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Abstract: This paper describes the design and trial development of a system that supports 
continuous hazard mapping by local residents in their daily life. We performed an interview 
survey to design our system in a model traditional town in Saga Prefecture, Japan. The results 
show that despite continued efforts, many practical problems remain and residents feel unsafe. 
Considering these results, we designed and developed a unique information and communication 
technology-based support system that contributes to community-based disaster prevention and 
reduction. The continuous resident participation and posting design are the core concept for our 
community-based approach. Our system continues to support making a hazard map by 
integrating the community-based hazard information. Local residents register information 
(disaster types, risk level, photographs, comments, positional information) about locations that 
could be dangerous in a disaster. In addition, our system enables information sharing through a 
Web server. We expect that this information sharing will allow local hazard information for 
each district to be used. 

Keywords: Disaster Prevention, Hazard Map, Traditional Town, Community-Based, 
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1. Introduction 

Japan is a disaster-prone country because of its geographical, topographical, and meteorological 
conditions (Disaster Management, Cabinet Office, 2015). The country faces the threat of various 
natural disasters, such as earthquakes, typhoons, and volcanic eruptions. Disaster prevention and 
reduction measures have been strengthened following the Great East Japan Earthquake and subsequent 
disasters, including volcanic eruptions, and landslides and flooding caused by heavy rain.  

Disaster imagination games (Komura, T. & Hirano, A., 1997), which are map exercises to 
improve disaster prevention in communities, and a variety of information and communication 
technology (ICT)-based approaches, including information collection by cameras and sensors, ICT 
disaster information notification, and game-based training, have been developed (Geospatial 
Information Authority of Japan (GSI),2017; Mitsuhara, H. et al., 2015).  

Although cities are better prepared to cope with future disasters because of their advanced 
infrastructure, there are many traditional Japanese towns that suffer from specific risks (Japan 
Guide.com, 2012). These towns are characterized by the preservation of the traditional landscape and 
environment, depopulation, and aging. They are vulnerable to disasters because these factors cause 
spatial and human constraints. Disaster prevention measures adapted for these towns are now being 
studied (Mishima, N. et al., 2015; Nakai, F. et al., 2014; Nonomura, A. et al., 2016; Park, S. G. et al., 
2015; Sakuma, A. et.al., 2015). A prospective ICT-based disaster prevention approach for local heritage 
is large-scale networks that use sensors and benefit from advanced ICT (Min, B. W. et al., 2015). 
However, this requires large investment in equipment, including initial installation costs and 
maintenance costs. 

Our approach in this paper is small-start ICT-based disaster prevention, which is rooted in the 
region and based on the characteristics of these towns (Kozaki, S. et al., 2016; Mori, S. et al., 2015; 
Okazaki, Y., et al., 2015; Okazaki, Y., et al., 2016). In these traditional local towns, there is a 
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characteristic that there is a strong connection between residents. Our approach is to utilize the power of 
these local communities in disaster prevention and reduction by ICT. To safeguard livelihoods, our 
system encourages local residents to be conscious of disaster risks and to participate in disaster 
prevention and reduction activities. Furthermore, the system allows local residents to collect and record 
detailed hazard information. This continuous resident participation and posting design can make a 
major contribution to community-based disaster prevention and reduction.  

We selected Hizen-Hamashuku in Kashima City, Saga Prefecture, Japan as a model area of a 
traditional local town (Saga Trip Genius, 2014). This area has retained its Edo-era architecture and has 
been designated as a nationally important traditional building preservation district (Wikipedia, 2017.). 
Figure 1 shows its historic town scenery. We carried out an interview survey on natural disasters with 
local residents of Hizen-Hamashuku to understand their needs and measures related to disaster 
prevention and reduction. Based on the results, we designed and implemented a hazard-mapping 
support system for traditional towns. We expect that this system will provide residents with better 
knowledge of disasters and deeper awareness of disaster prevention. The organization of this paper is as 
follows. In Section 2, we describe our interview survey for designing our system. In Section 3, we 
present our prototype hazard-mapping support system. In Section 4, we give our concluding remarks 
and outline future work. 

2. Interview Survey 

1.1 Methods 

We performed a survey by face-to-face interview at the Hizen-Hamashuku community center on 
August 18, 2014 with 18 participants, who are district welfare officers or ward chiefs who play a 
leadership role in this region. We asked about existing measures for disaster prevention and reduction, 
problems with the present measures, and information sharing for disaster prevention and reduction.  

1.2 Results 

We identified the following problems by analyzing the survey results. 

1.2.1 Existing Disaster Prevention and Reduction Measures 

There is a voluntary disaster prevention organization that implements firefighting training once or twice 
a year, which has achieved some success in firefighting. We also found that there is a mutual assistance 
system, in which district welfare officers and chiefs of wards play leading roles during disasters. 
Although the voluntary disaster prevention organizations and the mutual assistance system are 
organized, their specific roles and cooperation are unclear. The effectiveness of these organizations 
should be improved.
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Figure. 1. Historic town scenery of model area (Hizen-Hama shuku in Kashima City of Saga Prefecture 

in Japan) 

1.2.2 Problems with Present Measures 

Participants feel anxious about problems with the present disaster prevention and reduction measures. 
The following quotes are examples of these opinions. “There is not much awareness of disasters”, 
“Cross-district training is necessary”, and “Detailed local information about people requiring 
assistance, for preventing the risk of damage, and for escaping disasters safely is needed”. They also felt 
that they need customized disaster manuals for various types of disaster to provide action guidelines. 

1.2.3 Information Sharing for Disaster Prevention and Reduction 

The following quotes about information sharing were gathered. “Detailed hazard maps corresponding 
to the actual situation of each local community are needed” and “While some individual traditions 
involve past disasters, the information is not integrated or fully shared”. To enable mutual assistance to 
work effectively in a disaster, sharing local community information, such as information on people 
needing aid in a disaster and hazardous location notification, is necessary. Based on this information, 
action should be predetermined in cooperation with neighbors. 

1.3 Findings 

Voluntary disaster prevention organizations and the mutual assistance system have already been 
organized and measures for disaster prevention and reduction have been put in place. Actions during a 
disaster have not been fully examined, and local residents are anxious about them. In addition, we found 
that detailed local community information is required.  

We sought to address the current problems with disaster prevention and reduction measures in 
the traditional town in this study and to help to reduce anxiety among residents about disasters by using 
ICT. Our system is intended to improve the disaster resistance of traditional towns by allowing local 
residents to design and implement action guidelines. Our system collects, integrates, and shares 
information about local communities and hazardous locations that is vital for customized disaster 
manuals 

2. System development 

2.1 System Overview  

We have developed a hazard-mapping support system with community participation using location 
information (Kozaki, S. et al., 2016; Mori, S. et al., 2015; Okazaki, Y., et al., 2015; Okazaki, Y., et al., 
2016). The disaster prevention awareness of residents can be improved by participation and local 
residents can collect detailed information. Making a hazard map with resident participation can improve 
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sharing of local community information. The exchange of conventional information is based on 
conversations, telephone calls, and letters. Our system is implemented as an iOS application. We show 
the development settings and execution environment in Table 1. Figure 2 shows the system architecture 
and flow. Our system consists of portable devices to present and post information, a database on the 
Web server, and a Web-based information management system.  

 Our software on portable devices has a starting screen, a map screen, a positional information 
screen, and an information registration screen. The starting screen presents the system name and type of 
user. The map screen displays hazardous locations stored in the database and the present location of the  

 

 
Figure 2 System architecture diagram 

user. The positional information screen indicates the location to be registered. The information 
registration screen allows the disaster type, risk level, comments, and a photograph of the location to be 
input. These data are stored in the Web server database. The information is presented on the map screen 
as a hazard map.
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Table 1Development settings and execution environment 

 

2.2 Information Presentation 

The map screen displays all hazardous locations stored in the database around the user's current location 
acquired by GPS (Figure 3). Balloons point to the hazardous locations and include a photograph of the 
spot. A user can see detailed information (disaster type, risk level, comments) about a location by 
tapping the balloon (Figure 4). 

2.3 Information Posting 

When a user posts information, first they specify the location. Using GPS, a red pin is placed 
automatically at the current location (Figure 5), which can be dragged to the intended location if 
required. The positional data for the pin is passed to the next information registration screen. In this  

 
Figure 3. Map screen (default) 

 

Development environment Xcode Version6.2 [19] 
Programming language Objective-C [20] 
Operating system OS X Version10.9.5 
Execution environment iPad Air 2, iPad mini3 
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Figure 4. Map screen (focusing) 

screen, the user inputs the disaster type, risk level, comments, and a photograph of the spot. Additional 
free descriptions can be added (Figure 6). These data are stored in the internal database. The 
information is reflected on the map screen. Integrating the information forms a hazard map of the area. 

2.4 Information Sharing 

An information-sharing function is accessed by tapping the information update button on the map 
screen. The information saved in SQLite on the tablet device is sent to a designated PHP program on the 
Web server. This information is combined with previously sent information and is saved in MySQL on 
the Web server. The photo data is sent to a directory on the Web server and the reference path for the 
photo data is saved in MySQL. Thus, information is collected from each tablet device and integrated on 
the Web server. The integrated information is output as a JSON file and each tablet device receives that 
file. The received information is overwritten before the information is saved in SQLite on the tablet 
device. 

