarded the correct train. No
conversation was recorded during the observation. The observer noted that
Student 10 was very aware of their surroundings, checked all screens, and felt
more confident and attentive after the training. The student spent 5:44 min
from entering the station to walking onto the right train compared to 2 min
in the pre-training observation phase.

Student 11: Checked the departure screens at the entrance, outside 7-Eleven,
and at Platform 5. Successfully checked in and boarded the correct train.
During the observation, Student 11 asked, “Which side of the travel card is
the correct side?” The observer noted some confusion between virtual and
real experiences, but the student used the tools learned in the simulation
to navigate successfully. The student spent 6:42s in the station during the
post-VR training observation compared to 3 min during the pre-VR training
observation.

4 Discussion

This paper explored whether a VR intervention can be used to familiarize autis-
tic children attending a special education school with their local train station
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— Participant 6: Recognized the stop at Carlsberg station but needed assis-
tance to get off.

— Participant 10: Initially went to the wrong platform and was guided back
by the accompanying teacher

— Participant 11: Zoned out, missed the correct stop and did not get off,
according to the accompanying teacher.

All participants successfully boarded the correct train. One participant (11)
did not get off at the right station.

3.2 VR Training Sessions

Due to scheduling issues at the school, not all students who participated in the
observation phase received VR training. Five students tried the VR application
following the observation phase. Each participant was tasked with navigating a
virtual train station, entering the correct train, and getting of at the current
station. A total of four subtasks were tracked by the VR application: Looking at
the information screen, going to the right track, using the travel card to purchase
a ticket, and walking onto the correct train. The aim was to assess their ability
to complete these tasks independently and to observe their behaviors and any
difficulties encountered (Fig. 4).

Participant Sessions Asked for help Correct train 1st attemp Task Completion Issues
Student 1 2 No Yes No

Student 8 2(1st) Yes Yes No

Student 6 1 Yes Yes No

Student 10 6 No No(1st), Yes No

Student 11 1 Yes No Yes

Fig. 4. Training phase results

Session Summaries.

— Student 1: Conducted two sessions 14 days apart. In the first session, the
student spent 25 min and 52s, did not ask for help, entered the correct train
on the first attempt, and noted a wall clipping glitch. In the second session,
the student spent 17min and 42s, did not ask for help, entered the correct
train on the first attempt, and noted a glitch with external elements intruding
into the train.

— Student 8: Conducted two sessions 7days apart. In the first session, the
student spent 4 min and 3 s, asked for help due to difficulty reading the phone,
entered the correct train on the first attempt, and noted a technical issue. In
the second session, the student spent 13 min and 14 s, did not ask for help, and
entered the correct train on the first attempt but encountered an incorrect
station name display, causing a premature exit.
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study. Out of the 11 participants who participated in the pre-observations, only
five received VR training due to issues such as scheduling conflicts, student and
teacher illnesses, and other logistical constraints. Ultimately, only two partici-
pants could participate in the post-VR training observations at the real train
station. While these challenges altered our original study design, they highlight
the complexities and realities of conducting research in natural settings, where
flexibility is often necessary to accommodate unpredictable variables.

3 Results
3.1 Pre-observations

The pre-observational study was conducted with 11 participants aged between
11 and 16 years who were tasked with navigating the Anonymous train station to
assess their ability to utilize public transport independently. For clarity and con-
fidentiality, each participant was assigned an ID number during pre-observation.
These ID numbers correspond to their student numbers throughout the study
(e.g., Student 1 was ID 1, Student 2 was ID 2, etc.).

The main goal was to evaluate each participant’s ability to interact with the
environment and other individuals and to check departure screens, locate the
right platform, and board the correct train.

Screen Checks. Of the eleven participants, six (54.5%) were observed checking
the departure screens. Among these, three individuals checked the screen outside
the 7-Eleven store, while the remaining three participants checked it at the
entrance. The average duration for these checks was approximately 5 s, indicating
a quick interaction with the digital information displays.

Platform Identification and Boarding. All participants successfully identi-
fied and moved towards the correct train platform and boarded the correct train.
A notable exception was one participant, Student 10, who initially walked down
to platform 5, contrary to the task requirements. This was explained by the stu-
dent’s habitual use of platform 5 for their daily travel, illustrating a reliance on
routine over task-specific instructions.

Time. The time taken by participants from entering Anonymous station (start
observation) to boarding the train (end observation) varied. The minimum time
recorded was between one minute, and the maximum time was three minutes
seconds.

— Participant 1: Struggled with navigation and asked strangers for directions.

— Participant 2: Demonstrated independent awareness and readiness.

— Participant 3: Displayed familiarity with the train system, checking screens
and boarding with minimal hesitation.
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The school card is used to purchase train tickets, and the phone tracks objec-
tives. The main objective is to take a specific train and get off at the correct
station, with several sub-objectives like checking departure screens, navigating
to the correct track, and checking in before boarding.

Upon boarding the correct train, players transition to a new scene inside
the train. The game spawns them in the corresponding train cart and requires
them to stay attentive to red dots on the screen indicating journey progress.
Additionally, the player could look out via the windows to see signs indicating
which station has been reached. Successfully getting off at the correct station
leads to a congratulatory room displaying the number of completed subtasks,
with options to restart or quit the game. Missing the stop or getting of at a
wrong stop results in a room encouraging a retry.

2.2 Evaluation

A before-and-after training evaluation employing a quasi-experimental design
measured the VR simulation’s impact on children with ASD’s ability to navigate
public transportation independently. This evaluation took place in real-world
train stations to ensure authentic behavior observation, focusing on interactions
with informational screens, schedule verification, platform safety procedures, and
overall navigation.

The first part of the evaluation involved initial observations at Annonymus
train station with teachers accompanying the children to the Anonymous train
station. Two authors, unfamiliar to the children, were strategically positioned
at the station to observe from a distance without influencing behavior. They
recorded interactions with the environment, such as checking departure screens
and the time to board the train. The children only met and interacted with
their teachers throughout the study, with whom they were already familiar. The
teachers received signed parental approval for the children participating in the
research and approval from the anonymous school ethical counsel.

After the observation session, a debriefing meeting was held at the Annonu-
mos school to combine the teachers’ insights with the observers’ data, ensuring
an accurate understanding of each child’s behavior. This collaborative approach
is a core component of UCD, enhancing the reliability of collected data [5].

A total of 11 observations were conducted on students aged 11 to 16. Fol-
lowing the initial observations, teachers were introduced to setting up the VR
intervention, including establishing a guardian system, starting the application,
setting NPC and ambient sound levels, and restarting the app. They were pro-
vided with a comprehensive setup manual and an online questionnaire to com-
plete after each session, including items on subtask completion and observation
notes. The training was planned to be conducted once a week for three weeks.

