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Abstract

In Japan, natural disasters such as earthquakes and floods are frequent. However, many citizens view such
disasters as impersonal events rather than imminent personal threats. This has led to low participation rates
in local disaster drills and poor retention of disaster prevention knowledge, posing significant challenges.
Against this backdrop, existing research has reported the effectiveness of disaster prevention education
utilizing gamification and VR. However, when applying existing approaches to VR-based disaster prevention
education, it is necessary to consider the potential psychological burden of highly realistic depictions,
opportunities for self-directed hazard identification, and replay-oriented design. Therefore, this study
developed VR disaster prevention learning content incorporating gamification. The content was designed to
foster a sense of crisis about disasters and interest in replay while considering psychological burden. The
proposed content employs a "spot-the-difference" game mechanic, requiring users to actively identify
deficiencies in indoor disaster preparedness measures. As a proof of concept, a questionnaire survey was
conducted immediately after the experience with 123 participants, including high school students. Many
participants reported an increased sense of crisis regarding disasters and an intention to replay the game.

Keywords: Replay Intention, Indoor Disaster Prevention Education, Gamification, VR

1. Introduction

Japan is a country where natural disasters such as earthquakes and floods occur frequently compared to other nations
worldwide. The 2024 Noto Peninsula Earthquake caused extensive damage, reaffirming the critical importance of
disaster preparedness. However, according to a nationwide survey conducted in Japan the same year as the 2024 Noto
Peninsula Earthquake, while over 70% of the population expressed anxiety about disasters, only about 20% had
implemented specific disaster safety measures (National Federation of Workers and Consumers Kyosai Cooperatives,
2024). This gap between “awareness” and “action” is also reflected in the low participation rates in disaster drills
conducted by local governments and other entities. Many individuals fail to personalize disaster risks, viewing them
as remote occurrences. As a result, voluntary learning and daily preparations to mitigate damage are insufficient. To
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address this challenge, it is necessary to establish a system where each citizen repeatedly and voluntarily learns
disaster prevention knowledge.

Against this backdrop, gamification—the application of game elements to boost motivation—is gaining attention. In
particular, 3-D VR simulation has been used for disaster training (Farra et al., 2013), whereas disaster education using
gamification has been reviewed without limiting the review to VR (Bai et al., 2024). Furthermore, the use of VR
(Virtual Reality) is advancing as a means to solidify memory through experience. Because VR can provide a high
level of immersion, it can offer realistic disaster-training experiences and complement conventional or tabletop
exercises (Alshowair et al., 2024). VR-based studies have also examined protective actions and evacuation behavior
during earthquakes (Li et al., 2017; Mitsuhara, 2024).

Numerous existing initiatives utilizing VR for disaster prevention education have been reported, including emergency
response training during disasters, education on disaster prevention and mitigation during peacetime, and education
on preventing occupational accidents.

VR-based disaster response drills incorporate initiatives that enable participants to experience decision-making during
evacuation and route selection (CAD Center Co., Ltd., 2022; City of Sendai, 2024; Alpha Code Inc., 2023; Naka et
al., 2017; Nakamoto et al., 2017, NOHMI BOSAI LTD., 2021; Shiga University Institute for Economic and Business
Research, 2022; Shimbo et al., 2022; Tanioka et al., 2022). Many of these initiatives faithfully reproduce the
topography of specific areas. By allowing participants to train in their own neighborhoods, they promote
understanding of the risks and encourage recognition of disasters as something that could happen to them personally.
VR-based initiatives focusing on disaster prevention and mitigation education during peacetime visualize damage
based on the presence or absence of safety measures (Nakamoto et al., 2017). This approach aims to acquire the
knowledge and safety measures necessary for disaster prevention and mitigation by understanding pre-disaster
preparedness measures. VR-based initiatives for occupational accident prevention education promote learning
appropriate actions during an incident by showing footage of an occupational accident occurring within a VR space
that replicates the work site (CinemaRay Co., Ltd., 2022; Cybernet Systems Co., Ltd., 2019; Spacely, Inc., 2025).
This initiative aims to prevent workplace accidents by ensuring thorough understanding of typical risks—such as
being caught, entangled, or falling—and implementing preemptive safety measures.

