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Abstract. Inrecent years, the frequency of floods has been increasing every year, causing considerable damage,
in particular, to human life due to delays in evacuation. In this research, a web page containing a questionnaire
was created to investigate the changes in human action during floods to contribute to efficient disaster prevention
and mitigation activities by residents and municipality officers in charge of disaster management. The subjects
were made to watch videos created using Virtual Reality (VR) technology. The questionnaire on the web page
was used to verify whether watching the VR videos would change people’s attitudes toward disaster mitigation
in the event of a flood. The results showed that the subjects who watched the VR videos were more likely to
choose the correct action and the decision time to choose the action was earlier. These results indicate that VR
videos can be used to raise awareness of efficient disaster mitigation actions during floods.

1 Introduction

In Japan, water-related disasters occur every year due to cli-
mate change. The torrential rain in western Japan in 2018 re-
sulted in more than 200 deaths. One of the factors contribut-
ing to the high death toll was delayed evacuation (Ushiyama
et al., 2019). To implement early evacuation actions, it is im-
portant to effectively raise awareness regarding water-related
disasters and provide disaster education to a wider popu-
lation. There are various methods of disaster education for
water-related disasters. It has been demonstrated that experi-
encing floods through virtual reality (VR) videos has proved
to be effective (Kuribayashi et al., 2020). Researchers have
studied the effects of using VR technology to enhance the
evacuation awareness. They allowed people to imagine flood
scenarios and experience evacuation during a flood using VR
(Nagumo et al., 2022). Furthermore, research is being con-
ducted to visualize the effects of river level forecasts in an
easy-to-understand manner using VR to promote evacuations
during floods (Morooka et al., 2022). In addition, flood disas-

ter virtual reality applications have been developed in Japan
(Fujimi and Fujimura, 2020), China (Pan et al., 2020), and
Indonesia (Purnomo et al., 2022), demonstrating the effec-
tiveness of using VR applications as flood education. There
are operability issues to experience the application, espe-
cially for the elderly, who need to become accustomed to us-
ing the head-mounted display and controllers. On the other
hand, viewing videos can be easily implemented by any-
one. Disaster prevention education through VR videos is an
easy mechanism that can be used worldwide to personalize
the lessons learned videos to be passed on. VR videos have
changed the way people experience floods, allowing “first-
hand” experience by providing a virtual experience of flood-
ing. In this study, an online questionnaire was created to in-
vestigate potential changes in the behaviors during a flood
by viewing VR videos, which has been rapidly advancing in
recent years. We aimed to prevent and mitigate disasters and
disaster responses by residents and responsible officials ef-
fectively and efficiently. The VR videos were created by the
Public Works Research Institute based on the lessons learned
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Quiz 1

It is twelve o'clock one summer day.
It had been raining intermittently since the
day before yesterday.
Currently, the rain has stopped.

xA1l : Do you want to watch the river?
OA2 : Do you want to go home?

Quiz2

It was the middle of the night when I
received a call from the fire brigade
"A major river is flooding the village, so
please evacuate immediately! "

OA1 : Do you evacuate on foot?
X A2 : Evacuate by car?

Quiz 3
We were able to take shelter in a hut on
higher ground. However, I realized that I
had forgotten something. It is a medicine for
a family member with a chronic illness.

xAl: Do I go back to get the medicine?
OA2 : Give up and evacuate?

Figure 1. Content of the quiz on evacuation actions.

https://virtualfloodexpforagamachi.azurewebsites.net/
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Figure 2. Structure of the webpage for survey response.

from actual flooding experiences. The information obtained
from the questionnaire webpage was used to verify whether
viewing VR movies containing lessons learned from previ-
ous disasters changed people’s outlook toward disaster miti-
gation and floods.
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Do you want to watch the river? §
Do you want to go home? k

Figure 3. A scene from the VR video of quiz 1.

Do you evacuate\on foot?
Evacuate by car?

» 0:19/0:21

Figure 4. A scene from the VR video of quiz 2.

2 Experimental Methods

2.1  Web Questionnaires

A questionnaire was filled by subjects who had and had not
viewed the video of the lessons using VR. The quiz asked
participants to select one of two options for three different
situations: during a river flood, just before flooding, and after
flooding (Fig. 1).

Note that because the quiz was designed for a certain
model district, all subjects were asked to watch a video ex-
plaining the target district before answering the questions.
The survey was conducted via the internet by creating a web-
page for the survey. It consisted of a demographic survey of
the subjects, a video explaining the target area, and answers
to three quizzes (Fig. 2).

The quiz on the evacuation action was a video. It was an-
swered after watching the video (Figs. 3-5). After answering
each quiz, the participants were asked to judge whether they
had taken the correct action or not. They were also asked to
watch a video explaining the lessons learned from previous
floods, so that they understood the correct course of action.

2.2 Characteristics of Subjects

The total number of respondents was 29. Viewing of the
lessons-learned VR videos was randomly assigned on the
webpage. Thirteen subjects viewed the lessons-learned VR
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Table 1. Percentage of correct answers to quiz on evacuation ac-
tions.

Quiz 1 average percentage of
correct answers

VR video viewing available 77 %
No VR video viewing 75 %
Quiz 2 Percentage of
Correct Answers

VR video viewing available 100 %
No VR video viewing 100 %

Quiz 3 Percentage of

Correct Answers
VR video viewing available 100 %
No VR video viewing 94 %
ALL Percentage of

Correct Answers
VR video viewing available 92 %
No VR video viewing 90 %

It is a medicine for a family member
with a chronic illness.

