
A study on increasing practical 
earthquake evacuation knowledge 
and awareness through serious 
games

Abstract
Earthquake evacuation process as a behavioral component of disaster resilience 
is one of the issues addressed by risk reduction strategies at spatial and urban 
scales. A well-planned, self-organized evacuation that considers human behavior 
pattern can reduce the loss of life. In this context, it is possible to establish a 
civilian-supported evacuation scenario with the behavioral change to be gained at 
the community scale during and after the earthquake. Geologically, Türkiye is a 
vulnerable country in terms of earthquakes, and there is a lack of comprehensive 
earthquake evacuation drills and training in both digital and traditional contexts. 
Therefore, Türkiye needs to focus on immersive, integrated efforts to increase 
the knowledge and experience of evacuees during earthquake evacuation. After 
integrating the necessities identified in the Turkish context and the affordance 
and potentials of serious games in evacuation, we propose a serious game called 
EVAC. This proposed model involves a component that enables (1) an increase in 
the level of knowledge and learning of the evacuation scenario on an individual 
and collective scale and (2) helps anticipate unforeseen problems, needs, and 
requirements that may arise during and after the earthquake by enabling the 
transition to a safe area in case of panic. This model has another potential (3) by 
integrating indoor and outdoor evacuation, this model can manage the evacuation 
time of the evacuees from the building, the roles they will gain when they arrive at 
the emergency assembly area, and the ability to provide civil organization in the 
area with cooperation.
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1. Introduction
In the history of humanity, 
unpredictable natural disasters have 
caused significant loss of life. Within 
the scope of disaster risk reduction 
strategies, there is a preparation phase 
related to human behavior both on 
a structural scale and at the time 
of emergency. To build a disaster-
resilient society, drills, training, and 
agent-based simulations are applied 
to improve the evacuation process and 
to complete the process on time and 
safely. Simulations are mainly used to 
measure the operability of exit points 
and evacuation time in buildings 
(Daude et al. 2019), while agent-based 
simulations are combined with various 
computational tools, such as cellular 
automata and social force models to 
describe the human behavior pattern 
during evacuation (Bernardini et al., 
2016; Chapuis et al., 2022; D’Orazio et 
al., 2014; Iskandar et al., 2021; Serok & 
Blumenfeld-Lieberthal, 2015; Siyam 
et al., 2019; Sun et al., 2021; Tsai et al., 
2011; Zhong et al., 2023). It would be 
easier to interpret human behavior 
during panic when human behavior in 
real earthquake videos and simulations 
is considered together. While all these 
studies are carried out to identify 
and predict human behavior during 
evacuation, the aim is to improve the 
process. 

Şahin et al., (2019) demonstrate that 
improving human behavior through 
drills and training is possible. How-
ever, traditional disaster training, 
short videos, and earthquake booklets 
may not be sufficient for a successful 
evacuation since it will be difficult for 
individuals to remember and apply 
the theoretical knowledge, they have 
acquired about the process due to in-
creasing panic and fear in an emer-
gency. Since the regular experience 
of the acquired theoretical knowledge 
will reinforce the previous knowledge, 
gamification of the process in various 
scenarios with earthquake simulation 
that provides sensory and cognitive 
fidelity parameters in a virtual reali-
ty environment will possibly increase 
the success achieved in the evacuation 
process. Establishing a well-planned, 
self-organized, civilian-supported 

evacuation scenario with the behav-
ioral change to be gained at the com-
munity scale during and after the 
earthquake is conceivable.

Türkiye is situated in a region where 
a major earthquake fault is named the 
North Anatolian Fault and has his-
torically been the site of many strong 
earthquakes (Erdik, 2013). In the face 
of the expected Great Marmara earth-
quake and other possible earthquakes, 
the country needs social awareness 
and structural resilience. Improving 
evacuation practices during and after 
earthquakes and increasing awareness 
can prevent collective panic and sec-
ondary disasters. Therefore, society 
needs to gain behavioral resistance and 
receive disaster training in a repeatable 
way through direct experience. Under 
these needs, the study proposes a se-
rious game model produced in a fully 
immersive environment to make the 
evacuees feel the shocking effect of the 
earthquake moment in a sensory, cog-
nitive, and narrative way. This training 
game aims to enable evacuees to use 
their decision mechanisms effectively 
in an increasingly panicky environ-
ment and to complete the process on 
time and safely with the increased 
earthquake knowledge of the evacuees 
in a mass evacuation. Another objec-
tive of this study is to strengthen the 
civilian organizations, support the di-
vision of labor among the evacuees, 
and create collaborative support with 
officials after the earthquake. 

Within the scope of this study, con-
ceptual and theoretical backgrounds, 
literature review, and evacuation game 
examples are discussed in the second 
section. The method of this study is 
discussed in the third section, which 
includes context analysis, literature 
review, and integration of current se-
rious game design methodologies. 
In the fourth section, the contextual 
background of Türkiye concerning 
disaster training. The game proposal 
in the fifth chapter includes the game 
design process as a model proposal 
and the roles and requirements for the 
game creation process. The last part, 
the conclusion, covers the study’s con-
tribution to the field, its limitations, 
and potential for future studies. 
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2. Earthquake evacuation 
knowledge and awareness 
through serious games
Researchers have produced agent-based 
models for planning and improving the 
evacuation process and the emergency 
evacuation route of buildings within 
the scope of evacuation models. In 
addition to agent-based models, some 
studies include models integrated 
with geographic information systems 
at the urban scale (Daude et al. 2019) 
or oppositely, some researchers use 
cellular automata and social force 
model to understand human behavior 
patterns in a micro-scale (Bernardini et 
al., 2016; Choi & Do, 2019; Quagliarini 
et al., 2014; Sun et al., 2021; Zhong et 
al., 2023). Since the evacuation process 
is complex and multidimensional, 
improving the behavior of evacuees is 
essential for the correct functioning 
of the process. Training and drills to 
improve human behavior during and 
after earthquakes are insufficient in 
directing the experience (Feng et al., 
2022; Gwynne et al., 2020; Mitsuhara 
et al., 2023; Haghani, 2020; Rahouti et 
al., 2017). Within this perspective, it is 
crucial to feed by the learning-by-doing 
approach to improve the behavior 
of evacuees and thus ensure safe 
evacuation, which was focused on. This 
section will examine the conceptual 
and theoretical background and 
discuss game examples that aim to raise 
awareness of the earthquake evacuation 
process through serious games.

