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ABSTRACT

This research aims to develop and evaluate a static electricity teaching module based on Marker
Augmented Reality (MAR) called PyLo-AR using a Design Thinking approach. The module is designed
to help learners understand static electricity concepts through visualization. The research assesses
content and system validity, module effectiveness, and feedback from students regarding the teaching
module. Validation results indicate that PyLo-AR has excellent content validity and good system
validity. Effectiveness testing shows that the success rate of students using the PyLo-AR application is
categorized as high, with a percentage score of 95.11%. SUS measurement results show an average
score of 53 for Grade X and an average score of 70 for Grade XII. The study results indicate that the
marker-based augmented reality teaching module, PyLo-AR, is valid in terms of content and system
and has a relatively good acceptance level from users. This suggests that PyLo-AR can be an effective
alternative in the physics learning process.
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INTRODUCTION

The development of information and communication technology has had a significant impact in various
aspects of life, including education. One technology that is increasingly popular and attracts attention
is augmented reality (AR). AR is a technology that projects virtual objects into a real environment in
real time (Cuhanazriansyah et al., 2023). The ability of AR technology to create more real visualizations
can be a solution to provide a deeper understanding of abstract physics concepts.

Static electricity is one of the materials in physics that is often considered abstract and difficult
for students to understand. This is due to the invisible nature of static electricity and difficult to visualize
concretely. As a result, many students have difficulty in understanding the basic concepts of static
electricity such as electric charge, Coulomb force, and electric field. In addition, conventional learning
methods such as lectures and textbooks tend to make students feel bored and less motivated, as
emphasized by Socrates and Mufit (2022), the lack of innovation in learning affects the ability of
students to understand the material.

Teaching modules with augmented reality (AR) integration are learning innovations that enable
independent and guided learning (Prastowo, 2011). Modules are designed with a structured series of
learning activities to help learners achieve learning objectives (Sihotang, 2020). According to Sholeh
et al. (2021) and Bakri et al. (2018), the use of augmented reality technology in learning can provide a
more real learning experience for students and a more detailed explanation through the presentation of
material in 3D. Cuhanazriansyah et al. and Zakaria et al. (2023) revealed that augmented reality-based
learning media is effective for visualizing abstract concepts and worth using as a new media in physics
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learning. This allows learners to more easily understand difficult concepts and build a deeper
understanding.

The literature review shows that the use of AR in learning has shown positive results. Some
previous studies have successfully improved students' learning achievement in various subjects,
including physics. However, research on marker-based augmented reality (AR) teaching modules in
static electricity learning is still relatively limited. Therefore, this research is expected to contribute to
the development of technology-based learning innovations in physics.

Specifically, this study will answer the following research questions: 1) how is the validity of the
marker augmented reality (AR) based teaching module in terms of content and system; 2) how is the
effectiveness of the marker augmented reality based teaching module in terms of the system; how do
students respond to the marker augmented reality based teaching module in static electricity learning?
Thus, this research is expected to be a reference for educators and learning media developers in an effort
to improve the quality of physics learning, especially static electricity material.

LITERATURE REVIEW

Teaching module

Modules are self-learning guides designed to help learners achieve learning objectives effectively
(Prastowo, 2011). According to Sihotang (2020), teaching modules are complete packages containing
subject matter that is arranged systematically and easy to understand, so that students can learn
independently. In addition, Agustinaningsih (2023) emphasized that teaching modules can train
students to be more independent and responsible in their learning process. The development of teaching
modules that are suitable for the needs and characteristics of students is very important to create
interesting and meaningful learning (Putri, 2016). Teaching modules based on the Merdeka Curriculum,
as explained by Maulida (2022), generally consist of three main parts, namely general information, core
material, and attachments. This teaching module is designed to be a complete and effective learning
guide helping learners achieve learning objectives optimally.