2.5 Information Management 

Our system provides four information management functions: an approve function, a display function, a 
modify function, and an integrate function. The approve function ensures the reliability of information 
that has been posted by requiring system administrators to approve information. The display function 
provides only the information necessary for the residents by hiding old and irrelevant information. The 
modify function provides more reliable information by allowing the posted information to be modified 
on the Web server side. The integrate function improves the quality and ease of viewing of the 
information by organizing and integrating several pieces of information. The integrated information is 
directed to where there are several pieces of information posted at the same location. The integrated 
information is registered in the Web database. Because we can refer to the information prior to 
integration, the system keeps the integration history. The integrated information is stored in the 
database as new information. 
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Figure 5. Positional information screen 

 

 
Figure 6. Information registration screen 

3. Discussion 

In this section, we discuss the basic performance of our prototype system based on our trial test in the 
field. A total of ten people, five local people and five Saga University teachers and students. We 
explained a function and how to use the system for around 15 minutes to participants. We divided all 
into three groups and assigned the area to investigate. We all went around the area for 40-50 minutes 
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and input the data of hazardous location. A total of 27 locations, 46 information was registered in just 
less than one hour. 

3.1 Collection of Local Hazard Information 

Information associated with flood hazards was registered in low-lying areas, whereas hazard 
information for fires and earthquakes was registered where houses are clustered. This indicates that it 
was possible to collect information about hazardous locations from local residents in a short time.  

Our trial experiment shows that people in the region are most concerned about earthquake 
hazards. The next greatest concern is the risk from crime rather than from other natural disasters. This is 
because fire hydrants and river improvement work have reduced the risk from fire and flooding.  

Originally, the targets of the hazard maps were natural disasters, such as earthquakes and floods. 
In this study, we considered crime from the perspective of the safety of local residents. Our field test 
revealed potential anxiety about local crime. 

3.2 Operational Performance 

Our system is designed to allow elderly people who are not used to digital terminals to input 
information by touching presented choices. The comments for each hazard are also prepared and easily 
selected by touch. In addition, a user can input original comments by using a keyboard. One user 
expressed the opinion “It was easy to use”. The user input worked smoothly and input took about one 
minute per entry. These results demonstrate that our system is a user-friendly iOS application. 

3.3 Overlooked Information 

We also identified the necessity of multiple viewpoints. Posting information from local residents makes 
it possible to register unique local information. However, residents may overlook hazards because they 
become familiar with and complacent about risks. 

4. Conclusion and Future Work 

We have designed and implemented a hazard-mapping support system for traditional towns with local 
heritage based on an interview survey with local residents of the model area. Community-based disaster 
prevention and reduction is the main feature of our approach. Our system encourages the participation 
of local residents and allows residents to collect detailed hazard information about the area. The 
continuous resident participation and posting design are core concepts for our approach, which can 
make a major contribution to lasting community-based disaster prevention and reduction.  

Our system creates a hazard map by displaying the posted hazard information on the map. Local 
residents register information (disaster type, risk level, photographs, comments, positional information) 
about locations that could be hazardous in a disaster. We have tested the usefulness and possibilities of 
our prototype system in the model area. The easy-to-use interface contributed to the smooth registration 
of information. Our prototype system demonstrates ICT-based hazard mapping by local residents and 
the potential of our system.  

In future work, we will organize information management schemes in cooperation with local 
residents. We will use our system to make a practical hazard map and demonstrate our ICT-based 
approach to community-based disaster prevention and mitigation. 
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Abstract: One of the critical elements of catastrophe preparedness is a training of the disaster 
responders and society. However, conducting a live disaster training is costly and labor 
intensive. Hence, serious game (SG) may offer a possible solution as a method of disaster and 
safety education. Besides, the advancement of games for education and training has been 
increasingly used for decades. SG provides a challenging and realistic environment that can 
mimic actual setting of crisis and disaster situation. Furthermore, there are numerous of SG 
and applications that have been researched for disaster and safety training. Toward sustainable 
education and training in this field, it is important to clarify the potential of SG that can 
improve disaster awareness and skill. Therefore, this paper discusses SG’s role for disaster 
and safety training using an integrative review methodology. A process of the integrative 
review consisted of five steps to obtain the results, that is, identification of problems and 
purposes, definition of search strategy, assessment and analysis of the findings. The search 
criteria were applied to various electronic article databases relevant to information technology, 
disaster or emergency, and training. This integrative review found the key factor of SG for 
disaster and safety training. We finally conclude SG has a potential to deliver the disaster 
awareness through a virtual environment that could motivate learners to have a broader skill 
and knowledge to prepare the appropriate actions when a disaster occurred. 

Keywords: Serious game, disaster, and safety training, integrative review. 

1. Introduction 

Disasters can be destructive, leading to the emergence of environmental devastation and loss of 
property, physical and psychological effects, and personal catastrophes. There are numerous human-
made and natural disasters which strike both developing and developed country. For example, the 
disaster of forest and land fire occurred in Indonesia especially in West Sumatra and Central 
Kalimantan 2002 to 2015, (Miettinen, Shi, & Liew, 2016). The forest and land fire were mostly 
caused by the carelessness of the palm oil and pulp industry that ignored the nature protection. It had a 
significant impact on smog pollution, decreased the level of health, and damaged ecosystem 
(Hayasaka, Noguchi, Putra, Yulianti, & Vadrevu, 2014; Kirana, Sitanggang, & Syaufina, 2016). Other 
calamities are natural disasters that affected the countries in various ways. A natural disaster is the 
aftermath or sequences of incidents. It can interrupt and force the lives and livelihoods of people 
affected by natural events including tornado, landslide, flooding, earthquake, volcano eruption and 
tsunami (Berz et al., 2001). However, all types of the disasters will have the capacity to consume 
social and physical assets. Therefore, not only the disaster responders but also the society need 
adequate preparedness and response approaches. Hence, they can minimize the impacts of disasters 
such as climate change, increasing urbanization, and poverty that influences factors to expand the 
frequency, severity, and complexity of disasters. Preparedness for such disasters is serious for 
families, societies, emergency manager including disaster first responders, but many of them stay 
unprepared. As contemporary, the disasters perform to underline the necessity for personal 
responsibility, local management, and continuity plans to ensure the ability to respond to and recover 
from major events without a doubt. On the other hand, in the recent years, serious game (SG) and 
simulation have been massively adopted as an important additional apparatus to the training. By the 
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empirical evidence, it has been proven that SG can be used to improve motivation (Annetta, Minogue, 
Holmes, & Cheng, 2009), learning, and retention (Girard, Ecalle, & Magnan, 2012). According to the 
need of providing an alternative way for disaster preparedness, SG would be a possible tool to fulfill 
this demand.  

This paper presents an integrative review to evaluate the critical role of SG in disaster and 
safety education. One of the study goals is to examine the learning outcome by measuring the 
evidence of game assessment.  Also, the review shows that there are plenty of SG intended for 
disaster responders and staffs.  In contrast, SG for societies, in particular for students or children is 
limited. Hence, it can be concluded that there is the necessity of such SG for developing their 
awareness to the disaster preparedness. The rest of this paper is ordered as follows. Section 2 will 
briefly review the terminology of SG and explain the definition of disaster and safety training. Section 
3 will describe the five steps of the integrative review method defined by Whittemore and Knafl 
(Whittemore & Knafl, 2005). Section 4 will show the results of the review and analyze the key factors 
of SG role for disaster and safety education. Finally, this paper will conclude the integrative review of 
SG role by presenting findings of SG potency for preparing disaster responders and society to deal 
with the catastrophe impacts. 

2. Serious Games and Disaster Training 

2.1. Disaster and Safety Education 

Disaster can create various risks for responders and society in the impacted area. Preparing before a 
disaster occurrence plays an important role to ensure them to have the essential skill, knowledge, and 
equipment to solve the disaster issues. It also trains the feeling about know-how to keep themselves 
protected when a disaster happens and how to escape from the impacted area. These concepts of 
disaster preparedness and response guide the potential survivors about how to prepare and how to be 
aware when the disaster occurs. Japan is an example of the country leading in the disaster 
preparedness. The regular exercise and campaign how to deal with the catastrophe situation are well 
organized regularly. It involves not only disaster responders to maintain the response skill but also 
persuade society to be aware of the disaster which occurred recurrently (Tomio, Sato, Matsuda, Koga, 
& Mizumura, 2014). Thus, engaging in a regular simulation would foster the necessary instincts to 
respond instantaneously in disaster situations. The expert said that through recurrent training and 
simulation practices, disaster responders and society would be able to increase and maintain their skill 
until an actual disaster happened. (Wahyudin & Hasegawa, 2015). 