2.1. Conceptual and 
theoretical background
Natural hazards such as earthquakes, 
floods, or hurricanes are unavoidable 
phenomena; however, their 
transformation into disasters largely 
depends on the vulnerability and 
preparedness of societies. While 
hazards cannot be entirely prevented, 
they can often be predicted, and 
it is possible to build societal and 
structural resilience to reduce their 
devastating impacts. According to the 
United Nations General Assembly 
(2016), vulnerability is defined as “The 
conditions determined by physical, 
social, economic, and environmental 
factors or processes, which increase 
the susceptibility of a community to 

the impact of hazards” (p. 24). Hyogo 
Action Framework Plan (2005-2015) 
draws attention to the vulnerable 
aspects of individuals who are victims 
of poverty and injustice caused by 
income inequality and disadvantaged 
groups, defines their risks to reduce 
disaster losses, and argues that 
vulnerable societies become vulnerable 
to disasters. Within this perspective, 
disaster risk management cycles have 
been universally accepted to prevent this 
inequality and the devastating effects 
of disasters. The disaster management 
cycle has two main parameters, risk 
management (pre-disaster) and crisis 
management (post-disaster); while 
risk management includes preparation 
and risk and damage reduction 
strategies, crisis management includes 
response, recovery, and reconstruction 
strategies (Kadıoğlu, 2022).  Risk 
reduction strategies consist of two 
categories: structural and non-
structural. Structural measures can 
be summarized as infrastructure, 
transportation, resettlement, and 
physical structure reinforcements, 
while non-structural measures can 
be summarized as calculation of 
vulnerability level, risk assessment, 
identification of hazards, financing 
preparations, supervision, education, 
awareness raising, and community 
participation (United Nations Office 
for Disaster Risk Reduction, 2005).

Earthquakes are the most frequent 
disasters and the ones that cause the 
most loss of life. Similarly, to provide 
structural and non-structural resil-
ience for earthquake risk management 
strategies.  The evacuation process is 
a critical component of preparedness 
and risk reduction strategies. Evacu-
ation plans and drills may not be suf-
ficient in the crisis, and unforeseen 
problems may arise (Daude et al., 
2019). In contrast, a well-planned and 
self-organized evacuation can reduce 
casualties (Yao & Zhang, 2021). There-
fore, to reduce casualties from earth-
quakes and damages from secondary 
disasters, it is critical to anticipate the 
behavioral responses of evacuees and 
the structural strength of the buildings, 
ensure that the emergency exit plan is 
functioning correctly, and create time-
ly and safe evacuation plans. 
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Information on the well-known 
evacuation practice is often delivered 
through traditional training approach-
es such as courses, seminars, videos, 
posters, or drills. Every building has 
an emergency exit plan, rules, maps, 
signages, and actions prominently 
displayed on the walls. There are also 
traditional drill practices periodical-
ly, especially in schools. For training 
methods, there are new technological 
proposals for education and gamifica-
tion of the evacuation process; these 
games are aimed at experiencing di-
sasters rather than watching videos for 
children. 

Those traditional methods, drills, 
and warnings are responsible for the 
earthquake moment, and they should 
be considered as preparedness strat-
egies for the community. Research-
ers also need to analyze and evaluate 
evacuation process and propose well-
planned and safe evacuation routes. 
There are some techniques to evalu-
ate the evacuation process, a standard 
method is the analysis of videos that 
record the moment of the earthquake, 
researchers can analyze people one by 
one and examine the behavior of evac-
uation in interior and exterior environ-
ments. The other method is creating 
simulations as agent-based models in a 
virtual world that use people as agents 
and examine the behavioral patterns of 
emergency evacuation. While the tech-
nology developed, earthquake evacua-
tion processes are also modeled on the 
virtual world, researchers can create 
simulations by replicating real earth-
quake moments on building models.

2.2. Literature review 
The literature review on the evacuation 
process is considered in two different 
frameworks as: (1) the studies to plan 
and improve the evacuation process 
of researchers and the emergency 
evacuation route of buildings 
(Bernardini et al., 2016;  Chapuis et al., 
2022; D’Orazio et al., 2014; Daude, et 
al., 2019; Iskandar et al., 2021; No et al., 
2020; Serok & Blumenfeld-Lieberthal, 
2015; Siyam et al., 2019; Sun et al., 2021; 
Tsai et al., 2011; Tsurushima, 2020; 
Yamamoto & Li, 2017; Zhong et al., 
2023) and (2) the activities addressed 
within the scope of evacuation training 

to improve the behavior of evacuees 
during the evacuation process (Feng 
et al., 2018; Filomena et al., 2023; 
Gwynne et al., 2020; Kolen et al., 
2011a ; Suwanmolee, 2018). The first 
framework consists of micro and 
macro scale simulations, simulations 
tested by real-time evacuation 
videos, and simulations considering 
human behavior patterns. The second 
framework includes traditional drill 
approaches and gamification of the 
evacuation process. 

Within the framework of emergency 
evacuation plans and behavior mod-
els, studies in the literature that aim to 
produce safe evacuation plans and im-
prove the current situation with evac-
uation simulations on an urban scale. 
While integrating geographical and 
social data with a high level of detail, 
it is possible to simulate a communi-
ty’s evacuation scenario, and the sim-
ulations produced are suitable tools for 
studying how the overall dynamics of 
an evacuation can be affected by envi-
ronmental factors (Daude et al., 2019). 
One of the most widely used models in 
earthquake evacuation simulations is 
Agent-Based Model (ABM), pedestri-
ans are represented as agents that can 
perceive and interact with their envi-
ronment and other agents (Bernardini 
et al., 2016; Chapuis et al., 2022; D’Ora-
zio et al., 2014; Iskandar et al., 2021; Se-
rok & Blumenfeld-Lieberthal, 2015; Si-
yam et al., 2019; Sun et al., 2021; Tsai et 
al., 2011; Zhong et al., 2023). Research-
ers use agent-based models by inte-
grating other computational models 
according to the research area. Some of 
the researchers use Geographic Infor-
mation System (GIS) for macro scale 
evacuation simulations to generate 
the shortest evacuation distance and 
evacuation route blockages based on 
the probability of collapse of buildings 
and use it to establish the safest evac-
uation route recommendation (No et 
al., 2020; Sun et al., 2021; Yamamoto & 
Li, 2017). However, most agent-based 
models have focused only on model-
ing the physical interactions between 
agents, representing cognitive knowl-
edge, and complex and heterogeneous 
behavior modeling is a more complex 
process. Evacuation simulations do not 
adequately address human behavior at 
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the individual, group, or interpersonal 
level. 

