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Abstract

This article aims to publish research results on the development of physics textbooks equipped
with 3D media based on Augmented Reality technology. AR Technology can provide solutions
when students face difficulties illustrating physics material in physics learning textbooks. This
research uses the research & development method of the Dick & Carey model. The resulting
book displays physics material in multi representations with verbal forms, pictures, tables,
graphs, mathematical equations, and 3D media. Augmented Reality technology-based multi
representation is displayed with a marker that is scanned through a smartphone application with
an Android system. The scanning process requires an average of two seconds from each marker.
The time of this scan shows that the media produced is more effective and efficient when
compared with the activities of searching and downloading animations or videos by students.
The feasibility of the book was tested with a Likert scale questionnaire instrument. For material,
the worthiness was 71.45% while 93.3% for the media. The trial results are limited to five
materials giving N-Gain values ranging from 0.3 to 0.47. Based on these results it can be
concluded that the book model enriched with 3D media with AR technology is already feasible
as a textbook in learning physics.

Keywords: augmented reality, textbooks development, physics, high-school
INTRODUCTION

The internet is a collection of computer networks so users can share information with more
comprehensive sources. The internet is one type of Information and Communication Technology (ICT)
media (Darimi 2017). ICT is increasingly developing so that it affects human life in various aspects
(Restiyani 2014). It is based on the results of a 2016 Indonesian Internet Service Providers Association
(APJI) survey of internet users in Indonesia around 132.7 million people consisting of ages of 10-55
years and over. Internet use is most often used by students and students (APJII 2016).

The utilization of ICT in learning has progressed. More advanced technology is needed to produce
an interactive learning process. One of the technologies currently being developed to support learning
is Augmented Reality (AR) technology. AR technology can combine a 3D object into the real world
(real world) through a computerized process so that it looks real to the user (Kamelia 2015).

A prevalent phenomenon from the existence of AR technology is the Pokemon Go game. The use
of AR technology can make Pokemon Go game players as if they were meeting, capturing, and fighting
the Pokemon monster characters in the Pokemon Go game. The Pokemon monster character in the
game is a visual object produced by AR technology and displayed in the real world through an Android-
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based smartphone device (Tuela 2017). Monster characters will appear if there are markers recognized
by the device's camera to activate AR content (Wicks 2017).

Use must have an AR application on mobile phones with the Android operating system so that the
mobile camera can translate markers into virtual information (Ambarwulan 2016). Another advantage
of AR technology is that it allows digital content (audio, video, 2D and 3D objects) to be seen integrated
into the real world through a device. AR makes content in the form of three dimensions (3D) so that it
can visualize things that are hard to see. AR can also bring virtual objects to the real world in realtime.
AR technology has been developed on smartphone devices that have navigation features supporting
AR so that it can be implemented on popular devices such as Android so that it is easily accessed by
the public (Qumillaila 2017).

Rapidly advancing technological advancements encourage educators to continue to innovate and
make efforts to utilize the results of AR technology into the learning process. The development of AR-
based learning media makes students not fixated on conventional media. The media is one of the
important factors in the successful transformation of the material presented (Mustagim 2017).

AR media in learning can display 3D forms in full and tangible to clarify the material in teaching
materials (Wulansari 2013). The submission of material with the addition of AR will make students
more comfortable to understand the concept of the material. Students can learn concepts quickly,
effectively, and interactively. AR can also train students' creativity in learning activities that are not
boring (Mantasia 2013).

AR learning media are made with Markerlessbased Technique so that the interface display becomes
attractive. The Augmented Reality application can be used on smartphones with the Android Operating
System (Ambarwulan 2016). AR media can be as support in learning activities in the classroom and is
useful for enriching information when used outside the classroom (Putri 2016). So that AR media
enables learner-centered learning and creates opportunities for collaboration that foster a more in-depth
understanding of content.

The use of AR media in learning can be integrated into books as a media capable of displaying 3D
objects virtually on mobile phone devices so that learning becomes more effective and efficient
(Ahmadi 2017). By integrating AR into books, students can observe many objects and phenomena
displayed in 3D (Eyendy 2012). AR can arouse students' interest in understanding the material
delivered with three-dimensional visual representation (Prasetyo 2014). Previous research stated that
the developed AR book is eligible and suitable for use in Physics learning (Permana et al. 2018; Bakri
et al. 2018). Based on these studies, that AR can be applied to textbooks to minimize misconceptions.

Misconceptions can occur in various textbooks. Textbooks can be effectively used if they are
integrated with specific models or strategies (Saputri, Fadilah, Wahyudi 2016). Many physics
textbooks contain concepts of understanding (text), mathematical equations, writing symbols, graphic
images, and diagrams (Nurhayati 2015). It allows misconceptions and errors (Respatiningrum 2015).
One way to minimize misconceptions is by applying multi-representations to the textbooks that will be
used.