Augmented reality (AR)-based teaching modules are learning innovations that allow learners to
see and interact with objects or information that are not visible in the real world (Khairunnisa et al.,
2023). AR technology is able to transform abstract concepts into more real visualizations, thus
stimulating students' critical thinking skills (Cuhanazriansyah et al., 2023; Chaeranti et al., 2018).
Integrating AR in teaching modules also provides flexibility in learning, because students can learn
anytime and anywhere (Surani, 2019). AR is also proven to increase the effectiveness of the teaching
and learning process (Ramadani et al., 2022).

Augmented reality

Augmented Reality (AR) is a technology that combines the real world with digital elements in real-time
(Cuhanazriansyah et al., 2023). This technology is very useful in learning, especially for visualizing
abstract concepts. For example, AR can be used to display three-dimensional models of objects that are
difficult to imagine, through everyday devices such as smart phones (Wijaya, 2020), so that learners
can more easily understand and remember the information (Usada, 2018).

This research uses the marker-based method to develop augmented reality (AR) based teaching
modules. This method works by recognizing predefined markers. When the camera detects this marker,
the phone will display a pre-programmed three-dimensional object in a location that matches the
position of the marker in the real world (Naqiyah et al., 2020; Satria & Prihandoko, 2018). In other
words, the marker acts as a marker for the computer to place virtual objects in the real world.

Design thinking
Design thinking is an approach that puts humans at the center of the innovation process. It combines a
deep understanding of user needs with the potential of technology to create innovative solutions (Dam
& Siang, 2021). In other words, design thinking is the process of finding the right solutions to problems
faced by humans, by always involving users in every stage of development (Hussein, 2018). This
process is iterative, meaning that it can be repeated and improved continuously (Dam & Siang, 2021).
Design thinking is a systematic approach to solving problems by actively involving users. The
process includes five stages, namely: empathizing with users, clearly defining the problem, generating
a range of creative ideas, creating an initial model of the solution, and testing the solution. The ultimate
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goal of design thinking is to create solutions that are not only innovative, but also relevant to user needs.
This method is not only useful for designers, but can also be applied in various fields (Ayu & Wijaya,
2023; Dam & Siang, 2023).

METHODOLOGY

This research is a development research that aims to develop innovative learning products, namely
marker-based augmented reality (AR) teaching modules for static electricity materials. The
development process adopts the Design Thinking model introduced by Stanford's d. school which
consists of 5 phases, namely: empathize (understand users), define (formulate problems), ideate
(generate ideas), prototype (create initial models), and test (evaluate) (Dam, & Siang, 2021). This model
was chosen because it allows for user-centered and iterative product development.

DESIGN THINKING: A NON-LINEAR PROCESS
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Figure 1. Design Thinking Flow Chart

To ensure the success of the development and testing of teaching modules, this study involved
students from SMA Negeri 2 Makassar as research subjects. The selection of subjects was carried out
by purposive sampling by considering certain criteria, namely: students of SMA Negeri 2 Makassar,
having a smartphone with Android 6.0 operating system or higher, and willing to use PyLo-AR
application. These criteria were chosen to ensure the smooth implementation of the research and the
relevance of the data obtained.

The empathize stage is an in-depth process to understand the problems and needs of students in
learning abstract physics material. Through observations using the design question worksheet, the main
obstacle was found to be limited understanding of concepts due to the lack of effective 2D learning
media in visualizing abstract concepts such as electric fields and Coulomb forces. SWOT analysis
confirmed that the development of marker-based augmented reality (AR) teaching modules has the
potential to be an effective solution. AR technology can present a more dynamic and interactive
visualization, so it is expected to improve students' concept understanding. To validate the initial
findings of the problem from the user's perspective, further user research was conducted using a research
plan involving students. The data obtained from the research plan was used to confirm the problems
and solutions that had been identified, and provide more specific input for the define stage.

