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Abstract 

Evacuation training is an important component of disaster education and survival. Evacuation training using a virtual reality 
(VR)-based disaster simulator that provides a highly immersive simulated evacuation experience (SEE) has attracted significant 
attention. To improve the training effect, we propose a failure-enhanced evacuation training model based on Kolb’s experiential 
learning theory. Our model aims to purposefully induce participants to succumb to conformity bias and fail to evacuate during 
the first SEE because inactive evacuees (i.e., people who are not evacuating speedily or not starting their evacuation) are 
simulated in a VR-based disaster simulator. The participants are expected to overcome failure in the second SEE via reflection 
and conceptualization. A preliminary comparative experiment focused on how simulated evacuees influence the SEE of 
participants in a VR-based disaster simulator. Results indicated that failure-enhanced evacuation training can successfully 
improve the training effect. 
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1. Introduction 

The increasing number of natural [1] and manmade [2] disasters around the world indicates that anyone can 
encounter disasters. People should learn how to survive disasters and recognize that disasters are not someone else’s 
problem. Disaster education is globally important as a disaster management measure, but widespread disaster 
education has not yet been established [3] because this type of education covers various disaster situations that are 
occasionally related to human factors (e.g., emotion, morality, and physical capacity) and influences decision 
making. For example, it is difficult to find solid answers about how to manage fear that may prompt survival but 
prevent proper decision making. Therefore, disaster education has been diversified but not established. A major 
approach to diversification is the use of information technology. Panoramic disaster simulators help create practical 
evacuation plans by visualizing spreading damage and evacuees’ trajectories in possible disasters [4]. By focusing 
on simulated disaster experiences, virtual reality (VR) technologies are often used to heighten immersion (i.e., 
reality) in the experience. In a search for popularization, serious VR-based games that combine VR and digital game 
technologies have been actively developed. For example, Taylor-Nelms and Hill [5] developed a VR-based role-
playing game in which players can collaboratively learn emergency responses by tackling tornado-caused rescue 
missions as different characters (e.g., firefighters and medical responders). Chittaro and Buttussi [6] developed an 
immersive VR-based game that adopts a head-mounted display (HMD) and lets players learn how to escape from a 
ditched aircraft while receiving audiovisual feedback depending on their safety actions (proper or improper). Serious 
VR-based games for disaster education are expected to become more popular because of the ubiquitousness of low-
cost, high-performance devices (e.g., smartphone-based HMD). 

For the public, a simulated disaster experience should teach evacuation methods and procedures. In other words, 
evacuation training via a simulated evacuation experience (SEE) is required because everyone must successfully 
evacuate once a disaster occurs. In traditional evacuation training, participants simply follow a fixed route in a 
normal situation (the real world). However, this type of evacuation training involves little immersion and results in a 
minimal effect because participants hardly feel that they are in a disaster situation. It is indisputable that VR 
technologies can be used to realistically present disaster situations and heighten the level of immersion in SEE. For 
example, Smith and Ericson [7] focused on fire safety for children and developed a game based on a cave automatic 
virtual environment that encourages players to take proper physical actions (e.g., crawl to avoid smoke) during 
evacuation. Chittaro and Sioni [8] developed a VR-based desktop game in which players can learn how to evacuate 
from terrorist attacks while receiving instructions about proper decisions and to heighten their self-efficacy for 
survival. Lovreglio et al. [9] studied an HMD-enabled game that requires players to evacuate from an earthquake-
damaged hospital while interacting with a changing environment and various agents (nonplayer characters). VR-
based disaster simulators that do not focus on gaming elements can also effectively train people to be survivors. For 
example, Sharma et al. [10] developed a VR-based fire simulator that visualizes fire and crowds in a subway station 
and creates a multiparticipant SEE. Gong et al. [11] created a VR-based earthquake simulator that uses motion–
tracking devices (e.g., Kinect) and creates an intuitively operable SEE. 

This study aims to improve the effect of evacuation training by using a VR-based disaster simulator. At the early 
stage, we proposed an ideal training model and clarify the type of SEE that should be provided, i.e., the type of 
disaster situations that should be presented in the simulator. 

2. Failure-Enhanced Evacuation Training 

It is interesting to investigate how participants evacuate (i.e., behave) in VR-based disaster simulators [12]. For 
example, Gamberini et al. [13] examined how the victim’s ethnicity and emergency conditions in a VR-based 
disaster simulator influence participants’ helping behaviors and found that helping behaviors can depend on 
psychological bias (e.g., racial discrimination) and time pressure. 

In evacuation training using a VR-based disaster simulator, simulated evacuees (i.e., agents other than a 
participant) can influence a participant’s evacuation behavior. In this study, we identify the type of simulated 
evacuee that has the most influence and the manner in which evacuees should be used to improve the training effect. 
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2.1. Cognitive Bias and Evacuees 

Even if they are inexperienced in disasters, most people attempt to act calm and occasionally underestimate the 
necessity of speedy evacuation. This behavior may result from cognitive biases that are psychological defensive 
functions for abnormal (particularly dangerous) situations. However, this type of behavior can prevent people from 
evacuating quickly [14]. In actual disasters, people often adopt one of the following cognitive biases. Normalcy bias 
alters people’s view of abnormal situations so that they appear normal and reduces their psychological stress [15]. 
Conformity bias lets people mimic the surrounding majority’s behavior to free themselves from personal judgment 
[16]. If the majority succumbs to normalcy bias in a disaster, the remaining people will conform to the majority and 
believe that evacuation is unnecessary. 

