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I. Introduction

Elementary school children will be more in-
terested in fun learning styles that do not cause 
boredom when learning, which can cause interest 
in learning from elementary school children to 
quickly decrease as if they are fixated on learning 
only from textbooks. This can be concluded ac-
cording to data from the Program for Internation-
al Student Assessment (PISA) in 2018 [1], which 
shows the ranking of students in Indonesia in the 
reading section is still far below the average in 
the Organization for Economic Co-operation and 
Development (OECD) countries. This is due to 
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the influence of technological developments and 
learning in Indonesia, which still cannot match 
the OECD countries. This research aims to de-
velop an Android-based math educational game 
application as a learning medium for elementary 
school children.

According to research by Friantini and Winata 
[2], learning mathematics requires various meth-
ods, such as learning using games or role-play-
ing. Meanwhile, research by Prayuga and Abadi 
[3] states that student interest in learning is re-
lated to the characteristics of interest in learning, 
types of interest in learning, factors that influence 
interest in learning, and efforts that can increase 
interest in learning. From the work results, in-
dicators of interest in learning can be identified: 
feelings of pleasure, interest, acceptance, and stu-
dent involvement.
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Previously a marginal application, mobile 
gaming has become something familiar or main-
stream [4]. All other devices and platforms that 
can be used to play games, such as computers, 
consoles, or websites, are far behind in populari-
ty compared to mobile gaming [5]. Games in the 
First Person Shooter (FPS) genre can be a means 
of connecting players.

This research starts with a survey conducted 
on five elementary school children as representa-
tives of their elementary school to find out what 
subjects they found challenging and what kinds of 
games they liked, and the results were as follows: 
they felt bored with textbook learning, and they 
expressed interest in using learning with educa-
tional games. FPS is their favorite type of game, 
and the android platform is their preferred plat-
form to play games. Therefore, an android-based 
math educational game in the First Person Shoot-
er genre was developed, which is expected to in-
crease enthusiasm for learning mathematics. The 
benefit of this research is to provide exciting and 
interactive alternative mathematics learning me-
dia.

II. Literature Review

A. Game

The game is a form of play that often involves 
conflict, both with other players and the game 
system itself [6]. The game itself is always based 
on a conflict situation. A conflict situation is when 
the interests of two or more parties are confron-
ted. The outcome of the game is a direct conse-
quence of the actions taken by all game players. 
The game is defined by sets of rules and agree-
ments that players must abide by, which define 
the structure of some conflict situations. These ru-
les become the alternatives for the users. At each 
stage of the game, information is provided when 
choosing alternatives and the rewards that moti-
vate the user to complete the game successfully.

Meanwhile, according to Salen & Zimmerman 
[7] quoted in Dirgantara & Septanto [8], a game 
is a formal interaction that occurs when players 
follow the rules of the game and gain experience 
through the game.

B. Educational Game

Educational games are games as learning me-
dia. Games can provoke the players‘ interest in 
learning, resulting in new experiences such as 
feelings of pleasure which, in the end, game play-
ers can easily accept the material to be conveyed. 
Various studies have proven the effectiveness of 
games in influencing players. Players easily un-
derstand the content or content in the game. This 
is due to the game‘s interactivity and immersion 
in the game, putting players in the most relaxed 
and open conditions in receiving material [9].

According to Noemi and Maximo [10], cited 
by Wahyudinata and Dirgantara [11], educatio-
nal games are games or interactive applications 
to provide entertainment media and training 
and learning in specific fields. Whereas Hssina, 
et al. [12], educational games introduce interac-
tive learning activities. Educational games can 
complement conventional learning methods that 
can impact the learning experience and improve 
other abilities such as: following rules, adapting, 
solving problems, interaction, creativity, critical 
thinking, and working together in teams. Edu-
cational games have the following goals and ob-
jectives: to build student/student enthusiasm, 
motivate and focus students, reduce monotonous 
learning methods, and improve memory [13].