The define stage is a stage to process the data obtained from the empathize stage into a deeper
understanding of physics learning problems. Through in-depth analysis of the results of observations
and interviews, the problems and needs of users (learners) are specifically defined. To visualize the
problems and solutions, three main tools were used: persona, empathy map, and user journey. Persona
depicts the ideal profile of learners, including their needs, motivations, and challenges. Empathy map
visually presents learners' perspectives on physics learning, including what they think, feel, see and do.
User journey describes the flow of learners' interaction with the AR learning module, from before,
during, to after use.
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The ideate stage involves brainstorming sessions to generate innovative ideas to overcome the
identified learning challenges. The results of this brainstorming become the basis for designing the AR
module user interface. The prototype development process is carried out using Blender software to
create 3D models, Unity to integrate 3D models with AR markers, and Canva to design markers. The
marker that has been designed is then uploaded to the Vuforia platform to be used as a trigger for the
display of 3D objects to appear. The following is the initial rendering of the PyLo-AR application for
the Android operating system.

Figure 2. Initial Rendering of PyLo-AR 3D App

The testing stage aims to assess content and system validity, product effectiveness, and user
satisfaction. Measurement of validity through the analysis of the agreement of two Gregory formula
experts to ensure that the material presented in the application is accurate and relevant to the curriculum
and the system in the application according to system operating standards. Effectiveness measurement
was conducted using the tasking method to measure the success of the features designed in the teaching
module. Measurement of user satisfaction is carried out using the System Usability Scale (SUS) to
collect data on user perceptions of ease of use, usability, and overall satisfaction. The data collection
techniques used include: 1) observation, which is directly observing the learning process to see the
behavior and difficulties experienced, 2) interview, which is conducting in-depth interviews with
students to explore their opinions and input, 3) survey, which is collecting quantitative data through
questionnaires, to assess the validity of the teaching module, measure the effectiveness of the PyLo-AR
application, including the use of the SUS scale to measure ease of use, 4) triangulation, which is
combining data from various sources to obtain a more comprehensive and accurate understanding.

RESULT AND DISCUSSION

Validity testing

After the product was designed, the validity of the content and system contained in the PyLo-AR
application was tested. The test was conducted using content and system validation instruments with
Gregory's two-expert agreement analysis technique to measure the feasibility of the content and system
contained in the PyLo-AR application. The results of the content validity test showed a score of 1.00,
exceeding the minimum threshold of the internal consistency coefficient of 0.75. This indicates that the
static electricity content in the PyLo-AR application is very accurate and relevant to the learning
material. Meanwhile, the system validity test results showed a score of 0.76, close to the minimum
threshold of 0.75. This value indicates that the system contained in the PyLo-AR application can be
used in assisting the learning process with some improvements that need to be made to the system
(Privitera, 2015).

Effectiveness and efficiency testing

To measure the effectiveness of the PyLo-AR application, testing was conducted using the tasking
method. Learners were given tasks designed to test the quality of the product in terms of user-
friendliness in learning and operating the PyLo-AR application. The percentage of successful tasks done
by learners is shown in the following diagram:
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Figure 3. Percentage of Task Completion Effectiveness

Figure 3 shows the effectiveness graph for each task. There are 6 tasks that have the highest
effectiveness value, namely in tasks 1, 2, 3, 4, 5, and 10 with a value of 100%, which means that 49
participants successfully completed the task in accordance with the objectives to be achieved. The tasks
are related to creating a username and password and being able to operate the features in the application
according to their functions. In addition, there are also several tasks that cannot be completed by
students, namely tasks number 6,7,8, and 9. These tasks are related to the appearance of 3D objects and
cannot be completed because some features cannot function on the students' devices.

Based on the calculation results with the completion rate technique, the application effectiveness
value is 95.11%. According to the effectiveness criteria referred to, the system can be declared effective
if the value of the effectiveness variable is above 75%. So it can be concluded that the PyLo-AR
application is very effective in terms of the system, which means that the system in the application can
run well and users can operate the application (Wahyuningrum, 2021).

