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Abstract—Natural disasters are something that is not easy to predict, and one 

of them is a flood. Disaster risk reduction is the concept of how people minimize 

accidents and victims affected by disasters. The objective of this study is to utilize 

gamification to increase user effectiveness and to give an explanation of disaster 

preparedness for residents who live in the rural area. Gamification design con-

sisting of game mechanics and dynamic games can increase user interest in edu-

cation. This research was conducted at the disaster preparedness participant 

school with 65 participants, along with 21 communities affected by the flood dis-

aster. The evaluation results in the aspect of usefulness (UU) gets the highest 

average value of 4,1225 or 83.19% of respondents to agree (very satisfied). With 

the usefulness, along with ease of usefulness being the most upper aspect from 

USE evaluation will help to facilitate the learning process and the process of ac-

cessing information and learning material. The results showed that gamification 

could increase the effectiveness in terms of time by 89.77% of information and 

knowledge about disaster risk and disaster preparedness to the public. 

Keywords—Gamification, natural disaster, flood 

1 Introduction 

Natural disasters are usually followed by fatal damage. The level of contamination 

has an impact on the level of natural disasters. If a natural disaster occurs, the effect 

will be affected by the community and the environment. The effect of environmental 

damage and the number of fatalities depends on residents to anticipate natural disasters. 

To predict future natural disasters, citizens must know to reduce deaths when natural 

disasters occur. Residents must be prepared and know what to do when natural disasters 

occur [4]. 

One of the natural disasters that often occurs is flooding. The frequency of floods in 

2019, according to the "Badan Nasional Penanggulangan Bencana (BNPB)” or Na-

tional Disaster Management Agency, floods have occurred 505 times out of a total of 

1824. Based on these results, it can be shown that flooding is a disaster that often hap-

pens in Indonesia [5]. Three places in Indonesia were affected by the biggest disasters 

during the last four years of 2016 to 2019 from the regions of West Java, East Java, and 

Central Java. Victims affected by the floods in 2016 amounted to 2,916,688 fatalities 
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and damaged as many as 33,4017 houses were inundated and could not be used any-

more, along with the loss of 1137 educational facilities [6]. In 2019 992,423 fatalities 

had to be evacuated [7]. 

Disaster risk reduction is a concept of disaster risk reduction to analyze and reduce 

the causes of disasters. According to UNISDR (United Nations Office for Disaster Risk 

Reduction) states four types of Priorities for action to reduce the risk of natural disas-

ters. The first is understanding the risk of natural disasters. The second is to strengthen 

natural disaster risk management to manage natural disaster risk. The third is a place to 

make an investment process in disaster risk reduction. Fourth is to increase disaster 

preparedness for effective responses [4].  

One of the factors why there are many victims of natural disasters is not giving 

knowledge to residents about the program of flood disaster emergency planning. Some 

residents do not understand the protocol and the preparation that must be done before a 

disaster occurs. "Badan Penanggulangan Bencana Daerah (BPBD)" or Regional Dis-

aster Management Agency has implemented a training program along with seminars on 

disaster planning. But could not provide the training to all residents because of the large 

number of residents and the lack of available BPBD staff. Therefore, many residents 

are not given education about the emergency planning process so that it can increase 

the number of disaster victims when a disaster occurs.  

Implementing gamification can complete the solution to fulfilling the disaster plan-

ning process for residents who have never learned or know about disaster preparation 

training because to learn new topics sometimes residents are not interested in using 

gamification can increase learning interest so that residents are interested in this topic 

and can prepare itself if a disaster that happened 

This research will design a prototype of an emergency planning application through 

3 stages, namely mitigation, emergency response, and disaster response, by utilizing 

gamification elements. The use of gamification method because its primary purpose is 

to increase learning, motivation, involvement, and effectiveness. 

Participation and motivation for learning about disaster hazards are essential factors 

to reduce the risk of natural disasters [8]. The use of gamification by utilizing two parts 

of game mechanics along with dynamic games. Along with using USE testing. By using 

4 USE criteria, namely usefulness (UU), Ease of use (EU), Ease of learning (UL), and 

satisfaction (US) [9]. This research also compares the effectiveness of time and labor 

savings before using the application and after using the app during the training process. 