C. First-Person Shooter Game

     A first-person shooter (FPS) game is a shooter 
game with a first-person (self) perspective. Whe-
never the player interacts with the FPS virtual en-
vironment, the player observes all the actions as 
if he were observing everything through the cha-
racter‘s eyes. Images are viewed from a first-per-
son perspective because a simulation is as realis-
tic as possible [14]. According to Voorhees, et al. 
[15], FPS games feature a first-person perspective, 
with the player seeing the action through the eyes 
of the player character, unlike a third-person per-
spective that is seen from behind or from the side, 
which allows the player to see the character they 
are controlling.

D. Game Development Life Cycle

 GDLC (Game Development Life Cycle) is a 
cycle of game development stages [16][17]. The 
GDLC phases can be seen in Figure 1. GDLC con-
sists of 6 phases as follows.
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1. Initiation Phase

The initiation phase is the stage where game 
development begins. At this stage, the design and 
preparation of the game concept are carried out. 
These include: determining game settings, the-
mes, game objectives, target audience, and game 
platforms.

2. Pre-Production Phase

The pre-production phase is the design and 
prototype stage of the game being built. At this 
stage, follow-up is carried out from the concept 
made in the initiation phase by making game de-
signs and mockups.

3. Production Phase

In this production phase, the development 
stage is carried out. From the design that has been 
designed, the coding is done to build the game 
that has been defined.

4. Testing Phase

The testing phase is carried out if all pro-
gramming code and assets have been completed 
and can be operated. Stages of testing carried out 
by internal parties. This phase includes formal de-
tail testing and refinement testing. Testing is done 
using playtest to assess the game‘s feature func-
tionality and difficulty. Accessibility in the game 
can be tested by observing the tester‘s behaviour. 
The testing phase results are bug reports, change 
requests, and development decisions.

5. Beta Phase

A third party or external party carries out the 
beta testing stage. In addition to testing errors or 
bugs, users are also required to provide criticism 
and suggestions regarding the accessibility and 
attractiveness of the game. The results of the beta 
testing phase are bug reports and user feedback.

6. Release Phase

The release phase is the final stage in game de-
velopment. The application is ready to be released 
to all users at this release stage. The release phase 
results in documentation, maintenance planning, 
and the game‘s expansion.

III. Methodology

A. Previous Research

Several studies form the foundation of this re-
search. These studies have similarities regarding 
the methods used and the types of applications 
produced, but there are differences in the cases. 
Research by Dirgantara et al. [17], Research on 
building an educational-adventure game about 
mixed math calculations using Unity with the 
Game Development Life Cycle framework. The 
result is an educational game with features to 
train one of the cognitive abilities, namely re-
membering, understanding, and evaluating.

Research by Randiani [18], Development of an 
android-based educational game about odd-even 
traffic rules in Jakarta using Unity with the Game 
Development Life Cycle framework. The result 
is an educational game that the people of Jakar-
ta can target. Another research by Amirulloh et 
al. [19], Development of an android-based edu-
cational game targeting students of grades IV 
and V SD to learn fractions. The research uses 
the ADDIE model. The result is a game worthy 
of being an educational medium in elementary 
schools—another research by Rofiqoh et al. [20], 
Development of an educational game targeting 
fourth-grade elementary school students to learn 
fractions. The research uses the RnD (Research 
and Development) method. Obtained results can 
improve student learning outcomes by as much 
as 32.79%.

B. Thinking Framework

The thinking framework is based on an obser-
vation showing the interest of elementary school 
children. This research originated from research-
ers’ interest in developing educational games for 
elementary school children, so they can learn by 
playing while learning. From that came the idea 
to make an educational game about a math game 
combined with a First-Person Shooter (FPS) type 
game. In developing this game application using 
the game development life cycle (GDLC) method. 
GDLC is a cycle similar to the Software develop-
ment life cycle (SDLC), but additional stages fo-
cus on GDLC. The thinking framework is shown 
in Figure 1.
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Figure 1. Thinking framework

 This research originated from researchers’ 
interest in developing educational games for el-
ementary school children, so they can learn by 
playing while learning. From that came the idea 
to make an educational game about a math game 
combined with a First Person Shooter (FPS) type 
game. In developing this game application using 
the game development life cycle (GDLC) meth-
od. GDLC is a cycle similar to the Software devel-
opment life cycle (SDLC), but additional stages 
focus on GDLC.