User response measurement

After effectiveness testing, a survey measuring user response using the System Usability Scale (SUS)
was conducted to 49 respondents (class X and XII). The analysis results showed an average SUS score
of 53 from class X respondents and 70 from class XII respondents. In accordance with the guidelines
proposed by Brooke (1995), SUS evaluation results can be analyzed based on three main aspects,
namely acceptability ranges, grade scale and adjective ratings as follows:
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Figure 4. System Usability Scale (SUS) Assessment

The interpretation of SUS scores in Figure 4 shows that class X is in the acceptability ranges =
“marginal”, grade scale = “D”, and adjective rating = “Ok”. While class XII is in the acceptability
ranges = “marginal”, grade scale = “C”, and adjective rating = “Ok”. Acceptability ranges are an aspect
in determining the level of application acceptance, in this case class X and XII respondents both show
an acceptance level that is included in the marginal category, which means that the application is
acceptable (Aisyah et al., 2021). Grade scale is an aspect in determining the level of application quality,
in this case there are differences in the interpretation of SUS scores from class X and XII respondents.
Grade X respondents determine the level of application quality at grade “D” while grade XII
respondents determine the level of application quality at grade “C” which means the application quality
is quite good (Sukma et al., 2023). Adjective rating is an aspect in determining the level of application
usability, in this case class X and XII respondents both gave the category “Ok” which means that
according to the user the application can be used (Pramudya & Raharja, 2022).
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CONCLUSION

The results showed that the marker-based augmented reality teaching module with the name PyLo-AR
was declared valid in terms of content and system, and had a fairly good level of acceptance from users.
This shows that PyLo-AR can be an effective alternative in the physics learning process.

REFERENCE

Agustinaningsih, W. (2023). Melangitkan Bahan Ajar, Membumikan Media Fisika. Sleman: Deepublish
Digital.

Aisyah, S., Saputra, E., Rozanda, N.E., Ahsyar, T.K. (2021). Evaluasi Usability Website Dinas
Pendidikan Provinsi Riau Menggunakan Metode System Usability Scale. Jurnal Ilmiah
Rekayasa dan Manajemen Sistem Informasi. 7(2), 125-132.

Ayu, T.B., & Wijaya, N. (2023). Penerapan Metode Design Thinking Pada Perencanaan Prototype
Aplikasi Payoprint Berbasis Android. MDP Student Conference 2023.

Bakri, F., Ambarwulan, D., & Muliyati, D. (2018). Pengembangan Buku Pembelajaran Yang
Dilengkapi Augmented Reality Pada Pokok Bahasan Gelombang Bunyi Dan Optik. Gravity:
Jurnal llmiah Penelitian dan Pembelajaran Fisika, 4(2), 46-56.

Chaeranti, S.N., Bakri, F., & Permana, A.H. (2018). Modul yang Dilengkapi Dengan Teknologi
Augmented Reality: Cara Mudah Belajar Fisika Untuk Konsep dan Fenomena Kuantum SMA
Kelas XII. Prosiding Seminar Nasional Fisika (E-Journal) SNF2018. 7.

Cuhanazriansyah, M.R., Amin, A K., Rohman, N., A. Rahmadhani, D., & Muna, Zulfa, F.M. (2023).
Pelatihan Pembelajaran Berbasis Augmented Reality (AR) di Era Teknologi 5.0 pada Materi
Instalasi Komputer. Jurnal Pengabdian Masyaraka,. 2(2), 209-215.

Dam, R., Siang, T. (2021). What is Design Thinking and Why Is It So Popular?. Interaction Design
Foundation.

Emzir. (2013). Metodologi Penelitian Pendidikan: Kualitatif dan Kuantitatif. Jakarta: PT. Rajagrafindo
Persada.

Hussein, A.S. (2018). Metode Design Thinking Untuk Inovasi Bisnis. Malang: UB Press.

J. Brooke. (1995). SUS: A4 quick and dirty usability scale System Usability Scale View project Decision
Making in General Practice View Project. United Kingdom.
https://www.researchgate.net/publication/228593520.