While these simulations calculate 
evacuation routes, some researchers 
add computational approaches to as-
sume human behavior patterns and 
create self-organized evacuation pro-
cesses. Sun et al. use the Cellular Au-
tomata (CA) model to create a crowd 
reaction rule equation in emergency 
situations, and they demonstrate that 
as much as evacuees are familiar with 
the exit, it increases evacuation effi-
ciency (2021). Zhong et al. also focused 
on the non-structural components of 
the evacuation process by modeling 
the interaction between pedestrians 
with a Cellular Automata approach 
(2023). The Social Force (SF) model is 
also used in some studies to calculate 
the attractive and repulsive forces a pe-
destrian feels toward various aspects 
of the evacuee’s environment and to 
predict the evacuation process (Ber-
nardini et al., 2016; Choi & Do, 2019; 
Quagliarini et al., 2014). Some of the 
researchers use simulations and real 
earthquake moment video analysis to-
gether to create correlations between 
real and virtual evacuations and they 
try to examine evacuees’ behavioral 
patterns during and immediately after 
earthquake (Bernardini et al., 2016; 
Lambie et al., 2016; Quagliarini et al., 
2021; Tsai et al., 2011; Tsurushima, 
2020; Zhong et al., 2023).

Agent-based simulations can guide 
decision makers on managerial issues 
such as emergency exits, evacuation 
routes, and shelter determination at 
the macro scale, and information on 
human and environment, human and 
human interactions can be obtained in 
models where simulations and com-
putational models are integrated to in-
clude human behavior patterns at the 
micro-scale. However, it is also neces-
sary to focus on the studies addressed 
within the scope of evacuation training 
to improve the behavior of evacuees 
during evacuation. Hence, simulations 
and video analysis within the earth-
quake risk reduction studies’ scope 
need to be more comprehensive to pre-
pare for the evacuation process.

Research on expected human be-
havior during earthquakes is based on 
simulations or post-event interviews 

and surveys, which have limitations 
such as the participant’s willingness 
and memory to recall the event and 
the perceived reality of the simulation 
(Lambie et al., 2016). Evacuation sim-
ulations create a virtual environment 
and virtual behavior for evacuees, 
people move as ideal agents without 
thinking about social background, 
which may affect the decision-making 
process in case of emergency in these 
simulations. Creating an effective and 
well-planned evacuation process could 
be possible for a single family on a mi-
cro scale. However, for public evacu-
ation there are social, demographical, 
physical, and psychological factors 
for each agent and their response to 
earthquakes will be different from each 
other, as well as interactions between 
evacuees that can negatively affect the 
mass evacuation. Evacuees need to ex-
perience the process in the best way 
and prevent instinctive behaviors. Ac-
cording to Şahin et al. (2019), individ-
uals tend to follow their instincts in the 
decision-making process at the macro 
level.  Instincts are the fastest way to 
react to an event and do not require 
consciousness, in the decision-mak-
ing process, individuals mostly stick 
to their past experiences and apply 
learned behavior; experienced indi-
viduals act more rationally instead of 
following their instincts, while inex-
perienced ones cause more panic and 
chaos in the crowd (Şahin et al, 2019). 

Effective evacuation of individuals 
is one of the most critical objectives in 
an emergency such as an earthquake. 
However, due to the complex nature of 
dense urban areas, and the substantial 
lack of public awareness of emergen-
cy evacuation, and also unnecessary 
confusion, injuries, and fatalities have 
frequently occurred (Sun et al., 2021). 
Therefore, correct, and effective earth-
quake evacuation responses of individ-
uals can significantly reduce unneces-
sary casualties. 

For evacuation procedures, every 
building has the rules, maps, signages, 
and actions prominently displayed on 
the walls, but people may not be aware 
of these procedures, and they may not 
experience them because they tend 
to follow previously used and well-
known routes that determined by the 
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environmental setting itself (Filomena 
et al., 2023). Therefore, it is necessary 
to implement the exercise periodi-
cally. Information on the well-known 
evacuation practice is often delivered 
through traditional training approach-
es such as courses, seminars, videos, 
posters, or drills. However, more than 
these methods are needed for acquir-
ing and retaining knowledge (Feng et 
al., 2018). One of the shortcomings 
of the traditional method is need for 
more feedback from individuals after 
the earthquake drill, which evaluates 
their behavior regarding evacuation 
processes (Gwynne et al., 2020). Also, 
these methods could be more impres-
sive and have more sensory capabilities 
to refer to the earthquake scenarios to 
educate participants (Feng et al., 2022). 
As disaster risk reduction method, 
technology could be the medium; tech-
nological tools could have the ability to 
educate people via improved evacua-
tion behaviors and decision-making 
mechanisms.

According to Suwanmolee (2018) 
through gameplay, knowledge of disas-
ter risk reduction increases, and it be-
comes easier for participants to assess 
the situation, as well as an attitude of 
cooperation when communicating and 
negotiating for resources and behav-
iors of mutual assistance and sharing 
under limited resources. Increasing 
the chances of survival of earthquake 
victims after the shock of a chaotic 
situation such as an earthquake can 
be possible by improving the behav-
ioral responses of building occupants 
to earthquakes and their evacuation 
skills, but traditional evacuation train-
ing approaches are insufficient to sim-
ulate earthquake scenarios (Feng et 
al., 2022). Filomena et al., (2023), who 
conducted a board game project de-
signed by psychologists and geologists 
in contrast to traditional disaster edu-
cation with passive participation with-
in the scope of the seismic risk percep-
tion, stated that the game increased 
learning motivation as a result of this 
project with the young age group and 
emphasized that the game has the po-
tential to develop risk response skills 
for their own safety and other members 
of the society beyond the acquisition of 
an excellent seismic risk perception by 

young people. The ability to experience 
the evacuation process through games 
in the real environment with virtual 
interfaces makes it possible to improve 
the immersive evacuation experience 
by repeating it, providing a “learn-
ing by doing” approach. In literature, 
evacuation games use different game 
approaches like game-based learning, 
gamification, and serious games, and 
there are different tools to create game 
environments for users named aug-
mented reality, virtual reality, mixed 
reality. 

Serious games have specific objec-
tives and propose to transfer and ab-
stract knowledge, train new skills, and 
change behaviors by creating aware-
ness for the chosen scope. Concerning 
the evacuation and gamification pro-
cess Feng et al., (2018) demonstrate 
that serious games can be adaptable for 
emergency education and evacuation 
and those games propose to educate 
participants by transmitting the knowl-
edge of the game components even 
they can offer the possibility of behav-
ioral analysis in case of emergency by 
monitoring and recording the decision 
process and behavior patterns during 
the experience. In short, introducing 
a new educational approach to earth-
quake evacuation training through 
serious gaming in a virtual reality en-
vironment participants’ perceptions of 
the realism of a simulation may alter 
their behavior and thus provide limited 
insight into their actions, sequence of 
actions, and the influence of contextu-
al variables (non-time dependent) that 
prompt them to respond to earthquake 
shaking (Kolen et al., 2011a).