2.2. What is the serious games? 

Games are artifacts to provide learners a competitive activity with a particular goal and context within 
a set of rules. SG is one of the game genre but combines practical aspects with an original amusement 
use. In other words, SG uses the terminology and technology of games, which implement for 
education (non-entertain) purposes. In recent decades, SG has been popularly used for many 
educational setting such as in health (Sardi, Idri, & Fernández-Alemán, 2017), and medical 
(Graafland, Schraagen, & Schijven, 2012). According to the increasing of gaming technology, SG 
also adopts the new paradigm, not only for learning by playing but also for encouraging learners to 
have high motivation and engagement in their learning processes. Games would expand their benefits 
if they can involve the learners in all situations within particular characteristics. Also, SG empowers 
the learners’ characteristics to assist that the learners acquire appropriate knowledge with the precise 
learning experience through the seamless integration of entertainment and learning (Gee 2003).  

However, the main disparity between games for entertainment and SG for educational goal is 
the outcome of SG itself. In users’ side, an entertainment game intention is mostly as an amusement 
toy. Hence, for developers, a successful game development can be examined by how popular the 
game among users, and how much revenue can be collected. In contrast, a game for educational 
purposes can reach the success position if the game can raise the magnitude of learners’ learning 
outcome and revive its function for forthcoming learning uses. Michael and Chen stated that SG as a 
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tool for educational purposes should be able to present the required factors indicating that the learning 
process has occurred (Michael & Chen 2005). Hence, SG would be reliable for educational apparatus 
if it could stipulate a scaffold assessment of the learners’ achievement and progress tracking of their 
learning exerts. It is correlated with the Corti’s postulate that SG could reach the popularity as an 
industry if the learning experience is measurable, quantifiable, and definable (Corti, 2006). SG is 
principally attentive on learning rather than entertaining (Miller, Chang, Wang, Beier, & Klisch, 
2011). In conclusion, by combining gaming and learning, SG represents an intense interest in the 
educational research field.  

3. Aim and Method 

The purpose of this paper is to present an integrative review of the use of SG in the disaster and safety 
education. It is to examine the empirical evidence of the role of SG in this field. The integrative 
review is a way to allow various approaches (i.e., investigational and non-investigational research) to 
have a potential play and a greater role in evidence-based practice. As described in section 2, SG is 
one of the promise methods for delivering learning contents to invite learners to be aware of the 
disaster situation and its impact. Whittemore and Knafl proposed five steps of the process to do the 
integrative review. The first step is to identify issues related to the use of SG for training by answering 
what the role of SG for such issues is. The second step is to define the purpose of review which is a 
depth analysis of utilizing SG in this field. The third step is to determine a search approach to find 
appropriate academic evidence of SG for disaster and safety training. The fourth and last steps are 
assessment and exploration of data and the presentation of the findings (Whittemore & Knafl, 2005).  
To realize these steps, some search criteria were defined as follows. Title and abstract of articles 
should be focused on term serious game or game-based learning, application of various game 
technology, and as much as possible excluded articles on simulation. The simulation was excluded 
from the search criteria due to the reason that there is no explicit win/lose state. Simulation is the 
learner is not trying to win and no scoring. The learners are also not competing against anyone else or 
cooperating to beat the computer opponent. Another criterion was that article should be published in 
the indexed journals during 2010 – July 2017. It was to make sure that the effective training of 
disaster using game claimed in the article proofed by the empirical evidence and judgment by the 
expert review. The article criteria then applied to various electronic databases relevant to information 
technology, disaster or emergency, game development, education, and training. They are PubMed, 
Cambridge, Science Direct, ERIC, Springer, IEEE, ACM, Willey, EBSCO, and SAGE. However, the 
search keyword was contained the following words or phrases of (computer game OR digital game 
OR serious game OR video game OR game-based learning) AND (learning OR training OR education 
OR exercise) AND (disaster OR emergency OR safety OR incident) and also searched for other 
articles of interest cited in the articles that we selected. Data were mined from all articles, including 
game name and development technology, learning purpose and target, game mechanic, and the 
presence of validation studies.  

4. Results 

The procedure to get the game model which will be reviewed was started by selecting the title and 
abstract which supposed to satisfy the criteria. From this step, 30 articles relevant to the inclusion 
criteria, focused on disaster or emergency purpose, were collected. After rigorous reading, six articles 
were selected to include in the review as shown in table 1.   
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4.1. Learning target and purpose 

4.1.1. For Disaster Responders 

Disaster Readiness Through Education (DREAD-ED)  
The DREAD-ED game trains learners to deal with an evolving emergency situation. The game 
harnesses SG for training communication between members of disaster response and management. As 
a member of the disaster management team, the learners have a role with a unique ability to tackle 
issues that occur in emergency response.  It allowed 3-6 learners to play the game in the same session 
to simulate communication between the team members. Even though the DREAD-ED evolution 
involved student participants, however from the description of learning target and purposes, DREAD-
ED can be assumed that this game is more suitable for professional disaster commanders. 
(Haferkamp, Kraemer, Linehan, & Schembri, 2011).  

Table 1: Brief information of reviewed articles  

Author and  

Year of Publication 

Game Technology  Learning Focus 

(Haferkamp et al., 2011) PC-based simulation named 
DREAD-ED 

Improving Communication among 
staffs of crisis management, i.e., 
Decision makers at command and 
control room. 

 

(Rauner, Niessner, 
Leopold-Wildburger, 
Peric, & Herdlicka, 
2014b) 

PC-based management game called 
Advanced Medical Post (AMP) 

Training the emergency policy 
makers for vehicle and patient 
scheduling, and staff and material 
planning on mass casualty incident 
(MCI) 

 

(Charlier, 2011; 
Ferracani, Pezzatini, 
Seidenari, & Del 
Bimbo, 2014) 

   

Virtual reality called EMERGENZA  

 

 

Training medicine personnel in 
emergency situation 

(Knight et al., 2010) 

   

PC-Based game called Triage 
Trainer 

Allowing learners to play through a 
major incident scenario, triaging 
casualties when they discover 
them. 

(Radianti et al., 2015) Smartphone game application 
named ISCRAM Game (IG) App 

Training the rescue team to 
evacuate victims out of the burning 
apartment.  
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(Kawai et al., 2016)   Derived from the location based 
game using a tablet called Real 
World Edutainment (RWE). It is 
equipped with head mount device to 
perform marker less augmented 
reality (AR) 

 

Train students’ awareness of 
disaster situation. 

(Tsai, 2015) PC-based game for flood protection 
adopting persuasive technology 
called GIL 

Train students a practical 
experience in flooding disaster. 

Advanced Medical Post (AMP)-management game  
AMP is a policy management game addressed to train the emergency staffs in general incident 
including human-made and natural disasters so that they could assist the policy maker. Learners will 
be asked to perform as an incident commander that has a duty to manage the resources of emergency 
response. It was including staffs of the disaster responders for triage and treatments room, as well as 
managing transportation from on-site medical care room in the hospital (Rauner, Niessner, Leopold-
Wildburger, Peric, & Herdlicka, 2014a).  

 

Triage Trainer  
The game was designed for the training of triage sieve accuracy in major incident casualties. As a first 
responder, learners should immediately identify victims that appear in the game scene. Triage trainer 
has a particular scenario where the learners should analyze the situation in bombing event in a 
crowded urban area. This explosion scene caused a chaos situation with the destroyed building 
structure and number of victims. The learners should response this situation by selecting some action 
on the scene to determine the decision such how to save the victim life by choosing the priority of 
triage and evacuation (Knight et al., 2010).  

 

ISCRAM Game (IG) App 
Utilizing advanced sensors that have been embedded in most of the recent smartphones, IG App is 
dedicated to collected users’ movement, location, and environmental situation. By doing so, the 
collected data could be passed to others users, especially the disaster responders, through 
communication technology. Such process allows the useful data to be used by the responders’ team to 
monitor and to track the team members’ movement and could assist them to make decision in disaster 
location. Hence, the team members could share situational awareness and information within groups 
to design a strategy of evacuation in the harmless promising way (Radianti, Ben Lazreg, & Granmo, 
2015).  

4.1.2 For Society 

Game-based Evacuation Drill (GBED) 
GBED is one of the reviewed game intended for community, especially student. It was derived from 
real world edutainment (RWE) game (Mitsuhara, Sumikawa, Miyashita, Iwaka, & Kozuki, 2013). 
GBED is equipped with the advanced technology, i.e., a head-mounted display (HMD) to perform 
marker-less augmented reality (AR) game. GBED trains the learners with the capability of motion 
tracking. By empowering branched story line, GBED presents the digital artifacts related to the 
learners’ location represented by GPS data (Kawai, Mitsuhara, & Shishibori, 2016).   
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Flood Protection 
This game is inspired by the famous Tower Defense for disaster education. By mean of learning by 
doing principle, PC-based flood protection game was developed to promote learners’ learning 
motivation. Hence, the learners can change their implicit or explicit performance to find the best 
solution of flooding disaster issues. As the concept of the tower defense, the learners should protect 
their zone including the industrial, residential and commercial area from the flood. The game 
promotes the learners to act as a decision maker like a mayor of a city with authority for preventing 
flooding disaster. To anticipate the disaster happened, the learners should understand how to control 
the established engineering methods and resources to fight against flooding before and after it occurs. 
This game also trains how to keep the conservation of water resources and to know what are the 
policies should be campaigned to inhabitant as the preventive action before the disaster occurs. (Tsai, 
Wen, Chang, & Kang, 2014) 

4.2 Game Mechanics 

Mechanics are some behavior, actions and control mechanisms offered to the learners within a game 
context. Together with the game’s content (levels, assets and so on) the mechanics support overall 
gameplay dynamics (Sicart, 2008). The game mechanics are a distinctive part of the serious game in 
this review. Hence, to assess the game mechanics of the reviewed serious game are describes as 
follows. However, with all games, there is a necessary standard feature to encourage learners for 
reflection, such as scoring and debriefing as shown in Figure 1. 
 

