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Abstract—The geographical location of Makassar, which is included in the
lowlands and the increasingly uncertain climate change, makes this area included
in the flood map in Indonesia. Almost every year, the city of Makassar is haunted
by the potential for flooding in several vulnerable areas such as the sub-districts of
Manggala, Wajo and Bontoala and the Antang National Housing, every disaster
in the city of Makassar is handled by the Regional Office. Disaster Management
Agency. So far, flood disaster preparedness is still not responsive to a disaster,
most of them sit around waiting for help, and the community lacks understanding
of what to do when a flood disaster hits them. This study aims to design a system
that provides education to the public about flood disaster management using
virtual reality technology. This research method uses Virtual Reality technology
based on educational games. The result of this research is the existence of a flood
control simulation system that can help the people of Makassar understand what
to do in the event of a flood and with virtual reality-based, educational game
technology providing a more attractive appearance. So that people are happy and
happy to use educational games. Based on black-box testing, valid results were
obtained for all functional tests on the flood prevention educational game simula-
tion system, especially in Makassar. Then based on the results of a questionnaire
to determine the system’s benefits obtained from fifty respondents consisting of
children, adolescents and adults, the outcomes received 91.3% stated very useful,
5.2% useful, 3.5% quite helpful and 0% useless.
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1 Introduction

Makassar City is the capital city of South Sulawesi province. The area of Makassar
city is 199.26 km?. The geographical location of Makassar City is 5°8°N 119°25'E.
Makassar is located on the southwest coast of the island of Sulawesi and the Makassar
Strait in the west, Pangkajene Islands Regency in the north, Maros in the east and Gowa
in the south. The geographical location of Makassar, which is included in the lowlands
and the increasingly uncertain climate change, makes this area included in the flood
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map in Indonesia. Almost every year, Makassar City is haunted by the potential for
flooding in several vulnerable areas such as Manggala, Wajo and Bontoala Regencies.
Makassar City Disaster Management Agency is a non-departmental government
agency that carries out disaster management tasks in the Makassar City area based on
policies established by the National Disaster Management Agency. So far, community
preparedness for flood disasters is still not responsive. Most people sit quietly, waiting
for help to arrive. There is a lack of public understanding of what to do when affected
by a flood disaster. That way, the community needs education about flooding to know
better what needs to be done quickly and precisely.

The problem in this research is how to create a system that can educate the people of
Makassar about flood management, apply Virtual Reality technology into a flood disas-
ter management simulation system, and build a game-based flood disaster management
system in the city of Makassar.

The purpose of this study is to create a system that can educate the people of
Makassar about flood management, implement Virtual Reality technology into a flood
disaster simulation system and build an educational game-based system for flood
disaster management in the city of Makassar.

The benefits of this research are that it can educate the people of Makassar about
flood management, implement Virtual Reality technology into a flood disaster manage-
ment simulation system, and build an educational game-based system for flood disaster
management in the city of Makassar, Indonesian.

2 Literature review

2.1  Educational game

Educational games are games designed to help people learn certain subjects, expand
concepts, reinforce developments, understand historical events or cultures, or help them
learn skills while playing. Educational games are games that are explicitly designed for
educational purposes or have incidental or secondary educational value. Game types
include board games, card games and video games[1].

2.2 Flooding

Flooding is the spread of water that submerges the soil, which is generally dry. In
“graceful water” wisdom, the word may also be practical for the entry of the tide.
Floods are part of the study of hydrological regulations and are very disturbing in agri-
culture, civil engineering and public health[2].

2.3 Virtual reality

Virtual Reality (VR) is a simulated experience that can be similar to or completely
different from actual. Virtual reality applications may include entertainment and edu-
cational purposes—other, various types of VR style technology, including augmented
reality and mixed reality[3]. Currently, standard virtual reality systems use virtual
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reality headsets or multi-projection environments to produce realistic images, sounds,
and other sensations that simulate the user’s physical presence in the virtual environ-
ment. A person using virtual reality equipment can look around the artificial world,
move within it, and interact with virtual features or items. The effect is usually created
by a VR headset consisting of a head-mounted screen with a small screen in plain sight,
but it can also be made through a specially designed room with multiple large screens.
Virtual reality typically combines auditory and video feedback and allows other sen-
sory and involuntary feedback via cardiac technology. Therefore every VR has various
components to create this illusion, and which are the most important:

e Head Mounted Display (HMD), this is an essential component of VR. This serves to
deceive our eyesight. VR systems use the principle of stereoscopic vision to simu-
late our perspective of 3D depth and structure. To achieve this, the VR system must
generate a separate image for each eye.

e Display, VR system creates a stereoscopic image on the HMD screen at a minimum
of 60 fps.

e Optics, HMD also comes with a pair of lenses. This lens serves to focus the image
seen by the eye.