 In implementing the GDLC method, there are 
six stages. The first is the initiation stage, which 
is to create the initial basic concept of the game. 
The second stage is Pre Production, which is for 
assembling assets that will later be used in the 
game, such as game characters, SFX, music, and 
other assets. 

 The third stage is the production stage, the 
production stage, namely the development stage. 
The results from the initiation and pre-produc-
tion stages will be included in the programming. 
The fourth stage is stage trial, which is helpful as 
a test of game applications to get the test results, 
whether all the functions of the game work prop-
erly or there are errors and bugs. 

The fifth stage is the beta stage. At this stage, 
the game has started to be released and can be 
played by people who meet these requirements. 
The last stage is the release stage, where the game 
has been officially released and can be played by 
all general users. The results of this study are to 
foster the enthusiasm of elementary school chil-
dren in learning mathematics with learning me-
dia using this educational game.

The advantage of this research is using a 
framework with an iteration procedure, so it can 
be easily adapted if there is a feature change. The 
advantage of the built educational game is that it 
provides a sensation of a challenge to the play-
ers to motivate students. The limitation of this 

research is that it only produces 2D educational 
games.

C. Initiation Phase

The concept of this game is that players can 
answer the addition and subtraction of math in-
tegers by shooting targets until the target’s blood 
runs out. The aim of this game is that the players 
must aim and shoot the target correctly. The tar-
get is integer numbers, and the answers to ques-
tions that will be displayed on the screen board, 
the questions given are integer calculations. 

The rules of this game are that players will be 
given 50 seconds in one game; if the player aims 
at the wrong target, then the player’s time will 
be reduced by 10 seconds, and if the player runs 
out of time, then the game will end, and if the 
player aims at the target correctly then the play-
er’s points will increase by one, will also increase 
the time of 5 seconds each aiming at the target 
correctly. If the player runs out of time, the game 
will end. It is just that the longer the player an-
swers the question correctly, the more time the 
player has. Players must try to survive long and 
collect the highest score to be a challenge for 
players. The game is titled “ Pistol Math “. The 
functional requirements of this video game are 
the features provided by the system when it re-
ceives specific inputs.

D. Pre-production Phase

In the pre-production stage, game design is 
carried out. The game design includes making 
game mockups, creating assets for games, ana-
lyzing material embedded in games, and making 
components related to game creation, such as 
sound effects, music, and events. The game navi-
gation structure is shown in Figure 2.

 

Figure 2. The game’s navigational structure
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Figure 2 shows the design of the navigation 
structure starting from the main menu scene fol-
lowed by four choices, namely:

1. Start. Players will be directed to the main 
game; then, players can already interact 
with the game, such as shooting, pausing 
to get scores and game over.

2. On/Off Music and Sound. Players can en-
able or disable music and sound.

3. Guide. Players will be directed to the guide 
menu containing rules and how to play.

4. Exit. The player will exit the game.

     The assets used are free. The assets used in 
this study are shown in Table 1.

Table 1. The game’s assets

E. Production Phase

During the production stage, the coding of the 
Pistol Math educational game was carried out. 
Coding is built into the following script func-
tions: main menu, pause menu, question settings, 
timer, target, health bar, wanderai (random tar-
get movement), and player movement.

F. Testing Phase

At this stage, a black box testing was carried 
out to ensure the functionality of the Pistol Math 
game complies with the expected needs and 
goals. The black box testing scenario for this edu-
cational game is shown in Table 2.

Table 2. Testing phase

G. Beta Phase

At this beta stage, use a type of open beta 
testing. In this stage, elementary school children 
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children act as external testers. This stage aims 
to test the game application and provide 
feedback on the game being created. The tester 
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act as external testers. This stage aims to test 
the game application and provide feedback on 
the game being created. The tester will play the 
game to test whether the functionality can run 
adequately, whether it can convey educational 
information about this game well and whether 
it can make elementary school children more 
interested in learning to use the game and 
increase the enthusiasm of elementary school 
children to learn mathematics.

H. Release Phase

     At this stage, the entire development process 
for the game «Pistol Math» has been completed. 
The game is released in the .apk format. The 
game application is uploaded on tch.io and can 
be downloaded via the link http://lidiys.itch.io/
pistolmath.