2.3. Serious games for 
earthquake evacuation
A serious game is a game designed 
primarily for purposes other than 
entertainment, such as education, 
training, or behavior change 
(Damaševičius et al., 2023). In the 
context of disaster preparedness, they 
have been increasingly recognized as 
effective tools to support evacuation 
training, as they allow individuals 
to experience decision-making, 
cooperation, and spatial orientation in 
simulated yet safe scenarios (Feng et 
al., 2018; Ribeiro et al., 2012; Yang et 
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al., 2021). Traditional methods such as 
evacuation drills, written instructions, 
or seminars remain widely used; 
however, their effectiveness is often 
limited by three main factors: lack of 
realism and engagement, restricted 
adaptability, and insufficient 
educational efficiency (Gwynne et al., 
2020; Mitsuhara et al., 2023; Haghani, 
2020; Rahouti et al., 2017). These 
limitations can hinder the preparedness 
of individuals for real emergencies and 
highlight the need for more dynamic 
and interactive approaches.

In this regard, serious games pres-
ent several advantages for evacuation 
education: (1) increased engagement 
and learning, (2) enhanced knowledge 
retention, (3) development of practical 
skills through scenario-based simu-
lations, (4) inclusivity and accessibil-
ity (e.g., integrating the needs of dis-
advantaged groups), (5) adaptability 
and cost efficiency, and (6) cognitive 
and behavioral benefits that improve 
self-efficacy and performance during 
emergencies (Feng et al., 2018; Chitta-
ro, 2023; Carvalho et al., 2022; Capua-
no et al., 2015). Recent studies further 
demonstrate that serious games, espe-
cially when supported by immersive 
technologies such as virtual reality 
(VR), provide participants with realis-
tic and repeatable training experiences 
that outperform traditional methods in 
terms of learning outcomes, prepared-

ness, and self-confidence (Mitsuhara et 
al., 2019; Feng et al., 2020; Rajabi et al., 
2022; Ahmadi et al., 2024).

With the serious game proposal 
called SPOEL, which emphasizes the 
importance of both simulated and actu-
al testing of mass evacuation planning 
by the government and the public and 
aims to prevent problems arising from 
the lack of real evacuation experience, 
Kolen et al. (2011) aimed to close the 
experience gap in emergency planning. 
SPOEL is a computer game focused on 
flood evacuation and is known as one 
of the first digital game examples.  An-
other macro scale game example is an 
Augmented Reality-based game that 
focuses on the mass evacuation of a 
university building (Figure 1). In the 
study, which emphasizes that commu-
nity members should be trained with 
the latest equipment and technology 
within the scope of experiencing pro-
cedures and rules within the scope of 
evacuation training, which has a vital 
role in emergencies, game-based learn-
ing systems, and AR technology were 
used, various animations were used in 
training aimed to provide access to the 
shortest and safest evacuation, and the 
mobile application tested in the uni-
versity environment enabled the par-
ticipants to be trained in a real envi-
ronment, and positive responses were 
received from the people who received 
the training (Catal et al., 2020).

Figure 1. Evacuation game various scenes (Catal et al., 2020).



ITU A|Z • Vol X No X • X • M. Ç. Çatalbaş, A. Gün, E. Gürer

X

In another study that uses Virtu-
al Reality (VR) technology and pro-
poses the use of innovative digital 
technologies in the face of traditional 
drills and training that are insufficient 
to simulate a life-threatening earth-
quake scenario, a serious game train-
ing system was proposed to improve 
behavioral responses to earthquake 
and post-earthquake evacuation pre-
paredness involving both employees 
and patients (Figure 2). an increase in 
self-efficacy and knowledge was ob-
served after the game and the training 
was found valuable and instructive by 
the participants (Feng et al., 2020). The 
same researchers of this study propose 
another game after a few years that 
combines with Immersive Virtual Re-
ality (IVR). In addition to the previous 
study, in the study aiming to analyze 
common earthquake behaviors, behav-
ioral sequence analysis (BSA), which 
is used to understand and model indi-
vidual behaviors during an earthquake, 
was adapted to the earthquake drill in 
a virtual environment, verbal protocol 
analysis to determine the behavior-
al sequence of the participants, video 
analysis obtained from the images of 

the behaviors exhibited in the IVR en-
vironment, and a picture of emergency 
human behaviors was revealed; it was 
possible to develop behavior-oriented 
strategies for earthquake emergencies 
(Feng et al., 2022). 

As an example of a gamification 
study focusing on the optimization 
of the plan schemes of buildings and 
emergency exit routes for indoor evac-
uation, which is handled within the 
scope of mass evacuation, the issue 
addressed in the virtual reality-based 
game focusing on the evacuation of a 
hotel building is the analysis of unde-
sirable route selection strategies and 
the tendency to retreat during evacu-
ation, according to the findings of the 
researchers, the tendency to retreat is 
related to spatial configurations and 
the flatness, visibility, and width of the 
evacuation corridor led to a decrease 
in the tendency to retreat (Snopková 
et al., 2022). Studies focusing on earth-
quake scenarios at the micro-scale of-
ten aim to train evacuees or mitigate 
damage through spatial adjustments 
and improvements to avoid secondary 
disasters and accidents during and im-
mediately after an earthquake. Within 

Figure 2. The storyline of the IVR SG training systems (Feng et al., 2022).
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the scope of indoor evacuation, a vir-
tual reality-based serious game is pro-
posal addressing earthquake scenarios 
in office environments. Four different 
methods were applied, and participants 
were tested: virtual reality-based seri-
ous game, video game, manual train-
ing, or no training method, compared 
to conventional exercises, participants 
were able to avoid physical damage and 
identify potentially dangerous objects 
(Li et al., 2017). In Indonesia, tradi-
tional evacuation drills with self-rescue 
practice are used in schools and offices, 
but Wibisono (2019) proposed a new 
tool for situations such as lack of seri-
ousness, earthquake shaking sensation, 
and lack of full involvement of partici-
pants in the evacuation. They proposed 
a virtual reality technology-based 
model that is experienced individually 
and creates the feeling of shaking. The 
experimental group was selected from 
students who play games for 2-3 hours 
a day, and most of the students found 
the designed model more effective than 
static drills or animations and videos 
because of the direct interaction with 
virtual objects and the reality of the 
earthquake feeling (Wibisono, 2019).