Table 1 compares representative prior approaches with the proposed content in terms of target behavior, learning
mode, psychological burden, and repetition mechanism. When applying these existing VR initiatives to the present
study, three design considerations arise. The first is that using VR to enhance immersion during disaster response
training may cause psychological burdens such as anxiety or distress in some participants; prior work has evaluated
anxiety during immersive VR earthquake training (Rajabi et al., 2022). The second is to provide participants with an
opportunity to identify hazardous locations independently, rather than relying primarily on video viewing in peacetime
disaster prevention and mitigation education. The third is to make the content easier to replay by varying the problem
presentation.

For the first design consideration, the content teaches disaster preparedness for peacetime while illustrating potential
events that could occur during a disaster at locations with inadequate preparedness measures. This approach aims to
foster a sense of urgency and promote learning about safety measures through visual and textual explanations, rather
than evoking fear of disasters. For the second design consideration, the content creates a game where participants
explore and select areas with inadequate disaster safety measures. This was intended to provide an opportunity for
participants to scan the VR space and focus their attention on areas requiring caution in their surroundings. For the
third design consideration, the content introduces game mechanics in which problems randomly switch to support
replay-oriented engagement.

Therefore, this study develops gamified VR content focused on disaster preparedness during peacetime. Specifically,
it introduces gameplay that identifies deficiencies in indoor disaster safety measures through a “spot-the-difference”
format and illustrates the details of these deficiencies. The novelty of this study lies not in a fundamentally new VR
technology, but in combining peacetime indoor preparedness, self-directed hazard identification, and a replay-oriented
randomized problem structure.
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Table 1. Comparison of Prior Approaches and the Proposed Content

. . Psychological .. .
Approach / sources Target behavior Learning mode ybur dei Repetition mechanism
Disaster- Anxiety assessed | No replay-oriented content
response/earthquake | Protective actions Immersive in immersive mechanism was reported;
VR training (Farra et and evacuation . earthquake Farra et al. (2013)
T o . scenario-based L C .
al., 2013; Li et al., decisions during drill training; realistic evaluated learning
2017; Mitsuhara, 2024; disasters s immersion may retention using repeated
Rajabi et al., 2022) burden some users measures.
Damage
Peacetime VR Pre-disaster safety visualization Not reported in Repea‘Fed disaster
preparedness based on . experiences and
measures the cited source
(Nakamoto et al., 2017) preparedness countermeasures
conditions
VR occupational-safety
education (CinemaRay Incident response Accident
Co., Ltd., 2022; pe¢ footage in a Not reported in No dedicated repetition
and preventive ) . . .
Cybernet Systems Co., workplace safet simulated the cited sources mechanism specified
Ltd., 2019; Spacely, P y worksite

Inc., 2025)

Gamified disaster

Varied disaster-

Game elements

Game elements intended to

education (scoping preparedness Varies across o
) . across formats; . support motivation;
review; Bai et al., knowledge and .. studies .
) not VR-limited mechanisms vary
2024) skills
Self-directed . . .

. . . Gamified VR Avoids highly .

identification of . NP Randomized problem

. . exploration and | realistic disaster oo .
Proposed content inadequate indoor . o switching and recurring

. visual/text depictions; burden
measures during . error-free maps
explanations not measured

peacetime

Note: “Not reported in the cited source(s)” refers only to the information described in the cited material.

2. Methods

This section describes the proposed content, equipment and implementation, game functions, experimental procedure
and participants, questionnaire, and statistical analysis based on the design considerations presented in the previous
section.