Post-training observations followed the same procedure as the pre-training
observations, ensuring consistency and comparability of the data collected.

Conducting a study in a natural, real-world environment without interfer-
ence from the researchers inherently brings unpredictable challenges [13]. In our
case, despite initial plans, several unforeseen events affected the execution of the
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(a) Real life (b) Virtual

Fig. 1. Comparison of real-life and the virtual juice shop by the entrance of the train
station and a departure information screen

(a) Real life (b) Virtual

Fig. 2. Comparison of real-life and virtual train station elements

Interactive elements within the game, such as interacting with train doors
and ticket machines using VR controllers, were implemented to simulate real-life
interactions. Each session starts at a control panel, allowing teachers to switch
on and off elements such as the presence of other passengers and ambient sounds
to control sensory stimuli.

The Non-Player Characters (NPCs) are designed to wander around the sta-
tion, wait, or stand together in conversations, creating a realistic environment.
Ambient sounds include traffic noise, background d diegetic music from the
shops, and announcements similar to those at real train stations in Anonymous.

Players control a human avatar with inverse kinematics-managed arms,
equipped with a school card in the right hand and a phone in the left hand.

(a) Real life (b) Virtual

Fig. 3. Comparison of real-life and virtual journey progress indicators
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with a smartphone [8]. Over three weekly sessions, participants showed improve-
ment in navigating check-in, security, and boarding processes in a real-world
airport.

The benefits of VR in teaching transportation skills to individuals with ASD
are multifaceted. It can enhance independence and societal integration and pro-
vide a cost-effective solution to the escalating expenses associated with their
transportation needs [6]. Given the significant investment in transportation for
students with ASD and the innovative capabilities of VR technology, this app-
roach warrants thorough exploration as a sustainable and effective educational
tool. Additionally, VR offers ecological validity in training interventions as the
tasks and experiences in VR-based simulations can be designed to be similar to
those that are required in the real world [14].

In contrast to previous studies, this short paper presents a VR intervention
simulating a virtual train station, mirroring a real-world station’s appearance
and functionality. Our VR environment is designed to replicate essential tasks
such as checking departure times, purchasing tickets, finding the correct track,
and boarding and exiting the train-offering an immersive experience that par-
allels the actual procedures required in a real station. This localized, detailed
simulation specifically focuses on train travel, representing a novel contribution
to the field by providing a practical, real-world scenario for autistic children to
practice independent transportation skills

2 Methods

The development of the VR intervention for public transportation training in
autistic children was grounded in User-Centered Design (UCD) principles. UCD
prioritizes the needs, preferences, and constraints of end-users throughout the
design and development phases to ensure the final product is both functional
and user-friendly [5,17].

In collaboration with Annonymus school, a specialized institution for children
with special needs, our development process involved iterative feedback loops
with teachers and pedagoges at the school. Several design workshops were held
at the school to gather input and feedback. Based on these workshops, it was
decided that the VR simulation should realistically mimic the Anonymous S-
train station frequently used by the students for their daily commutes.

2.1 The VR Intervention

The VR simulation was developed using Unity3D to run on a Meta Quest 2
and was designed to closely replicate the environment of the Anonymous S-train
station. To ensure a lifelike experience, 3D models of real station elements-such
as ticket check-in stands, departure screens, and various interiors and shops-were
meticulously crafted to look like their real-life counterparts (see Figs. 1a, 1b, 2a,
2b, 3a, 3b).
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ing approximately 1.4 billion (anonymous currency) annually [1]. This expendi-
ture has been increasing; for instance, Anonymous’s budget for student trans-
portation grew from 47.9 million (anonymous currency) in 2018 to 78.2 million
(anonymous currency) in 2022, largely due to the rising costs of individual taxi
services and an increase in the number of diagnosed children [7]. Despite efforts
to manage these costs through centralizing services and encouraging collective
transportation solutions, significant financial and logistical challenges remain.

Personalized support and interventions are crucial to promote independence
and improve the quality of life for individuals with ASD. Pfeiffer et al. [11]
investigated the effect of peer-mediated travel training to help autistic indi-
viduals achieve independent travel skills and community mobility. The results
showed that peer-mediated training significantly improved the travel skills of
the participants. Another study by Pfeiffer et al. [12] showed the effectiveness
of the Kennedy Center’s travel training guide and curriculum (TCG), where
individualized training with educated travel coaches helped autistic individuals
gain the necessary skills for independent travel. These methods are, however,
resource intensive, requiring trained peers or educators. Another disadvantage
of using trained peers or coaches with autistic individuals is the social barriers
to interacting with another person, which is one of the most common difficulties
of autistic individuals [11,12].

Virtual Reality (VR) can provide a more cost-effective intervention, offering
a socially safe environment where autistic individuals can practice essential skills
without the pressure or discomfort of direct social interactions.

Previous studies have demonstrated the potential of VR in teaching DLS
to autistic children and adolescents [3,4]. VR allows individuals with ASD to
engage in immersive simulations of real-world scenarios in a controlled and safe
environment [10]. This technology facilitates repeated practice and mastery of
DLS, enabling personalized learning experiences that accommodate the unique
needs and learning paces of individuals with ASD. VR simulations offer error-
free learning and self-directed exploration opportunities, which are crucial for
building confidence and competence in navigating public transportation systems
[9].

A recent review by Carnett et al. highlights the efficacy of VR in behavioral
interventions aimed at enhancing independence among autistic individuals [4].
This review supports VR’s use in teaching specific skills like driving and interview
techniques, advocating for its inclusion as an evidence-based practice. Of the 23
studies reviewed, two address transportation difficulties using VR.

One study by Simoes et al. describes a VR intervention for teaching public
bus usage to individuals with ASD [16]. This game provided a three-dimensional
city environment where participants practiced tasks associated with bus travel,
such as finding the appropriate bus, purchasing a ticket, finding a seat, and
getting off at the correct stop. Results indicated significant improvements in
participants’ knowledge and comfort with bus travel procedures.

Another study involved practicing air travel by exposing participants to 360-
degree videos of airports and airplanes using Google Cardboard in combination
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Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition
characterized by a spectrum of symptoms affecting social interaction, communi-
cation, and sensory processing. These challenges can significantly impede daily
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Abstract. Public transportation can be a significant challenge for autis-
tic adolescents, who often face difficulties with navigating complex envi-
ronments, managing schedules, and interacting with unfamiliar systems.
In this short paper, we explore the potential of Virtual Reality (VR) as
an intervention to address these challenges. Specifically, we developed a
VR simulation of a local S-train station in collaboration with a special-
ized school, allowing autistic students to practice essential transportation
tasks such as checking schedules, purchasing tickets, and navigating plat-
forms in a safe and controlled environment.