When the studies in the literature 
on earthquake evacuation through se-
rious play, which is one of the immer-
sive education methods that surpass 
traditional drills in order to reduce 
the damage that will occur during and 
after the earthquake, were examined, 
most of the existing studies have fo-
cused on virtual reality (VR)–based 
serious games that provide individual 
evacuation experiences within indoor 
spaces or specific public buildings (e.g., 
Mitsuhara et al., 2019; Feng et al., 2020; 
Rajabi et al., 2022; Zhang et al., 2023). 
In these works, the main emphasis has 
been on knowledge gain, self-efficacy, 
and evacuation performance at the 
individual level, while the role of so-
cial influence and multi-user interac-
tion has largely been overlooked. As a 
matter of fact, when it comes to mass 
evacuation, there is still no collective 
game design that enables immersive 
multi-user experiences in public spaces 
where evacuees move simultaneously 
and influence each other’s decisions 
(Baraldo & Di Franco, 2024; Liu & Liu, 
2025).

When the games and simulations 
are analyzed, no model has been pro-
posed that provides structured feed-
back on the adequacy and accessibility 
of emergency gathering areas, the time 
required to reach them, or the identifi-
cation of spatial needs and deficiencies 
at the final stage of evacuation. Among 
the studies, there is also a lack of inclu-
sive approaches that incorporate task 
distribution and division of labor in 
collective evacuation management, as 
well as the involvement of vulnerable 
groups such as the elderly, children, 
or disabled individuals (Quagliarini et 
al., 2020; Zhu & Li, 2021).  This study, 
which proposes a new game approach 
based on the gaps in the literature and 
existing game proposals, aims to iden-
tify and fill the existing gaps.

3. Methodology
This chapter outlines the research 
methodology adopted in this study, 
which integrates content analysis, 
a comprehensive literature review, 
and the examination of serious game 
methodologies. While content analysis 
contains worldwide evacuation 
practices, earthquake training given 
within the scope of disaster relief by the 
Disaster and Emergency Management 
Presidency (AFAD) in Türkiye, and 
earthquake evacuation training 
included in the school curriculum 
determined by the Ministry of 
National Education (MEB), the scope 
and implementation details of which 
are elaborated in Chapter 4. Within 
the scope of content analysis, practices 
regarding evacuation drills, evacuation 
training, and earthquake training 
were investigated both around the 
world and in Türkiye. Widespread 
and effective methods of public 
participation have been identified 
around the world, especially in Japan, 
Chile, America, and India. This phase, 
it is examined applications, evacuation 
and earthquake information booklets, 
and traning methods worldwide that 
focus on disaster evacuation education 
in a collective and participatory way. 

A wide scope literature review was 
conducted on the given keywords be-
tween March 2023 and December 2023 
by scanning existing literature data-
bases (Web of Science, Scopus, Google 
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Scholar). The literature review briefly 
started by examining evacuation 
models on macro scale and micro scale 
evacuation simulations, including 
human behavior. The keywords 
commonly used at this literature review 
phase are as follows “Agent-based 
Models, Mass Evacuation, Behavioral 
Models, Post-earthquake Evacuation, 
Pedestrians Behavior Modelling”. In the 
second phase of the literature review, 
earthquake education methods and 
the current situation on gamification 
within the scope of earthquake drills 
and training were reviewed. The 
keywords commonly used in the 
second phase of the literature review 
are as follows “Earthquake Evacuation 
Drills, Community-based Drills, Panic 
Effect, Serious Games, Education for 
Disaster Prevention”. 

To trace topic dynamics, we queried 
Web of Science for five review-
structuring keywords—agent-based 
model, behaviour model, earthquake 
drill, mass evacuation, and serious 
game—and exported yearly publication 
counts for 2010–2023 (Figure 3). 
For cross-term comparability, we 
computed a Relative Growth Index 
by normalizing each series to its 2010 
value = 100 (Indext_tt​ = 100 × Countt_
tt​/Count2010_{2010}2010​). The 
resulting trajectories depict timeline 
trends independent of absolute volume 

(e.g., an index of 300 indicates a three-
fold increase over 2010). Counts are 
compiled per keyword; a single paper 
may appear under multiple keywords, 
so the curves represent trend dynamics 
rather than a deduplicated corpus 
total. This benchmarked view supports 
identifying which concepts accelerated 
or plateaued over the period and 
informs priority areas for subsequent 
studies. Briefly, all five keywords grow 
relative to 2010; agent-based model and 
behaviour model rise steadily, serious 
game accelerates circa 2014–2019 then 
flattens after 2020, while earthquake 
drill and mass evacuation are more 
volatile—consistent with event-driven 
attention and low-base effects.

After content analysis and literature 
review to propose a serious game, 
another method was an examination of 
current serious game methodologies, 
which have comprehensive and 
multidisciplinary frameworks. 

4. Contextual background
Earthquakes impact millions of people 
around the world and cause loss of 
life and economic and environmental 
losses. While structural resilience 
technology is improving, managing 
risks by changing behavioral 
responses before, during, and after the 
earthquake it is also possible. In this 
direction, some earthquake education 

Figure 3. Keyword trends in the earthquake-evacuation literature (2010–2023, Web of Science).
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systems cover evacuation procedures 
and civilian-supported systems after 
the earthquake worldwide. ShakeOut 
and NETAP training, organized every 
year in America in cooperation with 
FEMA, is another disaster training 
program that combines theoretical 
and practical training consisting of 
different modules and stages carried 
out by the American Red Cross which 
takes place with the participation of 
millions of people. These drills enable 
individuals and communities to learn 
how to behave during an earthquake 
(ShakeOut, n.d. ; Federal Emergency 
Management Agency, n.d.). Japan is 
known as one of the most prepared 
countries in terms of earthquake 
training and disaster preparedness. The 
training day, called Disaster Prevention 
Day, is held regularly and collectively 
on September 1 every year (Shaw et 
al., 2004). India also developed an 
earthquake education program called 
the School Earthquake Laboratory 
Program (SELP) to increase students’ 
earthquake awareness. SELP has an 
interactive and participatory learning 
method, and laboratories have been 
established, especially in earthquake 
risk areas (Bansal & Verma, 2013). Chile 
is another country that has improved 
evacuation education after Japan, the 
National Disaster Prevention and 
Response Service (SENAPRED) has 
introduced an interactive application 
called “Visor Chile Prepared”; thanks 
to this application, anyone who 
wishes will be able to learn about their 
exposure to natural disasters based 
on their location.  The aim is for the 
application to become a tool for the 
community to develop their planning, 
as well as provide the user with images 
of structures, roads, and topography. 
It allows viewing of education, 

health, police points, evacuation 
areas, emergency meeting points, and 
evacuation routes (Prepared Chile 
Map Viewer, n.d.).