2.1 Overview of Methodology

This study develops VR content utilizing gamification to learn essential knowledge for disaster prevention and
mitigation that should be addressed during peacetime, building upon the design considerations discussed in the
previous section. This content is created with reference to the game “The Exit 8” (KOTAKE CREATE, 2023). “The
Exit 8” is a 3D spot-the-difference game created by Kotake Create, where players must find strange phenomena called
anomalies. The game's mechanism allows players to escape by repeatedly navigating the same corridor and identifying
discrepancies. This study adapts this concept by replacing the "anomalies" found in "The Exit 8" with hazardous
indoor conditions lacking disaster safety measures. The goal is to develop VR content that enables even those with
limited disaster knowledge to voluntarily identify potential hazards in their homes during peacetime.

The content was designed to provide participants with repeated opportunities to identify randomly appearing areas
with insufficient disaster prevention and mitigation measures. Furthermore, since merely pointing out issues does not
teach how to improve them, unlike “The Exit 8,” we have implemented game over conditions based on time limits or
incorrect answer counts. When a correct answer is given or the game ends, the reason for the deficiency in disaster
safety measures is displayed.
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The processing flow for the proposed content is shown in Figure 1. The proposed content consists of an object selection
function, an explanation display function, and a problem transition function. The floor plan of the created room is
shown in Figure 2. The red dot indicates the player's initial position. By looking around from this location, the player
can identify areas with insufficient disaster safety measures. Furniture has been equipped with disaster safety
measures; for example, the bookshelf has been fitted with tension rods to enhance safety. Furthermore, this content
provides two types of VR spaces: one where one area with insufficient disaster safety measures is randomly placed
on each map, and another where no errors are intentionally placed. The error-free maps were prepared to enhance the
game experience and improve observational skills. The next map is selected at random from the unanswered questions,
while error-free maps may appear multiple times.

2.2 Equipment and Implementation

The content was implemented using Unreal Engine 5.3. All participants at the three venues used a Meta Quest 3
headset and Touch Plus controllers with inside-out tracking and experienced the content while seated. Participants
could move within the room using the left analog stick and rotate their viewpoint using the right analog stick. Although
analog-stick locomotion was implemented, the explorable arca was limited to a single room. The target frame rate
was 60 fps, although actual frame-rate performance was not logged for individual sessions. An in-game tutorial was
provided before the task.

2.3 Object Selection

In this function, the participant identifies areas with inadequate disaster safety measures. First, a laser is emitted from
the controller held in the participant's right hand to select the object they wish to point out. Next, when the laser hits
the object, the name of the selected object is displayed above the right hand (Figure 3). Then, if the controller's trigger
is pulled while the laser is active, the system determines whether the error detection was correct. However, if the
participant judges that there are no areas with insufficient disaster safety measures, they are instructed to select a clock
placed within the VR space. This function enables participants to think, explore, and point out issues themselves and
was intended to provide an opportunity for self-directed hazard identification.

2.4 Explanation Display

This feature displays explanations of disaster prevention knowledge related to the pointed-out location when the
participant selects the correct answer using the object selection function. First, if the participant correctly identifies
an error, an explanation is provided detailing why the disaster safety measure is inadequate. At this point, the

Game Function User Experience

a) Object Selection -1 17 Detect Errors

v

Confirmation of

5 Explanatloil Display et Disaster Preparedness Awareness
¢) Problem Transition -1 11 Repeat Issue

Figure 1. Processing flow for proposed content
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Figure 2. Furniture layout plan
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During nighttime disasters, moving around without
slippers increases the risk of stepping on glass
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Figure 4. Explanation Display

explanation is displayed alongside an illustration to facilitate the participant's understanding and prevent accidental
skipping. Conversely, if the participant incorrectly identifies an issue, it is counted as an incorrect answer. The system
clearly indicates the error to the participant and prompts them to re-examine the area. If the number of incorrect
answers exceeds a set limit, or if the pre-set time limit is exceeded, the game ends (Figure 4). At this point, an
explanation is displayed for the area on the map where disaster safety measures were insufficient, aiming to improve
the participant's disaster prevention knowledge. Furthermore, to ensure understanding of the explanation, the in-game
time limit is paused during the display of the explanation, and the selection of other objects is disabled to prevent a
game over. This feature was designed to present the reasons for insufficient disaster safety measures during peacetime
using illustrations of events that could occur during a disaster, while avoiding highly realistic disaster depictions.

