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Abstract

Modified learning media with the latest technology are needed
in the learning process to increase student interest and
motivation to learn. At present, AR (Augmented Reality)
technology which is able to realize virtual 3D objects into the
real world in real-time has been widely applied in various fields,
one of which is education. This technology can be used to study
the circulatory system which is one of the obstacles for students.
The problem is the media used in learning on this material
usually still uses conventional media. Meanwhile, students will
better understand if there is a real visualization in front of them.
It is good if you take advantage of this AR technology and
educational games that are easily accessed from their gadgets
because it is based on Android. So that they can provide
visualization and more information, and attract the students’
interest and motivation to learn. This game research was carried
out using the Game Development Life Cycle (GDLC) method
for the development stage and using the Black box for testing.
As for application development using the multiplatform 3D
Game Engine and 3D asset modeling engine. The test results
obtained indicate that this augmented reality educational game
can run well and can be an alternative learning media that is
more varied, innovative, and easier to use.

Keywords : android, augmented reality, game education,
human circulatory system, learning media.

I.INTRODUCTION

All efforts and research in the educational field is continuously
done so as to create a new and more efficient learning process
and attract the students’ interest and motivation in learning.
New innovations in this educational field are carried out by
finding learning media that make use technology and learning
models such as online learning, blended learning, etc.
Nowadays, in learning something in school, printed media and
teaching aids are still widely used by many schools. As a matter
of fact, in the era of 1980s to 1990s, developed countries had
begun to recognize the existence of multimedia technology that
can empower the educational process by innovatively
increasing interactions among teachers, students, and
courseware in an innovative so that learning becomes more
dynamic, easier to remember, and fun [1].
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In addition to make use multimedia, many also use games as
learning media. Even previous research states that educational
games can be used for early childhood to give a new nuance in
education to be more varied. It is due to some obstacles found in
the form of lack of students’ learning interest and lack of
learning media facilities [2], [3]. Additionally, the game has a
special attraction in attracting the users’ attention that is
enjoyable. Thus, edugame can be another alternative to
overcome those obstacles [4].

Edugame can certainly be used by students at the middle level
who they mostly have a gadget. This will greatly help increase
the students’ satisfaction who are eager to seek knowledge that
is obstructed by the current educational model, especially for
subjects that require real description. This means that it is not
merely learning by visualizing in the students’ imagination,
such as natural science subject (IPA) especially Biology.
Kolbert Pakpahan et al said that the circulatory system material
is always difficult to learn [5].

Augmented Reality (AR) is the integration of 2D and 3D
objects from digital elements into the real world in real-time.
Pokemon Go game is one of the AR games that has become a
trend in 2016. The game has a positive goal for adolescent to
increase physical activity outside the home and to socialize [6].
Moreover, Saputro dan Saputra (2015) states that technology is
commonly used in the fields of entertainment, advertising,
health, military, and education. In education, many pieces of
research has been carried out such as in Mathematics, History,
Chemistry, Biology, and so on [8]-[10]. For Biology, some
scholars have designed the learning application of human
organs [11], [12]. There are also those who conduct research in
this area and focus on the digestive organs and anatomy of the
human heart and the circulatory system [7], [13]. This research
aims to take advantage of AR as a learning media in learning the
human circulatory system and integrating it with the concept of
educational games. So far, the learning of blood circulatory
system is still restricted to the use of teaching aids, practicums,
blended learning, 3D visualization, animation, etc.[14]-[17]
Therefore, it can be the new alternative in the form of edugame
Augmented Reality using marker based tracing method.

Il. RESEARCH METHOD

The methodology used in this study was Game Development
Life Cycle (GDLC). In practically developing a game, it is not
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enough to adopt the SDLC (Software Development Life Cycle)
method because it will encounter several challenges during its
life cycle [18]. The method consists of 6 phases explained in
Figure 1.
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Production
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Production

Figure 1. Flowchart 6 Phases GDLC
The research processes are:

I1.1. Initiation

Edugame AR is used as a learning media for the human blood
circulatory system that can be run on android devices and uses
markerbased tracking methods. This game addresses middle
level students. Based on previous research, the AR work
scheme is shown in Figure 2.

Look for 3D positions
E> and marker |:> Marker identification
orientation
Render a virtual object <:|
to the video frame

Adjust the position
Figure 2. AR Work Scheme

Look for markers with
the camera

and orientation of
visual objects

When accessing the application, the camera will capture data
from markers in the real world. Then the software will seek the
position and shape of the marker to be identified. After that,
there will be a calculation of the position and orientation of the
camera onto the marker. When the calculation is complete, the
model will be displayed on the screen to be seen in the real
world [19].

