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ABSTRACT

This research aims to produce interactive learning media based on Augmented Reality (AR) that is
appropriate for science subjects on material characteristics of the eight planets in the solar system. This
research is a type of research and development (R&D) using the ADDIE model, which includes the stages
of Analysis, Design, Development, Implementation, and Evaluation. Respondents in this study were
elementary students of class VI (six) in Pondok Rumput Elementary Bogor City. The data collection
technique is distributing questionnaires to experts and students. Data analysis was performed with simple
statistics and qualitative descriptive. The results showed that the Android-based AR learning media was
appropriate to be used for science learning in elementary schools.
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INTRODUCTION

Utilization of information and communication
technologies such as Augmented Reality (AR) in
learning can develop learners' skills. Information
technology can help students in the development of all
types of skills, both at the basic level and at the level of
higher critical thinking skills [1]. Information
technology-based learning media can function as a tool
that can be used as an intermediary between teachers
and students in understanding learning material more
effectively and efficiently [2,3]

AR creates a layer of digital information above the
physical world seen through an Android or iOS device
[4]. Augmented reality (AR) can be defined as "a real-
world context that is dynamically overlaid with coherent
location or context-sensitive virtual information” [5].
Following that statement, AR can be used to visualize
objects virtually into a real-world display, so AR can be
used to help display objects that are difficult to display
originally, such as in solar system learning. The ability
of AR technology to display three-dimensional objects
can be utilized to add a lot of information to the
displayed object. The amount of nonverbal information
related to verbal information obtained in the reading text

will help the reader in understanding and receiving
messages from the reading text [6]. AR has three main
characteristics: (a) the combination of virtual objects
and real objects in real settings (b) interacting people in
real-time [7]

The use of AR technology is increasing in popularity in
engineering [8], environmental science [9], and
especially in education [10]. Currently, AR technology
is used in every level of schooling, from K-12 [11, 12]
to higher education [13]. The use of AR is very potential
and interesting, inspires, and motivates students to
explore and control from a variety of different
perspectives that have never been considered in
education [14].

Research has shown that AR technology can greatly
improve educational outcomes [15]. For example, AR
helps students to engage in authentic exploration in the
real world [16]. AR allows us to experience scientific
experiments, such as chemical reactions, which we
cannot easily experience in the real world [5]. AR also
makes it possible to visualize concepts such as airflow
or magnetic fields, and also events, by displaying virtual
elements on real objects [17]. AR helps students to
improve their knowledge and skills and do it more
effectively than other technologies [18]. This increases
student motivation, and in this way, students gain better
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investigative skills and do not experience conceptual
errors [19]

The material about Getting to Know the Solar System is
in class VI in elementary school. This material has been
compiled and is contained in the Electronic School
Book (BSE) provided by the Ministry of Education and
Culture. In its implementation in schools, this material is
often felt difficult for students, especially in
understanding the material about the characteristics of
the planets. As we know, this series of planets in the
solar system consisting of 9 planets makes it difficult for
students to memorize and understand the characteristics
of each planet, ranging from the characteristics of color,
mass weight, orbit, to natural satellites that surround the
planet. The lack of visualization of each planet,
especially the illustration of images in most textbooks
that look unclear, blurry, even colorless, also causes
major problems, so students have difficulty
understanding them. Another problem in implementing
this learning material is the lack of teacher initiative in
providing variations or appropriate learning methods to
overcome the problems of the book, so students feel
bored and less motivated to learn this material. Thus, the
question of the problem in this study is what kind of
learning media is appropriate for increasing students'
understanding and motivation for learning in science
subjects?

RESEARCH METHODOLOGY

This study uses a post-positivistic paradigm. Based on
its purpose, research is included in research and
development (R&D) with the ADDIE (Analysis,
Design, Development, Implementation, Evaluation)
model. The study was conducted at Pondok Rumput
Elementary School in Bogor City in June 2018 - August
2019. Data were collected by distributing
questionnaires, interviews, observations, and
documentation studies. The data that has been collected
is then analyzed using simple statistics and qualitative
descriptive.

Table 1. Minimum specifications for cellphones
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FINDING AND DISCUSSION

The results of the study are described based on the
ADDIE model.

Analysis

Based on the results of initial observations and
interviews conducted by researchers obtained several
conclusions as a basis for consideration or analysis of
learning needs as follows. The results of the
identification stage of the analysis of user needs are as
follows:

1) The learning media must have an attractive
visual appearance so that it is expected to be
able to attract attention and increase the
motivation to learn sixth-grade students in the
material characteristics of the eight planets.