2.5 Problem Transition

This feature randomly advances to the next question after displaying the disaster prevention knowledge explanation.
First, when the participant points out an error and answers correctly, an explanation and a button to proceed to the
next question are displayed (Figure 5). Next, when the participant selects the button, they move to the next map. The
map they move to randomly selects an unanswered question from a pre-prepared set of questions. This content also
includes error-free maps. By making these appear randomly multiple times, unlike other questions, it aims to enhance
attention and observation skills. This introduces a game-like element with randomly switching questions and was
intended to maintain interest in replay.
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Leaving a heater tipped over may
cause a fire if it is accidentally
powered on.

This map appears to contain
no issues.

Figure 5. Problem Transition

Table 2. Disaster Safety Measures Appearing within Proposed Content

No. Unsafe condition Intended learning objective
1 Curtains missing Preventing glass fragments from scattering
2 Items scattered on the desk Preventing items from scattering onto the floor
3 Smoke detector missing Encouraging installation of a smoke detector
4 Heater has tipped over Preventing fire outbreaks
5 Bookshelf placed next to the bed Preventing the bookshelf from toppling during sleep
6 Slippers next to the bed are missing Protecting the feet
7 Tension rod replaced with another object Encouraging installation of a proper tension rod
8 Aging / deterioration of the tension rod Encouraging regular inspection
9 TV fasteners on the back are missing Encouraging installation of TV fasteners
10 TV stand removed Taking safety measures against flooding

2.6 Experimental Procedure and Participants

After informed consent was obtained, participants completed the in-game tutorial and experienced the proposed
content once. During the task, they were asked to identify unsafe conditions embedded in the VR game corresponding
to the 10 items shown in Table 2. The goal was to correctly identify all 10 items within a 3-minute in-game time limit,
with up to seven incorrect answers permitted. The actual time required to complete the experience was not recorded,
and whether or how often staff provided additional assistance with operation was also not recorded. The 10 items
were developed by referencing the Disaster Prevention Specialist Textbook (Japan Bousaisi Organization, 2022) and
Tokyo Disaster Prevention (Tokyo Metropolitan Government, 2023). They comprised fire safety measures (Items 3
and 4), furniture tipping and scattered-object safety measures (Items 1, 2, 5, 7, 8, and 9), and physical protection
during evacuation (Items 6 and 10).

The survey participants comprised a total of 123 individuals who visited the three venues displaying the proposed
content. At the first venue, 29 high school students from Osaka Prefecture participated (Group 1). At the second venue,
64 visitors to the National Disaster Prevention Promotion Convention held at Toki Messe Niigata Convention Center
participated (Group 2). At the third venue, 30 visitors to the exhibition hall of the Japan Virtual Reality Society in
Ibaraki City, Osaka Prefecture, participated (Group 3). These descriptions indicate the recruitment and implementation
venues and do not represent measured characteristics of participants' individual interests or experience. Gender, age
distribution, prior VR experience, gaming experience, prior disaster education, and prior disaster experience were not
collected, because the survey was required to be anonymous under the approved ethics protocol and the host
organizations of the venues requested that personal attributes not be collected from visitors.
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Table 3. Survey Questions

Question Question Contents
Ql I feel a sense of crisis regarding disasters
Q2 Self-evaluation of disaster preparedness
Q3 Increase in sense of crisis regarding disasters
Q4 Intention to replay the game