In this study, we refer to people who are evacuating speedily (i.e., sprinting to safer places) as active evacuees 
and people who are not evacuating speedily (or not starting their evacuation) as inactive evacuees. Both types of 
evacuees exist in actual disasters, and active evacuees can make inactive evacuees transcend cognitive biases and 
become active evacuees. 

Rios et al. [17] prepared a VR-based crowd simulator and examined whether participants follow agents sprinting 
to a hidden exit after an alarm goes off. The results indicated that as more agents sprinted, more participants tended 
to follow them without looking for an alternative exit. Furthermore, the participants who followed the agents felt 
higher levels of anxiety and nervousness, whereas participants who did not follow the agents (i.e., searched for an 
exit) felt lower levels of nervousness. 

2.2. Ideal Model of Evacuation Training 

The ideal design for evacuation training has not been clarified. In other words, well-established evacuation 
training models do not exist. Traditional evacuation training, in which participants follow and remember a fixed 
route, may not need a model because of its simplicity. If the training design requires participants to evacuate while 
making decisions, evacuation exercises using a VR-based disaster simulator will become complex and will require a 
model to improve the effects of training. 

A VR-based disaster simulator allows participants to move around a virtual world. By assuming that a real-world 
experiential learning model is applicable to the immersive SEE provided by the simulator, we focus on Kolb’s 
experiential learning theory, which is depicted as a cyclic model that consists of four stages: concrete experience 
(CE), reflective observation (RO), abstract conceptualization (AC), and active experimentation (AE) [18]. 
Traditional evacuation training seems to cover only the CE. An ideal model for evacuation training using a VR-
based disaster simulator should cover all four stages. 

In the training exercises, participants who failed to evacuate because they made improper decisions would 
experience a stronger effect (e.g., disappointment and self-doubt) than if they succeeded because the failure is 
associated with injury or death. The failure can enhance reflection on their evacuation rather than future success. By 
emphasizing the importance of failed evacuation in the simulator, we propose a model of failure-enhanced 
evacuation training based on Kolb’s experiential learning theory. Our model aims to purposefully induce 
participants to fail to evacuate during the CE (Fig. 1). Our model regards the RO and AC as short learning activities 
in a participant’s head and prepares the same or similar disaster situations for the AE. Following our model, the 
participants can effectively learn how to evacuate swiftly, i.e., they can be trained to be active evacuees. After the 
AE, the participants move to the next CE that presents different disaster situations as a new SEE. Participants go 
through the following stages in our model: 

 CE: evacuate while making decisions (e.g., which route they should follow) 
 RO: reflect on their evacuation experience (e.g., why they failed to evacuate) 
 AC: conceptualize better evacuation experiences from their reflection outcomes 
 AE: evacuate again based on their concepts to overcome the failure and obtain their self-efficacy 
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Fig. 1. Model of failure-enhanced evacuation training. 

Purposeful failure is induced by inactive evacuees who are simulated (i.e., presented) in the simulator, and 
participants are made to descend into conformity bias by recognizing the simulated inactive evacuees. 

3. Experiment 

We conducted a preliminary comparative experiment that focuses on how simulated evacuees influence 
participants’ evacuation experiences in a VR-based disaster simulator. In this experiment, we prepared three 
conditions for the comparison: active, inactive, and no evacuees. We expected that the participants will adopt 
conformity bias by recognizing the inactive evacuees and failing to evacuate, i.e., the inactive evacuees would play 
an important role in the failure-enhanced evacuation training. 

We also focused on the CE and AE (i.e., the SEEs) by assuming that all participants instinctively move to the AE 
from the CE via the RO and AC. Thus, we tentatively regarded the RO and AC as difficult-to-analyze stages and did 
not examine how these stages worked in our model. 

3.1. VR-Based Disaster Simulator 

We implemented a simple VR-based disaster simulator in which participants could move around small 3D worlds 
(virtual disaster worlds) from a first-person viewpoint with a gamepad. This simulator provided a high level of 
immersion by adopting a binocular opaque HMD (Oculus Rift) with a head motion–tracking sensor and headphones. 

3.2. Settings 

Thirty university students (20 to 30 years old), who accepted an invitation to play a VR-based game, participated 
in this experiment. The participants were not informed beforehand about the occurrence of disasters in the VR-based 
game (i.e., the VR-based disaster simulator) and divided evenly into three groups on the basis of their profiles (e.g., 
disaster experience and awareness): A (N = 10), B (N = 10), and C (N = 10) corresponding to active, inactive, and no 
evacuees, respectively. 

The experiment consisted of four consecutive phases (Fig. 2). In the two SEEs, a time limit for evacuation was 
set for three minutes, but elapsed time was not superimposed on the 3D worlds to exclude its influence. Every 
participant’s evacuation time was recorded. The phases are outlined as follows: 

(0) Operation exercise 
This phase prepares the participants to adjust and move their avatar in the 3D worlds. Participants are 
required to move the avatar toward the goal of a 3D maze without a time limit. Reaching the goal shows 
mastery of the required operations and indicates that they can move to the next phase. 

(1) First SEE (earthquake in a school) 
This phase conditions the participants by comparing their evacuation experiences under different conditions. 
The 3D world experiences an earthquake (and a resulting fire) in a classroom during a schedule break. The 
participant operates a student avatar, and each group only differs with regard to simulated students (i.e., 



	 Hiroyuki Mitsuhara  et al. / Procedia Computer Science 159 (2019) 1670–1679� 1673 Author name / Procedia Computer Science 00 (2019) 000–000  3 

 

2.1. Cognitive Bias and Evacuees 

Even if they are inexperienced in disasters, most people attempt to act calm and occasionally underestimate the 
necessity of speedy evacuation. This behavior may result from cognitive biases that are psychological defensive 
functions for abnormal (particularly dangerous) situations. However, this type of behavior can prevent people from 
evacuating quickly [14]. In actual disasters, people often adopt one of the following cognitive biases. Normalcy bias 
alters people’s view of abnormal situations so that they appear normal and reduces their psychological stress [15]. 
Conformity bias lets people mimic the surrounding majority’s behavior to free themselves from personal judgment 
[16]. If the majority succumbs to normalcy bias in a disaster, the remaining people will conform to the majority and 
believe that evacuation is unnecessary. 