4.2.1 DREAD-ED 

The game starts by a television broadcast informing a disaster (e.g., a great fire near chemical depot 
and flooding). At this point, learners asked to determine the category of hazard level of damage and 
impact with the following choice: ‘perfect’ to ‘disaster’ with the value of 1 to 6.  DREAD-ED train 
learners how to make effective communication among personnel especially when there is a need to 
exchange personnel. With the effective communication and sharing information each other, learners 
would have the ability to reduce the hazards. A high-achieving group will excel at receiving the right 
personnel to the right learners at the right time to control the disaster. To provide a stressful decision 
making for learners, the opportunity for effective communication and collaboration will be controlled 
by a limited time. 
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4.2.2.AMP 

Learners act as disaster commander and assign the inexperienced responders to triage, treatment, and 
transportation of patients. To rescue as many patients as possible and to quickly clear the incident site, 
the priority at the beginning of a game should be given to the triage. Afterwards, the treatment of the 
patients, especially of the severely injured ones, should be the focus of the player’s attention. Towards 
the end of the game, transportation of the patients to the hospitals becomes more and more necessary. 

The learners learn how to improve the treatment of the patients and their transportation to 
hospitals by allocating insufficient medical staff to the corresponding activities at the AMP. The 
primary decision-making goal focuses on saving human lives as the highest priority. A lower priority 
is given to the clearing of the incident site, except if the incident happened at a critical infrastructural 
point (e.g., airport, train station). AMP equipped with main statistics for each game run including 
patient-related and staff-related outcome measures. Thus, at the game end, the learners could assess 
his/her success regarding quick treating patients and afterward transporting them to hospitals. 

4.2.3.Triage Trainer 

The Triage Trainer designed to permit learners to play through a major accident scenario, triaging 
survivor as and when they discover them. The game is enabling learners to practice and experience 
the triage sieve process. The game scenario is a bomb has just exploded in a busy urban street; the 
scene shows the expected infrastructural destruction along with some casualties located around the 
scene. The learners are acted as the first-responder at the location, told that the area is harmless to 
enter, and tasked with labelling each victim with the suitable priority. To navigate in the game scene, 
learners use the mouse to click the position of the survivor. When learners access the survivor 
location, they can evaluate the survivor status by selecting its icons to perform the proper medical 
checks. When the necessary checks have been completed, the learners choose the priority action 
through the priority icon. Once tagged, the learners continue onto other survivors. Each scenario 
encompasses three to ten survivors. 

When all survivor in the scene have been prioritized, the learners will get with an after-action 
review (AAR); it allows the learners to examine their accuracy on tagging and following the correct 
steps for assessment for each casualty. A cumulative score for both tags and steps is also given. A 
more focused level of feedback also presented, it was to explain the learners’ performance for each 
survivor in detail, which implies how and where errors were made. 

4.2.4. IG App 

The IG App game is a part of Disaster in My Backyard (DIMB) Game project that designated for 
search and rescue. The DIMB game was packed into four levels with increasing challenges around a 
realistic crisis (flooding) scenario. The IG App game was inserted into the third level of the DIMB 
game. This scenario was the ‘fire level’ where “rescue teams” would have to evacuate a 5-story 
apartment building.  

In the preparations, there were six dummies as victims on different floors. These dummies are 
modeled after a human being and designed to serve as a substitute for the real person. Two assigned 
individuals posing as firemen would conduct the on-site briefing to the “rescue teams” before the 
evacuation process. These firefighters provided an IG App, which the groups could use to determine 
which areas it was safe to go. These firefighters would also act as observers and referees, deciding if a 
player would die or not, e.g., because of entering the fire zone for too long. Smoke was spread to add 
lifelike, convincing fire effects, using a standard smoke machine device. In the game implementation 
stage, there were three “rescue teams” that would conduct the designated search and rescue task. Each 
team leader held the smartphone with the IG App. In this stage, the learners interacted with the app in 
the fire level. A short briefing on a “firefighter” role was conducted in advance of the rescue action. 
The briefing primarily highlighted the understanding about the layout in the app with the 
corresponding real building, reminded the learners about the meaning of the color code, and about the 
number of victims to save.  
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4.2.5. GBED 

GBED equipped with HMD that learners can learn through experiences while simultaneously viewing 
digital contents according to the storyline. GBED has the game component as follows. AR content: In 
experiential learning, digital materials should be associated with the real world (e.g., locations). 
Although the use of RWE can satisfy the association requirement, it can be strengthened via 
augmented reality (AR), which superimposes virtual objects (digital contents) onto the real world via 
a digital media interface. Some AR-based edutainment systems have been released previously. The 
storyline: Game has branches an evacuation scenario according to a learners’ response to single-
choice questions. However, due to difficulties of answering the question using HMD, hence learners 
could response the question by their eye direction. Reflection: After experiential learning, a learner 
could reflect their experiences and behavior (including the behavior patterns) to strengthen multi-
perspective knowledge stabilization. 

4.2.6. Flood Protection 

The learners asked to be the decision makers, for example, the mayor of a city that suffers from 
flooding. The primary purpose goal of this game is to understand how to manipulate the existing 
engineering approaches and resources to fight against flooding before and after it occurs and to instill 
the knowledge of modern water conservation methods and policies into students. The learners should 
protect multiple areas, including residential, commercial, or urban industrial zones from flooding. 
They also need to install appropriate construction items to prevent the city from flooding. The key to 
victory depends on how well the learners manipulate the available resources.  

Multiple protection regions: The game includes three areas: residential, commercial, and 
industrial. Each region has its properties such as population, tax rates, and flood resistance. These 
designs simplify the reality while maintaining the balance of the game without involving complicated 
political issues. 

Multiple evaluation indicators: The happiness index (HI) and money are defined as the two 
most important indicators for the assessment of a single game play; HI represents the satisfaction level 
of the residents. As a decision maker, citizens’ satisfaction is the primary concern.  When the HI 
drops to zero, the learners fail the game. Learners will need to balance the HI and money while 
manipulating the arrangement of the different flood protection approaches. 

Various disaster mitigation methods: A positive approach, Learners have to save resources for 
positive approaches and must consider pre-construction activities. Passive approaches, learners use 
passive approaches as temporary and emergency approaches.  

Sequential levels: Game equipped by six levels of difficulty and challenge that have a unique 
and different map. By providing these various challenges, learners will have more choice in decision-
making processes. 

4.3 Validation Studies 

4.3.1 Assessment of DREAD-ED.  

This game measured the decision-making ability of learners within two trials. Each experiment 
involved 10 participants that divided into two categories, i.e., five students acted as inexperienced 
disaster responders, and the remaining were expert emergency managers. The selection of the 
participants with different background was to make sure that they can use the game for building their 
soft skill by comparing the effectiveness. The general conclusion of both trials of DREAD-ED gave 
the empirical evidence that this game could improve the social skill of the participants on the aspect of 
critical thinking how to make reflex the decision. Another useful information obtained the game 
assessment was that the expert participants used their experience in disaster to solve the game task. 
Compared to inexperienced students getting stressfully and faced troubles to make the same decision.  



188 

4.3.2 Assessment of AMP-Management Game 

AMP-management game deals with a complicated process of AMP in an emergency location. This 
complex problem including how to prioritize the triage and treatment of the casualties and how to care 
and deliver them (to, within, and from AMP). Assessment of the AMP management game conducted 
in three trial sessions involved 96 participants, including students, practitioners from health care 
services, and researchers in investigating the potential of the AMP management Game. Each 
experiment started by an explanation of the theory, how to do AMP and how to use the AMP 
management game for understanding the AMP process. Then, the participants were invited to play the 
AMP management game. After playing this game, they were asked to fill the questionnaire set divided 
into two categories. The first category consisted of the questions for collecting the participants’ 
opinions about evaluation to measure their improvement of decision-making ability. The second 
category involved the questions in measuring their rating to the game efficiency and effectiveness of 
rescue treatment in the AMP. The general results from all conducted trials gave the evidence that 
game could improve the participants’ performance how to do AMP. However, the participants with 
the medical practitioner background received benefit from the game and felt comfortable to conduct 
the AMP procedure. 

4.3.3 Assessment of Triage Trainer 

The evaluation of the triage Trainer game involved 96 participants with the background of clinicians 
including nurses, paramedics, and doctors. The participants then received different treatment. Half of 
them have used the Triage Trainer game, and the remaining used card-sort exercises to understand the 
triage concept. The finding of this assessment showed that the participants exposed by SG got a more 
significant improvement to do the accurate triage all the casualties using the triage sieve. The general 
conclusion from its findings was that gaming could integrate effectively into existing courses. Using 
SG, the learners would get more benefits of the training compared to the traditional way.  