Textbooks supported by multi-representations can help students in understanding the concepts
being learned. Multi-representation has high effectiveness in instilling the concepts of learning
materials so that multi-representation can minimize misconceptions contained in textbooks (Suhandi
2012). Multirepresentation is a form of arrangement of material concepts through various forms, such
as verbal descriptions, mathematical symbols, images, and graphics to facilitate the process of
delivering information to students (Widianingtiyas 2015). By using multi representations, the learning
process can make students able to gather information, seek explanations, and solutions to build
understanding of concepts. Students are also able to change the form of problems from graphics into
other forms such as verbal, drawing, and using mathematical equations (Hasbullah 2017). Multi-
representation can also be applied to textbooks. Textbooks supported by multi-representations are said
to be appropriate as complimentary books for learning physics (Silaban 2016; Nurhayati 2016, Piranti
2016).

The 3D media with AR technology integrated into books will enrich multi-representation so that
students can visualize objects and phenomena in learning physics. It can increase learning motivation,
and the learning process becomes more interesting and effective (Septianita 2014). AR can also make
it easier for students to understand the material delivered with a three-dimensional visual representation
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(Eyendy 2012). Physics textbooks need to be developed with additional representation through AR
technology. Its study aims to produce physics textbook models that are equipped with augmented
reality technology.

METHODS

To produce books that are equipped with augmented reality technology, research, and development
method is conducted. This study uses the Dick & Carey model, the first step to the ninth step (Walter
Dick 2001). The research instrument consisted of a book eligibility instrument and students' N-Gain
measurement instruments. The feasibility instrument was made in the form of a Likert scale
questionnaire. The n-gain measurement instrument is made in the form of multiple-choice questions.

RESULTS AND DISCUSSIONS

The augmented reality physics book discusses material for Class X Even Semesters. This book
contains instructions for using the book, concept maps, learning objectives, preliminary tests,
introduction, description of the material, conclusions, summaries, practice questions, formative tests,
glossaries, and bibliography. Description of the material is enriched in multi representations in the form
of images, videos, or 3D animations based on AR, data, graphics, and mathematical equations, and
physics concept texts. 3D video or animation is displayed from the image markers in the book by
scanning the image with an android smartphone. 3D animation is created using a blender application,
which is continued to make an augmented reality-based application using the Unity 3D software.

Physics Book Description

Dilengkapi Media Augmented Reality
SMA/MA

Oktaviani Marsal
Fauzi Bakri
Dewi Muliyati

FIGURE 1. Front cover

e-Jurnal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika)

p-ISSN: 2461-0933 | ¢-ISSN: 2461-1433

Volume 5 Issue 2, December 2019
116

Gambar 1.1 mardeoceg medd
Samber. busyenadz blogamercosd

Pada materi kelas X Semester Gargil sudah membahas tentang Jinematika
gerak lurus, gerak parabols, dan gerak melingkar. Dalam kejian kinematiks,
benda seperti benda titlk vang tidak memperhitungkan massa bends. Sehingza
benda bergerak dengan besaran-besaran gerak yang mempengaruhi Dalam
kenyataannys, gerak benda di pengaruhi oleh massanya. Gaya diberikan dengan
massa yang berbeda maka dengan semakin besar massa semakin besar gavanya.

Bab ini akan mempelsjari salah satu cabang ilow fistks, vaity dinamia.
Dinamika adalah imu tentang gerak suatu benda vang bermassa akibat adanya
pengaruh gava Dinamika dapat digambarkan dengan Hukum-Hulum Newton.

FIGURE 2. Introduction in the textbook

KD 3.7 Menganalisis interaksi gaya serta hubungan antara gaya, massa,

dan gerakan benda pada gerak lnrs.

. Peserta didik dapat mendeskripsikan pengaruh gaya terhadap benda

setelah mempelajari paparanyang ada pada buku AR
Peserta didik dapat mendeskripsikan Hukum I Newton, Hukum I
Iewton, danHubum I Newton setelah melthat animasi AR pada bulu

. Peserta didik dapat menerapkan formulasi Hulum I MNewton, Hulum I

Iewton, Hulum III MNewton untuk menyelesaikan permasalshan
dinamika gerak.

Peserta didik: dapat menghitung gaya berat, gaya normal, gaya gesekan,
dantegangan tali setelash mempelsjari paparan yang ada pada bulm AR,
Peserta didik dapat membedakan besar gaya pads jenis katrol setelsh
mengamati animasi AR pada buku.