In this study, we refer to people who are evacuating speedily (i.e., sprinting to safer places) as active evacuees 
and people who are not evacuating speedily (or not starting their evacuation) as inactive evacuees. Both types of 
evacuees exist in actual disasters, and active evacuees can make inactive evacuees transcend cognitive biases and 
become active evacuees. 

Rios et al. [17] prepared a VR-based crowd simulator and examined whether participants follow agents sprinting 
to a hidden exit after an alarm goes off. The results indicated that as more agents sprinted, more participants tended 
to follow them without looking for an alternative exit. Furthermore, the participants who followed the agents felt 
higher levels of anxiety and nervousness, whereas participants who did not follow the agents (i.e., searched for an 
exit) felt lower levels of nervousness. 

2.2. Ideal Model of Evacuation Training 

The ideal design for evacuation training has not been clarified. In other words, well-established evacuation 
training models do not exist. Traditional evacuation training, in which participants follow and remember a fixed 
route, may not need a model because of its simplicity. If the training design requires participants to evacuate while 
making decisions, evacuation exercises using a VR-based disaster simulator will become complex and will require a 
model to improve the effects of training. 

A VR-based disaster simulator allows participants to move around a virtual world. By assuming that a real-world 
experiential learning model is applicable to the immersive SEE provided by the simulator, we focus on Kolb’s 
experiential learning theory, which is depicted as a cyclic model that consists of four stages: concrete experience 
(CE), reflective observation (RO), abstract conceptualization (AC), and active experimentation (AE) [18]. 
Traditional evacuation training seems to cover only the CE. An ideal model for evacuation training using a VR-
based disaster simulator should cover all four stages. 

In the training exercises, participants who failed to evacuate because they made improper decisions would 
experience a stronger effect (e.g., disappointment and self-doubt) than if they succeeded because the failure is 
associated with injury or death. The failure can enhance reflection on their evacuation rather than future success. By 
emphasizing the importance of failed evacuation in the simulator, we propose a model of failure-enhanced 
evacuation training based on Kolb’s experiential learning theory. Our model aims to purposefully induce 
participants to fail to evacuate during the CE (Fig. 1). Our model regards the RO and AC as short learning activities 
in a participant’s head and prepares the same or similar disaster situations for the AE. Following our model, the 
participants can effectively learn how to evacuate swiftly, i.e., they can be trained to be active evacuees. After the 
AE, the participants move to the next CE that presents different disaster situations as a new SEE. Participants go 
through the following stages in our model: 

 CE: evacuate while making decisions (e.g., which route they should follow) 
 RO: reflect on their evacuation experience (e.g., why they failed to evacuate) 
 AC: conceptualize better evacuation experiences from their reflection outcomes 
 AE: evacuate again based on their concepts to overcome the failure and obtain their self-efficacy 

4 Author name / Procedia Computer Science 00 (2019) 000–000 

 

 

Fig. 1. Model of failure-enhanced evacuation training. 

Purposeful failure is induced by inactive evacuees who are simulated (i.e., presented) in the simulator, and 
participants are made to descend into conformity bias by recognizing the simulated inactive evacuees. 

3. Experiment 

We conducted a preliminary comparative experiment that focuses on how simulated evacuees influence 
participants’ evacuation experiences in a VR-based disaster simulator. In this experiment, we prepared three 
conditions for the comparison: active, inactive, and no evacuees. We expected that the participants will adopt 
conformity bias by recognizing the inactive evacuees and failing to evacuate, i.e., the inactive evacuees would play 
an important role in the failure-enhanced evacuation training. 

We also focused on the CE and AE (i.e., the SEEs) by assuming that all participants instinctively move to the AE 
from the CE via the RO and AC. Thus, we tentatively regarded the RO and AC as difficult-to-analyze stages and did 
not examine how these stages worked in our model. 

3.1. VR-Based Disaster Simulator 

We implemented a simple VR-based disaster simulator in which participants could move around small 3D worlds 
(virtual disaster worlds) from a first-person viewpoint with a gamepad. This simulator provided a high level of 
immersion by adopting a binocular opaque HMD (Oculus Rift) with a head motion–tracking sensor and headphones. 

3.2. Settings 

Thirty university students (20 to 30 years old), who accepted an invitation to play a VR-based game, participated 
in this experiment. The participants were not informed beforehand about the occurrence of disasters in the VR-based 
game (i.e., the VR-based disaster simulator) and divided evenly into three groups on the basis of their profiles (e.g., 
disaster experience and awareness): A (N = 10), B (N = 10), and C (N = 10) corresponding to active, inactive, and no 
evacuees, respectively. 

The experiment consisted of four consecutive phases (Fig. 2). In the two SEEs, a time limit for evacuation was 
set for three minutes, but elapsed time was not superimposed on the 3D worlds to exclude its influence. Every 
participant’s evacuation time was recorded. The phases are outlined as follows: 

(0) Operation exercise 
This phase prepares the participants to adjust and move their avatar in the 3D worlds. Participants are 
required to move the avatar toward the goal of a 3D maze without a time limit. Reaching the goal shows 
mastery of the required operations and indicates that they can move to the next phase. 

