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Abstract
The chemical bonding is one of the topics of discussion in chemistry that studies atomic and molecular structures that
are difficult for students to understand because of their microscopic nature. Augmented Reality (AR) technology can
combine three-dimensional virtual world objects into a real three-dimensional environment. Therefore, learning media
were developed with the help of Augmented Reality (AR) for chemical bonding materials. This research is a research and
development (R&D), with a modified 4D development model by Thiagarajan. The stages starting from define, design and
develop. The data collection instrument used the material expert validation test instrument, the media expert and
readability test to students. The data analysis technique used percentage descriptive analysis. The validity test of the
material, media and readability test showed that the results of the media percentage were 87.9%, 79.87% and 87.6%,
respectively. This percentage is included in the very valid category without revision.Thus, it can be concluded that the
Augmented Reality media in the Chemical Bond material developed is declared very suitable for use in learning.
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Abstrak
Materi ikatan kimia merupakan salah satu topik pembahasan dalam ilmu kimia yang memelajari struktur atom dan
molekul yang sulit dipahami mahasiswa karena sifatnya yang mikroskopis. Teknologi Augmented Reality (AR) dapat
menggabungkan objek dunia maya tiga dimensi menjadi lingkungan tiga dimensi yang nyata. Oleh karena itu,
dikembangkanlah media pembelajaran dengan bantuan Augmented Reality (AR) untuk materi ikatan kimia yang
bertujuan dapat menampilkan bentuk ikatan kimia secara 3 dimensi. Penelitian ini merupakan penelitian dan
pengembangan (R&D) dengan model pengembangan 4D oleh Thiagarajan yang telah dimodifikasi. Tahapan yang
dilakukan mulai dari pendefinisian kebutuhan, perancangan dan pengembangan media. Instrumen pengumpulan data
menggunakan instrumen uji validasi ahli materi, ahli media dan uji keterbacaan ke mahasiswa. Teknik analisis data
menggunakan analisis deksriptif persentase. Uji validitas ahli materi, media dan uji keterbacaan menunjukkan hasil
persentase media berturut-turut adalah 87.9%, 79.87% dan 87.6%. Persentase tersebut termasuk dalam kategori sangat
valid tanpa revisi Maka, dapat disimpulkan bahwa media Augmented Reality pada materi Ikatan Kimia yang
dikembangkan dinyatakan sangat layak untuk digunakan dalam pembelajaran.
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INTRODUCTION
There are 4 principles of the Industrial Revolution 4.0, namely interconnection, transparency of
information, decentralization decisions, and technical assistance (Hermann et al., 2016). The whole principle
is no longer carried out by humans to humans, but robots or man-made products to humans. The industrial
revolution indirectly changed all structures of society, whether they accepted it or not. The fundamental thing
that is affected is of course related to the delivery pattern in obtaining information (Purwandini & Irwansyah,
2018). The industrial revolution 4.0 targets applied technology that has a direct impact on society by utilizing
a tool.
The existence of this industrial revolution era caused technology and information to develop rapidly.
This development has impacts, one of which is in the world of education where education will rely on the need
to meet future needs by utilizing technology (Harris et al., 2016). Thus, it is necessary to prepare a generation
capable of mastering technological developments (Subekt et al., 2017).
In the era of the industrial revolution, there are five areas of challenges that will be experienced,
namely in the fields of science, technology, economy, social and politics (Zhou, 2015). To overcome these
challenges, competent human resources are needed, one of which is technological literacy (Yuliati & Saputra,
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2019). Technological literacy can be honed and instilled in students in schools as provisions for facing the
industrial revolution era.
Chemistry is a branch of science that studies the existence of matter in terms of its structure, properties,
changes and changes in energy (Jespersen et al., 2012). Chemical bonding is one of the topics contained in
chemistry. In studying chemical bonding, students need to have extra understanding (Saidin et al., 2016). This
is because students have not been able to clearly imagine the structure of the microscopic chemical bonds
(Wulandari et al., 2018). In addition, teachers do not show pictures as a medium that can help learning chemical
bonding topic clearly (Anisa & Yuliyanto, 2017). Chemical bonding is difficult to imagine, so students will
find it difficult to learn the theory more realistically (Dwinata et al., 2016). Therefore, tools or media are needed
to help students learn these abstract and microscopic concepts (Ristiyani & Bahriah, 2016).
To solve the problem above, a medium that can display chemical bond structures in three dimensions
is needed. Because this media aims to help students in learning chemical bonds, then choosing the type of
media that students favour now are media that can be used on cellphones. This is based on the current
conditions in the field that people at student age like to spend time on their cellphones (Pandia, 2014).
Augmented Reality (AR) is one of the technological developments in the current industrial revolution
era (Zheng & Waller, 2017). Augmented Reality (AR) is an application that connect the real world to the
virtual world, both in two and three dimensions (Singhal et al., 2012). This process is done by simultaneously
projecting an image in the real environment. Augmented Reality (AR) can be applied to computers and
cellphones. Some of the uses of Augmented Reality (AR) are mobile navigation, medicine, robot planning and
learning media (Mustaqim & Kurniawan, 2017). One of the applications of Augmented Reality (AR) as a
learning medium is researched by Supriono & Rozi (2018) which is applied to chemical molecules.
Based on the description above, research was carried out in the form of learning media development
assisted by Augmented Reality (AR) on chemical bonding topic. It is hoped that by using this media students
will be interested and can easily understand the concepts of chemical bond because it can display threedimensional (3D) images of the structures of various types of chemical bonds.
METHODS
This study was included in research and development method (R&D) because the research objective
is to produce products in the form of learning media (Purnama, 2013). This research was conducted for 7
months, from April to August 2020. The development model used the 4D development model by Thiagarajan,
but was modified into 3D. The research stages are as follows:
1. Define
At this stage, literacy studies from various research journals were carried out regarding the facts of
chemistry learning in the field, difficulties experienced by students, factors that influenced student difficulties
and the media that students were currently interested in. Next was the determination of the type of product to
be developed.
2. Design
At this stage, a product design or instructional media design was made. Things that needed to be
designed start from the Augmented Reality application storyboards and book storyboards. Apart from that, the
preparation of the material content and the selection of 3D images for each type of chemical bond was also
carried out.
3. Develop
At this stage, the selection of the necessary material tools, product manufacturing and product testing
(validity testing by material experts, validity testing by media experts, and due diligence on targets) was carried
out. If the validity test results were declared invalid, a product revision would be made.
The sample in this study were 28 students from science education program. The data collection
technique in this study was to fill out a validity questionnaire by media and content experts, as well as a
feasibility test questionnaire by students. The research instruments were the validity instrument of teaching
materials by media experts, validity instrument of teaching materials by content experts, and a questionnaire
instrument for student feasibility tests. The data analysis technique used was the percentage technique. This
technique was done by comparing the percentage of the total score obtained with the maximum total score.
The qualification of teaching materials were determined based on the percentage in the table below:
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Table 1. Qualification Percentage of Validation Test Results
Percentage
75%-100%
50%-75%
25%-50%
0%-25%
Source: Hanafi (2017)