The general description of Edugame AR application is that we
can understand it through the use case diagram. Use case is one
of the diagrams that shows the interaction between the user and
the system [20]. The diagram is shown in the figure 3.

<<include> >:

: 5 See Augmented )
Choose ‘Leam Reality objects <<exend> > Database

Play Quiz

See the Guide

o Choose Information

Exit

Figure 3. Use Case Application

I1.11. Pre-Production

The main part of this stage is the production of game designs
and its revisions as well as the production of game prototypes.
Game design starts with the making of Game Design
Documentation (GDD), by which the summary is explained in
Table 1. After GDD is produced, a prototype will be made to
assess the game design and all ideas.

Table 1. Core of GDD

1 Game Concept Learning blood circulation system easily

2 Target Middle level students

3 Genre Puzzle

4 Platform Mobile game

5 Storyline This application provides materials and quiz.
The quiz is in the form of question along with
the answer by the levels below:
Level 1. Blood and Blood Vessels
Level 2. Heart
Level 3. Blood Circulation and Disease

6 Software 3D Game Engine, Modelling asset Engine,

Requirement  Vuforia Qualcomm, Android SDK, JDK
7 Hardware Minimum. specification:

Requirement L
a e Smartphone: Android with camera

5MP, RAM 1GB, OS min. KitKat.

o Laptop: processor Quad-Core 1.2
GHz and RAM 2GB

Furthermore, the diagram of main acivities in the game is Menu
Belajar dan Quiz (Learning Menu and Quiz) shown in Figure 4.
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Figure 4. Activity Diagram (a) Learning Menu and (b) Quiz
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The storyboard or sketch of images arranged in sequence in
order to facilitate the flow delivery of this application is
described as follows:

I1.11.1. Main Menu

The page display design showing main menu will provide the
application title and 5 buttons in the form of learning buttons,
quizzes, guides, information, and exits. The wireframe design is
shown in Figure 5.

Sistem
PeredARan Darah

‘ > Belajar

‘ OB Quiz

‘ ? Panduan
~ .
® )

Figure 5. Design of Learning Menu Display

Next, the display design that is the main parts of this
application such as learning and quiz is shown in Figures 6.a
and 6.b. After the user selects a learning button or Quiz on the
main page, it will immediately display the level menu page from
the Learning Page or Quiz.
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Figure 6. Wireframe as the Part of Home: (a) Learn, (b) Quiz,
(c) Guide, (d) Information, dan (e) Exit.

Whereas, Figure 6.c and 6.d are in the form of a pop up
containing the application usage guide and information about
the developer. Figure 6.e is in the form of an exit display in the
game which brings up a pop up to ensure users’ certainty to exit
the application.

ILILIL Learning Menu Page

If the user presses the level button, the user will go to the
learning page based on the selected level, for instance, level 1
learning displayed in Figure 8.
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Figure 8. Display Design of Learning Menu

On this page, the user can learn the blood circulatory system
material before taking the quiz. At the bottom, there is a 'back’
button to return to the previous material, a 'Go to AR' button to
open a page containing an AR frame, and the next button to go
to the next material.

ILTLIT. AR Camera Page

The display design of AR Camera is shown in Figure 9. The
user must position the camera on the available marker to display
the AR object. After AR appears, there is an (x) button to exit
AR and return to the previous page.
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Figure 9. Display Design of AR
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ILILIV. Quiz Page

When the user presses the Quiz button on the main page, a Quiz
level page will appear. After selecting a level, a Quiz with
multiple choice questions and answers as shown in Figure 10.a
will appear.

(Vo

Score : 40

o all ®

Timer

Level 1
Darah

Prosentasi plosma darah yang
terkandung dalam darah adalah ...

A 45%
B35%
©88%

D&5%

\ﬁ
(@

\ / ﬂ —o n \

=0

BETUL!

+10

Yah, Salah (

-10

N "/
(b) (©)

Figure 10. Display Design (a) Quiz Page, (b) Reward, and (c)
Punishment

The reward of this game is in the form of additional 10 points if
it correctly answered the question, while punishment is in the
form of a 10-point score reduction. Each level has a greater
difficulty level with challenges in the form of a timer since
entering level 2. The display design for reward and punishment
is explained in Figure 10.b. and 10.c to show the change in
score that is achieved.

I1.111. Production

This is the most important process in which all concepts,
designs and plans contained in the GDD will be implemented.
The process of assets modeling in the form of 3D objects from
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organs in the circulatory system is carried out during this
process. Besides, a good integration between asset production
and source code is required so that the game can run well.