24 Related work

A study conducted by Ming-Chang Wen et al. in 2013 under the title “Feldouocad-
tigoanml E: Alternative Approaches to Disasters” the discussion presented an ongoing
disaster education project for disaster education in which we designed a flood game
that allowed high school students to play a decision-making role[4]. Ferran Argelaguet
conducted a follow-up study in 2013 with the title “A survey of 3D object selection
technique for the virtual environment”, which discussed surveys of 3D object selection
techniques. The findings in the human control model analyze the main factors that
affect the selection performance and classify the existing methods according to several
criteria. Application user interface components, designation techniques require close
connection with the rendering pipeline, introduce new elements for drawing, and poten-
tially modify object layouts, and the way scenes are rendered[5]. Further research was
conducted by Meng-Han Tsai et al. 2015. The title “Game-based education for disaster
prevention” discusses the development of flood games to encourage active learning
through exploration. Game design is based on “Shikakeology” and “game-initiated
learning” methods[6]. Research conducted by Petersen et al. in 2015 under the title
“Cognitive Augmented Reality” discussed the introduction of the concept of Cognitive
Augmented Reality, which radically revises the existing approach to AR-based assis-
tance systems and proposes a new paradigm that utilizes prior visual observation and
complete manipulative workflow learning[7]. This study was conducted by Matthew
Barr et al. in 2017 with the title “Video games can develop graduate skills in higher
education students: A randomized trial” discussed findings showing that game-based
learning interventions have a role in higher education[8]. The study was conducted by
Praiwattana et al. in 2017 under the title “Game-Based Crisis Simulation and Genera-
tion Framework: Implementation Design and Structure” discussed the implementation
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options of a standard framework tool design to represent the scope of different fields,
resources, stakeholders, and crisis scenario structures using Unity3D game engine
technology[9]. Rismayani and Andi Irmayana conducted a study in 2017 with the title
“Implementation of e-learning on the subject of mobile-based interactive data struc-
tures”, discussing the development of learning methods, namely mobile-based data
structures where students can access materials, references and applications related to
subjects without being limited. by place and time, whenever and wherever you are[10].
This study was conducted by Phungphat et al. in 2018 under the title “Lord of Secure:
Virtual Reality Game to Educate Network Security” discussing motivating and helping
students to see better than in traditional classrooms, we proposed a security game called
“Lord of Secure”, which is virtual reality (VR) games on Android for education. As an
alternative teaching material for students to gain knowledge about network security
effectively (Visoottiviseth et al., 2018). Research conducted by Qin Nan and Ma Liang
in 2018 with the title “Sub Safe-A Game-Based Training System for Submarine Safety”
discusses Sub Safe’s background and primary functions. An evaluation of the effec-
tiveness of the training and some enlightenment is also presented[11]. The study was
conducted by Qiong Liu et al. in 2019 with the title “The influence of environmental
education on environmental ethics and literacy based on virtual reality technology” dis-
cussed the proposed ways and appropriate methods to strengthen environmental moral
education based on scientific research methods, rigorous scientific theory and specific
content of environmental moral education[12]. Research conducted by Makransky
in 2019 with the title “Motivational and Cognitive Benefit of Training in Immersive
Virtual Reality-Based on Multiple Assessments” discusses this research to test the
effectiveness of immersive virtual reality (VR) as a medium for delivering laboratory
safety training[13]. The study was conducted by Mokhtar et al. The year 2019 with the
title “Preliminary Study: Flood Alert Preparation Training Using Serious Games” dis-
cusses the presentation of an analysis of flood awareness training preparations among
Malaysians, the existing methods in disseminating flood awareness information and
the need for technology to prepare for flood awareness training from the perspective
of experts[14]. This study was conducted by Weiss et al. in 2019 under the title “Large
crowd position-based real-time simulation” discussed introducing crowd simulation
methods that run at an interactive level for orders of one hundred thousand agents,
making it very suitable for use in games[15]. Furthermore, Adli et al. conducted edu-
cational games to increase awareness and preparedness against floods, an educational
game called WASIBAN (Waspada and Siaga Flood). The system was created so that
people could take preventive measures[16].