(1) First SEE (earthquake in a school) 
This phase conditions the participants by comparing their evacuation experiences under different conditions. 
The 3D world experiences an earthquake (and a resulting fire) in a classroom during a schedule break. The 
participant operates a student avatar, and each group only differs with regard to simulated students (i.e., 
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evacuees). Disaster situations (represented by audiovisual effects) are presented in the following order: 
(i) [0:00:00] The 3D world (the classroom before the earthquake) is presented via the HMD. Groups A 

and B have simulated students (Fig. 2 [1-i-a&b]), and group C has no simulated students (Fig. 2 [1-
i-c]). The participant can move the avatar within the classroom. 

(ii) [00:00:20] Earthquake early-warning sounds are delivered for 10 seconds; in Japan, warning sounds 
are issued using information delivery devices (e.g., mobile phone, radio, and television) several 
seconds before a big earthquake. For group A, the simulated students hide under desks immediately 
after the warning (Fig. 2 [1-ii-a]). For group B, the simulated students maintain their standing 
position, and the participants are tasked to move the avatar under a desk. 

(iii) [00:00:30] The participant’s view (i.e., the 3D world) is shaken for 15 seconds. 
(iv) [00:00:45] For group A, the simulated students calmly stay under the desks. For group B, the 

simulated students stand and talk to one another. The participant can move the avatar toward a front 
door to exit the classroom. 

(v) [00:1:10] A fire alarm goes off regardless of the participant’s location (the classroom or a corridor). 
For group A, the simulated students (active evacuees) start evacuation while saying, “Let’s evacuate 
outside!” (Fig. 2 [1-v-a]). For group B, the simulated students (inactive evacuees) keep talking and 
do not evacuate. 

(vi) [Time independent] In the corridor, the participant sees a fire emerging from another classroom and 
an emergency door on the opposite side of the hallway from the fire (Fig. 2 [1-vi]). For group A, the 
simulated students move toward the door while alerting others to evacuate (Fig. 2 [1-vi-a]). For 
group B, the simulated students stand and continue talking in the corridor (Fig. 2 [1-vi-b]). For 
group C, there are no simulated students in the corridor (Fig. 2 [1-vi-c]). For successful evacuation, 
the participant must move the avatar toward the door to exit the building. 

(vii) [00:03:00] If the participant does not reach the door within the time limit (i.e., failed evacuation), a 
menu screen is presented. If evacuation is successful, outside scenery is presented. 

(2) Second SEE (fire in a theater) 
This phase observes how the participants’ evacuation experiences differ in the same disaster situation. From 
the menu screen, the participant moves into this phase. The 3D world shows a fire that occurred during a 
movie in a theater (with 16 people in the audience). The participant operates an avatar representing an 
audience member. The disaster situations are presented in the following order: 
(i) [00:00:00] The 3D world (the theater before the fire) is presented via the HMD. A latest movie 

trailer plays on the front screen (Fig. 2 [2-i]). The participant can move the avatar initially in a 
centrally positioned seat in the theater. 

(ii) [00:01:00] A fire alarm goes off. The entire simulated audience (inactive evacuees) keeps watching 
the trailer and does not start to evacuate. No disaster happens for 1 minute so that the participant 
can be encouraged to continue gazing at the screen. 

(iii) [00:1:20] Smoke begins to flow into the theater from the right rear door (Fig. 2 [2-iii]). If gazing at 
the screen, the participant may not recognize the smoke. 

(iv) [00:01:50] The simulated audience members begin to cough. Thereafter, they cough every 20 
seconds but do not evacuate. The participant may recognize the smoke depending on the avatar’s 
line of sight (Fig. 2 [2-iv]). For successful evacuation, he or she must move the avatar toward an 
available emergency door (the left front door) to exit the theater; the right front door is also an 
emergency door but does not open to prevent the smoke from increasing. 

(v) [00:03:00] If the participant does not reach the door within the time limit, a menu screen is 
presented. If evacuation is successful, outside scenery is presented. 

(3) Postdisaster questionnaire 
All participants completed a questionnaire that consists of single-choice questions and free descriptions. 
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Fig. 2. Phases and disaster situations in the experiment. 

3.3. Results 

We analyzed the results with nonparametric statistics by assuming an unpredictable population distribution and 
heteroscedasticity. Table 1 shows the medians and mean ranks of the participants’ evacuation times. For the first 
SEE, the medians were similar among the groups; variance analysis (Kruskal–Wallis test) revealed no significant 
differences. Their evacuation times ranged from 102 to 131, 105 to 180, and 97 to 161 seconds for groups A, B, and 
C, respectively; one participant in group B failed to evacuate. For the second SEE, the medians of groups A and B 
were the highest (Med. = 153) and the lowest (Med. = 96), respectively; on the basis of multiple comparisons (Steel-
Dwass test), a significant difference was found between group A and group B (p < 0.05). Their evacuation times 
ranged from 92 to 180, 58 to 128, and 85 to 180 seconds for groups A, B, and C, respectively; four participants in 
group A and one participant in group C failed to evacuate. 
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Table 1. Medians and mean ranks of evacuation times (Med., median (in seconds); M., mean.) 