ILIV. Testing

The finding of bug reports, changing requests, and development
decisions using black box testing will be recorded at this stage
to be fixed. This is where the decision to enter the next stage or
repeat the production process is taken.

I.V. Beta

The game in beta version that was made still needs
improvement, so it needs retesting to determine the
application's feasibility by detailing and perfecting it [21].
GDLC method allows repetition at this stage if changes to the
feature or gameplay are needed.

11.VI. Release

When the game is ready to use, the process involving the
division of documentation, knowledge, and planning for the
game maintenance occurs.

I1l. RESULT AND DISCUSSION

The results of this research are in the form of an edugame
application that studies the circulatory system that is more
easily understood. The appearance of the application is as
follows:

I11.1. Home Page

On this page, there are three buttons located in the middle of the
page as shown in Figure 11.a. Those three buttons are in the
form of learning buttons that display material from the
circulatory system, the quiz button to enter the quiz level page, a
guide to give direction when you want to use AR. Additionally,
there is also an info button that displays information about the
application developer and an exit button.

When the user clicks on the learning button, a learning page will
appear with a button in the form of learning levels, a Home
button to return to the main page (Home), and a Quiz button to
go directly to the quiz page. The Learning and Quiz pages have
a similar layout, but the difference is the button in the lower left
corner. The page display of Learning and Quiz level menu is
illustrated in Figure 11.b and 11.c.

Detailed display of the guide, information and also the exit is
shown in Figure 11.d, 11.e, and 11.f. The (x) button on the
guide display functions to exit and return to the Home page.
Meanwhile, on the information page, the user can click on the
pop up to return. Furthermore, if the user clicks the exit button,
a pop up option will appear to exit or cancel the application.
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Figure 11. Display (a) Main Menu and its Parts : Level Menu
(b) Learning and (c) Quiz, (d) Guide, (e) Information, and (f)
Exit

I11.11. Learning Page

The page menu of learning level in Figure 11.b consists of three
levels that have been designed to study the circulatory system
material based on sub-material. Because the circulatory system
material is divided into three sub-materials, namely blood at
level 1, heart and blood vessels at level 2, and disorders or
abnormalities in the circulatory system and efforts to prevent
and treat it at level 3. The material has been adjusted with the
indicators contained in the Lesson Plan (RPP).

Each level has a back button to return to the previous slide, next
to go to the next material, and a level banner that will take the
user to the page menu of learning level . Figure 12 is a display of
the Learning Pages for each level:

1. Jantung

Organ yang berperan sebagal pemompa
darah

Terdiri atas 4 ruangan, yaitu serambi
(atrium) kiri dan serambi (atrium) kanan
senta bilik (ventrikef) kiri dan bilik (ventrikel)
kanan.

metabolisme untuk dikeluarkan dari
tubuh.

Darah pada serambi kanan akan banyak
mengandung CO2 akan melewati katup
trikuspidalis menuju bilik kanan. Katup inl
berfungsi agar darah tidak dapat kembali ke
serambi kanan.

Darah merupakan jaringan ikat yang

(diputar) dengan kecepatan tertentu.

BACK NEXT BACK AR NEXT

(b)

Gangguan pada Sistem
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Menanggulanginya

Jantung Koroner

Penyakit jantung koroner terjadi jika
arteri koronaria tidak dapat menyuplal
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kolesterol.

Arteri koronaria merupakan pembuluh
darah yang menyuplal nutrisi dan

oksigen ke otot-otot jantung. Jika otot
Jantung tidak dapat berkontraksi, maka
jantung tidak dapat berdenyut.

Gejal

Dada terasa sakit, sakit pada baglan
lengan dan punggung, napas pendek
dan kepala pusing.

(©
Figure 12. Part of Learning level menu . (a) Level 1, (b) 2, and
(c) 3.
LI AR Page
When in level 2, there is an AR camera button that displays

heart AR. Because this application is designed to teach the
circulatory system including the heart organ that plays a major
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role, the 3D model is designed based on information on the
components of the heart [13]. 3D Model is shown in figure 13.a.

¢ Aorta
g‘. =, Arteri pulmanalis

Vena cava superior yi

atrium kanan / NSELILD kiri
| . ] .
; st katup bikuspidalis
lcatup trikuspidalis |
ventrileel Kiri

ventrikel kanan

e

(b)

Figure 13. Display of (a) heart 3D model and (b) AR object
after building app

To be able to display AR objects, the user must try to position
the camera facing the marker. The following screenshots are
obtained as shown in Figure 13.b. In the AR object display,
there is a slight change in the heart detailing of the original file
after exported to the apk format. This is due to differences in the
engine renderer from the 3D modeling asset application and the
3D game engine used. In this case, researchers use Blender 2.8
application to model 3D objects and Unity 2019.3.12f as a
game engine.