Türkiye is situated in a border re-
gion where Arabian and African lands 
drift northwards toward Eurasia. In 
the northern part of the country, a ma-
jor earthquake fault named the North 
Anatolian Fault and historically been 
the site of many strong earthquakes 
(Erdik, 2013). Between 1900 and 2023, 
75 earthquakes bigger than 6.0 mag-
nitudes took place in Türkiye, while 
80.876 people died in earthquakes 
between 1900-2000, this number was 
60.317 in the last 23 years, between 
1900 and 2023, 141.179 people died, 
and 17 million people have been direct-
ly affected by earthquakes (Emergency 
Events Database [EM-DAT], 2023). In 
1999 the Marmara earthquake affected 
seven cities with 7.4 magnitudes and 
caused 17.480 deaths. Lastly, on Febru-
ary 6, 2023, two major earthquakes oc-
curred on the Eastern Anatolian Fault, 
which had 7.6 and 7.7 magnitudes, and 
they affected 11 cities and more than 
9 million people, 50.783 people died 
in those earthquakes (United Nations 
Population Fund, [UNFPA], 2023) 
(Figure 4). These earthquakes were 
recorded as the most hazardous in the 
country’s history, generating severe 
spatial problems such as the suspen-
sion of education, difficulties in tem-
porary settlements, and challenges in 
meeting the needs of disadvantaged 
groups (Presidency of the Republic of 
Türkiye, Department of Budget and 
Strategy, 2023; Gün et al., 2025).

While earthquake risk increases 
yearly, the Marmara region is expect-
ed to experience a major earthquake, 
as experts have warned for a long time. 
Therefore, all the official units of Tür-

Figure 4. Earthquakes year, magnitude, and life losses in Türkiye between 1939-2023.
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kiye should focus on disaster risk man-
agement and risk reduction strategies. 
In this regard, increasing knowledge 
and awareness about the earthquake 
and evacuation process it is essential 
to training and educating the evacuees. 

The Disaster and Emergency Train-
ing Center (AFADEM), which was 
established in 1960 under the Gener-
al Directorate of Civil Defense of the 
Ministry of Interior within the scope 
of disaster preparedness and raising 
awareness, has planned to provide ef-
fective, efficient, and sustainable ser-
vices for training services with the 
mission of “creating a disaster-resilient 
society”, AFADEM aims to improve pre 
and post-disaster behaviors with train-
ing such as “Disaster-ready family, di-
saster-ready school.” Today AFADEM 
training facility includes classrooms 
for search and rescue and first aid 
courses. There are areas such as demol-
ished buildings and wreckage areas for 
practical training (Afet ve Acil Durum 
Yönetimi Başkanlığı, n.d.). 

Within the scope of earthquake ed-
ucation studies, the Japan Internation-
al Cooperation Agency (JICA) and 
Ministry of National Education (MEB) 
prepared the “School-Based Disaster 
Education Project” in 2010 covering 
80 schools in 10 provinces in order to 
raise awareness of teachers, students, 
and parents, the project working group 
is divided into three, the first group 
focuses on the implementation and 
dissemination of the project, the sec-
ond group compares the education 
curriculum of Türkiye and Japan, the 
third group focuses on the school di-
saster and emergency management 
plan (Özmen & İnce, 2017). The sec-
ond phase of the School-Based Disas-
ter Education Project was implement-
ed in 2019, and in this phase, contents 
such as proactive intervention against 
disasters for school administrators and 
teachers were updated. The Disaster 
Awareness Course Curriculum was de-
veloped as an elective course in lower 
secondary schools for grades 5, 6, and 
7, and was approved by the Board of 
Education and Discipline in 2023. Its 
primary aim is to enable students to ap-
ply life skills in disaster situations, ac-
quire first aid knowledge, understand 
the impacts of disasters on individu-

als, society, and the economy, predict 
possible outcomes, and internalize a 
culture of disaster awareness (Ministry 
of National Education [MoNE], 2023). 
Students take this course in two levels, 
“Disaster Awareness-1” and “Disas-
ter Awareness-2,” each consisting of 
72 hours of instruction (Afet ve Acil 
Durum Yönetimi Başkanlığı, n.d.). In 
addition, the Disaster and Emergency 
Management Presidency (AFAD) also 
supported the development of updated 
course contents, digital learning ma-
terials, and teacher training modules 
(Özmen, 2023). 

In the case of earthquakes, most of 
the studies focus on post-earthquake 
mitigation and reconstruction. How-
ever, pre-disaster measures have not 
been given enough importance, and 
training programs have not gone be-
yond annual earthquake drills. In İçme 
and Büyük (2023) study analyzing 
the curriculum for earthquake educa-
tion in schools in Türkiye, they stat-
ed that there were deficiencies in the 
program prepared for children to re-
ceive earthquake education in schools, 
that classroom activities were limited 
to earthquake drills, behaviors that 
should and should not be done during 
an earthquake, and earthquake bag 
preparation, in addition, they stated 
that technological applications (vid-
eo, simulation, augmented reality) 
were not included in school books to 
be used in earthquake education and 
that learning areas, learning by living 
and organizations were not taken into 
consideration within the scope of out-
of-school training. 

Doğan and Koç (2017), in their 
study investigating the increasing suc-
cess rate of education through digital 
games, formed control and experi-
mental groups of students whose pri-
or knowledge was equivalent to each 
other, applied the traditional teach-
ing method as in the textbooks to the 
control group and presented a com-
puter-aided digital game to the exper-
imental group, and it was observed 
that the academic achievement of the 
students in the experimental group 
for earthquake knowledge increased 
positively compared to the traditional 
method. In this direction, while digital 
games and simulations have an essen-
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tial place in terms of attractiveness and 
retention of knowledge, their absence 
in the education programs of schools 
is a glaring deficiency (İçme & Büyük, 
2023). 