2 Related Work 

Citizens' readiness in natural disasters is an essential factor in disaster preparedness 

programs. As research by Johnson et al. On what's the plan stand states that one of the 

factors for success in a disaster preparedness program is that it must have an interest in 

the subject. One example of R. Hoffmann's research in the Philippines is to help citizens 

increase interest in the matter of disaster preparedness by implementing a family evac-

uation plan [10]. Besides the Philippines, other countries implementing the disaster pre-
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paredness concept program are China and Nepal. This program is applied in the re-

search of Newnham et al. on the program for children aged 13 years to 19 to reduce the 

victims of children in natural disasters [11]. Fema (Federal Emergency Management 

Agency) proposes four types of stages for the emergency management process. There 

are four stages: 1) mitigation 2) preparedness 3) Response 4)  Figure 1 shows the flow 

chart of the emergency management process. 

 

Fig. 1. Emergency management Fema [12]. 

Mitigation Stages are activities to prevent and reduce the possibility or reduce the 

effects of damage from natural disasters. Stages of preparedness are activities carried 

out before an emergency occurs. Activities carried out preparing evacuation plans and 

storing materials for evacuation, for example, food, water, and disaster equipment such 

as radios, batteries, lights, etc. The response stage is realizing the readiness plan at the 

preparedness stage. The recovery stage is the stage to return to typical situations after 

the disaster occurred [12]. 

Technology and facility use are essential factors in the success of the disaster pre-

paredness program conducted by Johnson et al. [8]. One of the utilization of technology 

in disaster preparedness in the research of Barreto et al. is the severe use of games to 

anticipate disasters in elementary school children [13]. Another application in the study 

of Mitsuhara et al. Utilizes augmented reality for the evacuation training process [14]. 

According to Taehoon et al., The VR development technology made a significant im-

pact on the education area [15]. Open simulator, an e-learning tool research conducted 

by Kohei, 2019, utilize avatar to find student week points throughout the learning proses 

[16]. Natural disasters that are not just applied for earthquakes, one of Schatz's re-

searches, et al. discusses fire safety evacuation simulations utilizing augmented reality 

[17]. 

Gamification is a method used to increase motivation, interest, and user involvement 

[18]. The idea of gamification is to understand and choose which mechanics keep par-

ticipants motivated and apply that concept to non-game environments[19]. 

In the background, it is explained that there is a lack of citizen involvement in the 

anticipation process. Also, along with a lack of motivation for disaster preparedness if 
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the disaster has not yet occurred [8]. In the Meesters study, et al. stated that there is a 

relationship between gamification and disaster preparedness [20]. The domain of dis-

aster preparedness can be applied to gamification according to the review of Koivisto 

et al., although there are still few studies that apply the topic [21]. To increase motiva-

tion and interest could be done by developing an educational innovation in the form of 

the game[22]. In research on crisis management and emergency training using gamifi-

cation [2], the first element must divide the type of problem and share it into several 

sub-problems because it has limited time for decision making. After sharing the sub-

problem is to do the planning, the plan made must comply with the protocol that is 

appropriate to the situation and the role of the people involved. That is why it's essential 

to implement teamwork because we could divide the main tasks into smaller tasks and 

assign those smaller tasks into an individual. So each person plays a vital role in emer-

gency training [23]. Furthermore, determining functions such as fire simulation re-

search [1], in emergency training, a clear role must be established so that it has an indi-

vidual task to solve several subproblems. 

In the study of Mitsuhara et al., using gamification to increase visitors to the disaster 

risk museum. The result is an increase in visitors by utilizing gamification and provid-

ing virtual currency rewards that can be exchanged inside the museum. [3]. Meesters et 

al. conducted an emergency response study that had the results of using the concept of 

gamification in emergency response training to collect evaluation data regarding par-

ticipant performance data [20]. 

Mokhtar et al. research discusses the process of anticipating flood disasters in the 

Malaysian case study comparing the features of the Malaysian Civil Defense Force 

(APM) [24]. The research of Hasegawa et al. discusses the decision-making skills of 

experienced volunteers by comparing the user based on the level of user awareness in 

the disaster [25]. Horita et al. utilize social, collaborative architecture to increase re-

sistance to natural disasters by using five features, namely Communication Compo-

nents, User Profiles Components, The Missions Components, Knowledge Components 

[26]. 