2.7 Questionnaire and Statistical Analysis

A paper-based questionnaire was administered immediately after the experience. The authors developed the four items
in Table 3 to capture participants' current sense of crisis regarding disasters (Q1), self-evaluation of disaster
preparedness (Q2), perceived increase in their sense of crisis after the experience (Q3), and immediate intention to
replay (Q4). In addition, cross-tabulations of Q1 and Q3 and of Q2 and Q4 were created to descriptively examine
whether participants' current sense of crisis and self-evaluated preparedness were associated with their perceived
increase in sense of crisis and their intention to replay, respectively. Q1, Q3, and Q4 used a five-point scale from
“Strongly agree” to “Strongly disagree,” whereas Q2 used a five-point scale from “Sufficiently prepared” to “Not
prepared at all.” The items were neither validated nor piloted. The design of Q1 and Q2 was informed by the
awareness—preparedness gap described in the nationwide survey cited in Section 1, whereas Q3 and Q4 were
constructed to assess the immediate self-reported outcomes targeted in this study: perceived increase in sense of crisis
and replay intention. The questionnaire did not directly measure knowledge acquisition or retention, actual behavioral
change, usability, psychological burden, self-directed hazard identification, actual replay, or VR sickness.

Spearman's rank correlation coefficient was used to examine monotonic associations among Q1-Q4 (Spearman, 1904).

To examine differences in response distributions among recruitment groups, the Kruskal-Wallis test (Kruskal & Wallis,
1952) was conducted, followed by multiple comparisons using Dunn's test with Bonferroni correction when

differences were detected (Dunn, 1964). Two-sided p values below .05 were considered statistically significant.

Correlation coefficients were interpreted as associations and not as evidence of causality. Because all items were

answered at a single time point after the experience, the analysis was limited to describing monotonic associations;

no regression model was fitted, because the data contain no temporal ordering among the items that would allow
coefficients to be interpreted as relative or causal effects.

Rank-biserial correlation (rn) was used as the effect size for pairwise comparisons (Kerby, 2014). It ranges from -1
to 1; the sign indicates the direction of the difference based on the order of the groups shown in the table, and the
absolute value indicates the magnitude of the difference.

3. Results

3.1 Proof-of-Concept Experiment

Figure 6 shows the survey results for Questions 1 through 4. For Q1, 83% of respondents selected “Strongly agree”
or “Agree.” For Q2, 47% selected “Sufficiently prepared” or “Moderately prepared.” For Q3, 83% selected “Strongly
agree” or “Agree,” indicating that many participants reported a perceived increase in their sense of crisis regarding
disasters immediately after the experience. For Q4, 87% selected “Strongly agree” or “Agree,” indicating that many
participants reported an immediate intention to replay the game.

Figure 7 shows the response distributions by recruitment group. In Group 1, positive responses to Q2 were less
frequent than in the other groups, whereas positive responses to Q4 were more frequent. In Group 2, positive responses
to Q1-Q3 were more frequent than in Group 1, whereas no similar difference was observed for Q4. In Group 3, positive
responses to Q3 and Q4 were less frequent than in the other groups.

3.2 Cross-Tabulation and Statistical Results

Figure 8 shows the cross-tabulation of Q1 and Q3. Many participants selected “Strongly agree” or “Agree” for both
Q1 and Q3. However, some participants selected “Disagree” or “Strongly disagree” for Q3. Figure 9 shows the cross-
tabulation of Q2 and Q4. Many participants selected positive responses for both Q2 and Q4. However, a small number
of participants who selected “Moderately prepared” or “Minimally prepared” for Q2 selected “Disagree” or “Strongly
disagree” for Q4.
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Figure 6. Survey results
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Table 4. Results of Spearman's rank correlation coefficient

Pair Spearman’s p p
Ql - Q2 0.497 <0.001
Q1 - Q3 0.371 <0.001
Ql - Q4 0.208 0.021
Q2 — Q3 0.363 <0.001
Q2 — Q4 0.063 0.49
Q3 - Q4 0.505 < 0.001

Table 4 shows the results of calculating Spearman's rank correlation coefficients for responses to Q1 through Q4.
Spearman's p was 0.497 (p <0.001) between Q1 and Q2 and 0.505 (p <0.001) between Q3 and Q4, indicating moderate
positive correlations in both cases. The coefficient between Q1 and Q4 was positive but weak (p =0.208, p = 0.021),
whereas the coefficient between Q2 and Q4 was close to zero (p = 0.063, p = 0.49).