 First SEE Second SEE 

 Med., s (M. rank) Med., s (M. rank) 

Group A 108.5 (11.65) 153 (20.25) 

Group B 122 (19.80) 96 (10.00) 

Group C 118.5 (15.05) 114 (16.25) 

 
Table 2 shows the medians and mean ranks of the participants’ five-degree replies to single-choice questions on 

the questionnaire. The questionnaire mainly asked about the participants’ immersion in the SEEs from the 
viewpoints of reality and tension. If tension is felt, participants can be regarded as being immersed in the SEE. For 
the first SEE, the medians for question 1 about reality were identical (Med. = 4). On the basis of multiple 
comparisons, a significant difference was found between group B and group C (p < 0.05). The medians for question 
2 about tension were similar (Med. = 3–3.5). On the basis of multiple comparisons, a significant difference was 
found between group B and group C (p < 0.05). Participants in group A were asked the following about the active 
evacuees: “What did you think about the students who evacuated?” The participants mainly replied the following: “I 
have to evacuate too,” “I just have to follow them,” and “They are well trained.” Participants in group B were asked 
the following about the inactive evacuees: “What did you think about the students who did not evacuate?” They 
mainly replied as follows: “We do not have to evacuate,” “We are not in danger,” and “Why did they not evacuate?” 
Participants in group C were asked the following: “What did you think about no students in the classroom?” They 
mainly replied as follows: “I could not understand the situation” and “Why is nobody here?” For the second SEE, 
the medians for question about reality were identical (Med. = 4) and not significantly different in variance analysis. 
The medians for question 4 about tension were similar (Med. = 3–3.5) and were not significantly different in 
variance analysis. For the combined SEEs, the medians for question 5 about the participants’ motivation for disaster 
management were identical (Med. = 4) and not significantly different. 

Table 2. Medians and mean ranks of five-degree single-choice questions (Med., median; M., mean; Q, question.) 

Question: “Do you agree that …?” 

Options: 1 = definitely no, 2 = no, 3 = neutral, 4 = yes, 5 = definitely yes 
Group A Group B Group C 

 Med. (M. rank) Med. (M. rank) Med. (M. rank) 

Q1. You felt the first simulation (the earthquake in a school) was realistic. 4 (15.65) 4 (10.75) 4 (20.10) 

Q2. You felt tension in the first simulation. 3 (15.60) 3 (11.15) 3.5 (19.75) 

Q3. You felt the second simulation (the fire in a theater) was realistic. 4 (13.80) 4 (16.50) 4 (16.20) 

Q4. You felt tension in the second simulation. 3.5 (15.40) 3 (15.10) 3 (16.00) 

Q5. You had higher motivation in disaster management through the two 
simulations. 

4 (15.95) 4 (13.30) 4 (17.25) 

 
The participants replied to a question about their activity level during evacuation in the SEEs. Table 3 shows the 

number of responses to the question for each group and SEE. The replies from group B tended to be different from 
those in groups A and C. Most participants (N = 6) in group B evacuated actively during the second SEE and mainly 
described the reasons as follows: “I could think of what to do” and “I saw incoming smoke.” However, most 
participants (N = 7) of groups A and C evacuated more actively in the first SEE and mainly described the reasons as 
follows: “The students evacuated,” “I immediately recognized a disaster (earthquake),” “I did not feel danger 
because the audience did not evacuate,” and “I kept gazing at the screen and did not perceive danger (smoke).” The 
first two reasons affirm the first SEE, and the latter reasons disallow the second SEE. All participants (N = 5) who 
failed to evacuate in the second SEE evacuated more actively in the first SEE. 
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Table 3. Number of responses about activeness during evacuation in SEEs. 

Question: “In which SEE did you evacuate more actively?” 

 First SEE Second SEE Both SEEs 

Group A 7 3 0 

Group B 3 6 1 

Group C 7 1 2 

 
It is important to know whether the SEEs were effective in the evacuation training, i.e., whether the participants 

obtained the training effect through the SEEs. In the postdisaster questionnaire phase, participants were required to 
describe the lessons they learned through the SEEs. Table 4 shows their typical lessons and the number of 
participants in each group who responded that they had learned the lesson. Lesson 1 was predominant and was 
learned by most participants across all groups. Lesson 2 was learned by more participants in groups A and B than in 
group C, and lesson 3 was learned most effectively by participants in group B. Lesson 4 was not learned by those in 
the group C. 

Table 4. Typical lessons learned through SEEs (L, lesson.) 

Categorized lessons Group A Group B Group C 

L1. We should not necessarily follow others in disasters. 3 3 4 

L2. We should evacuate immediately in unusual situations (e.g., following a 
fire alarm). 

4 3 1 

L3. We should recognize emergency exits and evacuation routes in advance. 1 4 1 

L4. We should quickly check on disaster situations. 3 1 0 

Other (e.g., We should think and evacuate without hurrying.) 1 1 6 

 

3.4. Considerations 

For the first SEE, the participants’ evacuation time did not significantly differ among the groups. However, the 
participants in group A completed their evacuation more rapidly than those in groups B and C; there was a 
difference of 14 seconds between the medians of groups A and B. This result may indicate that the participants in 
group A were encouraged to evacuate by recognizing the active evacuees and that conformity bias worked positively 
for speedy evacuation. By contrast, the participants in group B spent the most time completing the evacuation. This 
result may indicate that they descended into conformity bias and did not evacuate speedily by recognizing the 
inactive evacuees. Furthermore, this result indicated that conformity bias worked negatively. The median of group C 
was similar to that of group B. This result may indicate that the participants in group C could not guess what to do 
because of the drab disaster environment (no evacuees). For question 1 (reality) and question 2 (tension), the 
participants in group C gave higher scores than those in group B with significant differences. This result may 
indicate that for the participants in group B, the inactive evacuees decreased reality and tension via unnaturalness 
(i.e., they did not start to evacuate) and conformity bias, respectively; for the participants in group C, their solo 
evacuation heightened tension. Their experience of low reality and tension might indicate that they refused to face 
the presented disaster situations, i.e., they descended into normalcy bias. From these results, we assume that 
simulating active and inactive evacuees can provide conformity bias and influence evacuation experiences in SEE. 
In particular, simulating inactive evacuees is indispensable for bringing people purposefully to a failed evacuation. 