This research will be focusing on in this study will focus on emergency planning 

using three stages of mitigation, response, and recovery, as implemented by FEMA by 

applying mechanic and dynamic game designs. The previous research focused more on 

the collaborative method [1] [2], increasing visitors to the museum [3]. in this applica-

tion is more focused on providing disaster response learning, especially for users who 

have never been given information about emergency planning but have experienced the 

disaster. 

3 Methodology  

In the methodology section, several steps must be done. Figure 2 shows the research 

flowchart. In figure 2 explains the contribution of the research. These contributions 

were marked with a red dotted box.in red. In this study, after collecting data about the 

process of disaster evacuation using surveys and direct interviews with BPBD staff. 

After that, analyze user needs and user specifications.  
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Fig. 2. Research flowchart 

Table 1 shows the results that not all residents get practice, so with it, the application 

can provide training other than staff and students of disaster preparedness schools. At 

the response, stage staff must report incident reports and prepare equipment. But the 

team prioritizes priority groups, namely toddlers, pregnant women, and the elderly. 

Therefore, for those who are not from the priority group must understand how to save 

themselves and can go to the post of natural disasters and know the location of the job.  

Table 1.  User Specification  

Stages of emergency planning Facility activities provided to the community 

Mitigation  BPBD staff training and volunteer team. 
Counseling in disaster preparedness Schools. 

Response  Incident report A victim of top priority  
Shelter 

Recovery  Assessment. 
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In this study, gamification will be divided into two parts, namely game mechanics 

and dynamic games. in active games and game mechanics, there are several elements, 

including levels, missions, quests, scores, virtual items.  

Table 2.  Gamification Design/Model Used [27] 

Game mechanics Game dynamics  

Points Reward 

Level Status 

Trophies, Badges, Achievements Achievement 

 

Table 2 shows several elements of gamification will be applied, which are game 

mechanics and dynamic games. The difference is Game Mechanics is an Input from the 

player that causes a set of responses from the system. The game rules. The game Dy-

namic Is What happens when the player's wants, goals, and intentions come in contact 

with the mechanics. The gameplay. Points can be exchanged into rewards provided in 

stores that consist of virtual items and reward items after completing levels and task 

walkthroughs. The level is in the task mission and walkthrough. After completing these 

levels, you can see the status of the processes of the players contained in the profile. 

Trophies, badges, achievements are obtained after completing a level to assess user 

performance on results that can be accessed on the profile. Badge gamification elements 

in educational systems may be used as game mechanics to animate non-game learning 

activities [28]. After that, the prototype is tested using a questionnaire using the USE 

(Usefulness, Satisfaction, and Ease of use) Questionnaire. It is an adaptation carried out 

by the research of Gao et al. [9]. By using the questioner method, they divided into four 

aspects of the evaluation of the prototype, which are usefulness, ease of use, ease of 

learning, satisfaction. The following USE questioner table has been adapted in Table 3. 
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Table 3.  Questioner Use [9]. 

No 
Question 

 

Labels 

 

scale 

1 2 3 4 5 

1 
The design of the application helped me understand 

emergency planning for the flood disaster 
UU1  

2 

The design of the application helped me understand 

the stages and process of emergency planning for 
floods 

UU2 

 

3 

The application design can understand more quickly 

understand the stages of emergency planning for flood 
disasters 

UU3 

 

4 
The application design can make it easier for me to 
understand the stages of emergency planning for flood 

disasters 

UU4 
 

5 

It takes the smallest steps possible to complete the 

gameplay and walkthrough provided in the design of 

the application 

UE1 

 

6 
The application design will help me learn faster to use 

the application 

UE2 
 

7 Flexible system design UE3  

8 
The application design helps me learn faster to use the 
application 

UL1 
 

9 
The design of the application helped me to learn the 
application easily 

UL2 
 

10 I am satisfied with the design of the application US1  

11 
The application design will work as I expect to learn 

the application 

US2 
 

12 The design of the application is very interesting US3  

Labels: UU=usefulness; UE=ease of use; UL=ease of learning; US=satisfaction 

 

Table 3 shows a questioner use for scale one strongly disagrees, scale two disagree, 

scale three neutral, scale 4 agree, scale five strongly agree. There are 12 questions and 

divided into four aspects of usefulness, ease of use, ease of learning, satisfaction. The 

question has been tested for validity and reliability with a total of 36 correspondents. 