Peserta didik: dapat memberikan contoh pensrapan Hulum-hulam
Newton dalam kehidupan sehari-hari.

FIGURE 3. Learning objectives
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Huloure 1 Nawiom
Huloume 2 Nawiom
Hulaurr 3 Newton

Fagubian gava

Tent-fenis pava Tegangan Tal
Fenarapan Hulurme Newion

FIGURE 4. Concept Mapping

A Hukum-Hukum Newton Tentang Gerak

Zaya merupakan fenomena yang sering
terjadi dalam kehidupan sehari-hari. Misalnya jika
ada sebuah mokil dan sebuah motor yang mosck,
maka diperlukan suaba =aya uniuk
menjalankannya. Gayayang diberikan pada mabil
akan lebih besar dibandingkan dengan motor
karena semakin besar massa benda akan semakin
besar pula sayanya. Pada kasus ini mokdl
memiliki massa yang lebih besar dibandingkan
denzan massa mobor, sehingsa zaya  yanz
diberikan labih besar pada mobil daripada motor.,
Gaya disirnbolkan dengan F yans berasal dari kata
s

Pada abkad k=17 Sir Isaac IMewton
mengembangkan  penelitian dard  seorang
fisikamwan asal Italia vaitn Galileo Galiled, sehing=a
dapat merumuskan Hga hukum penting vanz
berhubunzan denpan gaya dan massa, yaito
Hulkurm I Mewton tentang kelsmbaman, Fulooem IT
Mewton tentang merak, danm Hubuom I Fewton
tentang keseimbangan statis. Hetiza huolom ind
disebut Hukom-Hukum Hewton tentang Gerake

1. Hukum I Newton

HUKUM 1 NEWTOMN

Gamsbar 1.3 Mobll taltralan

FIGURE 5. Content

Sir Isaoc MNewton

10 fakta unik tentang Sir

m

Isaac Mewton (1543~

1727)

denzm
melihat jatubnya
=ebuzh apel dari jendela
rumahnya.
Mewton merupalen
=eoramy alkemi= yamz

perak.

IMNewtom =ecrany Fang
relimious.

menuli= tentamy mrama
daripada matematils
dan =ains.

HMewtom pernah memnpdi
oliti=i (ammmota
:xlcmﬂ] =elama =ain

e-Jurnal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 5 Issue 2, December 2019
p-ISSN: 2461-0933 | e-ISSN: 2461-1433

118

Takel 1.1 Hubunzan antara gaya dan parcepatan

Chart Area

2 1 0 30 15
3 1 40 40 1

Tabel 1.2 Hubungan antara parcepatan dan massa

1 il 1 b1}
2 3 2 16
3 8 3 18
Hubungan gaya dan Hubungan
percepatan percepatan dan
massa

=2

Percepatam (5]
oEHHEER
Massa kgl

0 an &
Gaya M|

5 i} 15

Percepatan {m/s'

Gambar 15 Crafle hubunpan gaya dan Gambar 1.6 Grafik bulburgan percepatan dan
penEpakan 5

FIGURE 6. Table and Graphics on textbooks

c)

FIGURE 7. a) Images bearing the ARA logo; b) 3D animation; and c) ARA logo
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FIGURE 7a) can display 3D animation by scanning images through the AR Motion Dynamics
application on a smartphone. 3D animation will only appear when scanning images correctly. The 3D
animations for images of people pushing cars can help students to describe Newton's third law.

Waktu yang diperlukan oleh bumi untuk mengitari matahari adalah 1tahun
dan jarak rata-rata antara bumi dengan pusat tata surnya adalah 1,5 x 101 m,
Jika diketeahui ternyata periode orbit planet venus adalah 0,615 tahun,
berapa jarak antara matahari dengan venus?

Penyelesaian
T’ B T.*

n?oont

(Ltalum)® (0615 tahun)®

(L5 x 107 m)? P
1, = 1,084 x 10 m

Latihan Soal

Periode Bumi mengelilingi Matahari adalah 363,25 hari dan periode
Saturnus mengelilingi Matahari 10821,76 hari, Hitunglah jarak planet Venus
ke Matahari jika jarak antara Bumi dan Matahari adalah 1,496 % 101 m.

FIGURE 8. Examples and practice questions

1. Hukum Gravitasi Universal: Setiap partikel di alam semesta akan tarik-
menarik satu sama lain. Besar gaya tarik berbanding lurus dengan hasil
kali massa masing-masing partikel, dan berbanding terbalik dengan
kuadrat jarak di antara partikel-partikel tersebut.