> 0:14/0:20

Figure 5. A scene from the VR video of quiz 3.

videos, and 16 subjects did not view the videos (Fig. 6). The
age of the subjects ranged from teens to 50s (Fig. 7).

3 Results and Analysis

3.1 Percentage of Correct Answers

The average percentage of correct answers on the quiz on
subjects’ evacuation actions was 92 % and 90 %, respec-
tively, for subjects who did and did not watch the lessons-
learned VR videos (Table 1 and Fig. 8). In addition, the per-
centage of correct answers for quizzes 1 and 3 was higher
after viewing the lessons-learned VR videos. Quiz 2 was an-
swered correctly by all participants.

A two-sample 7-test was conducted to determine whether
the difference in the percentages of correct responses with
and without viewing the lesson-learned VR video was sig-
nificant, assuming that the variances were different. The re-
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Figure 6. Number of subjects (29 in total) in the experiment to
verify the effectiveness of the lessons learned via VR.
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Figure 7. Age composition of the subjects.

sulting p-value was 0.635, which was not less than the sig-
nificance level of 0.05, and therefore was not considered to
be a significant difference.

The percentage of correct answers did not change depend-
ing on whether the respondents in the age groups 11-20 and
51-60 had watched the VR video of the lessons learned.
Conversely, the percentages of correct answers increased for
participant ages 11-20 after watching the VR video of the
lessons learned. However, the percentage decreased for those
in the 31-50 age group. The trend remained identical for each
quiz. There was no clear trend (Figs. 9 and 10).

3.2 Response Time

Next, the time required by participants to answer the ques-
tions was compared. For the answers on the webpage, we
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Figure 8. Percentage of correct answers to quiz on evacuation ac-
tions.
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Figure 9. Average percentage of correct answers by age.

measured how long it took the respondents to answer the
questions from the time they started watching the video. The
duration of the question videos was approximately 2000 ms.
In all quizzes, subjects who watched the lessons-learned VR
videos responded more quickly (Table 2 and Fig. 11).

A two-sample t-test was also conducted for the response
time, assuming that the variances were different. The results
showed a significant difference for quiz 2, with a p-value of
0.043, which is below the 0.05 level of significance. Quiz 2
asked the participants to choose the means of evacuation. The
correct answer is to evacuate on foot rather than by car. All
subjects chose the correct means of evacuation; however, the
decision was made more quickly by subjects who had viewed
the lessons-learned VR video.

Younger teens quickly chose appropriate actions after
viewing the lessons-learned VR videos (Fig. 12).

They selected appropriate actions quickly in quizzes 1 and
2. In quiz 3, 50s quickly selected the appropriate action by
viewing the lessons-learned VR video (Fig. 13).

4 Discussion and Future Research

The results of the survey using a questionnaire webpage
based on the video viewing showed that viewing the lessons-
learned transmission VR video changed the awareness re-
garding the course of conduct during floods. Participants
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Figure 10. Percentage of correct answers for each quiz by age.

Table 2. Response time (ms) for quiz on evacuation actions.

Quiz 1 Average response

time (ms)
VR video viewing available 6701
No VR video viewing 9645
Quiz 2 Average response

time (ms)
VR video viewing available 3423
No VR video viewing 5323
Quiz 3 Average response

time (ms)
VR video viewing available 3735
No VR video viewing 4044
ALL Average response

time (ms)
VR video viewing available 4620
No VR video viewing 6338

chose appropriate actions more quickly. This may be at-
tributed to the fact that the subjects were given more informa-
tion by the more realistic VR videos explaining the situation
before and after the flood, in addition to text and voice ex-
planations of the situation. The lessons-learned VR videos
included the following information about the flood.

— It is not raining; however, the major rivers have rising
water levels.
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Figure 11. Response time (ms) for the quiz on evacuation actions.
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Figure 12. Average response time by age.

— Cars in parking lots are not flooded; however, the sur-
rounding streets are flooded.

— Surrounding roads and low houses are flooded at night.

The situational descriptions influenced the way the recipi-
ents of the information perceive the situation during a water
disaster, depending on their awareness of disaster prepared-
ness. Some subjects will respond to at least some impor-
tant information (information with greater weighting) with
the least amount of information and will choose to evacuate
(Fig. 14).

The important information that elicits a reaction is strongly
visual. The realistic visual situation created by VR deepens
the understanding of the choice of evacuation action. It pro-
vides a better evaluation of the information and helps to de-
cide to evacuate. Although the evaluation of the information
is subjective, prior disaster prevention education and experi-
ence with actual disasters can provide more responsive infor-
mation and better evaluation information. In the future, we
would like to conduct experiments in a virtual space using
VR technology to investigate what type of information leads
to evacuation actions and factors influencing individual judg-
ments. Although this is an initial experiment and the number
of subjects is small, we plan to increase the number of sub-
jects with different attributes in the future.

Since VR video viewing via the Internet can be effectively
used in areas around the world where flood damage can oc-
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Figure 13. Average response time for each quiz by age.
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Figure 14. Schematic diagram of the decision path leading to evac-
uation actions.

cur, we would like to consider creating VR videos based on
flood-damage cases and lessons learned not only in Japan but
also internationally, and expanding the use of such videos to
other districts in the future.

5 Summary

The results of the study of changes in actionable attitudes
pre- and post-flooding by viewing the lessons-learned VR
video revealed the following.

— There is no clear effect of viewing the lessons-learned
transmission VR video on the ability to choose appro-
priate actions.
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— Viewing the VR video of the lessons-learned can help
people to quickly determine the appropriate evacuation
actions.
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