Our study employed a quasi-experimental design with pre- and post-
training observations to evaluate the effectiveness of the VR interven-
tion. Results demonstrated improvements in students’ abilities to under-
stand schedules, recognize transportation signs, and manage check-in
systems. Post-training observations also revealed increased time spent
navigating real train stations, suggesting greater attentiveness and con-
fidence. Despite logistical challenges and the need for more immersive
elements, such as handling crowded environments and interacting with
ticket inspectors, our findings highlight the promise of VR in preparing
autistic adolescents for independent public transportation.

Keywords: Everyday living skills - Virtual Reality - Autism Spectrum
Disorder

Introduction

living skills (DLS), such as using public transportation [2,15].
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In Anonymous country, the financial burden of accommodating the trans-
portation needs of students with ASD is substantial, with municipalities spend-
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as blockchains, artificial intelligence, and the Internet of Things [24] continue to
shape the metaverse landscape, future research could explore the integration of
these advancements into the MIC, enabling a more comprehensive and future-
proofed ideation process. Conducting empirical studies to validate the efficacy of
the MIC in real-world scenarios could provide quantitative evidence of its impact
on the success rates of AR/VR startups.

7 Concluding Remarks

This research made several notable contributions to the understudied domain
of augmented reality (AR) and virtual reality (VR) entrepreneurship. First, it
identified prevalent failure factors based on an in-depth investigation of unsuc-
cessful AR/VR startups, elucidating common pitfalls that can lead ventures in
this space to fail.

Understanding these factors can provide valuable lessons for aspiring
entrepreneurs seeking to increase their chances of success. Second, grounded in
design research methods such as autoethnography, autobiographical design, and
insights from industry expertise, this study presented the novel MIC as a strate-
gic ideation toolkit tailored to addressing unique considerations of extended
reality ventures.

This specialized canvas guides founders through prompts that encourage the
consideration of critical factors such as the user experience, the technological
feasibility, the problem-solution fit, and the business viability starting from the
earliest stages. Third, the proposed MIC framework prompts a human-centered,
problem-driven approach to conceive products and services that leverage the
differentiating capabilities of immersive technologies such as AR and VR.

Its tailored blocks push entrepreneurs to ideate solutions that provide value
propositions exclusive to XR, going beyond simply replicating non-XR expe-
riences. Fourth, the research methodology synthesized mixed qualitative tech-
niques such as focus groups, content analyses, and external evaluations by
startup consultants to produce actionable and valid insights. The triangulation
of perspectives enhanced the reliability and applicability of the findings.

Overall, this work combined an insightful analysis of the real-world chal-
lenges faced by failed AR/VR startups with an innovative design output-the
MIC-aimed at enhancing the viability of future ventures in this space through
a tailored, reflective ideation process. The MIC provides a model for human-
computer interactions and design researchers seeking to bridge conceptual con-
tributions with practical entrepreneurial impact to drive the adoption of novel
technologies.
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ogy, suggesting that founders may need the assistance of an XR specialist to
accurately complete this field. This highlights the technical knowledge required
to address usability concerns and design effective user experiences within the
AR/VR domain.

Furthermore, two participants emphasized that the lack of scalability within
a short timeframe was a prominent failure factor for two of the startups. One
participant pro-posed the addition of a timeline block to the MIC to address this
concern. By incorporating a timeline, startups would be prompted to consider
and plan for the scalability of their ventures over time, recognizing the potential
threats and opportunities that may arise in the future.

Overall, the engagement of the startup consultants in completing the MIC
high-lighted key areas of focus, such as the XR value propositions, usability
considerations, and scalability.

6 Limitations and Future Work

One limitation of this study was the sole reliance on qualitative data from startup
consultants to evaluate the MIC. While the feedback of these consultants pro-
vided valuable insights, incorporating quantitative metrics to objectively mea-
sure key factors such as the XR value propositions, usability considerations,
and scalability could further strengthen the evaluation. Future research should
explore the development and validation of quantitative instruments to assess
these critical elements within the context of XR business modeling. By combin-
ing qualitative expert feedback with quantitative measurements, a future study
could triangulate the findings and provide a more comprehensive understanding
of the canvas’s efficacy in enhancing the viability of metaverse startups.

Another limitation of this study was the lack of an analysis on the success
factors for thriving AR/VR startups. While our investigation of failed ventures
provided valuable insights into common pitfalls, incorporating an examination
of successful cases could further enrich the findings and provide a more com-
prehensive understanding of the critical factors influencing a startup’s success
in the AR/VR domain. Future research could extend this work by analyzing
prosperous AR/VR startups and integrating the identified success factors into
the MIC framework.

The analysis of market dynamics and user adoption patterns in the AR/VR
industry may have been oversimplified in this study. A more in-depth explo-
ration of these factors could yield additional insights and nuances that were
not captured in the cur-rent scope of this research. The data collection for this
study was conducted in the previous year, and may not have fully captured the
rapidly evolving nature of the AR/VR industry. As new technologies and market
trends emerge, the identified failure factors and the applicability of the MIC may
require further validation and refinement.

Expanding the research scope to include AR/VR startups from diverse cul-
tural and geographical contexts could enhance the understanding of region-
specific factors that influence startup success or failure. As new technologies such
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Table 1. Analysis of five startups

Category

Start Year

Stop Year

Summary

Startup #1
Shopping

Q3 2022

Q2 2022

This startup was an AR android application
for buying home decor. The revenue model
was based on selling commissions. The app
included a Web back end, and shop owners
were able to list their products. The shop
included more than 1000+ products and
achieved 100,000+ installations

Startup #2
Shopping

Q2 2019

Q2 2021

This startup was a VR app with 10,000+
installations that simulated shopping malls.
The app’s revenue model relied on selling
subscriptions to shop owners. The users
needed to have Google Cardboard VR to use
the app

Startup #3
Social
Network

Q2 2018

Q3 2021

This startup was an AR-only location-based
social network that allowed people to meet
other people around them and evaluate. It
crossed 5K users. The app’s revenue model
relied on selling ad-spaces for sending AR
gifts and AR. The app was available for
phones, tablets and never models, and it was
installed on more than 100,000 devices