Here are the results of the reliability test using SPSS tools using Cronbach alpha in table 

4. 

Table 4.  Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items 

.953 .954 12 

 

Based on the above results that the Cronbach alpha value > 0.7, it can be concluded 

that the questioner passed the reliability test. 

4 Result and Discussion  

At the field study stage, after interviewing and surveying BPBD staff that imple-

menting gamification could attract users in the learning process of emergency planning. 
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In the previous case to conduct the counseling process requires an expert team who 

must come to provide disaster threat learning and how to anticipate disasters to the 

community within three months with a time of learning for 90 minutes. Before con-

ducting the outreach, the expert staff must do a training and selection process for three 

months. The extension process is very long and only covers a minimal number of peo-

ple. Therefore, we use the gamification method so that we can include a higher number 

of people while also saving time and the number of staff. The following design results 

have been tested and validated by the BPBD, which includes the stages of mitigation, 

disaster response, and post-disaster.  

    

Fig. 3. Walkthrough menu for mitigation stage 

Figure 3 shows the mitigation walkthrough menu is a menu done by the user before 

the disaster occurs, in which four tasks must be completed. The design came from the 

user requirement.  

Based on the results of the user requirements of the mitigation phase, there is training 

and provision of material regarding the emergency planning process. In the task train-

ing, the user is given instructions on how and what methods should be prepared. There-

fore, the design above is divided into smaller tasks rather than assigning significant and 

many responsibilities. So users can understand more easily. Thus, applying the design 

level and point gamification because each job has a different level of preparation. For 

functions that have more qualifications, such as mitigation, they will get more points 

because the mitigation stage is the most critical stage of the emergency planning pro-

cess. 

There are explanatory preparation menus before leaving the command post, a disas-

ter kit preparation menu, and a map of potential emergency maps that provide red, yel-

low, and green status. Red indicates the state of the dangerous zone, and yellow indi-

cates the standby zone. Green signifies a safe zone area. Next is for the disaster response 

phase menu in figure 4.  

Figure 4 shows the walkthrough disaster response menu displays the list made by 

the user when a disaster occurs. Based on BPBD staff interview results and the user 

requirement. There are 112 services so that disaster victims can contact service 112 if 
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they have a vulnerable family section. Vulnerable families are families that have mem-

bers of infants, toddlers, pregnant women, the elderly, and the disabled. So that in the 

event of a disaster, the victim is a victim of top priority. The next task is the community 

must evacuate to a nearby command post. 

   

Fig. 4. Walkthrough menu for disaster response stage 

Based on the results of interviews, the community staff experienced difficulties when 

heading to the position due to a lack of counseling processes regarding disaster risk, 

and did not know the map of the post to evacuate. Therefore, this application provides 

a map function so that people can see the nearest post from the house. In addition to 

easing the duties of BPBD staff and volunteers minimizing casualties when a disaster 

occurs. 

Besides the walkthrough, there is a gameplay menu. In the gameplay, the process is 

divided into two parts of mitigation and disaster response — the following prototype 

gameplay in figure 5. 

After selecting the menu (result from figure 5), there are several levels. If, after com-

pleting a level, can unlock the next level. So, the user must unlock and complete tasks 

at each level to unlock them afterward. Next is the prototype gameplay after selecting 

the level in figure 6. 
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Fig. 5. Gameplay level selection 

  

Fig. 6. Gameplay mitigates and disaster response. 
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In the gameplay menu, there are elements of hint, health, and coins (results from 

figure 6). There are 4-5 questions for level 2. Participants must answer these questions 

correctly. If the participant answers an incorrect answer, health will decrease, and if 

health runs out, the participant must repeat the level. The gameplay design is similarly 

based on the user requirement on the mitigation stage, which are BPBD staff training 

and volunteer team and Counseling in disaster preparedness Schools. When training 

and counseling before the user go to the simulation, they are given a question and an-

swer sheet to see their level of understanding regarding emergency planning. That is 

why we choose the quiz element because it represents the real-life scenario before train-

ing and simulation.  