The results of the Kruskal-Wallis tests are shown in Table 5, and the results of multiple comparisons using Dunn's
test are shown in Table 6. The Kruskal-Wallis test statistics were H = 29.44 for Q1, H=25.79 for Q2, H = 14.34 for
Q3, and H = 24.79 for Q4; significant differences among the three recruitment groups were found for all items (all p
<0.001). Dunn's test identified significant differences between Group 2 and Group 1 and between Group 2 and Group
3 for Q1-Q3. For Q4, significant differences were found between Group 2 and Group 3 and between Group 1 and
Group 3.

In the post-experience free-text responses, some participants commented that the explanations of why the identified
conditions were problematic and the consequences those conditions could cause were insufficient. Others commented
that the controls were difficult to understand because they did not usually play games. During the experience, some
participants continued to select hazardous locations without checking the Ul displayed on the left hand and reached
game over within a short period.

4. Discussion

4.1 Discussion of Questionnaire Results

Figure 6 shows a gap between the responses to Q1 and Q2: many participants reported a sense of crisis regarding
disasters, whereas fewer than half positively evaluated their routine disaster preparedness. This tendency was similar
to the results of the nationwide survey mentioned in Section 1 (National Federation of Workers and Consumers Kyosai
Cooperatives, 2024). Psychological distance may be related to this gap; however, its causes were not measured in the
present survey. Furthermore, because Q1 and Q2 were both answered after the experience, they do not represent
participants' pre-experience states.

For Q3, 83% of respondents selected “Strongly agree” or “Agree,” and for Q4, 87% selected “Strongly agree” or

“Agree.” These results represent participants' immediate self-reports after the experience. They do not demonstrate
that the content reduced psychological burden, increased actual replay, or produced repeated learning or long-term
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knowledge retention. Figure 7 also shows different response tendencies among the three recruitment groups. However,
because the implementation environment, operating conditions, participant composition, and staff support were not
recorded at the participant level, the differences cannot be attributed to a specific venue or participant characteristic.

4.2 Discussion of Cross-Tabulations

To examine the association between participants' current sense of crisis regarding disasters (Q1) and their perceived
increase in that sense after the experience (Q3), cross-tabulation was performed. The results are shown in Figure 8.
Many participants selected “Strongly agree” or “Agree” for both Q1 and Q3. However, because Q1 and Q3 were both
answered after the experience, these responses do not indicate a pre-post change. The content may have provided an
opportunity to reconsider disaster risks in their immediate surroundings, but not all participants perceived a similar
increase in their sense of crisis.

Next, to examine the association between self-evaluated disaster preparedness (Q2) and immediate intention to replay
(Q4), the cross-tabulation results are shown in Figure 9. Many participants selected positive responses for both Q2
and Q4, whereas others selected negative responses. This co-occurrence does not show that the game promoted actual
repeated learning or prevented the forgetting of disaster preparedness knowledge. Based on the free-text responses
presented in Section 3, the control methods should be made more intuitive for participants with limited gaming
experience.