Startup #4
Gaming

Q1 2018

Q1 2022

This startup developed a location-based AR
mobile game available on iOS and Android,
generating 200,000+ installation. Revenue
was generated through in-app purchases.
Despite a successful launch, the game faced a
swift decline in user retention. The gameplay
required physical movement, incorporating
the player’s actual locomotion as a core
mechanic

Startup #5
Productivity

Q3 2017

2021

This app was released for iPhone and iPad,
and most features required the constant use
of AR mode. The app aimed to facilitate the
organization of to-do lists by augmented
reality by animating 3D objects. The users
were able to use the app for free and it
crossed 20,000 installations

modification in expanding the possibilities for innovations within the XR space.
When the designers were queried about the usability blocks, there was a general
consensus among the participants that these blocks are crucial for effectively
communicating ideas prior to the development phase. However, they also noted
that filling this section may require a solid understanding of AR/VR technol-
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The “existing scalability limitations” and “future threats” counter the myth
and difficulty of short-term planning by pushing founders to forecast the obsta-
cles to long-term growth. “Future opportunities” guides the consideration of
how evolving technology and trends can enable the XR solution to be scaled
over time.

4.7 Measurable Metrics

To account for the critical role of usability in the profitability of XR prod-
ucts and services, we incorporated predefined metrics into the MIC. These met-
rics included the expected usable session (minutes), representing the anticipated
duration of each user session; the expected daily engagement for each user (ses-
sions), capturing the project-ed frequency of user engagement; and the expected
revenue per user, providing in-sights into the anticipated revenue generated from
individual users.

5 Testing the Model with Startup Experts

This study included an analysis of the five startups presented in Table1: two
developed a shopping application, another specialized in gaming, one ventured
into social networking, and the final one concentrated on productivity solutions.

The consultants had no prior knowledge of the specific reasons behind the
failures of these startups. They were provided with the summary, main usage
scenario, and start and stop dates of these ventures.

A common theme emerged among all the participants that emphasized the
significance of XR value propositions. It was collectively observed that three out
of the five failed startups did not offer value propositions that leveraged the
unique capabilities of XR systems, missing out on the potential benefits that
the technology could provide. This highlights the importance of creating value
propositions that are exclusive to XR experiences in order to fully capitalize on
the potential of the technology.

The shopping app, VR social network, AR social network, and productivity
app startups faced challenges that justified the value of their solutions against
the cognitive and physical demands placed on the users. All the participants
emphasized the need to justify motion-based interactions. One consultant sug-
gested that XR startups should avoid brief, buzzword-focused pitches centered
on being “AR/VR,” and in-stead clearly articulate their unique value proposi-
tion. For example, the shopping app only implemented an AR display feature. As
its competitors had integrated similar in-room display capabilities, this startup
lacked a defensible advantage. One participant stated that pointing out future
threats prompted the founders to think beyond the short-term trends and con-
sider sustainable differentiation.

One of the participants expressed appreciation for the modification made to
the existing alternative block, recognizing its ability to stimulate ideation and
inspire new ideas during the design process. They acknowledged the value of this
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— VR UX opportunity: How does this solution help users in a fully immersive
environment?

— Social opportunity: How does this solution create value for users via social
interactions?

— Virtual economy opportunity: How does using the virtual world economy
paradigm create value for customers?

— Interoperability features: How does the solution adopt interoperability or
achieve the interoperability needs of users?

— Minimum viable experience scenario: This is a written form of a user
storyboard that explains an ideal usage story in a short manner, which may
include all or some pieces of the usability elements.

The motion-based interaction load addresses the mistake of deferring
usability considerations by prompting the upfront justification of motion inter-
faces versus physical/cognitive burdens. The “AR UX opportunity” and “VR
UX opportunity” guide the ideation of AR and VR use cases distinctly. The
“social opportunity” and “virtual economy opportunity” promote the consid-
eration of the novel social and economic models afforded by XR worlds. The
“minimum viable experience scenario” narrative description helps convey and
refine the envisioned user experience holistically.

4.5 Viability Elements

The viability blocks of the MIC encompass essential elements such as channels,
costs, and revenue streams, which were derived from the Lean Canvas framework.
These blocks allow startups to strategically plan and analyze their distribution
channels, estimate the costs associated with their metaverse ventures, and iden-
tify potential revenue streams. These elements inherited from the Lean Canvas
address the difficulties around premature scaling by starting with a minimally
viable offering before expanding.

4.6 Future Scalability

The future scalability block within the MIC includes various crucial aspects,
including the existing scalability limitations, future threats, and future oppor-
tunities.

By considering these elements, founders can assess the potential for scaling
their metaverse ventures over time. This block enables startups to identify and
understand any existing limitations or challenges that may hinder their scalabil-
ity, allowing them to proactively strategize and overcome such obstacles. Addi-
tionally, by considering future threats and opportunities, startups can anticipate
the market dynamics, emerging technologies, and changing user preferences that
may impact the scalability of their metaverse solutions. This forward-thinking
approach empowers startups to position themselves for future growth, adapt to
evolving trends, and seize new opportunities within the rapidly evolving meta-
verse landscape.
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tasks or areas of interest. Solutions in this category address this need by offer-
ing value in the form of information, entertainment, or self-expression. Netflix,
social media, and video games are examples of solutions that address focus drive
problems [10]. The myths around only considering digital/XR alternatives and
the thought that bringing an app to XR is a value proposition are addressed by
separating “existing XR alternatives” from “existing non-XR alternatives” and
“existing non-digital alter-natives.” This prompts founders to consider a broader
set of solutions beyond just XR. The difficulty in defining the core problem is
mitigated by the “user engagement goal” checkboxes that guide problem framing
in terms of the focus drive, productivity, or transaction needs.

4.3 Solution

The concept of a unique value proposition has been adapted to the context of
XR, resulting in the XR unique value proposition. This shift is essential for
startup designers to recognize and emphasize the value propositions that users
can exclusively experience through XR solutions, distinguishing them from non-
XR alternatives.

In the XR landscape, it is crucial to identify and leverage the immersive
and trans-formative qualities that XR technologies offer. Startups need to go
beyond replicating existing non-XR. solutions and instead focus on harnessing
the unique capabilities of XR to provide novel and engaging experiences that
cannot be achieved through traditional means.

The “XR unique value proposition” block directly counters the myth that
simply bringing something to XR is valuable by pushing founders to articulate
the value enabled specifically through XR capabilities.