Khairunnisa, et al. (2023). Multimedia (Teori dan Aplikasi Dalam Dunia Pendidikan). PT Sonpedia
Publishing Indonesia.

Maulida, U. (2022). Pengembangan Modul Ajar Berbasis Kurikulum Merdeka. Tarbawi: Jurnal
Pemikiran dan Pendidikan Islam, 5(2), 130-138.

Nagqiyah, S., Andryana, S., & Komalasari, R.T. (2020). Augmented Reality Pengenalasn Laboratorium
FTKI Universitas Nasional dengan Tracking Based Navigation. Jurnal Sistem dan Teknologi
Informasi, 8(1), 116-120.

Pramudya, B.Z., & Raharja, P.A. (2022). Evaluasi Usability Aplikasi Augmented Reality Morphfun
Menggunakan System Usability Scale. Jurnal Multinetics. 8(2), 122-130.

Prastowo, A. (2011). Panduan Kreatif Membuat Bahan Ajar Inovatif. Yogyakarta: Diva Press.

Privitera, G.J. (2015). Statistics For the Behavioral Sciences Second Edition. California.

Putri, C.S. (2016). Pengaruh Media Sosial Terhadap Keputusan Pembelian. Jurnal Manajemen dan
Start-UP Bisnis. 1.

Ramadani, F., Darmansyah., & Desyandri. (2022). Studi Literatur: Peran Teknologi Bagi Pendidikan
Dalam Revolusi 4.0. Jurnal IKA: Tkatan Alumni PGSD UNARS, 12(2), 247-258.

Satria, B., & Prihandoko. (2018). Implementasi Metode Marker Based Tracking Pada Aplikasi Bangun.
Universitas AMIKOM Yogyakarta. Pp. 1-5.

Sholeh, M., Triyono, J., Haryani., & Fatkhiyah, E. (2021). Penggunaan dan Pengembangan Aplikasi
Augmented Reality untuk Dunia Pendidikan. JMM: Jurnal Masyarakat Mandiri, 5(5), 2524-
2536.

Sihotang, K. (2020). Buku Materi Pembelajaran Pengembangan Pembelajaran. Jakarta: UKI Press.

Socrates, T.P., & Mufit, F. (2022). Efektivitas Penerapan Media Pembelajaran Fisika Berbasis
Augmented Reality: Studi Literatur. Edu Fisika: Jurnal Pendidikan Fisika, 7(2), 96-101.




International Journal of Education and Training (InjET)

Volume 10, Number (2), 2024
eISSN: 2462-2079  © Universiti Putra Malaysia Press

Sukma, A.P., Yusuf, R., & Dai, R.H. (2023). Analisis Pengukuran Usability Sistem Informasi
Manajemen Baznas (SIMBA) Menggunakan Metode System Usability Scale (SUS). Diffusion:
Journal Of System Information Technology. 3(2), 224-231.

Surani, D. (2019). Studi Literatur: Peran Teknologi Pendidikan Dalam Pendidikan 4.0. Prosiding
Seminar Nasional Pendidikan FKIP, 2(1), 456-469.

Usada, E. (2018). Pemanfaatan Augmented Reality (AR) sebagai Prototype Media Belajar Belajar
Pendukung dan Praktikum Penyambungan Serat Optik. Jurnal Komunikasi, Media, dan Inform,
7(1), 9-17.

Wahyuningrum, T. (2021). Buku Referensi Mengukur Usability Perangkat Lunak. Sleman: Deepublish.

Wijaya, AP, et al. (2020). Augmented Reality.

Zakaria, A., Wahyuni, L.S., Satriawan, M., Saputra, O., Habibulloh, M. (2023). Pengembangan Media
Pembelajaran ARDI (AR-Digital Book) Berbasis Augmented Reality 3D Animated Pada Materi
Induksi Elektromagnetik. Inovasi Pendidikan Fisika, 12(2), 54-64.