For the second SEE, the participants in group B completed the evacuation more rapidly than those in group A 
with a significant difference. This result indicates that the first SEE (i.e., recognizing the active or inactive evacuees) 
influenced the evacuation experience of the participants in the second SEE that presented the same disaster situation. 
The medians of question 3 (reality) and question 4 (tension) did not significantly differ among the groups. The 
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Table 1. Medians and mean ranks of evacuation times (Med., median (in seconds); M., mean.) 

 First SEE Second SEE 

 Med., s (M. rank) Med., s (M. rank) 

Group A 108.5 (11.65) 153 (20.25) 

Group B 122 (19.80) 96 (10.00) 

Group C 118.5 (15.05) 114 (16.25) 

 
Table 2 shows the medians and mean ranks of the participants’ five-degree replies to single-choice questions on 

the questionnaire. The questionnaire mainly asked about the participants’ immersion in the SEEs from the 
viewpoints of reality and tension. If tension is felt, participants can be regarded as being immersed in the SEE. For 
the first SEE, the medians for question 1 about reality were identical (Med. = 4). On the basis of multiple 
comparisons, a significant difference was found between group B and group C (p < 0.05). The medians for question 
2 about tension were similar (Med. = 3–3.5). On the basis of multiple comparisons, a significant difference was 
found between group B and group C (p < 0.05). Participants in group A were asked the following about the active 
evacuees: “What did you think about the students who evacuated?” The participants mainly replied the following: “I 
have to evacuate too,” “I just have to follow them,” and “They are well trained.” Participants in group B were asked 
the following about the inactive evacuees: “What did you think about the students who did not evacuate?” They 
mainly replied as follows: “We do not have to evacuate,” “We are not in danger,” and “Why did they not evacuate?” 
Participants in group C were asked the following: “What did you think about no students in the classroom?” They 
mainly replied as follows: “I could not understand the situation” and “Why is nobody here?” For the second SEE, 
the medians for question about reality were identical (Med. = 4) and not significantly different in variance analysis. 
The medians for question 4 about tension were similar (Med. = 3–3.5) and were not significantly different in 
variance analysis. For the combined SEEs, the medians for question 5 about the participants’ motivation for disaster 
management were identical (Med. = 4) and not significantly different. 

Table 2. Medians and mean ranks of five-degree single-choice questions (Med., median; M., mean; Q, question.) 

Question: “Do you agree that …?” 

Options: 1 = definitely no, 2 = no, 3 = neutral, 4 = yes, 5 = definitely yes 
Group A Group B Group C 

 Med. (M. rank) Med. (M. rank) Med. (M. rank) 

Q1. You felt the first simulation (the earthquake in a school) was realistic. 4 (15.65) 4 (10.75) 4 (20.10) 

Q2. You felt tension in the first simulation. 3 (15.60) 3 (11.15) 3.5 (19.75) 

Q3. You felt the second simulation (the fire in a theater) was realistic. 4 (13.80) 4 (16.50) 4 (16.20) 

Q4. You felt tension in the second simulation. 3.5 (15.40) 3 (15.10) 3 (16.00) 

Q5. You had higher motivation in disaster management through the two 
simulations. 

4 (15.95) 4 (13.30) 4 (17.25) 

 
The participants replied to a question about their activity level during evacuation in the SEEs. Table 3 shows the 

number of responses to the question for each group and SEE. The replies from group B tended to be different from 
those in groups A and C. Most participants (N = 6) in group B evacuated actively during the second SEE and mainly 
described the reasons as follows: “I could think of what to do” and “I saw incoming smoke.” However, most 
participants (N = 7) of groups A and C evacuated more actively in the first SEE and mainly described the reasons as 
follows: “The students evacuated,” “I immediately recognized a disaster (earthquake),” “I did not feel danger 
because the audience did not evacuate,” and “I kept gazing at the screen and did not perceive danger (smoke).” The 
first two reasons affirm the first SEE, and the latter reasons disallow the second SEE. All participants (N = 5) who 
failed to evacuate in the second SEE evacuated more actively in the first SEE. 
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Table 3. Number of responses about activeness during evacuation in SEEs. 

Question: “In which SEE did you evacuate more actively?” 

 First SEE Second SEE Both SEEs 

Group A 7 3 0 

Group B 3 6 1 

Group C 7 1 2 

 
It is important to know whether the SEEs were effective in the evacuation training, i.e., whether the participants 

obtained the training effect through the SEEs. In the postdisaster questionnaire phase, participants were required to 
describe the lessons they learned through the SEEs. Table 4 shows their typical lessons and the number of 
participants in each group who responded that they had learned the lesson. Lesson 1 was predominant and was 
learned by most participants across all groups. Lesson 2 was learned by more participants in groups A and B than in 
group C, and lesson 3 was learned most effectively by participants in group B. Lesson 4 was not learned by those in 
the group C. 

Table 4. Typical lessons learned through SEEs (L, lesson.) 

Categorized lessons Group A Group B Group C 

L1. We should not necessarily follow others in disasters. 3 3 4 

L2. We should evacuate immediately in unusual situations (e.g., following a 
fire alarm). 