After completing a level, get the point. These points can be exchanged at the store. 

Next is the Profile and Store menu in Figure 7. 

 

    

Fig. 7. Profile, inventory, store, and level of progress 

Figure 7 shows the user's progress regarding the level that has been completed along 

with the inventory purchased at the store. So that users can monitor the performance of 

tasks and gameplay that has been played. In the store section, the user can exchange 

points for virtual items along with the original things. Virtual objects are used to help 

improve performance when playing games. While the original pieces can be exchanged 

so that the user does not need to prepare the tools at the mitigation stage. Each piece 

has a different point. Virtual item points have fewer points than the original item. 

Based on the above design results, it can be concluded that the use of gamification 

design in the following table 5. 

Table 5 shows the result of applying the design gamification. For elements of design 

points and levels are taken because they represent as when consoling and training at the 

mitigation stage. to evaluate the level of their understanding of emergency planning 

seen from the score test score, and their duties gave the test a different level of difficulty. 

The status element looks at their progress or performance regarding emergency plan-

ning. If the development is not sufficient, then the training process will be carried out, 

the same as the scenario during the training process in the field. 
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Table 5.  Result of gamification design  

Gamification Elements Application design 

Points  Obtained after completing the task walkthrough 
Obtained after completing the mission gameplay task 

Level  Level levels applied to gameplay tasks are provided levels 1-6 

Level levels are applied to the task walkthrough stages of mitigation, disaster 
response, and post-disaster 

Rewards  Virtual items that can help complete the gameplay quiz 
Original items that can be exchanged to facilitate the disaster mitigation phase 

Status  Performance and progress status on the gameplay quiz on the profile 

Performance and progress status on the walkthrough of the profile 

 

The prototype process testing is using USE, which consists of 12 questions. This test 

was carried out with 65 participants coming from disaster preparedness schools along 

with 21 from surveys of ordinary people who had experienced and were affected by the 

flood disaster. 

Table 6 indicates that the most common answers in Usefulness were agreed and 

strongly agree. The total participants that answer are recognized and strongly agree, a 

total of 84%, and the rest of 16% answers neutral that the application is useful. That is 

why the total average is 4.122 because 84% of people agree and strongly agree that the 

apps are beneficial. 

For the ease of use aspect, it is only 68% of participants agree and strongly agree 

that the application was easy to use the rest of 32% of the participants' responses neutral 

to the question. Mainly the problem ease of use number 3, which discusses the flexibil-

ity of the design.  

 

Table 6.  Result using USE 

Variable Mean score Scale  

UU (usefulness)  4.12216 82.4425% (very good) 

UE (ease of use)  4.03788 80.7533% (good) 

UL (ease of learning)  4.09091 81.815% (very good) 

US (satisfaction) 4.03788 80.75% (good) 

 

For the ease of the learning aspect, 84% of participants agree and strongly agree that 

the design is easy to learn, while the other 5% disagree that the design is not easy to 

learn. For the rest of the 12% of participants feels neutral about the ease of learning 

aspect. That is why the total average score is 4.09091 because participants answer is 

because participant results tend to agree and strongly disagree. Even though there is 5% 

of the participants didn't think the design is easy to learn. 

For the satisfaction aspect, 75% of participants agree and strongly agree that the de-

sign works as they expect. But 20% of the participants feel neutral, and the rest of the 

5% disagree that the design works as they expect. That is why the total average is 

4.03788 because even though 75% agree that they satisfied with the design, there's a 

total of 5% of participants feel that they weren't satisfied with the application prototype 

design. 
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That is why the lowest result was the US variables, which are the satisfaction aspect. 

Even though the US variables and the UE variables have the same average in the ease 

of use aspect, there aren't any participants that disagree with the ease of use aspect. But 

in the satisfaction aspect, there's a total of 5% of participants who disagree and feel that 

they weren't satisfied with the application prototype design. 

It is based on table 6, that the highest value is in the aspect of usefulness. This aspect 

is the highest because, with the application, the participant feels helped and can learn 

the danger of disaster and preparation for disaster. Based on these results, if aspects of 

usefulness, along with high ease of usefulness, will facilitate the learning process and 

the process of accessing information and learning material. From previously unable to 

obtain material to be able to easily access the material and see the progress of learning 

performance using the application without having to wait for staff to provide the mate-

rial. Before the apps, the community had to wait for training and outreach on disaster 

hazards and preparation for disasters from BPBD staff. With the participant, the apps 

can access information at any time without waiting for training and outreach schedules. 