4.3.4 Assessment of IG App 

The evaluation involved 19 participants who were asked to play the IG App combined with the 
debriefing after playing the game. They were also requested to fill up the question about their opinion 
as to whether they liked and disliked the game. Another question was about the quality of debriefing 
and the usefulness of the application. The general conclusion of the assessment, notwithstanding with 
the limitation, there was the constructive impression of the IG App session could enhance the learners 
to make a decision based on real-time fire information. 

4.3.5 Assessment of GBED 

The evaluation of GBED involved students from 17 high schools that participated in university 
campus tour. However, due to safety reason, they used Oculus rift only in indoor trial and 
accompanied by an instructor. Before and after trying the GBED game, they were asked to response a 
set of the questionnaire consisted of five degrees Likert statement and some free descriptions to 
measure the capability of GBED. The findings of this assessment gave the conclusion that GBED 
could improve the visual reality of disaster and encourage the learners to engage in disaster study. 

4.3.6 Assessment of Flood Protection 

The assessment involved 33 students of ordinary high school comprised of three different grades. 
They were divided into 11 groups of 3 participants. Before the participants experienced to play Flood 
Protection on the desktop PCs, they were asked to fill the set of pre-test question that measured their 
experiences on disaster drill in their life. To collect post-test, a suitable software was used to record 
the process of playing the game including mouse tracking and screen capturing, student facial 
expression and voices. The assessment findings provided three necessity evidence, i.e., the 
participants’ motivation data showed the degree of their motivation was high. Base on the evidence, it 
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can be concluded SG implemented for disaster training at the ordinary school level could improve 
their motivation to study the protection of flood incident (flooding). Also, learning disaster using the 
game encouraged the learners’ curiosity to know the method of flood protection, such as by applying 
the concept of green environment. 

5 Conclusion 

The six SGs with different learning focus and development technology show that developers or 
researchers should define the suitable technology and learning approach to achieve the learning goal 
of the educational game. All of the SG study conducted for different learning focus and target, from 
ordinary student to disaster first responders and management staffs, shows that SG can be applied for 
inexperienced and experienced learners. However, in an emergency training, the necessity of the 
learners to get instant feedback is undoubted. With the immediate feedback, the learners would have 
experience how to make a mistake and receive the instant advice to solve the problem from its action. 
SG can fulfill such necessary feature of live training. Hence, SG is a proven way to train disaster 
responders and also society about disaster awareness.  

On the other hand, the conducted integrative review gives the evidence that SG does not 
intend for student and children so much. Hence, it is promising to do research and development to 
provide students and children have an alternative game to train their ability according to the disaster 
preparedness. Based on this fact, the research will continue to measure the possibility of developing 
children’s awareness to the disaster impact employing the mobile serious game.  

6 Limitation 

The conducted review has a weakness that causes the findings bias. The limitation is due to a 
difficulty to access articles in inclusion because of inadequate article database subscription. However, 
even though the review is insufficient, it could give a new insight for us to continue the research and 
development of SG used in disaster and safety education field.  
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Abstract: There has been increasing awareness on disaster prevention in Japan. The aim of 
this research is to ascertain whether learning activities on earthquake disasters consisting of 
pre-incident fieldwork survey learning and evacuation drill training, can be converted to 
disaster preparedness awareness. Learners study the situation and danger in a particular region 
through fieldwork. Subsequently, they review the findings and conduct retrospective learning 
assuming a disaster has occurred. Based on this assumption, they execute evacuation drills 
simulating a disaster outdoors. We designed a series of similar learning activities and 
developed learning support systems for tablet devices. Conducting classes at a high school, we 
analyzed changes in learners’ consciousness. Learners participated with interest and studied 
disaster prevention while simulating disasters with the support of the system. Results of the 
subjective survey revealed that certain effects were recognized during disaster preparedness, 
developing learners’ self-efficacy in protecting themselves in the event of a disaster. 

Keywords: Disaster prevention, mobile learning, scenario-based learning, system 
development 

1. Introduction 

After massive earthquake disasters such as the Great East Japan Earthquake and the Kumamoto 
earthquake in 2016, there has been increasing awareness for the need for disaster prevention in Japan. 
Following the Great East Japan Earthquake, the Ministry of Education, Culture, Sports, Science and 
Technology Japan (MEXT) experts’ conference—called the “Council on Disaster Prevention 
Education and Disaster Management”—was aimed at children and students to 'encourage positive 
protective behavior' in the future (Ministry of Education, Culture, Sports, Science and Technology, 
2012b). It also indicated that guidance on fundamental knowledge as a foundation of disaster 
prevention education, such as acquiring basic disaster prevention knowledge and understanding past 
and possible disasters based on an area, improved. The importance of learning subjectively to improve 
behavior and increase awareness through experiential activities was indicated. MEXT formulated a 
plan on school safety promotion in the same year. This plan required acquisition of basic knowledge 
at school and possession of appropriate ability to take decisions and perform actions based on it; this 
necessitated securing teaching time and establish an educational method (Ministry of Education, 
Culture, Sports, Science and Technology, 2012a). 

In disaster prevention education in Japan, many cases using Information and Communication 
Technology (ICT) are reported. Most are based on a game-based learning method that is an extension 
of knowledge learning in classrooms. In recent years, however, some case studies incorporating real 
world situations in experimental learning are being studied. Activities that study a region through 
fieldwork and compile the information on disaster prevention maps have been reported. A case on 
developing a system that performs evacuation drills in the real world also exists. 
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2. Objectives 

The aim of this research is to ascertain whether learning activities on earthquake disasters consisting 
of pre-incident fieldwork survey learning and evacuation drill training can be converted to disaster 
preparedness awareness. 

Learners study the situation and danger in a particular region through fieldwork. 
Subsequently, they review the findings and conduct retrospective learning assuming a disaster has 
occurred. Based on this assumption, they execute evacuation drills simulating a disaster outdoors. We 
designed a series of similar learning activities and developed learning support systems for tablet 
devices. Conducting classes at a high school, we analyzed changes in learners’ consciousness. 
 

Figure 1. Overview of the Earthquake Disaster Prevention Learning Activity. 

3. Learning Support System 

3.1. Support System for Fieldwork Survey Learning 

Natural disasters depend on the characteristics of a region. If it is a mountainous area, landslides can 
occur and if it is a coastline, a tsunami can occur. Based on general knowledge on disasters, observing 
geographical and topographical features, considering all the dangers, and placing them on a disaster 
prevention map is effective in understanding local hazards. 

To proceed with learning, a system was required to record the disaster assumptions that 
emerged as a result of learners’ fieldwork. We developed a disaster prevention learning support 
system called “Sonael” that facilitated the task of recording information at a real location and 
aggregating it for presentation on a disaster prevention map. The basic concept of Sonael is based on 
the prototype “FaLAS” (Hatakeyama, Nagai, & Murota, 2015). Sonael consists of a client system that 
operates with an Android tablet computer and a server-side system that stores client data. The client 
application is implemented as an Android application installed on the Android tablet device the 
learner carries while conducting fieldwork. To ensure outdoor learning proceeds regardless of 
network, the client application includes a mechanism that enables recording information on a local 
database so that it can be operated separately. The server application aggregates data asynchronously 
and shares it among the client applications. The client application communicates via the application 
programming interface (API). Additionally, it has a screen that can be viewed from some web 
browsers. For functions not required by client applications, such as teachers’ ability to view 
information, the server application has a screen that can be used from a browser. 
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As fieldwork activities, learners gather information on local features and hazards separately. 
They carry the tablet device outdoors and the application provides instructions on how to take 
pictures, record classifications indicating safety or danger, and input comments explaining the basis 
for the classifications. This record is stored in a local database together with the GPS coordinates for 
that area. These records are transmitted to the server in the classroom and aggregated when 
communication is established. The aggregated data is redistributed to the devices from which learners 
can share information and view the merged records on maps. If there is aggregated information, even 
in an area s/he never visited, s/he can obtain information based on the records and make assumptions 
during disasters. With limited fieldwork time, activities can be conducted to understand an area and 
consider disaster mitigation measures. 

3.2. Support System for Evacuation Drill Training 

When encountering a disaster, one has to act immediately to protect oneself based on one’s own 
judgment. Various scenarios for disaster evacuation education have been developed in similar 
research. Alexander (2000) reports that scenario methods are useful in developing decision-making 
skills under stress. However, such scenarios have certain limitations such as divergent narratives 
based on given choices. Hence, we propose outdoor evacuation drill training with flexible scenarios 
based on assumptions made during disasters in the area. 

We developed a flexible scenario-based learning support system called the “Evacuation 
Scenario Simulator System” (ES3), based on an improvised situation at a real location (Hatakeyama, 
Nagai, Shibayama, & Murota, 2016). The scenario consists of location-based elements of the disaster 
situation and shelters, with certain sections of the area damaged by the disaster. The scenario includes 
no set route or order of events and actions, having only two types of points namely disaster encounter 
points and shelters as goal points. The disaster encounter points include the first point encounter, 
namely the beginning of the training and various secondary disaster points encountered during the 
evacuation. Since it is not a pre-defined scenario with a prepared narrative, the learner experiences the 
situation flexibly, diverging in terms of the hypothetical disaster. 