IV. Result and Discussion 

A. The Game Screenshot

     The result of this research is an educational 
game application called “Pistol Math. The 
following images (Figure 3 to Figure 7) show 
some game screenshots.

 

Figure 3. Main menu

 Figure 3 displays the main menu. On the main 
menu, several buttons have different functions, 
such as the «Start», «Guide», «Exit», «Music», 
and «Sound» buttons.

Figure 4 displays the guide page. After the user 
presses the guide button, it will display the guide 
menu, and the game will display text showing 
how to play Pistol Math; the guide menu page 
also has a back button that functions to return to 
the main menu.

 

Figure 4. Tutorial menu

  Figure 5 displays the game arena. When the 
user presses the «Play» button, he will enter a 
game where all systems and rules can work in 
this game, such as character control, the pause 
button, UI score and questions, as well as target 
movement with answers.

 

Figure 5. The gameplay screen

Figure 6 shows what the game looks like when 
paused. After the user presses the pause button, 
it will pause the game and display a «continue 
button please» and «just leave the game», which 
has the function of continuing and exiting the 
game.

 

Figure 6. Game when paused screen
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Figure 7 displays the game over page. When 
the player has run out of time, the game will end 
and display the game over menu; this page has 
a «play again» button to restart the game and a 
«Just go back to the main menu» button which 
functions to return to the main menu in the game.

 

Figure 7. Game over screen

B. Black Box Testing Result

The results of black box testing are shown in 
Table 3.

Table 3. Black box testing result

C. Beta Testing Result

Twenty elementary school children respon-
dents conducted the beta trial. The results of the 
beta trial are shown in Table 4.

Table 4. Beta testing result

V. Conclusion

       From this research, it can be concluded the 
following things:

• 	 From the beta test results, it was found that 
18 out of 20 elementary school children 
stated that they became more enthusiastic 
about learning mathematics after using the 
Pistol Math educational game.

• 	 From the black box testing results, every 
function and feature of the Pistol Math ed-
ucational game can run as it should.
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• 	 Based on the beta testing results, 16 chil-
dren stated that the educational game Pis-
tol Math was easy to play, while four other 
children stated that it was not easy because 
they were not used to playing games with 
the first-person shooter (FPS) genre.

VI. Future Research

The plan for further research is to add other 
features, such as power-ups, and build a 3D ver-
sion. Developing the gameplay is made more 
varied and interactive by making characters that 
have an animation to make it more exciting and 
interactive for players. Added a more varied 
map. It added versus mode so the players can 
feel competitive between friends.

References

[1]	 PISA, “PISA 2018 results,” 2018. https://
www.oecd.org/pisa/publications/pi-
sa-2018-results.htm

[2]	 R. N. Friantini and R. Winata, “Analisis Mi-
nat Belajar pada Pembelajaran Matemati-
ka,” JPMI (Jurnal Pendidik. Mat. Indones., 
vol. 4, no. 1, p. 6, 2019, doi: 10.26737/jpmi.
v4i1.870.

[3]	 Y. Prayuga, “Minat Belajar Siswa Dalam 
Pembelajaran Matematika,” Pros. Sesiom-
adika, vol. 2, no. 1d, pp. 1052–1058, 2019, 
[Online]. Available: file:///C:/Users/Me-
LinDa/Downloads/2451-File Utama Nas-
kah-7123-1-10-20191212.pdf

[4]	 F. Yulianto, F. Yulianto, Y. T. Utami, and 
I. Ahmad, “Game Edukasi Pengenalan 
Buah-buahan Bervitamin C Untuk Anak 
Usia Dini,” J. Nas. Pendidik. Tek. Inform., 
vol. 7, no. 3, p. 242, 2019, doi: 10.23887/jana-
pati.v7i3.15554.

[5]	 F. Mäyrä and K. Alha, “Mobile Gaming,” 
Video Game Debate 2, no. December, pp. 
107–120, 2020, doi: 10.4324/9780429351815-
9.

[6]	 S. Asmiatun and A. N. Putri, Belajar Mem-
buat Game 2D Dan 3D Menggunakan Uni-
ty. Yogyakarta: Deepublish, 2017.