4.4 Usability

We aimed to minimize the usability ideation in a text-based manner by creating
the following blocks. Filling all the fields is not mandatory for each startup, but
it can give a quick overview about the position of a startup in the metaverse
landscape. Motion-based interaction load:

The motion-based interaction load encompasses the physical and cognitive
demands imposed on users as they interact with XR experiences using gestures
and body movements. The value proposition of motion-based inter-actions lies in
their ability to provide a more immersive and intuitive user experience, enhanc-
ing engagement and enabling new possibilities in fields such as training simula-
tions and gaming. However, it is crucial to strike a balance between the benefits
and the associated load, considering factors such as user comfort and the learning
curve. By justifying their value proposition and addressing challenges, startups
can leverage motion-based interactions to create compelling XR experiences that
captivate users and drive the adoption of this transformative technology.

— AR UX opportunity: How does this solution help users in a semi-immersive
environment?
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use face computers such as AR/VR HMDs for multiple hours. These considera-
tions directly im-pact the sustainability of the business model.

In response to these concerns, we developed a one-page business plan tem-
plate specifically tailored for XR startups, known as the Metaverse Innova-
tion Canvas, as depicted in Fig.1. The MIC comprises five distinct types of
blocks, with each serving a unique purpose: problem (red blocks), solution (green
blocks), usability (blue blocks), viability (yellow blocks), and future scalability
(purple blocks).

Problem Niche Monopoly Target Solution XR Unique Value Proposition  Motion Based Interaction
List your top 1-3 problems. Outline a possible solution ~ How does usage of XR L
for each problem. provide the target users a Justify the value proposition
User Engagement Need unique value against cognitive and
proposition? physical load of XR
N ) Existing XR Alternative interactions
| FocusDrive || Transaction
ARUX Opportunity
Productivity =
Existing Non XR Alternative Unfair Advantage
Something that cannot
Customer Segments High Level Conept easily be bought or copied e =
List your X for Y analogy (e.g. s
Ex Nosi YouTube = Flickr for videos)
Alternative
Expected Revenue PerUser  Social Opportunity
Cost structure Revenue Streams Channels e §
List your fixed and variable List your sources of List your path to customer
costs revenue segments Expected Usable Session Virtual Economy
Opportunity
wenneeee Minutes
Daily ility Features
for each user
........ Sessions
Existing Scaling Limitations Future Threats Future Opportunities ini Viable
e.g FOV, User Base ‘e.g Native OS Applications e.g Cheaper low weight HMDs

Fig. 1. Metaverse Innovation Canvas

4.2 Problem

The problem section includes blocks that describe a problem and the people who
have the problem. In order to help designers and founders define their problems
more effec-tively, we added user engagement goal checkboxes to the problem
section, which included focus drive, productivity, and transaction. We adopted
this from an article about the Three Games of Customer Engagement Strategy
[10].

Focus drive represents users’ inherent need to direct their attention and con-
centration towards specific subjects or activities. It reflects individuals’ natural
motivation or inclination to concentrate their mental resources on particular
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4.1 Myths, Difficulties and Mistakes

A common mistake during idea development is only considering digital and XR,
alternatives, while neglecting non-digital options. For example, when conceptu-
alizing an XR shopping app, the founders may focus solely on existing digital
solutions such as online shopping websites. However, they should also consider
brick-and-mortar stores as a non-XR alternative that users may currently uti-
lize. The tendency is to view the landscape strictly within the XR application
space, but founders need to look beyond this and analyze all potential digital
and non-digital alternative solutions to the problem they are trying to solve.

Bringing an application to XR is a value proposition. This is wrong; it might
pro-vide an early blessing in an untapped market, but XR brings extra costs and
additional physical and even cognitive loads [29] for users, so these extra costs
need to be justified by providing value propositions for end users. Pokémon Go
motivated [26] its users to move outside and follow location-based interaction
practices because the users were collecting Pokémon cards before that. Niantic
did not need to justify this extra load for the users, since years of marketing by
Nintendo had already accomplished this for them.

Problem definition is the toughest job for every entrepreneur and product
designer, and the problem is further complicated by the fact that most people
do not have clear understanding of what can be considered a problem. For exam-
ple, the case of Angry Birds may not immediately seem relevant to the problem-
solution definition. How-ever, the main issue that Angry Birds addresses is peo-
ple’s need to maintain their attention on something, and this game accomplishes
this in an entertaining and user-friendly manner.

The primary aim of the Lean Canvas is to help founders validate their idea
as soon as possible, and for AR/VR startup founders, it is ideal to refine their
ideas into viable, desirable, and feasible solutions. However, many AR/VR solu-
tions struggle to achieve feasibility or scalability in a short time due to the lack
of advancements in enabling technologies. Therefore, the perfect business plan
for AR/VR startups should consider the impacts of predictable future market
events.

The entreprenurs have demonstrated two common mistakes in desiging star-
tups: Large customer segment, and lack of attention to usability considerations:

Entrepreneurs tend to expand their customer segments and write more items
in this segment; it may sound more interesting for some investors because it can
increase the size of their market and the valuation of the company, but it can be
a fatal mistake in the XR industry. This is because it increases the development
costs exponentially and will postpone idea validation for a long period.

It would be wise to limit the early adopters and find a niche market for the
minimum viable products. Thiel and Masters [28] argued that only monopoly
profits can help a business to survive, since a monopoly provides the profits to
continue the innovation.

Postponing the usability considerations until the minimum marketable prod-
uct is reached. UX issues in XR environments are far more complex than screen-
based applications. Handheld AR can cause hand fatigue [3], and users cannot
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our proposed MIC provides specific fields to prompt the consideration of these
critical factors.

The experiences of 14 of the startups imposed high physical and cognitive
loads on their users through excessive motion-based interactions. The benefits
did not out-weigh the burdens of these demanding natural user interface require-
ments.

An AR productivity startup failed after the users reported physical strain
from the extended motion-tracking required for 3D modelling. An App Store
review stated: “It’s innovative but using hand gestures for more than 10 min is
very tiring. I can’t see people using this daily.” The startup could not justify the
interaction load versus mouse/keyboard inputs.

3.5 Failure to Address a Clear Problem

Successful startups often solve tangible problems or fulfill specific needs. How-
ever, some AR/VR startups failed to address a clear problem or failed to effec-
tively communicate the problem they were solving. This lack of focus on a defined
problem reduced the perceived value of their offerings and hindered their ability
to attract and retain customers.

A total of 11 of the analyzed startups did not have a well-defined central
problem that their AR/VR solution effectively solved for users. A lack of focus
on addressing real user needs undermined their perceived value.

A VR startup for remote communication had no clear user workflow or pain-
point that their solution addressed better than video calls. As one reviewer
stated: “It’s novel tech but I don’t understand when I would actually use this
instead of a Zoom call.”