4 3 1 

L3. We should recognize emergency exits and evacuation routes in advance. 1 4 1 

L4. We should quickly check on disaster situations. 3 1 0 

Other (e.g., We should think and evacuate without hurrying.) 1 1 6 

 

3.4. Considerations 

For the first SEE, the participants’ evacuation time did not significantly differ among the groups. However, the 
participants in group A completed their evacuation more rapidly than those in groups B and C; there was a 
difference of 14 seconds between the medians of groups A and B. This result may indicate that the participants in 
group A were encouraged to evacuate by recognizing the active evacuees and that conformity bias worked positively 
for speedy evacuation. By contrast, the participants in group B spent the most time completing the evacuation. This 
result may indicate that they descended into conformity bias and did not evacuate speedily by recognizing the 
inactive evacuees. Furthermore, this result indicated that conformity bias worked negatively. The median of group C 
was similar to that of group B. This result may indicate that the participants in group C could not guess what to do 
because of the drab disaster environment (no evacuees). For question 1 (reality) and question 2 (tension), the 
participants in group C gave higher scores than those in group B with significant differences. This result may 
indicate that for the participants in group B, the inactive evacuees decreased reality and tension via unnaturalness 
(i.e., they did not start to evacuate) and conformity bias, respectively; for the participants in group C, their solo 
evacuation heightened tension. Their experience of low reality and tension might indicate that they refused to face 
the presented disaster situations, i.e., they descended into normalcy bias. From these results, we assume that 
simulating active and inactive evacuees can provide conformity bias and influence evacuation experiences in SEE. 
In particular, simulating inactive evacuees is indispensable for bringing people purposefully to a failed evacuation. 

For the second SEE, the participants in group B completed the evacuation more rapidly than those in group A 
with a significant difference. This result indicates that the first SEE (i.e., recognizing the active or inactive evacuees) 
influenced the evacuation experience of the participants in the second SEE that presented the same disaster situation. 
The medians of question 3 (reality) and question 4 (tension) did not significantly differ among the groups. The 



1678	 Hiroyuki Mitsuhara  et al. / Procedia Computer Science 159 (2019) 1670–1679 Author name / Procedia Computer Science 00 (2019) 000–000  9 

 

participants in group A tended to be more active in the first SEE. From their reasoning responses, this result may 
indicate that they were motivated to evacuate because they could see active evacuees. However, the participants in 
group B tended to be more active in the second SEE, and all of them succeeded in evacuating. From their reasoning 
responses, this result may indicate that they became sensitive to disaster situations (danger) and evacuated quickly 
even if they were surrounded by inactive evacuees. Therefore, they reflected on their intuitively time-consuming 
evacuation (the first SEE) and realized the necessity of a speedy evacuation without being influenced by the inactive 
evacuees. The participants in group C tended to be more active in the first SEE because they may have lost 
motivation to evacuate when they saw inactive evacuees in the second SEE. From these results, we assume that 
simulating inactive evacuees in the consecutive SEEs can eventually prevent people from adopting conformity bias 
and promote speedy evacuation. This SEE composition can fit well to the failure-enhanced evacuation training. 

For question 5 (motivation), the participants in all groups replied positively. This result may indicate that the SEE 
in a VR-based disaster simulator leads to evacuation training. The participants in each group described the same 
number of lessons learned via the SEEs and equally described lesson 1 regardless of the different conditions (active, 
inactive, and no evacuees) in the first SEE. This result may indicate that lesson 1 was derived mainly from the 
inactive evacuees in the second SEE. The participants in groups A and B described lesson 2 more frequently than 
those in group C. This result may indicate that lesson 2 was derived mainly from the active and inactive evacuees in 
the first SEE for groups A and B, respectively. The participants in group B described lesson 3 more frequently than 
those in groups A and C. This result may indicate that the intuitively time-consuming evacuation experiences of 
group B participants in the two SEEs encouraged the recognition of exits and routes. The participants in group A 
described lesson 4 more frequently than the other groups. This result may indicate that group A participants 
reflected on their experience of simply following the active evacuees without checking the disaster situation 
carefully in the first SEE. 

Overall, from the preceding results and considerations, we conclude that evacuation training using a VR-based 
disaster simulator should (1) introduce simulated inactive evacuees, (2) provide at least two SEEs in which 
participants can recognize the simulated inactive evacuees, (3) lead the participants to a failed evacuation resulting 
from conformity bias in the first SEE, (4) enhance their ability to reflect on and conceptualize the failure, and (5) 
make them overcome the failure in the second SEE. Furthermore, we believe that our proposed model is likely to 
train people to be active evacuees (i.e., survivors). 

4. Conclusion 

In this paper, we proposed failure-enhanced evacuation training that purposefully induces conformity bias and 
failed evacuation by inactive evacuees simulated (i.e., presented) in a VR-based disaster simulator. We then reported 
on the preliminary comparative experiment conducted in different conditions (active, inactive, and no evacuees). 
The experimental results indicated that participants could descend into conformity bias and fail to evacuate by 
recognizing inactive evacuees in the first SEE. However, participants could overcome failure and succeed in 
evacuating even when they recognized inactive evacuees in the second SEE. This failure-enhanced evacuation 
training is expected to improve the training effect. 

This study is still in the early stages. To use our findings for practical evacuation training, we must address the 
following issues: 

 For what types of people is failure-enhanced evacuation training most suitable? This issue is derived from a 
small-scale experiment (i.e., a small number and a limited range of participants). Furthermore, the collected 
evacuation time and questionnaire results seem insufficient to clarify the participants’ perceptions (e.g., the 
existence or degree of failed evacuation and conformity bias) or the training effect. We must conduct large-scale 
experiments that collect various data (e.g., participant’s vital signs and line of sight). 