5. EVAC game model proposal 
Contextual background describes 
another gap in the literature, and it 
has been determined that disaster 
trainings are limited to short narratives 
and videos containing theoretical 
information, especially at the primary 
school level. Traditional disaster 
training and drills are far from direct 
experience, and in unpredictable and 
chaotic situations such as earthquakes, 
it will be difficult to remember the 
theoretical knowledge with the 
increasing panic moment. Earthquake 
evacuation practice, which includes 
information about the measures to be 
taken immediately after the earthquake 
to protect against secondary disasters 
and about the division of labor that will 
trigger civilian organization sometime 
after the earthquake, and which is 
experienced in a virtual framework 
with specific repetitions, will both 
increased awareness on a social scale 
and facilitate the recall of information.  
In this direction, creating a game that 
will increase earthquake awareness 
by integrating learning objectives is 
possible; the game can be played in 
a different scenario in an immersive 
environment. The learning-by-doing 
approach can overlap and form the 
basis of practical and participatory 
evacuation training. When the 
games produced within the scope of 
earthquake studies are examined, the 
concept of serious games that provide 
the user with a new skill, education, 
and learning objectives comes to the 
fore.

According to Zyda (2005), a serious 
game is used in non-entertainment 
fields such as education, health, and 
communication to achieve a specific 
purpose. While the use of gamification 
is becoming widespread in the context 
of skill acquisition, construction of 
new knowledge, and interactive learn-
ing, according to Anderson, contem-
porary gaming technology is used to 
produce virtual worlds for interactive 
experiences that can include social 

interactions as well as mixed reality 
games that blend real and virtual inter-
actions (Anderson et al., 2010). Games 
created in virtual environments give 
the player the chance of freedom and 
repeatability, allowing them to look at 
and interpret the problem from mul-
tiple perspectives (Marne et al., 2012). 
In this context, a virtual reality-based 
serious game model is proposed for the 
earthquake evacuation process, which 
is the behavioral component of the 
risk reduction strategies of the disaster 
management process, offering repeat-
able and multiplayer drills and training 
opportunities.

Since the serious game design pro-
cess also involves knowledge building, 
learning objectives, and game objec-
tives should be parallel, and the whole 
game creation process should be com-
pleted with the support of various ex-
perts. In this context, various method-
ologies exist within the scope of serious 
game creation in the literature. One of 
them, EMERGO methodology, is a 
study that proposes a holistic creation 
process including analysis, design, 
programming, implementation, and 
evaluation stages to ensure that game 
and learning objectives are consistent 
in the serious game development pro-
cess (Nadolski et al., 2008). Shortly af-
ter this study, Marfisi-Schottman et al. 
(2010) proposed a methodology that 
includes pedagogical goals, design sce-
narios, visualization, and presentation 
and emphasized that cognitive experts, 
pedagogical experts, game designers, 
and graphic designer actors should 
act together. Jaccard et al. (2021) used 
a categorical approach to propose a 
methodology that addresses the gen-
eral goals of the problem, game, and 
learning-oriented problem-solving 
those centers on the concept of learn-
ing and how to evaluate the solution 
from both a game and learning per-
spective. While the Jaccard methodol-
ogy represents the building blocks and 
core elements of standard serious game 
design, it aims to be customizable for 
each project.  The co.LAB framework 
is an open-access interface created by 
the Jaccard methodology researchers, 
adapted to a web platform that any se-
rious game producer and stakeholders 
can use to control the development of 
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serious game building blocks, work 
distribution, and project-specific re-
organization of categories. Using the 
Jaccard methodology and the co.LAB 
web application, serious game building 
blocks can be constructed and tracked 
in a collaboratively. Furthermore, Pa-
checo-Velazquez et al. (2023) proposed 
a participatory approach to develop ac-
tor action schema in the serious game 
model proposal phase and emphasized 
the importance of roles and collabo-
rative approaches in the serious game 
design process. According to Pache-
co-Velazquez (2023), the purpose of 
the serious game is to disseminate 
knowledge, improve the skills of the 
players, and make the learning process 
meaningful for the participants, and 
the primary responsible actor in this 
process is the pedagogical expert, and 
the pedagogical expert should be the 
team leader at every stage of the pro-
cess. 

The new model, which integrates 
EMERGO, Jaccard, and Pache-
co-Valezquez methodologies, de-
scribes the theoretical framework of 
the serious game creation process, 
including the context, goals, scenario, 
functions, and mechanics of the game 
in categorization, and serves as the ba-
sis for the following study with draft 
game visuals. The integrated model 
suggests multidisciplinary teamwork 
using a participatory approach within 
this perspective. Therefore, software 
developers, graphic designers, peda-
gogical experts, cognitive experts, and 
subject matter experts should collec-
tively share a standard process by con-
sidering the game and learning objec-
tives. 

The “Context and Goals” catego-
ry, which includes learning and game 
goals, combines game developer and 
pedagogical expert and is the basic 
building block of the game design pro-
cess, where an overview of the prob-
lem and initial ideas about the solution 
is established. According to Jaccard 
(2021), this category is the part that 
guides the development team and is 
used for communication with stake-
holders. In the “Game Definitions” 
category, which covers sub-headings 
such as the game’s goals, rules, narra-
tive and scenario, game interfaces, the 

game universe, and user experience, 
the game developer, graphic designer, 
cognitive expert, and pedagogical ex-
pert work together.

The “Mechanics” category includes 
game and learning mechanics, re-
wards, incentives and interactions, 
software development experts, game 
developers, graphic designers, and 
pedagogical experts working togeth-
er. The feedback that players receive 
throughout the game and their actions 
change the course of the game, making 
it a meaningful game. The new infor-
mation learned is linked to previous 
knowledge, and the player’s active 
participation in the learning process 
is linked to the meaningful learning 
process. When meaningful play and 
meaningful learning are designed to 
support each other, meaningful serious 
games emerge (Jaccard et al., 2021). 

In the “Pedagogical Objectives” 
category, which distinguishes serious 
games from other game types, the ped-
agogical expert and cognitive expert 
organize the user profile, pedagogical 
scenario, learning objectives, and learn-
ing basics. In this category, one of the 
appropriate learning theories should 
be selected to establish the learning 
foundations, the content related to the 
knowledge and skills that the player 
needs to acquire should be determined 
or verified by professional experts, and 
finally, the serious game should remain 
embedded in the pedagogical scenario 
with theoretical knowledge and per-
sonal work (Jaccard et al., 2021). The 
“Assessment” category, sub-titled game 
and learning evaluation, determines 
how the game and its objectives will be 
evaluated and includes data process-
ing and visualization processes. At this 
stage, the software development spe-
cialist and graphic designer play a role 
together (Figure 5).