Qualification
Very valid
Valid
Invalid
Very invalid

Explanation
Worth using, without revision
Worth using, minor revision
Not worth using
Forbidden to use

RESULTS AND DISCUSSION
This developmental research aims to produce learning media assisted by Augmented Reality (AR) on
the chemical bonds topic. The following were the stages that have been carried out in this research:
1. Define
The results of a literature study shown that chemical bonding material was difficult to understand
because it was abstract and microscopic (Ristiyani & Bahriah, 2016). In attempted to help this understanding
process, there were learning media that could be used to present abstract concepts and microscopic concepts.
Augmented Reality (AR) based teaching materials were chosen because Augmented Reality (AR) technology
could help users (students) provided a clear three-dimensional picture of examples of types of chemical bonds.
Augmented Reality (AR) technology in the form of an application on Android was also chosen because
children of student age liked to spend time playing on their cell phones. It would also increase student interest
as it was easy to use and more similar to a mobile game.
2. Design
The material in the learning media that would be displayed in 3D images in the Augmented Reality
(AR) application was starting from 3 examples of ionic bonds, metal bonds, polar covalent bonds, nonpolar
covalent bonds, single covalent bonds, double covalent bonds and coordination bonds.
3. Develop
This learning media consisted of books and applications installed on mobile phones. In the book, there
were various types of chemical bonds, with each type of chemical bond consisting of 3 samples equipped with
a barcode. This barcode could be scanned within the application and then generated a three-dimensional image
of the chemical bond structure of the sample. The following was an image of one of the book's page views
which was equipped with a barcode sample of chemical bonds and an image of the application display used to
scan the barcode and then displayed a 3D image of chemical bonds.