Table 5. Results of the Kruskal-Wallis Test

Question Kruskal-Wallis H df p
I feel a sense of crisis regarding disasters 29.44 2 | <0.001
Self-evaluation of disaster preparedness 25.79 2 | <0.001
Increase in sense of crisis regarding disasters 14.34 2 | <0.001
Intention to replay the game 24.79 2 | <0.001

Table 6. Results of Dunn’s Test

Question Groups T'th p

Group2 — Groupl -0.582 0.001
Ql Group2 — Group3 -0.451 0.001

Groupl — Group3 0.209 0.227

Group2 — Groupl -0.578 0.001
Q2 Group2 — Group3 -0.382 0.002
Groupl — Group3 0.280 0.097

Group2 — Groupl -0.254 0.037
Q3 Group2 — Group3 -0.425 0.001
Groupl — Group3 -0.164 0.230

Group2 — Groupl 0.165 0.496
Q4 Group2 — Group3 -0.450 0.001

Groupl — Group3 -0.594 0.001
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4.3 Discussion of Statistical Analyses

The moderate positive association between Q3 and Q4 (p = 0.505) indicates that participants who reported a larger
perceived increase in their sense of crisis also tended to report a stronger immediate intention to replay. The
association between Q1 and Q4 was statistically significant but weak (p =0.208, p = 0.021), and that between Q2 and
Q4 was negligible (p = 0.063, p = 0.489). Because all four items were answered at the same time point after the
experience, these coefficients describe co-occurrence within a single post-experience measurement. They do not
establish causality, temporal precedence, or the relative influence of Q1 and Q3 on Q4. Estimating relative effects
would require matched pre- and post-experience measures and an appropriate regression model, which is left to future
work.

Next, differences in questionnaire results among recruitment groups were examined using the Kruskal -Wallis test and
Dunn's post-hoc test. The response distributions for Q1-Q4 differed among the groups. Because the same headset and
controllers were used at all three venues, differences in presentation hardware can be excluded as an explanation.
However, these differences describe group-level response distributions and do not demonstrate the effects of
individual factors such as venue-level conditions or participant characteristics. The operational observations reported
in Section 3 cannot be identified as the cause of the group differences, although they suggest that the Ul and
instructions should be made easier to understand.

4.4 Considerations for Future Work

First, regarding game operability, improvements are needed, such as enabling more intuitive controls, designing a
user-friendly interface even for those inexperienced with games, and incorporating explanatory text. The UI should
also be displayed in front of participants, and the tutorial should include an opportunity to practice basic controls
before the game. Second, because the content was limited to a single room and a finite set of problem patterns, the
spatial range of exploration was restricted, and repeated play could allow participants to memorize the patterns.
Therefore, future versions should expand the content to multi-room residential environments, such as single-family
homes and apartment units, and allow participants to search for hazards while moving between rooms. Future studies
should use matched pre- and post-experience measures and directly assess psychological burden (including fear,
anxiety, discomfort, and cybersickness), self-directed hazard identification, actual replay, and delayed knowledge
retention. Future studies should also collect participant attributes such as age, prior VR and gaming experience, and
prior disaster education under an ethics protocol and venue conditions that permit their collection, and examine how
these attributes relate to differences among groups. Two additional questionnaire items will also be introduced: “Did
playing this content make you want to try the disaster prevention measures introduced within it?” and “After playing
this content, do you want to learn about disaster prevention through other content?” These items will assess
participants’ immediate intention to implement disaster-preparedness measures and motivation to learn through other
content. Because prior disaster experience was not collected, the possibility that the content evoked distressing
memories in participants with such experience could not be examined. Future studies should include pre-screening
and direct measures of psychological burden.

5. Conclusions

This study developed VR content using gamification to support learning about disaster prevention and mitigation
measures that should be implemented before a disaster occurs. A questionnaire survey was administered immediately
after the experience to 123 participants. Many participants reported an increased sense of crisis regarding disasters
and an immediate intention to replay the game, and Spearman's rank correlation analysis showed a moderate positive
association between these two items. These findings are limited to immediate post-experience self-reports and replay
intention. The study did not directly assess self-directed hazard identification, knowledge acquisition or retention,
actual replay, behavioral change, psychological burden, or long-term repeated learning. Future work will improve
operability, expand the range of explorable environments, and directly evaluate the outcomes not measured in this
study.
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