The proposed game model aims to 
collectively gain the practice of safe 
and timely evacuation during and after 
the earthquake in a multiplayer envi-
ronment. The game is being played in a 
university and will be played in a class 
of 30 students with replacement head-
sets and controllers given to everyone. 
Each student will start the game simul-
taneously and see the earthquake shak-
ing start in their classrooms in a VR 
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environment, what to do during the 
earthquake shaking will be presented 
to the player by the game, and the stu-
dents will wait safely until the shaking 
is over (Figure 6). 

After the shaking, the evacuation 
process from the university building 
will begin, and the player will be given 
instructed by the game to ensure safe 
and timely access to the nearest emer-
gency gathering area. At the end of the 
game, the player will be able to receive 
feedback from the game and have the 
chance to give feedback to the game 
(Figure 7).

The game aims to raise earthquake 
risk awareness and improve partici-

pants’ evacuation knowledge and skills, 
in the context of earthquake evacu-
ation, students will learn how to wait 
in a safe area, in an appropriate posi-
tion during an earthquake, and how to 
evacuate from classrooms and school 
in a safe and timely manner immedi-
ately after the earthquake, and when 
they reach the emergency gathering ar-
eas, they will be able to divide the work 
in the gathering area according to the 
role distribution given by the game ac-
cording to the player profile (Figure 8). 
The secondary objective of the game is 
to determine the adequacy and accessi-
bility of the assembly area according to 
the current situation after evacuation.

Figure 5. New integrated model for the EVAC game development process in a structured approach.

Figure 6. Information and preparation phase of the EVAC game.
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Constructivist and socio-construc-
tivist learning theories are used within 
the scope of the proposed game. Those 
approaches make evacuees collectively 
experience earthquake evacuation in a 
real environment, learning is consid-
ered a process, and the importance of 
experience in the learning process is 
accepted. The game universe, defined 
as the world in which the game will 
be played, is a simulation of the earth-
quake moment, and players should fol-
low a role-playing “pretend” scenario. 
The most critical building block of the 
game definitions category is the “play-
er decisions” section, as the reality to 
be represented and the type of fidelity 
will determine the reflexes and deci-
sions players should make in the simu-
lation. Depending on the reality being 
simulated, one or more of the sensory 

(visual, auditory, and physical), narra-
tive (story and narratives), and cogni-
tive (reflexes) fidelity types can be used 
(Figure 9).

6. Conclusion
The evacuation process is one of the 
non-structural measures addressed 
within the scope of earthquake risk 
reduction strategies. Despite the panic 
experienced during an earthquake, 
a self-organized and collectively 
executed evacuation process can reduce 
the destructive impact of earthquakes 
and save lives. The post-earthquake 
evacuation process is complex and 
multidimensional. However, allowing 
evacuees to experience earthquake 
shaking and evacuation practices 
through a “learning-by-doing” 
approach can ensure a safer process. 

Figure 7. Game and feedback phase of the EVAC game.

Figure 8. The EVAC game aims to create a civilian-supported system with a role-sharing approach.
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In this context, we propose a serious 
game called EVAC. This game model 
aims to increase the level of knowledge 
and learning about evacuation 
scenarios on both individual and 
collective scales and to anticipate 
unforeseen problems by facilitating 
a safe transition to a secure area 
during panic. This study is designed 
as the first step in future research, 
with certain limitations. Within the 
scope of the EVAC game proposal, 
the scenario, development team, and 
theoretical framework of the game 
have been established. Since the game 
development phase has not yet begun, 
fieldwork has not been conducted, 
and the game has not been tested. As 
an immediate next step, we will run 
a small-sample pilot with volunteer 
participants once institutional ethics 
approval is granted and Law on the 
Protection of Personal Data (KVKK) 
-compliant procedures are in place 
(explicit consent, data minimization, 
de-identification, opt-out). The pilot 
will focus on pre–post evacuation 
knowledge, self-efficacy, route-
choice accuracy, time-to-assembly, 
and cooperation metrics using 
interaction logs and questionnaires 
(no psychophysiological sensors at this 
stage).

In the long term, the aim is for a 
broader audience to play the game, 
expanding the dataset to gather more 
information about the evacuation 
process. To clarify intended use and 
evaluation logic, we outline represen-

tative scenarios and expected results: 
(i) multi-storey school building with/
without a designated leader—expect-
ed shorter decision latency and few-
er wrong turns with leadership; (ii) 
blocked exits and dynamic hazards 
(aftershock, alarm)—expected fast-
er re-routing and reduced bottleneck 
dwell time after training; (iii) inclusive 
evacuation with a mobility-restrict-
ed peer—expected higher help rates 
and clearer task allocation with mini-
mal penalty to time-to-assembly; (iv) 
building-to-assembly-area leg—ex-
pected more accurate assembly-area 
selection, fewer backtracks, and im-
proved role distribution (guide/scout/
helper) under time pressure. These pi-
lotable scenarios are designed to yield 
actionable, quantitative signals that in-
form iteration on core mechanics and 
feedback design.

In the upcoming stages, students’ 
evacuation knowledge and skills will 
be measured through various practic-
es, particularly interviews with author-
ities, to collect data for the game devel-
opment process. These two preliminary 
studies will provide different data to 
the development team, and the game 
creation process is planned to start af-
ter these stages. This study contributes 
to the field by proposing a compre-
hensive, participatory, and multidisci-
plinary game development approach, 
based on the analysis of the current 
situation and content, as well as identi-
fying gaps in the literature. The EVAC 
game aims to improve earthquake 

Figure 9. Fidelity components of the EVAC game.
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evacuation practices, increase aware-
ness, and establish a civil support sys-
tem with a mutual aid approach in the 
immediate aftermath of an earthquake. 
The EVAC game universe is designed 
to simulate the moments during and 
after an earthquake in the real world. 
With this proposed model, the founda-
tions of the EVAC game have been laid, 
particularly the general framework for 
actor action distribution during the 
game production process. The VR-
based evacuation game is expected to 
allow students to experience the earth-
quake and its aftermath, control the 
panic moment, and fulfill their duties 
by coping with the shock immediately 
after the earthquake. In the future, it is 
planned to obtain implicit behavioral 
data, such as eye movements, EEG, and 
other health metrics, through VR tech-
nology during panic, which will help 
inform decision-making mechanisms. 
This data will enable us to achieve re-
sults that can influence decision-mak-
ers, such as evacuation times at struc-
tural and urban scales and accessibility 
to emergency gathering points. In sum, 
the staged plan—pilot first, then ex-
tended evaluation—addresses the 
current limitation (no test yet) and de-
risks later deployment by producing 
early evidence on knowledge gains and 
behavioral outcomes under socially re-
alistic conditions.
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