The ES3 system consists of a server and a client application operating on an Android tablet 
connected bidirectionally to the server. The primary features of the application are its presentation of 
a hypothetical disaster scenario based on a real location, and its recording of learners’ activity logs, 
such as locations and input values. The scenario is pre-set on any device on which the client 
application is installed. Learners bring their devices outdoors for the evacuation training. When the 
disaster encounter point approaches, the system displays the hypothetical disaster situation through an 
image on the device and a message indicating the commencement of the training. The learner 
executes actions using his/her own judgment to navigate routes and shelters throughout the disaster 
evacuation. During the evacuation, dangers are revealed at certain points along the route, directing the 
learner to select an appropriate action with a reason. The evacuation is complete when the learner 
reaches a shelter that is the goal point. The server collects the activity logs recorded on each device in 
which the client application is installed. The collected data are stored and arranged to be displayed on 
a map of the scenario. Learners can view the data using a web browser to study their actions after the 
experiential learning. 

4. Classroom Practice 

4.1. Outline 

We conducted experimental hands-on lessons at a high school to help students learn about the types of 
hazards that can occur in a specific area based on its features. These lessons were conducted on first-
year high school students during the Integrated Study period. The school is located near Tokyo Bay in 
the western region of Chiba Prefecture, inland from the sea. A river flows beside the school. There is 
extensive topographic relief here, including a small hill near the school. For this learning activity, the 
study area was set at about 1 km between the school and the coast. 
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The complete schedule is displayed in Table 1. Four teachers from four classes conducted four 
lessons altogether from October 2016 to January 2017. Learners formed groups of four, and each 
group was provided an Android tablet device each day. 

Table 1: Schedule of lessons.  

 Lesson Time Learning Content 

Day 1  100 min Review the basic knowledge 

Practice operating the system 

Day 2 100 min Conduct fieldwork survey learning 

Day 3 60 min Reflective learning 

Day 4 100 min Conduct evacuation drill training 

4.2. Fieldwork Survey Learning 

On Day 2, they conducted the field research component of the study. The students surveyed and 
recorded various aspects of the area outside the school using the Sonael system. In the area, we 
prepared six places that we wanted the learners to focus on as “Mission Areas.” Each mission area 
contained typical examples of hazards and geographical features. We assigned three mission areas to 
each group to ensure they walked around the entire area. Students were asked to record anything that 
was not limited to the mission areas on the system. 

4.3. Reflective Learning 

On Day 3, they studied aggregated information on disasters. Assuming that a large earthquake had 
occurred while they were outdoors, by referring to the recorded information on the Sonael system and 
their acquired knowledge, under the guidance of their classroom teacher, the students devised 
evacuation measures using paper simulations such as Disaster Imagination Game (DIG) (Komura & 
Hirano, 1997). These paper simulations created two scenarios: one involved experiencing an 
earthquake on a school road regularly used by students, and another involved an earthquake near the 
coast, in an area that was less familiar to students. The purpose of the exercise was to identify an 
appropriate evacuation site and consider possible escape routes and eventualities that might occur 
along the way. Students first considered each scenario independently after which group discussions 
were held. This was followed by a summary discussion and final analysis that involved the entire 
class. 

4.4. Evacuation Drill Training 

On Day 4, the actual evacuation drill training activities were conducted outside the school. Four 
training scenarios simulating the occurrence of a major earthquake, each including approximately 50 
events and reflecting the geological features of the area, were used. The scenarios were prepared 
identifying particular areas of safety or danger around the school, based on the students’ postulations 
during their reflective learning paper simulations. Each group conducted an outdoor activity using the 
ES3 system configured for one of the four scenarios.  

5. Results 

After each class from Day 2 to Day 4, learners were asked to complete a questionnaire on the lesson 
content. Each item being evaluated was phrased as a question, allowing responses on a five-point 
Likert scale (from “very little” to “completely”). Table 2 displays the results.  
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Table 2: Summary of the responses to lesson evaluations.  

 After Day 2 After Day 3 After Day 4 

N M SD N M SD N M SD 

1. Was the learning activity 
interesting? 

109 3.44 1.182 109 4.03 0.937 105 3.91 0.962 

2. Did you imagine the 
situation during a 
disaster? 

109 3.53 1.127 108 3.84 1.025 106 3.86 0.910 

 
Before and after learning, we conducted a subjective survey of the students’ awareness of 

disaster preparedness. Each item being evaluated was phrased as a question, allowing responses on a 
five-point Likert scale. Table 3 summarizes the responses to the questions relating to awareness and 
self-efficacy. Using a t-test, we found significant changes in scores on some questions. These results 
indicate that there was a certain effect on learners’ consciousness regarding disaster prevention. 

Table 3: Summary of the responses to disaster awareness and self-efficacy questions. 

 
N 

Before After 
t-test 

M SD M SD 

1. Have you decided where to evacuate in the 
event of a disaster? 

97 3.40 1.320 3.41 1.375 ns 

2. Do you always take preventive action during 
earthquakes and floods? 

101 2.83 1.059 3.15 1.152 * 

3. Do you always check for a shelter outside 
school in the event of a major earthquake? 

100 2.95 1.132 3.06 1.196 ns 

4. Can you assess if a place is dangerous outside 
school when an earthquake occurs? 

99 3.22 1.139 3.47 1.172 ns 

5. Can you protect yourself should an earthquake 
occur outside school? 

95 3.59 1.067 3.68 1.024 ns 

6. Can you explain in detail how to respond after 
the earthquake has settled if you feel a strong 
tremor outside school? 

97 2.98 1.000 3.34 1.009 ** 

*: p < 0.05, **: p < 0.05, ns: non-significant. 

6. Discussion 

Based on the results displayed in Table 2, learners gave each lesson a good evaluation. They were 
able to participate in the lessons with interest and could visualize the disaster situation by using the 
system. However, before and after the learning activities, there was only a partial change in disaster 
preparedness consciousness. 

In order to investigate this factor, we added the questionnaire result on Day 3 and conducted a 
one-way ANOVA on the questions regarding self-efficacy (questions 4 - 6). The result displayed in 
Figure 2 indicates a significant difference before and after reflective learning in each question. 
Fieldwork survey learning and reflective learning confirmed that learners’ self-efficacy such as 
assessing danger and protecting themselves improved. However, evacuation training experiences 
seem to have suppressed excessive self-efficacy. The following description by a learner in the 
questionnaire feedback conducted after learning substantiates this deduction: “The last lesson taught 
me how to respond when an earthquake occurs. I believe I can understand it better by actually putting 
it into practice.” Thus, learning to study and respond in an emergency when encountering a disaster 
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was realized by experiential learning primarily through evacuation drills rather than understanding the 
area through fieldwork. 

 

7. Conclusion 

In this study, learning activities consisting of pre-incident fieldwork and evacuation training learning 
were conducted, and changes in learners’ disaster prevention awareness were examined. Learners 
participated with interest and studied disaster prevention while simulating disasters with the support 
of the system. Results of the subjective survey revealed that certain effects were recognized during 
disaster preparedness, developing learners’ self-efficacy in protecting themselves in the event of a 
disaster. Future studies can investigate how to make learning more effective. 
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Figure 2. Result of one-way ANOVA. 
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Abstract: There have been various disaster prevention learning methods based on gaming, 
such as simulation games and card games, to help acquire the knowledge of disaster 
prevention. Evacuation behaviors include mutually related unsafe and safe behaviors, and 
such behaviors are needed to be understood as pairs because it is often difficult to guess one 
type of safe or unsafe behavior from another type. For example, if knowing the danger of 
wearing rain boots during flooding as unsafe behavior, it is not easy to guess how to behave in 
such situation to ensure safety. Therefore, it is important to understand the relations between 
unsafe and safe behaviors so that evacuation behavior can be acquired as practical knowledge. 
In this study, we propose a disaster prevention learning method that employs a traditional 
Japanese card game called Karuta game in order to facilitate understanding the relations 
between unsafe and safe behaviors. Karuta games consist of two types of cards: reading cards 
and grabbing cards. The reading cards are given with phrases on unsafe and safe behaviors 
respectively in the upper and lower words, and each grabbing card is depicted with a scene of 
taking safe behavior. In this way, disaster prevention knowledge is represented in the contents 
of Karuta game, taking the relations between unsafe and safe behaviors into account. Karuta 
game is played by two or more players with the help of a reciter, and the reciter randomly 
takes a reading card from the deck and reads it aloud. The players race to grab or touch a 
grabbing card that matches the meaning of the reading card. As a preliminary evaluation of 
the Karuta game, we conducted user observation in an evacuation drill in cooperation with 
elementary school children. As results, it was observed that children payed attention to the 
differences between unsafe and safe behaviors, and their accompanied guardians also 
understood the idea of unsafe behaviors.  