3 Method and material

3.1 Research location

The location or place of the study took the object of Regional Housing in Manggala,
Wajo, Bontoala and Antang Regencies. The area of data collection and data collection
is in Makassar City, South Sulawesi Province, and Indonesian.
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3.2 Stage of the research

e The Observation: The researcher first observes the research location.

e Data Collection: collect information from the research site.

e Data Analysis: breaking the entire information system into its parts to identify and
evaluate problems, opportunities, obstacles that occur and the expected needs so that
improvements can be proposed.

e Design: There are architectural design activities and educational game applications
for flood disaster simulations in this process.

e Creating an educational game simulation system: strategies to solve problems and
develop the best solution by compiling a code for an educational game simulation
system for flood disaster management.

e System Testing: knowing how the designed application works according to spec-
ifications and assessing whether each designed function or procedure is free from
eITorS.

e Implementation: the application of the modelling system made to be applied to
users, namely the people of Makassar, especially areas affected by floods in every
rainy season.

3.3 Tools and material
The Tools and materials for this research are:

e Tools: PC Device, Mouse Logitech K150, RAM 32GB Android Smartphone 4GB
Internal, Windows 10, Microsoft Word 2007, Android Studio 2017, Star UML,
Mozilla Firefox, Unity engine 2018.1.

e Material: Documents were containing data on flood response actions, Flood Loca-
tion Area Data, Flood Information

e Conceptual Design Tools: in this research activity, the author uses tools in analyzing
and studying the existing system and the system to be designed. The instrument used
is the UML (Unified Modeling Language) system chart, namely: Use Case Diagram,
Sequence Chart, and Activity Diagram.

34 Data Source
The Sources of research data obtained as follows:

e Primary data is data in the form of data related to virtual reality technology and
games and those related to flood disaster management.

e Secondary data in the form of literature, articles and several references related to vir-
tual reality technology and games, and those related to flooding disaster management.
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3.5 Architecture System

Figure 1 describes the system architecture where the people of Makassar city can
use smartphones/android devices to play educational games based on a flood disas-
ter management simulation system, the technology used in Virtual Reality with three
levels of game levels.

3 Level Game

|| Technology VR (Virtual Reality) |

| Fioods Disaster Management |

Smartphone Android

Fig. 1. Architecture system

3.6  Design system

Figure 2 explains the use case diagram of the system, which is a general description
of the system; there is one actor, namely the user/community affected by the flood in
the game, there are activities to start the game, choose the level of the game, dame

information and display the score of the game.
<<include>> ...
Level Choice ... Tinelude @

oo <<include>>

User ' View Information Game
View Date and Score

Fig. 2. Architecture system

Figure 3 design using a sequence diagram or diagram of an actor’s activity with the
object of a game-based flood disaster management simulation education system using
virtual reality technology.
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Figure 4 illustrates an activity system diagram that describes using a game-based
flood disaster management simulation education system using virtual reality technology.

System

: User

1 : Start Game()

1View [Level Game()

3 : Level Choice Game()

4 : Play Game()

: Wew Infprmation Game()

6 : Plgy Game()

|:|< 7 : View Time and Score()

Fig. 3. Sequence diagram
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Start Game

Level Choice

Play Game
View Date and Score

Fig. 4. Activity diagram

4 Result and finding

4.1 Display system (Game)

Figure 5 explains when opening the Makassar Flood Disaster Education Simulation
Game application, the Start and Exit menu options will appear and Figure 6 shows
when selecting the Start menu, the game level is displayed.
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Game Simulasi Edukasi
Pertolongan Becana Banjir
Di Kota Makassar (PA. Blok 8)
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Game Simulasi Edukasi
Pertolongan Becana Banijir
Di Kota Mak . B
i Kota Makassar (PA. Blok.8) o}

Fig. 6. Level geme menu

Figure 7 is a level 1 display; at this level, the water level is still ankle-high. In the
game system, users can play games by securing essential items, namely turning off
electric fuses, electronic items and other necessary items. Then important files.