H1.1V. Quiz Page

This page shows a multiple choice quiz of material contained in
this application. The goal is to hone the understanding and
memory of the material that has been presented. The available
levels are also adjusted to the sub-material on the Learning level
menu. Each level consists of 15 randomized questions. The
appearance of the quiz page is shown in Figure 14.

chre: Level 1

Sel darah merah orang dewasa
diproduksi di daerah...

Otak

Jantung

Sumsum tulang belakang

Hati dan Limpa

Figure 14. Quiz Page Display without Timer

If the problem is answered correctly or incorrectly, and has
completed a level is shown in Figure 17.aand 17.b. The display
appears for a few seconds then the next question display
continues. Furthermore, in the Final Score Display (figure 17.c)
there is a button to exit the game, to the Quiz level menu page
and also next to continue to a higher level

NTAPS!
+10

FINAL SCORE

100
NEW HiGHSCORE:
100

(©)

Figure 15. Reward Display. (a) correct, (b) incorrect, and (c)
final score.
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111.V. Blackbox Testing

If the problem is answered correctly or incorrectly, and has
completed a level shown in Figure 17.a and 17.b. The display
appears for a few seconds then the next question display
continues. Also in the Final Score display (figure 17.c) there isa

button to exit the game to the Quiz level menu page and also
next to continue to a higher level, Redmi note 5. The test results
are shown in table 2. The Blackbox test in table 2 shows that the
Augmented Reality edugame application to study the
circulatory system gets valid results. So it can run well on
Android devices and can be used.

Table 2. Result of Blackbox testing

No Page Testing Scenario Output Result
Learning Button Clicking learning button Entering the learning level page valid
Quiz Button Clicking quiz button Entering the quiz level page valid
1 Home Guide Button Clicking guide button Entering the guide page valid
Information Clicking information button  Displaying pop-up info valid
Button
Exit Button Clicking exit button Exiting the application valid
Level 1 Button Clicking level 1 button I\/_Iovmg to learning level page level 1, valid
displaying blood sub-materials
Moving to learning level page level 2,
Level 2 Button Clicking level 2 button displaying sub-materials of heartand  valid
. blood circulation.
Learning
2 Level Move to learning level page level 3,
Menu Level 3 Button Clicking level 3 button dlspl_aymg the section on disorders of valid
the circulatory system and how to
overcome them
Home Button Clicking home button Going back to Home Page valid
Quiz Button Clicking Clicking quiz button  Moving to Quiz Page valid
Level 1 Button Clicking level 1 button Movmg to QU'Z. Page L.EVEI L . valid
answering multiple choice questions
Level 2 Button Clicking level 2 button Movmg to QU'Z. Page L.EVEI 2, . valid
. answering multiple choice questions
3 Quiz Level
Menu Level 3 Button Clicking level 3 button Movmg 0 QU'Z. Page L.EVEI 3, . valid
answering multiple choice questions
Home Button Clicking Home button Moving to homepage valid
Learning Button Clicking Learning button Moving to Learning Level Page valid
Leamning Next Button Clicking Next button Displaying next page valid
4 level 1, 2, Back Button Clicking Back button Displaying previous page valid
and 3 Banner level Clicking Banner Level Moving to Learning Level menu page valid
5 AR Button (X) Clicking (x)button pi)g(;etlsng AR application to previous valid
Multiple Choice I . Whether correct or incorrect, valid
Button Clicking one of the options displaying final score i
5 Quiz Level playing valid
1 Retry Button Clicking Retry button Replaying the game valid
Next Button Clicking Next button Moving to next level valid
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1V. CONCLUSION

This Augmented Reality-based edugame has gone through a
series of tests with a Black box to determine its feasibility and
functionality. The results show that this application can run well
on Android smartphone devices. As a result, this application
can be used by middle level students as one of the fun
alternatives in learning the circulatory system. There are minor
detailing changes to 3D AR objects, those are due to differences
in rendering engine in Blender and Unity. The solution is based
on blendermatket.com page, if you want to have the same
details then you can use the paid B2U add-on [22].

There are suggestions that can be carried out by further
research. It would be better if this application could be
developed so that it has more Quiz levels. This can be useful for
honing students' deeper understanding. In addition, the
appearance of the application and other features can also be
improved to be more interactive and innovative.
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