By recognizing these key failure factors, future AR/VR startups can learn
from the mistakes of their predecessors and take proactive measures to miti-
gate these challenges. Addressing issues related to long-term planning, hard-
ware limitations, usability, the value proposition, motion-based interactions, and
problem-solving can significantly increase the chances of success in the compet-
itive AR/VR landscape.

4 Development of the Metaverse Innovation Canvas

The Lean Canvas, as a perfect one-page business plan template for brainstorming
business ideas, was introduced in the Running Lean book [13] based on an exten-
sion of the Business Model Canvas [20], and it has helped a countless number
of startups around the globe. However, since the Lean Canvas [22] is a general-
purpose framework, entrepreneurs may not use it correctly. The following is a
list of common myths, mistakes, and difficulties that AR/VR startup founders
usually encounter when trying to deconstruct their business assumptions with
the Lean Canvas.
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immersive technologies, their work stopped short of outlining actionable strate-
gies tailored to the practical context of XR startups and product development.
Specifically, their review did not translate their insights on ergonomic pitfalls into
a coherent framework for mitigating issues starting from the early stages of busi-
ness modeling and design. Our research built upon their analysis by proposing
the MIC as an entrepreneurial toolkit for embedding a consideration of criti-
cal usability and user experience (UX) factors directly into the ideation process.
While [23] systematic review highlighted the usability and physical burden issues
with augmented reality in health sciences education, their work did not provide
an actionable framework for addressing these concerns during business ideation
for AR/VR ventures. Our proposed MIC aims to bridge this gap by directly
incorporating human-centered experience scenarios and prompting the justifica-
tion of motion-based interactions from the start.

A total of 17 of the failed startups exhibited poor usability of their AR/VR
offerings, with unintuitive or cumbersome user experiences that diminished the
value proposition. Additionally, 16 of them failed to clearly articulate a com-
pelling value proposition that justified the use of AR/VR over non-immersive
alternatives.

An AR home decor app received widespread complaints about poor usability,
with a 2.1/5 rating on the App Store. The users cited issues such as “keeps
crashing” and “difficult to place objects naturally.” Without a compelling value-
add over browsing decor websites, the app struggled with engagement.

3.4 Motion-Based Interactions and Physical Load

Some failed AR/VR startups struggled with motion-based interactions and phys-
ical load. While these startups offered innovative motion-based experiences, the
physical demands and discomfort associated with prolonged use did not justify
the value propositions for users. The disparity between the expected advantages
and the physical burden on users eroded the feasibility and attractiveness of
their offerings.

Although the Extended by Design Toolkit [8] acknowledges physical and
perceptual strain as challenges in XR, it lacks constructs prompting developers
to justify motion-based UX choices versus less-demanding interaction methods.
Our canvas guides teams to weigh the benefits and burdens of natural user inter-
faces while considering the long-term feasibility. Although the review by Buch-
ner et al. [3] described the physical burdens associated with augmented reality,
their analysis lacked guidelines for mitigating these demands during design and
development. Studies have shown that demanding augmented reality experiences
increase the strain, reducing the com-fort and performance over time [2]. Simi-
larly, research has found significant fatigue from the extended use of augmented
reality glasses compared to mobile devices, limiting their feasibility for daily
tasks. Similar to the usability issues, the problems with motion-based interac-
tions and physical load for AR/VR systems [9] are not being accounted for in
current generalized startup planning models such as the Lean Canvas, whereas
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contributed to a deeper understanding of the reasons behind the failures of these
startups. The following factors emerged as significant contributors to the failure
of AR/VR startups:

3.1 Short Timeframe and Lack of Future Planning

Many AR/VR startups faced difficulties due to a short-sighted approach and a
lack of clear plans for future trends. The rapidly evolving nature of the AR/VR
industry demands foresight and adaptability. Startups that failed often lacked
the ability to anticipate market shifts, technological advancements, and changing
consumer preferences, ultimately leading to their downfall.

This factor was observed in 18 out of the 29 failed startups analyzed. Many of
these companies focused on short-term trends or gimmicks without accounting
for longer-term market shifts or technological advancements.

3.2 Lack of Scalability and Hardware Limitations

The lack of scalability in the AR/VR industry can be attributed to the limited
availability of AR/VR head-mounted displays (HMDs), preventing the creation
of a mass market service. The shortage of AR/VR HMDs hampers the scal-
ability of startups, as there is not yet a sufficient consumer base to support
widespread adoption. The hard-ware limitations and the industry’s challenge in
providing affordable, accessible, and high-quality devices have further hindered
the scalability of AR/VR startups.

A total of 22 of the 29 startups struggled with scalability issues stemming
from the limited availability and high cost of AR/VR headsets and other enabling
hardware during their active years. Their solutions could not achieve mass con-
sumer adoption due to these hardware constraints.

Quantifying this constraint, only 8.1 million AR/VR headsets were shipped
globally in 2018 (source: IDC Worldwide Quarterly AR/VR Device Tracker).
With limited device penetration and high costs, such as USD 599 for the Oculus
Rift, 15 of the 29 failed startups (52%) directly cited hardware availability and
pricing as a key factor hampering the scalability of their AR/VR solutions.

3.3 Lack of Usability and Value Proposition

Usability plays a crucial role in the success of AR/VR startups. The startups
that neglected the importance of intuitive and user-friendly experiences faced
significant challenges. Additionally, the lack of a compelling value proposition,
considering non-AR/VR alternatives, contributed to the failure of some startups.
When users could find similar solutions outside the AR/VR environment that
were more accessible, more cost-effective, or easier to use, the value proposition
of the AR/VR startups became diminished.

While [27] comprehensively reviewed the risks of visual fatigue, cybersick-
ness, and other physical discomforts that undermine the usability and value of
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in advising early-stage ventures and were identified by searching the websites
of startup accelerators in Iran. Each consultant was presented with the Lean
Canvas and background information for the five failed AR/VR startups identified
in stage 1. They were then asked to fill out the MIC for each startup.

These consultants were asked to evaluate the usability and feasibility aspects
of the MIC by reviewing the startup cases and providing feedback. Their insights
from an expert perspective contributed to assessing the potential and usability
of the proposed framework. Semi-structured interviews were conducted to gather
feedback on the usefulness and usability of the canvas. The sessions were audio-
recorded and transcribed.

It is important to note the limitations of this approach. We did not have
access to proprietary internal information for Startups 2, 3, and 4, since we did
not interview their founders directly. Our perspectives on these startups were
based on publicly available information, which may have lacked key insights.
There was also an element of subjectivity in how we interpreted and synthesized
the data on the startups based on our own prior knowledge and experiences.