Keywords: disaster prevention learning, gaming, card game, evacuation behaviors 

1. Introduction 
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Recent years, damage caused by heavy rainfall disasters has occurred frequently in Japan (Ushiyama, 
2007), and various tools for disaster prevention education (e.g. hazard map, video learning materials, 
simulation games (Kobayashi et al., 2008) and card games (Yamori, 2007)) have been developed to 
help people acquire knowledge of safe evacuation in cases of flooded disasters. The disaster 
prevention knowledge is difficult to acquire through disaster experience because opportunities to face 
disasters are accidental and sometimes fatal. A gaming approach to disaster prevention learning is 
then promising because it is possible to simulate such undesirable situations that learners should not 
experience or cannot easily encounter (Duke, 1974). In whatever way or manner, games that require 
sufficient target knowledge are not easy for beginners to keep playing since the lack of basic 
knowledge may hamper achievement of better outcome and hinder motivation for learning. In 
contrast, card games that simply rely on color, number or symbol will be easy for beginners to play. 
However, if the goal or rules of a game has nothing to do with the knowledge in the domain of 
learning, players cannot acquire any actual knowledge. Therefore, it is necessary to invent a game 
such that the more a player understands the target knowledge to learn, the more advantageous the 
player can play the game.  

In disaster prevention learning, it is important to understand the correspondence relation 
between unsafe and safe behavior as a pair because it is often difficult to take safe behaviors 
adequately only knowing either safe or unsafe behavior. In this study, to facilitate understanding the 
relations between unsafe and safe behaviors, we employ a traditional Japanese card game called 
Karuta game (Aiba, Fujiwara & Byrd, 2009) (Ogawa & Tsuchiya, 2014).  

There are two types of cards in Karuta game: reading cards ("Yomi-fuda") and grabbing cards 
("Tori-fuda"). Reading cards consists of two parts: the upper words ("Kaminoku") and the lower 
words ("Shimonoku"). The scene or situation described with lower words in a reading card is 
illustrated in the corresponding grabbing card, on which a phonetic symbol ("Hiragana") of the first 
syllable in the lower words appears as an indicator symbol. Karuta game is usually played by two or 
more players with the help of a reciter, and all the grabbing cards are spread face up on a flat surface. 
The reciter randomly takes a reading card from the deck and reads it aloud. The players race to grab 
or touch a grabbing card that matches the meaning of the reading card, referring to the illustration of 
the phrase and the indicator symbol in the lower words as clues. This read-and-grab step is usually 
repeated until no grabbing cards remain.  

In the Karuta game for disaster prevention learning (Figure 1), reading cards are given with 
phrases on unsafe and safe behaviors respectively in the upper and lower words in the case of flood 

 

Figure 1. Two types of cards used in the Karuta game for disaster prevention learning  
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disaster, and each grabbing card is depicted with a scene of taking safe behavior. In this way, disaster 
prevention knowledge is represented in the contents of Karuta game, taking the relations between 
unsafe and safe behaviors into account. Note here that there are some evacuation situations where 
unsafe behaviors cannot be inferred readily with only knowledge of safe behavior. For example, there 
is nothing wrong with wearing rain boots when it is raining. However, if people evacuate wearing rain 
boots when flooded to your knee's height, there is a possibility that they cannot move smoothly due to 
water entering into the boots. Thus, it is important to understand the relationships between unsafe and 
safe behaviors. In this study, we propose Karuta game to facilitate understanding of the relationships 
between unsafe and safe behaviors, and present a preliminary report on the user observation of the 
game playing by local residents participated in an evacuation drill. 

2. Karuta game as a learning environment 

The proposed Karuta game provides reading cards where unsafe behaviors are expressed in upper 
words and safe behaviors are expressed in lower words. Grabbing cards include illustrations of the 
scene and situation described with the lower words and a phonetic symbol of the first syllable in the 
lower words. Karuta game is played with a reciter and more than two players. The players race each 
other to take a grabbing card with illustration of the safe behavior recited.  

Figure 2 depicts a scene of playing the Karuta game where a reciter is reading out a card. If a 
player knows the evacuation knowledge being recited, the player can expect the safe behavior to be 
given in the lower words while reading the upper words.  In such cases, the player can start looking 
for the grabbing card earlier than those who cannot expect the lower words. Therefore, players can 
play more advantageously than others by understanding safe behaviors in relation to the 
corresponding unsafe behaviors. However, even if players do not know the relations between unsafe 
and safe behaviors, they can take grabbing cards merely relying on an indicator symbol. Therefore, it 
is possible for beginners to have opportunities to consider the relationships between unsafe and safe 
behaviors while participating into the Karuta game.  

According to the dual coding theory (Paivio 1986), presenting information in both verbal form 
and images assists learners with processing of complex material, and enhances recognition and recall 
of the information. In our Karuta game approach, the reading cards are used to present evacuation 

 

Figure 2. Scene of playing Karuta game. 
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behavior in verbal form, and the grabbing cards provide scenes of safe behavior as images. Following 
the rules of the game, players pay attention to the correspondence between the illustration on grabbing 
cards and recited evacuation behavior. In addition, since it is often difficult to distinguish items 
presented with a similar situation, there may be possibilities of confusing safe behaviors with unsafe 
behaviors under the same evacuation situation. In this Karuta game, to prevent mistakenly 
remembering unsafe behaviors as safe behaviors, safe behaviors are expressed as the illustration of 
grabbing cards and the lower words of reading cards, while unsafe behaviors are expressed only in the 
upper words of the reading cards without imagery representation.



Hayashi, Y., et al. (Eds.) (2017). Workshop Proceedings of the 25th International Conference on Computers in 
Education. New Zealand: Asia-Pacific Society for Computers in Education 

202 

 

Table 1: Examples of Karuta cards used for the user observation 

Knowledge of 
evacuation 

Reading card Grabbing card 

Upper words 

(unsafe behavior) 

Lower words 

(safe behavior) 

The first 
syllable 

Illustration with an 
indicator symbol 

(a) Evacuation 
with athletic 
shoes 

It is dangerous to 
walk through 
flooded roads with 
rain boots because it 
hinders to walk 
smoothly due to 
water entering into 
the boots. 

“Su”, let's wear 
athletic shoes so that 
you can move 
smoothly on the 
flooded road. 

Su（す） 

 

(b) Evacuation 
with a backpack 

It is dangerous to 
evacuate with a bag 
in hand because both 
hands cannot be used 
freely. 

“Ri”, let's evacuate 
with a backpack so 
that you can use both 
hands freely. 

Ri（り） 

 

(c) Early 
preparation of 
evacuation 
materials 

It is dangerous to 
prepare what you 
need just before the 
evacuation because 
you may get delayed 
escaping. 

“Mo”, let's prepare 
evacuation materials 
in advance so that 
you can act quickly 
at the time of 
disaster. 

Mo（も） 

 

(d) Evacuation to 
a tall building 

It is dangerous to go 
outside for 
evacuation when 
flooding water depth 
is above the knee 
because it is difficult 
to walk. 

“A”, let's wait for 
help in a nearby tall 
building so that you 
can avoid getting 
stuck during     
evacuation. 

A（あ） 

 

(e) Fixation of 
furniture 

It is dangerous not to 
fix bookshelves and 
chests to the wall or 
ceiling because they 
may fall down by 
heavy shaking in the 
earthquake. 

“Ka”, let's fix 
furniture to the wall 
or ceiling with metal 
fittings so it cannot 
fall down by 
earthquake 

Ka（か） 
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3. User observation 

As a preliminary evaluation of the Karuta game, we conducted user observation in an evacuation drill 
for local residents. The drill was held at the gymnasium of an elementary school in Takatsuki city, 
Osaka Prefecture, Japan on November 29, 2015. In this user observation, evacuation knowledge in 
cases of earthquakes and floods were extracted from an official disaster prevention booklet published 
by Takatsuki city, and 12 pairs of reading and grabbing cards were prepared. Some of the Karuta 
cards are shown in Table 1. Each Karuta game was played about for 5 minutes. Most of the 
participants were children between the ages of 5 to 10 years as show in Figure 3. As results of the user 
observation, it was found that some children in lower grades of elementary school started to look for 

grabbing card while reading the upper words. This means that if players understand evacuation 
behavior correctly they can recall safe behavior from the corresponding unsafe behavior recited in the 
upper words. This is a remarkable feature as a learning environment because players or learners can 
recognize if they understand the behavior correctly or not by themselves in the course of playing the 
Karuta game. It was possible for a kindergarten child who cannot read Japanese phonetic symbols to 
participate in the game looking for illustrated scene of safe behavior on grabbing cards. In addition, it 
was confirmed that participants understood unsafe behavior in relation to safe behavior, from the 
following comments by parents of participated children: "Although I have thought all along it is better 
to wear rain boots to go outside in a heavy rainy day, I surprised to know we need to wear athletic 
shoes when we evacuate in the case of flood disaster." 

On the other hand, when players try to find a grabbing card for the evacuation with a 
backpack, there were two cards in which the illustration of backpack was included: "Evacuation with 
a backpack" (Table 1 (b)) and "Early preparation of evacuation materials" (Table 1 (c)), and it was 
confusing for some players to identify a correct grabbing card. This kind of duplication may happen 
because the same object can appear repeatedly in different scenes if the object is what people need at 
the time of evacuation. The duplication, however, can be resolved when the lower words are being 
read because players can identify the correct card with reference to an indicator symbol on each 
grabbing card.  