Secara matematis dapat dituliskan, F = G %
2. Besar nilai medan gravitasi Bumi dari ketinggian tertentu disebut dengan

I |
I |
I |
I |
I |
I |
I |
: percepatan gravitasi benda jatuh ke permukaan Bumi. Secara matematis :
| percepatan gravitasi dinyatakan sebagﬂ;i berikut: |
| g= Gr_3 |
| 3. Untuk dapat menentukan percepatan gravitasi suatu planet dapat |
| ditentukan dengan membandingkannya dengan percepatan gravitasi |
| padapermukaan Bumi. |
| & Energi yang dimiliki benda potensial gravitasi adalsh usaha wntuk |
|  memindahkan sebush benda atau partikel dari posisi tak hingga ke posisi |
|  tertentu dalam suatu ruang yang dipengaruhi oleh medan gravifasi |
|

Energi potensial gravitasi bergantung pada jaraknya, secara matematis |

FIGURE 9. Content Summary
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[ T es Formatif ]

—

Benda A bermassa 800 kg dan Benda B bermassa 600 kg terpisah sejath 0,30
m, Jika suatu titik berjarak 0,20m dari benda A, maka tentukanlah kuat medan
gravitasi pada titik tersebrat!

I

Massa bulan 1/81 massa bumi dan jari-jarinya 1/4 jarijari bumi. Jika
percepatan gravitasi di permukaan bumi 98 m/s, tentukan percepatan
gravitasi di permukaan bulan!

[

Hitunglah besar gaya gravitasi yang terjadi antara Bumi dan Bulan,
Berapakah percepatan Bulan mengeliingi Bumi? Diketahui massa Bumim, =
6,0 x 10°kg, massa Bulan ms =74 x 102 kg, dan jarak Bumi ke Bulan 5= 3,8
x108m,

.

. Sebuah benda dengan massa 10 kg dibawa ke ketinggian 130 km di atas
pemukaan Bumi. jari-jari Bumi 6370 k. Jika percepatan gravitasi Bumi 9,8
m/s?, hitunglah berat benda pada ketinggian tersebut,

wn

. Bumi mempunyai massa 3,97 % 10% kg dan jari-arinya 6,37 « 10¢ m. Sebuah
benda yang massanya kg berada di permukaan Bumi. Berapakah besar gaya
gravitasi yang dialami oleh benda tersebut?

FIGURE 10. Formative Test
Formative Evaluation of Book Products

The formative evaluation of the book model equipped with AR technology was carried out for the
development of the book model so that it was suitable for use in learning physics. In the formative
evaluation stage, a validation test is conducted by material experts and media experts using a Likert
scale questionnaire instrument. This validation stage aims to determine the feasibility of a book that is
equipped with augmented reality technology.

Based on the Likert scale interpretation, obtained the feasibility interpretation of the material by
71.33%. The resulting book product is judged to be materially feasible. The results of the validation
and suggestions from the validator are more emphasized in writing EYD on the book.

TABLE 1. Feasibility test results by the Material Expert

Aspect Percentage Interpretation
Presentation of material in textbooks 77.6% Good
Material suitability 70.4% Good
Language of writing material 66% Good

Average 71.33% Good

The Likert scale on the aspect of the media gives the interpretation of 87.6% feasibility. These
results indicate that the developed book product is considered very feasible as a learning medium.

TABLE 2. Feasibility test results by the Media Expert

Aspect Percentage Interpretation

The textbook component 85.5% Very Good
The size of the textbook 100% Very Good
Book cover page design 80% Very Good
The layout of the contents of the book 100% Very Good
The typography of book content 90% Very Good
Ilustration of book content 82.9% Very Good
Augmented reality media 74.5% Very Good

Average 87.6% Very Good

The product contains five physics chapters that were tested on students to get the results of the N-
Gain value. In TABLE 3, the results of the N-Gain value from each chapter are presented.
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TABLE 3. N-Gain Value

Aspect N-Gain
Newton’s Law 0,30
Newton's Law of Gravity 0,36
Work and Energy 0,40
Momentum and Impuls 0,35
Simple harmonic motion 0,47

Based on TABLE 3, N-Gain can be obtained in the medium category in each material discussion.
The N-Gain results on the topic of Newton’s Law are 0.30; on the topic of Newton's Law of Gravity
are 0.36; on the topic of Work and Energy are 0.40; on the topic of Momentum and Impuls are 0.35,
and on the topic of Simple harmonic motion are 0.47. It can be concluded that the Book with AR
technology can be said to be feasible as a multi-representation based learning media.

CONCLUSIONS

Based on the results of the formative evaluation of media, material and learning feasibility, it can
be concluded that textbooks equipped with Augmented Reality technology are considered appropriate
as physics textbooks. Based on the results of formative evaluation of media, material and learning
feasibility, it can be concluded that textbooks equipped with Augmented Reality technology are
considered feasible as physics textbook.
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