2) Learning media must be easily used by
anyone, especially sixth-grade students at
Pondok Rumput in Bogor City.

3) Learning media must be able to provide
different learning experiences in Science
subjects that have been given previously.

4) The learning objectives to be achieved are to
describe the solar system, the sun as the center
of the solar system, and the position and
characteristics of solar system members.

Design

This learning media planning stage is divided into two
stages, namely the technical specification analysis stage
and the work analysis stage of the software application.
The analysis of technical specifications has the aim to
find out the minimum specifications of mobile phones
or smartphones that can be used to run learning media
applications that are developed smoothly and
maximally. The minimum specifications for running this
interactive learning media application are as follows.

Sistem Operasi (OS)

Android 4.0 (Jelly Bean) ++

RAM 1GB

Internal Memory

500 MB available

Resolusi Layar

1.024 x 768 px (1.280 x 720 px is the recommended
resolution)

Multimedia Camera

718



ATLANTIS
PRESS

The software that is used as the main program to create
and develop interactive learning media is to use
Unity3D and Vuforia. As for the supporting program for
making interactive learning media, this is CorelDraw X7
with a 64-bit system for creating vector graphic images
for the background and Augmented Reality card designs
that will be integrated with this Augmented Reality
interactive media. Researchers also use Adobe
Photoshop CS6 with a 64-bit system to create and edit
images on learning media. Media that have been
developed will be used as a .apk file format, which will
be exported in Vuforia.

The analysis phase of the work program is carried out to
find out how they work on interactive learning media
that has been made. The making of this interactive
learning media aims to make it easier for users to learn
material characteristics of the eight planets in the solar
system. Users who, in this case, are students who use
their mobile phones to scan the markers contained in the
card against the Augmented Reality application so that
3-dimensional objects appear from each planet along
with their explanations.

When the learning material has been compiled, then the
next process is designing the program. The program
design itself is a step used in developing an interactive
learning media. There are two stages in program design,
namely flowcharts, which explain the sequence of
processes and the relationship between processes in
detail in a program logically and the user interface
design, which focuses more on the visual appearance of
the learning media to be developed.

Splash Serean

Loading Seren

' ' ' f
[smma ][Abuumppncmn ][ CREDITS [ " ]

Figure 1. Media flow chart
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Figure 4. “Credits” flow chart
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Development
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The following table is the result of the development of

the design that has been made.
Table 2. Media Development
Page. Scene Display Information
Splash 1 After the application is opened by the user, the screen will
Screen display a blue background like the picture on the side. Then
the application logo appears for 2 seconds. The total duration
|/ @ of this scene is 4 seconds.
‘
Loading 2 After the splash screen is finished, the loading screen will
Screen then appear. The application will be ready to open in 2
\ seconds.
MEMULAI APLIKASI
Main 3 The main menu of the application will be displayed after two
Menu screen displays completely. Four buttons represent the menus
of this application.:
1. Mulai AR = Play AR dan showing the materials.
. 2. Tentang Aplikasi = Displays a scene about the
o e application.
* 7N creoms 3. Credits = Displays a list of sources and application
Ponn o sy references.
1 eylan C 4, Keluar = exit or close the application
Start AR | 4 This display indicates that the application needs a target to be
(Scan scanned so that the material can be displayed as well. Point
Marker the camera at the AR card, so the display changes to AR
Mode) Mode.
Start AR | 5 If the AR card is successfully scanned by the AR camera,
(AR Mode) then 3-dimensional objects from each planet will appear along

with the text material for their characteristics. In this view,
three buttons function as follows:

1. Button (<) = to return to the main menu page.

2. Button (X) = to exit / close the application

3. Button INFO = button to display and hide material text.
Three-dimensional planet objects in this view can also be
zoomed out, zoom in, and drag as desired by the user
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Page. Scene Display Information
Credits 6 This display contains the subject matter discussed. This view
is scrollable or scrolls down for more info. On the lower left
1. MERKURIUS TEXTURE MAP Side, there is a button (<) which functions to return to the
2 VNS TEXTURE AR main menu page.
http://backgroundsdk.net/venus,
3. MARS TEXTURE MAP
http://csdrive.srru.ac.th/ 55122420223/ textures/ texture_mars.jpg
4. EARTH TEXTURE MAP
http://canvas.projekti.info/ 3d/ gfx/ textures/ google-maps.jpg
5. JUPITER TEXTURE MAP
https://www.solarsystemscope.com/ textures/
6. NEPTUNUS TEXTURE MAP
https://yasminroohi.com/neptune-planet-texture
7. URANUS TEXTURE MAP
//www.deviantart.com/jopag2010/ art/Uranus-Texture-Map-678497339
Marker 7 One of the AR card display integrated with this application.
AR Card This card functions as a marker that can later be scanned by
the application so that it can display 3-dimensional objects
and their material. Without this card, the application cannot
display material and run AR.
Usage 8 This card contains instructions for use and steps for installing
Card applications on the mobile. To download the application,
simply scan the QR Code listed so that the mobile will
automatically go to the download link from this application.
Competen | 9 This card is used as an evaluation or competency test for the
ces test use of this application. Evaluation is done by forming groups
card according to the instructions stated on the card.
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IMPLEMENTATION

Implementation of the interactive learning media
program Augmented Reality material characteristics of
the eight planets in the solar system is done by operating
the program from beginning to end, then try each menu,
function buttons, and scan markers so that 3D objects
and materials can be displayed in the application.

The first step in implementing this interactive learning
media is to open the application and run it using one
cellphone. After the application is opened, a splash
screen, loading screen, and main menu page will appear.
From the main menu page, each menu is tested, starting
from the AR Start menu, the About Application menu,
the Credits menu, and the Exit menu. The details of the
test work of learning media applications from the start
page or splash screen page to the first menu page are:
(1) testing the AR Start button. Next is the test on the
marker mode scan page: (1) Test the scan marker from
the AR card by pointing the camera towards the AR
card. The tests on the AR Mode page consist of: (1)
testing the info button, (2) testing out 3D planetary
objects, (3) testing in 3D planetary objects, (4) testing
dragging left, right, up, and down 3D planet object
screen, (5) testing the back button to the main menu, (6)
testing the application exit/closing button. Testing on
the About Application menu are: (1) testing the screen
scrolling function, (2) testing returning to the main
menu. Tests on the Credits menu are: (1) testing the
screen scrolling function, (2) testing the back button to
the main menu. Tests on the Exit menu are: (1) testing
the application exit button. Tests on the Usage card are
(1) Testing a QR Code scan.

EVALUATION

Evaluation of learning media is from the results of one-
to-one evaluation by experts (content experts, learning
experts, media experts), one-to-one evaluation by
students, and small groups by students. The following
are the results of one-on-one evaluations conducted by
experts. From the aspect of the suitability of the
material, the material expert states that the material
displayed in AR learning media is appropriate to use.
From the aspect of learning design, instructional
designer experts stated that AR learning media is
feasible to be used with some improvement notes on the
formulation of learning objectives. From the aspect of
design, attractiveness, ease of use, and user interface,
media experts stated that AR learning media is feasible
to be used with some improvement notes on the display
of the letters used. Next, the researchers revised by
expert input.

The revised product was then tested on a one-to-one
evaluation stage for three students. Students are selected
based on the level of student ability, who have high,
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average, and low cognitive abilities. Judging from the
attractiveness, ease of use, the material presented, and
the user interface on AR learning media, it can be
concluded that the media is suitable for use. There were
some suggestions given by the students as material for
the next revision, which is in the user interface section.

The revised results were then tested on twenty students
(small group evaluation). At this stage, it is seen how
the use of AR media in learning and its interactions. The
results of small group evaluations show that AR
learning media increases student learning motivation
and learning interaction in science subjects. With
increased motivation, understanding, and higher
involvement, it may increase the use of information and
access to knowledge, improve digital and info-inclusion
[20]. The combination of AR technology with
educational content creates new types of automated
applications and acts to enhance the effectiveness and
attractiveness of teaching and learning for students in
real-life scenarios [21]. The AR technology helps
elementary school students to understand complex
topics with digital experiments and visualization [22].

CONCLUSION

Augmented Reality interactive learning media based on
Android material characteristics of eight planets in the
solar system developed based on the ADDIE
development model can facilitate teachers and students
in learning activities at Pondok Rumput Elementary
School, Bogor City. Learning is done with this media,
especially for the subjects of Science Theme 9 (Nine)
about Exploring the Solar System. This is based on the
results of formative evaluations that have been carried
out (one-to-one evaluation by experts, one-to-one
evaluations by students, and small groups by students.
Overall the Augmented Reality learning media based on
Android material characteristics of the eight planets in
the solar system can be said to be suitable for use in
learning activities.
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