3. Concluding remarks 

In this study, we proposed Karuta game to support learning the differences and mutual relations 
between unsafe and safe behaviors. On the basis of the user observation and our experiences, the 
proposed idea is likely to work as a game-based environment for learning the disaster prevention 
knowledge. In the user observation, we assumed that a session for the Karuta game was performed 
once for each group of participants. However, to enhance the learning effect furthermore, it would be 

 

Figure 3. Scene of playing the Karuta game in an evacuation drill. 



204 

useful to repeat the session for each participant changing the members because learning effect 
depends on not only the understanding level of the player but that of the other members. It is also our 
future study to develop a learning support tool or application based on the proposed Karuta game so 
that many people can be engaged in the disaster prevention learning by themselves.   
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Abstract: This study evaluates the use of virtual reality (VR) learning materials on a table 
device about the Pearl Harbor attack in World War II. It proposes a classroom application for 
the VR learning material about the attack and the atomic bomb in Nagasaki, providing 
learners with the perspective of both an offender and victim in war. Another finding was that 
users experienced no problems with the VR learning material interface. This study contributes 
to peace education as it evaluates an opportunity to enhance interest and motivation in 
learning about peace and war. 

Keywords: Virtual Reality, Tablet Device, Practice Class, Peace Education 

1. Introduction 

Although more than 70 years have passed since the end of World War II, peace education is still 
highly valued in Japan. However, historical issues, especially those concerning the War, have become 
increasingly difficult to communicate due to the decreasing number of people who actually 
experienced it. For the same reason, children’s knowledge of the atomic bombing has decreased and 
few mass media outlets report on it nowadays, revealing a greater need for peace education (Ito, 
2012). Ito (2012) reports that the younger generation’s knowledge about the War and peace has also 
been decreasing due to a lack of interest in basic historical facts such as the date and time of the 
atomic bombing. Therefore, we must consider peace education approaches that enhance the younger 
generation’s interest. 

Furthermore, there are few opportunities to learn about the Pearl Harbor attack in Japan. Some 
experts have suggested that this is a necessary component of peace education, to emphasize both 
perspectives, of offenders and victims in war (Adachi et al., 1996). 

Learners’ interest in and understanding of these topics would be increased through the use of 
virtual reality (VR) learning materials. Several methods exist for displaying spherical panorama 
images to provide virtual immersive learning, such as CAVE (Ishikawa & Inoue, 2010) and Dome 
Type Audio Visual MR Environments (Suzuki et al., 2012), in which interior spherical images can be 
shown. Moreover, one presentation method uses Head Mounted Display (HMD), demonstrating the 
usefulness of a wide view (Arthur, 2000; Hassan et al., 2007).  

Another reason for adopting VR learning materials is that tablet device usage has become 
ubiquitous and their practical applications in education are highly anticipated (Savilla, 2010). 
Furthermore, spherical panorama cameras (Ricoh Theta) are commercially available, enabling 
spherical panorama images to be easily made (Shohara & Takeuchi, 2014). Therefore, spherical 
panorama VR learning materials employing a tablet device can be easily developed.  

Setozaki and Sato (2016) developed a spherical panorama VR learning material about the 
atomic bomb in Nagasaki for peace education. However, in order to learn about Japan from both 
perspectives, as offenders and victims in war, it is insufficient to only present learning material about 
Nagasaki. To this effect, Setozaki et al. (2017a) developed spherical panorama VR learning materials 
on the atomic bomb explosion in Nagasaki and distance learning from Pearl Harbor. They mentioned 
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the possibility that learners' motivation would be improved by practicing distance learning and using 
VR materials. However, taking distance classes to learn about the Pearl Harbor attack is not realistic 
in terms of labor and cost. So, Setozaki et al. (2017b) developed a spherical panorama VR learning 
material about the Pearl Harbor attack. While they discuss the learning opportunities realized from 
developing materials from the dual viewpoint of war offender and victim, the evaluation of the 
learning materials and methods of utilization in classes are not mentioned. 

Therefore, this study aims to evaluate the usefulness of the Pearl Harbor attack VR learning 
materials. It also proposes a lesson plan application using VR learning materials about Pearl Harbor 
attack and the atomic bomb in Nagasaki. 

2. Development and Assessment of VR Learning Material about Pearl Harbor 
Attack 

2.1. Outline of the VR Learning Material about Pearl Harbor Attack  

Figure 1 displays an outline of the spherical panorama VR learning material. This learning material 
was developed using a cross-platform game engine (Unity 5). This learning material has three content 
locations around Pearl Harbor. The main content is focused on the USS Arizona Memorial. In 
addition to the spherical panorama photo showing the inside of the Arizona Memorial Hall, nine 

photos of the present day and seven photos of the Pearl Harbor attack are displayed. The other two 
content locations are inside the Pearl Harbor Visitor Center. 

These locations are displayed on the map of the tablet device application. When learners tap a 
button at each location, they can see spherical panorama content and images, which are synchronized 
with learner-operated movements of the tablet device. Additionally, photos taken just after the Pearl 
Harbor attack and present monuments are overlaid on the spherical panorama images. Moreover, 
when learners touch photos, the photo sizes scale up and down. Learners can also access audio and 
text descriptions of the photos. 

2.2. Subjective Assessment by Survey 

A total of 24 undergraduate university students participated in the survey. After “operating” the 
learning material, students responded to nine questions (in three categories: Interest and Motivation, 
Usefulness, and Interface) by selecting from the following four responses: Strongly Agree, Agree, 
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Disagree, and Strongly Disagree. The positive (Strongly Agree and Agree) and negative (Disagree 
and Strongly Disagree) responses were totalled for each item and compared using Fisher’s exact test. 

2.3. Results and Discussion  

Evaluation results are shown in Table 1. There were significantly more positive responses to all 
survey items. Therefore, the use of VR learning materials about the Pearl Harbor attack is expected to 
increase learners’ interest and motivation and be useful in peace education. Also, there was no 
reported problem viewing the content, such as audio commentary or image display, demonstrating 
that the VR learning materials can provide the feeling of being in the field. 

3. Lesson Plan Proposal Emphasizing Both Perspectives as Offenders and Victims 

Table 1: Subjective Assessment Results of VR Learning Materials about the Pearl Harbor Attack 

Survey Items 
Positive Negative Fisher’s 

Exact 
Test 

Strongly 
Agree Agree Disagree Strongly 

Disagree 

Interest and Motivation 

The learning material is interesting. 16 7 1 0 ** 

This learning material enhances learner's 
interest in peace education. 12 9 3 0 ** 

This learning material enhances learning 
motivation for peace education. 7 11 6 0 * 

Usefulness 

This learning material is useful for peace 
education. 10 12 2 0 ** 

This learning material urges exploratory 
learning. 7 14 3 0 ** 

Interface 

Audio guide was easy to hear. 14 10 0 0 ** 

The photos in the contents were easy to see. 10 12 2 0 ** 

Even if there are no explanations, the 
technology can be operated. 13 8 3 0 ** 

Using this learning material provides the 
sensation of being in Pearl Harbor. 6 14 4 0 ** 

**: p<.0.1, *: p<.05, ✝: p<.10, n. s.: not significant.  
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In this research, in order to emphasize both perspectives, of offenders and victims in war, we propose 
a sample lesson as shown in Figure 2. The lesson is intended to target elementary school or junior 
high school students in Japan. 

 

First of all, as a pre-test prior to the lesson, we gauge the students’ knowledge of the Pearl 
Harbor attack and atomic bomb explosion in Nagasaki. We also obtain their thoughts by having them 

Top Page of contents Top Page of contents 

Spherical Panorama Mode 

Figure 2. Image of Practice Lesson using VR Learning Materials  

  
Audio guide A 

Text guide 

  
Audio guide A 

Text guide 

Group discussion about the War and peace building work 

Post-test measuring knowledge of Pearl Harbor attack and atomic bomb in Nagasaki 
Thoughts on peace and war by free description 

Pre-test measuring knowledge of Pearl Harbor attack and atomic bomb in Nagasaki 
Thoughts on peace and war by free description 

Pearl Harbor version Nagasaki version 

Photos of present monuments 

Photos after A-bombing 

Photos after Pearl Harbor attack 

Photos of present monuments 
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freely describe peace and war. We then conduct the exploratory learning with the learners using VR 
learning materials about the Pearl Harbor attack and atomic bomb explosion in Nagasaki. It is 
desirable to use one tablet device for one or two learners. Afterwards, learners discuss war and peace 
building as a group composed of four to five people.  

Finally, the same task as the pre-test is set up as a post-test. We will analyze the change in 
knowledge about the Pearl Harbor attack and Nagasaki's atomic bombing and in thoughts on peace 
and war. Based on the results of this analysis, we will examine the usefulness of these learning 
materials and obtain knowledge about the lesson’s effect on learning. 

4. Conclusion 

This study evaluated the usefulness of the Pearl Harbor attack VR learning materials. Findings 
suggest that use of VR learning materials about the Pearl Harbor attack will increase learners’ interest 
and motivation and be useful in peace education. The study also proposed an application of the 
materials in a lesson plan about the attack and the atomic bomb in Nagasaki, from the perspective of 
both offenders and victims in war. The users reported no problems with the interface.  

The future task is to practice the proposed lesson and clarify the learning effect of these 
learning materials. 
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