Furthermore, the participants in this study had access to limited information
about the startups and reviewed this information in a compressed timeframe.
During the MIC testing session, three startup consultants were brought in to
analyze and com-plete the canvas for five different failed AR/VR startups.

2.4 Analysis Method

The analysis of the collected data in this study was guided by Glaserian grounded
theory methodology, which is a systematic approach for generating a theory
from empirical data [6,7]. This methodology recommends the constant compar-
ative method, where data collection and analysis occur simultaneously, and the
researcher continuously compares incidents, codes, and categories to construct a
coherent theoretical framework grounded in the data [7].

2.5 Ethical Considerations and Limitations

Ethical considerations were carefully addressed throughout the research pro-
cess. Con-fidentiality and anonymity were maintained when referencing specific
startup cases or individuals within the startup studio. Informed consent was
obtained to protect individuals’ identifiable information and prevent potential
harm to their reputation during the research. After the analysis, the collected
data were destroyed. The authors main-tained reflexivity throughout the study
by acknowledging their positional ties to the startup community and the poten-
tial influence it may have had on their observations and interpretations.

3 Key Failure Factors of AR/VR Startups

During the analysis of AR/VR startups, several key failure factors were identi-
fied, shedding light on the challenges that led to their downfall. These factors
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Additionally, we utilized online startup directories such as Crunchbase,
AngelList, and local startup groups to identify relevant AR/VR ventures operat-
ing within the specified timeframe of 2016—2022. We then contacted the founders
or leadership teams of these startups, explaining the purpose of our research and
requesting their participation by sharing relevant business documentation and
data. For startups that had ceased operations, we attempted to contact former
employees or stakeholders to obtain access to archival materials. Throughout
this process, we ensured the anonymity and confidentiality of the participating
individuals and companies.

2.2 Stage 2: Autoethnography and Autobiographical Design

The objective of this stage was to develop a startup business-modeling framework
that aimed to mitigate the mistakes made by entrepreneurs when using the
Business Model Canvas (BMC) and the Lean Canvas, which have been identified
as contributing factors to the failure of AR/VR startups. By recognizing and
addressing the key failure factors identified in Sect. 3, the MIC framework sought
to provide entrepreneurs with a comprehensive and effective tool for strategically
planning their AR/VR startups, thus increasing their chances of success in the
competitive extended reality industry.Autoethnography has gained popularity
in the field of human-computer interactions in recent years [11,19,21].

This method is also employed in universities for conducting design research,
as it allows for the collection of “creative and innovative processes” experienced
by designers [16]. Autobiographical design, a form of design research, utilizes
autoethnography primarily for the creation of solutions that are intended to be
used extensively by their creators [18].

The primary source of data for this research included the authors’ personal
and extensive experience with the BMC [20] and the Lean Canvas [22]. We pro-
vided consulting and design services to startups and utilized strategic design
toolkits such as BMC and its adaptations. Additionally, as the strategic design-
ers and heads of a startup studio, we shared firsthand accounts and insights
gained from extensive experience working with AR/VR startups. We conducted
autobiographical design interviews to gather rich and personal narratives, focus-
ing on the challenges, successes, and lessons learned in the context of AR/VR
startup ventures.

In addition, the involvement of other authors in this research played a crucial
role in facilitating ethnography and enabling data triangulation. The authors
collaborated in conducting a comprehensive literature review and netnography of
the startup community on Twitter, which served to triangulate the findings. This
cross-validation approach enhanced the reliability and accuracy of identifying the
factors contributing to failure in this study.

2.3 Stage 3: Evaluation

In the third stage, the MIC was evaluated through expert testing with three
startup consultants. These participants were recruited based on their expertise
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2 Methodology

This research consisted of three main stages. In the first stage, data from domes-
tic and international AR/VR startups were collected and analyzed to identify
the key factors contributing to their failure. Four focus group sessions were con-
ducted to discuss the data, and the factors were coded based on the analysis.

In the second stage, the authors applied autoethnography [21] and auto-
biographical design [18] to create an innovation tool for startup founders. By
leveraging their more than a decade of experience in entrepreneurship, the
authors developed the MIC. This canvas serves as a framework for investors
and entrepreneurs in the metaverse field. Finally, in the third stage, we recruited
experts to evaluate five failed startups with the MIC and interviewed them about
the MIC’s potential for use in the AR/VR industry.

2.1 Stage 1: Analyzing the AR/VR Startups

The first stage of the research involved analyzing AR/VR startups. The first
author’s startup studio actively monitored the AR/VR industry and collected
data on startups operating in various sectors, including content creation, gaming,
social media, education, healthcare, tourism, and retail. The data spanned from
2016 to 2022, with 2016 being a significant milestone in AR/VR history due to
the commercial success of Pokémon Go, which validated the XR market and led
to the widespread adoption of computer-mediated reality technology [4].

The collected data included the Lean Canvas of the startups, which was devel-
oped based on the principles outlined in [20]. Additionally, the data encompassed
the logs of usability testing sessions, led by the first author. To filter out failed
startups, the authors examined the recent status of these ventures and iden-
tified 29 startups as failures. Participants were recruited through searching on
LinkedIn. In order to reduce the bias, the participants were not recruited from
the connections of the authors.

To evaluate the reasons behind the failure of these startups, the authors
conducted focus group sessions. There were five group sessions in total, and four
participants were recruited through searching on LinkedIn. In order to reduce
the bias, the partici-pants were not recruited from the first connections of the
authors. These focus group sessions were conducted with the same participants.
The sessions took between 60 and 90 min and were conducted in Q1 2023.

The analysis was based on the collected data, the current status of the
startups obtained from the Crunchbase directory, and the application of stress-
testing desirability [13]. This qualitative test focused on evaluating the problem
rather than the solution, providing valuable insights into the marketability of
the product or service. Finally, through a content analysis and codification, the
key themes of AR/VR startup failures were identified.

The selection of AR/VR startups for the analysis was conducted through
multiple channels. First, we leveraged the authors’ extensive network within the
startup ecosystem, reaching out to companies they had previously advised or
collaborated with.
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acknowledges challenges such as physical fatigue and increased cognitive load,
it lacks specific constructs prompting developers to justify motion-based user
experience choices versus less-demanding interaction methods. Specialized busi-
ness model frameworks such as the Blitz Canvas [25] have been proposed for
specific domains like software startups, but there remains a need for tailored
tools addressing the unique considerations of extended reality ventures.