(a)

(b)

(c)

Figure 1. a) Sample Book Page Views of Covalent Bond Type Coordination, (b) Display of Application
Main Menu, and (c) Display of Barcode Scanning
After the validation test was carried out, the content expert validation data and book media are shown
in tables 2 and 3 below, respectively.
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No
1
2

Table 2. Results of Content Expert Validation Test on Books
Indicator
Percentage
Book eligibility
80.53%
Truth of concepts
86.6%

No
1
2
3
4
5
6
7
8

Table 3. Results of Media Expert Validation Test on Books
Indicator
Percentage
Book cover
80%
Foreword
62.5%
Instructions for use
87.5%
Table of contents
66%
The first page of each sub content
75%
Concept maps
83%
Barcode
75%
reference list
87.5%

The content and media expert validation data for the application are shown in tables 4 and 5 below,
respectively.
No
1
2

Table 4. Results of Content Expert Validation Test on Content
Indicator
Percentage
Grammar eligibility
83%
Truth of concept
91.5%
The media expert validation data for the application shows the following:

No
1
2
3
4
5
6
7
8
10
11

Table 5. Results of Media Expert Validation Test on Applicaton
Indicator
Percentage
Opening
75%
Main menu
100%
Application button
100%
Metal chemical bond objects
75%
Polar covalent bond object
91.6%
Nonpolar covalent bond object
91.6%
Single covalent bond object
91.6%
Double covalent bond object
93%
Triple covalent bond object
93%
Coordinate covalent bond object
93%
The data readability test results for students show the following:

No
1
2
3
4
5
6
7
8

Table 6. Media Readability Test Results to Students
Indicator
Percentage
Book design
84.2%
Book clarity
89%
Material explanation
79%
Application design
91.4%
Clarity of instructions for use
88.5%
Ease of use
88.5%
Use of media to understand concepts
89.2%
Media attractiveness
90%

The percentage of media attractiveness of Augmented Reality (AR) on Chemical Bonds had a high
yield, namely 90%. This was the same as in Supriono & Rozi's (2018) research which states that Augmented
Reality integrated in learning media will increase motivation in learning because the media used is attractive.
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Based on validation test data by book and application material experts, book and application media
experts, and due diligence on students, the final result was an average of 87.9% for material, 79.87% for media
and 87.6% for readability to students . If this percentage value was compared with the percentage qualification
table based on Hanafi (2017), the Augmented Reality (AR) media developed was declared very valid for use
and without revision. The comparison of the percentage value of the validity test could be seen in Figure 2
below.
90,00%
88,00%
86,00%
84,00%
82,00%
80,00%
78,00%
76,00%
74,00%

87,90%

87,60%
79,87%

Validation test Validation test Feasibility test
from content
from media
expert
expert

Figure 2. Result of Percentage of Content, Media and Feasibility Test Validation
CONCLUSION
This development research produced a product in the form of Augmented Reality (AR) assisted
learning media on chemical bonding material. The development stage includes the preproduction and
production stages. This learning media was in the form of books and applications on mobile phones. The
features in this application were scanning as the main feature, and other features, namely help, info and exit.
By pointing the camera at the scan feature to the marker on the book, it could display images of three types of
chemical bonds on the screen display. After testing the material validation, media and readability to students,
it shows that this learning media was categorized as very feasible and did not need to be revised with the
percentages respectively 87.9%, 79.87% and 87.6%. This research and development was still in the production
stage, to produce suitable learning media. Therefore, it was hoped that the next stage will be carried out, namely
the dissemination of development results to the target. In addition, it is hoped that there will also be the
development of learning media assisted by Augmented Reality (AR) in other science materials.
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