Based on table 6, the lowest value is the satisfaction aspect of 4.03788. Application 

design given especially at the walkthrough stage is lack of animation that demonstrates 

the stages that must be done. 

To prove the level of effectiveness judging from the level of time and labor by com-

paring the old process with after using the application. The following table 7 is the 

result of effectiveness based on time. 

Table 7 shows for the counseling process time educating the danger of disaster to the 

community by explaining directly and coming directly to the location of the disaster 

preparedness school. The counseling time process at one meeting takes 90 minutes for 

one session, which is assisted by 200 people consisting of transportation, logistics, mit-

igation, and emergency response teams, whereas the application can save 70 minutes. 

With the apps, it can be accessed at any time without having to wait for the transporta-

tion, logistics, mitigation, and emergency response teams to provide counseling to the 

community. 

At the counseling stage, the saved efficiency time rate was 89.7%. Before the coun-

seling stage to the community must provide a team of experts who come to give infor-

mation and educate participants about flood disaster preparedness. Before giving infor-

mation and teaching the participant about flood disaster preparation, the expert team 

was selected and trained in advance and took three months. 
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Table 7.  Effectiveness based on time 

Process Name 
Processing time 

with conventional 

Processing time with 

the application 
Difference 

The level of effi-

ciency saved 

The process of providing 

information and educat-

ing participants about 
flood disaster prepared-

ness to the community 

90 minutes 20 minutes 40 seconds 70 minutes 89.77% 

The process of selecting a 

team for training before 

providing information 
along with educating the 

participant about flood 

disaster preparation 

Three months - - 100% 

 

Using the application is a much better option because the citizen doesn't have to wait 

for the training process and staff selection. For the counseling process, citizens must 

wait for the appropriate staff and require staff selection and selection so they cannot get 

information faster with the application they can more quickly obtain information. While 

using the apps does not need to select a team of experts to provide information and 

educate participants about flood disaster preparedness. With the application, the public 

can access it directly more easily. After evaluating the next time phase, evaluates at the 

labor stage.  

Table 8 shows with the application of gamification does not need to require staff 

training for community outreach training and declared more effective because the train-

ing process involves selection time to select staff for the counseling process on natural 

disasters to the community directly. With the application, the city can access infor-

mation about flood disasters without waiting for the team to come and provide infor-

mation and educate participants about flood disaster preparedness. The counseling pro-

cess requires 300 staff to provide information along with teaching the participant about 

flood disaster preparedness after staff training. In this study, at the time of the survey 

and testing, the application at the disaster preparedness school requires one person to 

explain and educate the participant about the flood disaster preparation through the pro-

totype gamification application. After giving, giving information, and teaching the par-

ticipant about flood disaster readiness regarding the respondent application can access 

the application through the link provided during the prototype testing. 

Table 8.  Effectiveness based on the labor 

Process Name 

Number of 

conventional 

labor 

The number of 

workers with appli-

cations 

Difference 

The level of 

efficiency 

saved 

The process of selecting a team for 
training before providing information 

along with educating the participant 

about flood disaster preparation 

40 people - - 100% 

The process of providing information 

and educating participants about flood 
disaster preparedness to the commu-

nity 

200 people One people 199 people 99.5% 
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5 Conclusion 

The application can help the citizen to prepare for emergency planning without hav-

ing to wait for BPBD staff to provide counseling and training. This information is dif-

ficult to obtain with the Citizen application, which can access it at any time without 

having to wait for BPBD staff and more residents who can access the apps. 

The evaluation results the application usefulness (82.4425%) along with ease of use-

fulness (81.815%) is the highest aspect of the evaluation results (excellent scale) will 

facilitate the learning process and the process of accessing information and learning 

material. And therefore, We will have a better learning experience due to the accessi-

bility of information about disaster preparation.  

The counseling process saves time as much as 89.77% in one meeting. So the citizen 

could review the learning process by using the application rather than waiting for the 

next counseling process. Therefore, it is much more efficient.  
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