Successful implementations of AR/VR have the potential to revolution-
ize user experiences through immersive gaming, intuitive 3D designs, interac-
tive remote collaboration, digitally-enhanced shopping environments, and many
other applications. How-ever, achieving sustainable, scalable ventures in this
space requires addressing key issues such as hardware limitations, creating com-
pelling XR-exclusive value propositions, justifying physical /cognitive interaction
loads, and planning for interoperability and ecosystem forces [17].

This has motivated the need for tailored business modeling and design tools
that can guide entrepreneurs in ideating viable, usable, and scalable AR/VR
products and services by embedding these critical considerations starting in the
initial stages.

This research proposed the MIC, a novel framework for developing XR prod-
ucts and services. The MIC addresses the limitations of existing tools such as the
Lean Canvas in capturing unique considerations for XR ventures. The key advan-
tages of the MIC include the following: 1) emphasizing problem solving, with
blocks dedicated to framing the problem and articulating XR-exclusive value
propositions; 2) incorporating usability metrics and scenario writing to com-
municate user experiences; 3) considering scalability issues specific to XR, such
as hardware constraints; and 4) guiding ideation about the social interactions
and virtual economies afforded by XR. Overall, the MIC provides a holistic,
human-centered approach to ideation, enhancing the viability of XR startups
by bridging the gaps between design and business modeling. Its tailored blocks
prompt entrepreneurs to leverage the distinctive capabilities of immersive tech-
nologies. This research made several notable contributions to the understudied
domain of augmented reality (AR) and virtual reality (VR) entrepreneurship.
First, it identified prevalent failure factors based on an in-depth investigation of
unsuccessful AR/VR startups, elucidating common pitfalls.

Second, grounded in design research and industry expertise, it presented the
novel MIC as a strategic ideation toolkit tailored to addressing the unique consid-
erations of extended reality ventures. Third, the proposed framework prompted a
human-centered, problem-driven approach to conceiving prod-ucts/services that
leverage the differentiating capabilities of immersive technologies. Fourth, the
methodology synthesized mixed qualitative techniques and an external evalua-
tion to produce actionable, valid insights. Overall, this work combined an insight-
ful analysis of real-world challenges with an innovative design output, enhancing
the viability of future AR/VR startups through a tailored, reflective ideation pro-
cess. It provided a model for human-computer interactions and design researchers
seeking to bridge conceptual contributions with practical entrepreneurial impact.
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The emergence of AR/VR applications, services, and tools has had a pro-
found im-pact on shaping the metaverse into a dynamic and immersive digital
realm. AR applications overlay digital information onto the real world, enrich-
ing our physical environment with virtual elements, while VR applications create
entirely simulated environments.

Over the past few decades, there has been a significant inflow of billions
of dollars in investments into the AR/VR startup ecosystem [12,14]. However,
despite the substantial financial backing, a considerable number of these startups
have faced insurmountable challenges and have ultimately failed to thrive. This
trend piqued our curiosity and motivated us to embark on an in-depth explo-
ration of the underlying reasons behind the failure of these companies. While
it is commonly acknowledged within the industry [1,17] that technological and
hardware limitations have played a pivotal role in these setbacks, we recognized
the importance of delving deeper into the diverse array of factors that may have
contributed to these failures. Thus, our research aimed to unravel the complex-
ities surrounding the demise of AR/VR startups, going beyond the prevailing
notion of technological constraints.

Through an exhaustive investigation, we sought to broaden the understand-
ing of the dynamics at play within the AR/VR startup landscape. Our analy-
sis encompassed a comprehensive examination of market dynamics, user adop-
tion patterns, funding challenges, regulatory hurdles, and competition dynamics.
Through a meticulous examination of these multifaceted factors, we aimed to
attain nuanced insights into the intricate challenges confronted by these startups.

By leveraging the insights obtained from our research, we moved beyond a
theoretical understanding to develop a practical solution. This solution aimed
to assist founders and investors in refining their business ideas within the dis-
tinctive context of extended reality (XR) environments. While the Lean Canvas
serves as a useful starting point for business model development, our analy-
sis identified critical gaps when applying it to augmented and virtual reality
ventures, including an inadequate emphasis on validating the problem-solution
fit and accounting for the user MIC, an innovative tool designed to facilitate
the iterative refinement of business concepts. The MIC serves as a structured
framework for founders and investors, enabling them to identify and address
the specific needs and intricacies of XR environments. By leveraging this can-
vas, entrepreneurs can systematically explore various dimensions such as the
user experience, the technological feasibility, the market viability, monetization
strategies, and the scalability potential within the metaverse ecosystem.

Our approach of examining failed startups specifically aimed to avoid
survivor-ship bias, a common pitfall in entrepreneurship research where only suc-
cessful cases are studied, as highlighted in [28]. Previous research has highlighted
potential pitfalls in AR/VR adoption, such as visual fatigue, cybersickness, mus-
cular fatigue, acute stress, and mental overload [27]. However, these studies have
primarily focused on examining ergonomic and physiological risks rather than
providing actionable strategies tailored to the practical context of XR startups
and product development. Similarly, while the Extended by Design Toolkit [8]
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Abstract. This study investigated the factors contributing to the fail-
ure of augmented reality (AR) and virtual reality (VR) startups in the
emerging metaverse landscape. Through an in-depth analysis of 29 failed
AR/VR startups from 2016 to 2022, key pitfalls were identified, such as
a lack of scalability, poor usability, unclear value propositions, and the
failure to address specific user problems. Grounded in these findings, we
developed the Metaverse Innovation Canvas (MIC) a tailored business
ideation framework for XR products and services. The canvas guides
founders to define user problems, articulate unique XR value proposi-
tions, evaluate usability factors such as the motion-based interaction
load, consider social/virtual economy opportunities, and plan for long-
term scalability. Unlike generalized models, specialized blocks prompt
the consideration of critical XR factors from the outset. The canvas was
evaluated through expert testing with startup consultants on five failed
venture cases. The results highlighted the tool’s effectiveness in surfacing
overlooked usability issues and technology constraints upfront, enhancing
the viability of future metaverse startups.

Keywords: Lean Canvas + Mixed Reality - AR - VR - Innovation -
Entrepreneurship

1 Introduction

The concept of the metaverse has been around for decades, but it has been the
subject of renewed interest and excitement in recent years as technology has
advanced and virtual reality has become more accessible. The metaverse can be
understood as an integrated network of spatial realities and virtual worlds, where
users can engage with each other and digital elements within a three-dimensional
environment, often utilizing personalized avatars [5,15].
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