Figure 8 is a level 2 game display; At level 2, the game’s water level is already higher
than level 1, and the rescue team has arrived.

Figure 9 shows level 3 in the game; at this level, it is in the post-flood stage, and the
user plays the game by cleaning up after the flood.

Kamu berhasill

VWaktu
04:19
Skor
80

Fig. 7. Level 1 game
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Fig. 8. Level 2 game

Fig. 9. Level 3 game

4.2  Story line and scenario game

One of the parameters for evaluating a good game application is if it has a storyline in
it. This aims to strengthen the direction of the game in a game. In addition, the storyline
in the gameplay will also provide instructions to players in the form of activities carried
out in playing game applications. This game application tells about a situation/situation
where a place/environment experiences a flood of catastrophic events. So the char-
acters/players in this game must take steps to save themselves and their families and
valuables and valuables from the situation.

Figure 10 is an overview of the overall game scenario and illustrates the steps for
using the system.
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View Screen .

(Comry ) o1 )

N _ >—><PlaycamcH z:r;g:) >
‘ View Time Hmay GamcH lnformann,.H B~ )
and Score =

NEwicd Level 3 Information Play Game View Time
Game and Score
Finish/Exit

Fig. 10. Scenario game
4.3  Testing

Based on Black box testing that has been done in general, the results of application
testing can be concluded as follows:

Table 1. Black box testing

Testing Scenario Result Conclusion

Click the Start button Successfully Entered the Main page Valid

Level 1 Click Enter Playing Game level 1 successfully Valid

Pick Able Button on Bottom Level 1 Successfully Moved Object Valid

Right Screen to Pick Up Object

Pick Able Button on Bottom Level 2 Successfully Displays Moving Objects Valid

Right Screen to pick up Object

Continue level button and in next Successfully Displayed information about game Valid

Level Info level

Table 1 is a functional test of the design of an educational game system based on
virtual reality in flood disaster management. The test text in Table 1 is based on the
display of Figures 6, 7, 8 and 9, which have been tested based on the scenario of the
designed game system.

Furthermore, to determine the usefulness of system users, evaluation questionnaires
were distributed to fifty respondents consisting of various age groups ranging from
children, adolescents and adults using the following formula:

P=M 100% (1)
N

Information:

M: Number of respondents’ answers to each question

N: Number of respondents

P: A percentage value

From the results of the questionnaire obtained the following results:
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Table 2. Average percentage

Information Percentage
Very Useful 91,3%
Useful 5,2%
Quite Useful 3,5%
Useless 0%

Table 2 is the result of calculating the average percentage of twenty-five respon-
dents, namely 91.3% said it was very useful, 5.2% was useful, 3.5% was quite useful,
and 0% was not useful. More details can be seen in the following diagram.

Figure 11 describes the diagrammatic form of the questionnaire results that have
been distributed to people who are often affected by floods in the city of Makassar. The
diagram shows that the highest number is in the orange block diagram of 91.3%, which
states that it is very useful.

i Quite Useful,
i Useful, 5.2, 3.5, 4%

% N\

i Useless, 0, 0%

i Very Useful 1 Useful i Quite Useful ud Useless

Fig. 11. Result questionare

5 Conclusion

This study concludes that this flood mitigation simulation system can help the
people of Makassar understand what to do in the event of a flood. This virtual reality
technology-based educational game gives a more attractive appearance to be excited
and happy. Using educational games and educating the public to use educational game
applications for flood disaster management simulations, helping people understand and
respond to flood disasters. Based on black-box testing, valid results were obtained for
all functional tests on the flood control educational game simulation system, especially
in Makassar. Then based on the results of a questionnaire to determine the benefits
of the system, obtained from fifty respondents consisting of children, adolescents and
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adults, the outcomes received 91.3% stated very useful, 5.2% useful, 3.5% quite useful,
and 0% useless.

In the development of this research, it is recommended that the simulation system
can later be added to the game level to the stage of seeking protection in the event of a
flood disaster.
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