[7]	 K. Salen, K. S. Tekinbaş, and E. Zimmerman, 
Rules of Play: Game Design Fundamentals 
- Katie Salen, Katie Salen Tekinbaş, Eric 
Zimmerman - Google Libros. 2044. [Online]. 
Available: https://books.google.es/books/

about/Rules_of_Play.html?id=UM-xyczr-
ZuQC&redir_esc=y

[8]	 H. B. Dirgantara and H. Septanto, “A Pro-
totype of Web-based Picture Cards Match-
ing Video Game for Memory Improvement 
Training,” IJNMT (International J. New Me-
dia Technol., vol. 8, no. 1, pp. 1–9, 2021, doi: 
10.31937/ijnmt.v8i1.1730.

[9]	 W. Wibawanto, Game Edukasi RPG (Role 
Playing Game), no. July. 2020.

[10]	 P.-M. Noemí and S. H. Máximo, “Educa-
tional games for learning,” Univers. J. Educ. 
Res., vol. 2, no. 3, pp. 230–238, 2014, doi: 
10.13189/ujer.2014.020305.

[11]	 A. Wahyudinata and H. B. Dirgantara, 
“Pengembangan Gim Edukasi 2D Pemilah-
an Sampah Daur Ulang Berbasis Android,” 
MATRIK  J. Manajemen, Tek. Inform. dan 
Rekayasa Komput., vol. 20, no. 1, pp. 129–
138, 2020, doi: 10.30812/matrik.v20i1.860.

[12]	 B. Hssina, M. Erritali, B. Bouikhalene, and 
A. Merbouha, “Edugame an Android game 
for teaching children,” Int. J. Innov. Appl. 
Stud., vol. 9, no. 4, pp. 1531–1540, 2014.

[13]	 V. Zirawaga, A. Olusanya, and T. Maduki, 
“Gaming in education: Using games a sup-
port tool to teach History,” J. Educ. Pract., 
vol. 8, no. 15, pp. 55–64, 2017, [Online]. 
Available: www.iiste.org

[14]	 H. Elias, First Person Shooter : The Subjec-
tive Cyberspace, no. June 2009. 2008.

[15]	 G. A. Voorhees, J. Call, and K. Whitlock, 
Guns, Grenades, and Grunts : First-Person 
Shooter Games. New York: Bloomsbury Pub-
lishing, 2012. doi: 10.5040/9781628927948.

[16]	 R. Ramadan and Y. Widyani, “Game devel-
opment life cycle guidelines,” 2013 Int. Conf. 
Adv. Comput. Sci. Inf. Syst. ICACSIS 2013, 
no. June, pp. 95–100, 2013, doi: 10.1109/
ICACSIS.2013.6761558.

[17]	 H. B. Dirgantara, Y. D. Prabowo, and M. 
M. Jermia, “Development of android-based 
quiz video game: Mathventure,” Proc. - Int. 
Jt. Conf. Information, Media, Eng. IJCIME 
2019, pp. 450–454, 2019, doi: 10.1109/
IJCIME49369.2019.00097.

[18]	 R. E. Randiani and H. B. Dirgantara, “Pem-
bangunan Gim Edukasi Peraturan Lalu Lin-
tas Kawasan Ganjil Genap di Jakarta Berba-
sis Android,” J. Buana Inform., vol. 11, no. 1, 
p. 36, 2020, doi: 10.24002/jbi.v11i1.2943.



ISSN 2964-5387 (online) 
Vol 2, No 1, 2023

21

International Journal of Educational Technology and Artificial Intelligence 

[19]	 T. R. A. Amirulloh, M. Risnasari, and P. R. 
Ningsih, “Pengembangan Game Edukasi 
Matematika (Operasi Bilangan Pecahan) 
Berbasis Android Untuk Sekolah Dasar,” J. 
Ilm. Edutic, vol. 5, no. 2, pp. 115–123, 2019.

[20]	 I. Rofiqoh, D. Puspitasari, and Z. Nursaidah, 
“Pengembangan Game Math Space Adven-
ture Sebagai Media Pembelajaran Pada Ma-
teri Pecahan Di Sekolah Dasar,” Lentera Sri-
wij.  J. Ilm. Pendidik. Mat., vol. 2, no. 1, pp. 
41–54, 2020, doi: 10.36706/jls.v2i1.11445.

 