 How should the VR-based disaster simulator cover the RO and AC? The experiment attempted to verify the 
partial model and has not clarified the validity of the whole model. We regard these stages as a black box; 
therefore, we must conduct experiments that examine how these stages work in our proposed model. To ensure 
the training effect based on the model, the simulator will need to support these stages. 
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 How should the simulator be extended? The simulator presents evacuees and disaster situations and does not 
introduce interactivity into the simulated situations; the simulator also enables participants to move around the 
3D worlds. In an actual evacuation, people may encounter difficult disaster situations and make difficult 
decisions (e.g., whether to rescue an injured person). As an extension, the simulator should present difficult 
disaster situations beyond participants’ prediction and provide high interactivity, including gaming elements. 

 How should the training ensure ecological validity? The discussions about this issue are common in any VR and 
cannot be avoided in this study. We must clarify how much the training (the SEE in virtual disasters) contributes 
to surviving actual disasters. However, such a clarification may be difficult because we cannot plan experiments 
by predicting when and where a disaster will occur. 
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participants in group A tended to be more active in the first SEE. From their reasoning responses, this result may 
indicate that they were motivated to evacuate because they could see active evacuees. However, the participants in 
group B tended to be more active in the second SEE, and all of them succeeded in evacuating. From their reasoning 
responses, this result may indicate that they became sensitive to disaster situations (danger) and evacuated quickly 
even if they were surrounded by inactive evacuees. Therefore, they reflected on their intuitively time-consuming 
evacuation (the first SEE) and realized the necessity of a speedy evacuation without being influenced by the inactive 
evacuees. The participants in group C tended to be more active in the first SEE because they may have lost 
motivation to evacuate when they saw inactive evacuees in the second SEE. From these results, we assume that 
simulating inactive evacuees in the consecutive SEEs can eventually prevent people from adopting conformity bias 
and promote speedy evacuation. This SEE composition can fit well to the failure-enhanced evacuation training. 

For question 5 (motivation), the participants in all groups replied positively. This result may indicate that the SEE 
in a VR-based disaster simulator leads to evacuation training. The participants in each group described the same 
number of lessons learned via the SEEs and equally described lesson 1 regardless of the different conditions (active, 
inactive, and no evacuees) in the first SEE. This result may indicate that lesson 1 was derived mainly from the 
inactive evacuees in the second SEE. The participants in groups A and B described lesson 2 more frequently than 
those in group C. This result may indicate that lesson 2 was derived mainly from the active and inactive evacuees in 
the first SEE for groups A and B, respectively. The participants in group B described lesson 3 more frequently than 
those in groups A and C. This result may indicate that the intuitively time-consuming evacuation experiences of 
group B participants in the two SEEs encouraged the recognition of exits and routes. The participants in group A 
described lesson 4 more frequently than the other groups. This result may indicate that group A participants 
reflected on their experience of simply following the active evacuees without checking the disaster situation 
carefully in the first SEE. 

Overall, from the preceding results and considerations, we conclude that evacuation training using a VR-based 
disaster simulator should (1) introduce simulated inactive evacuees, (2) provide at least two SEEs in which 
participants can recognize the simulated inactive evacuees, (3) lead the participants to a failed evacuation resulting 
from conformity bias in the first SEE, (4) enhance their ability to reflect on and conceptualize the failure, and (5) 
make them overcome the failure in the second SEE. Furthermore, we believe that our proposed model is likely to 
train people to be active evacuees (i.e., survivors). 

4. Conclusion 

In this paper, we proposed failure-enhanced evacuation training that purposefully induces conformity bias and 
failed evacuation by inactive evacuees simulated (i.e., presented) in a VR-based disaster simulator. We then reported 
on the preliminary comparative experiment conducted in different conditions (active, inactive, and no evacuees). 
The experimental results indicated that participants could descend into conformity bias and fail to evacuate by 
recognizing inactive evacuees in the first SEE. However, participants could overcome failure and succeed in 
evacuating even when they recognized inactive evacuees in the second SEE. This failure-enhanced evacuation 
training is expected to improve the training effect. 

This study is still in the early stages. To use our findings for practical evacuation training, we must address the 
following issues: 

 For what types of people is failure-enhanced evacuation training most suitable? This issue is derived from a 
small-scale experiment (i.e., a small number and a limited range of participants). Furthermore, the collected 
evacuation time and questionnaire results seem insufficient to clarify the participants’ perceptions (e.g., the 
existence or degree of failed evacuation and conformity bias) or the training effect. We must conduct large-scale 
experiments that collect various data (e.g., participant’s vital signs and line of sight). 

 How should the VR-based disaster simulator cover the RO and AC? The experiment attempted to verify the 
partial model and has not clarified the validity of the whole model. We regard these stages as a black box; 
therefore, we must conduct experiments that examine how these stages work in our proposed model. To ensure 
the training effect based on the model, the simulator will need to support these stages. 
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 How should the simulator be extended? The simulator presents evacuees and disaster situations and does not 
introduce interactivity into the simulated situations; the simulator also enables participants to move around the 
3D worlds. In an actual evacuation, people may encounter difficult disaster situations and make difficult 
decisions (e.g., whether to rescue an injured person). As an extension, the simulator should present difficult 
disaster situations beyond participants’ prediction and provide high interactivity, including gaming elements. 

 How should the training ensure ecological validity? The discussions about this issue are common in any VR and 
cannot be avoided in this study. We must clarify how much the training (the SEE in virtual disasters) contributes 
to surviving actual disasters. However, such a clarification may be difficult because we cannot plan experiments 
by predicting when and where a disaster will occur. 
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