ISSN 2987-4270

PLE

Physics Learning and Education
Vol. 1 No. 3 (2023)

NEEDS ANALYSIS FOR DEVELOPMENT OF DIGITAL TEACHING MATERIALS WITH
AUGMENTED REALITY FOR OPTICAL INSTRUMENTS MATERIALS

Indah Saputrit, Asrizal'”

! Department of Physics, Universitas Negeri Padang, JI. Prof. Dr. Hamka Air Tawar Padang 25131, Indonesia
Corresponding author. Email:asrizal@fmipa.unp.ac.id

ABSTRACT

The use of instructional materials in education is highly crucial to achieve the success of a quality learning process.
This study aims to analyze the need for the development of digital instructional materials using Augmented Reality (AR) for
the topic of optical instruments. The study investigates five main aspects: physics learning issues, student learning results,
student characteristics, learning objectives, and challenges related to the optical instruments topic. The research subjects
include three physics teachers and eleventh-grade students from Senior High School (MAN) 1 Padang City. Data collection
techniques used in this study comprise interviews, questionnaires, documentation, and literature review. The collected
data, analyzed with appropriate instruments, are subjected to descriptive statistical analysis techniques. Based on the data
analysis, the following results are obtained: 1) students are no longer interested in using printed instructional materials,
and the existing teaching materials do not align with the school's context, 2) student physics learning results are
categorized as low, 3) internal factors such as interest, motivation, and learning styles among students are still
underdeveloped, 4)the learning objectives designed by teachers inadequately consider appropriate learning behaviors for
the competency levels of eleventh-grade students in fundamental knowledge and skills, 5) the average scores in the physics
National Examination (UN) for the optical instruments topic have been consistently decreasing each year, falling below the
standard passing grade, 6) in conclusion, it can be inferred that the development of digital instructional materials using AR
for the optical instruments topic is highly necessary for both teachers and students.
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I.  INTRODUCTION

Education is a crucial benchmark for assessing a nation's progress. Indonesian National Education in the 21st century aims
to realize the nation's ideals, including creating a prosperous and content society, holding an honorable and equal position
among other global nations, and fostering a society with high-quality human resources. This includes individuals who are
independent, willing, and capable of realizing Indonesia's national aspirations. Through education, the aim is to cultivate skilled
human resources capable of thriving and competing in the challenges of the 21st century [1]. The government has undertaken
various initiatives in the field of education during the 21st century, particularly focusing on curriculum and learning strategies.
The Minister of Education and Culture's Regulation No. 66 of 2013 introduced project-based learning as a strategic approach to
nurturing 21st century skills. These skills encompass critical thinking, collaboration, communication, and problem-solving
abilities[2]. Students are expected to solve real-world problems, which enables them to generate creative outputs by applying
their acquired knowledge. In the pursuit of creative ideas, students and educators alike must also stay attuned to the
advancements in Science and Technology (IPTEK) during this era of globalization.

The learning material that cannot be omitted from the advancement of Science and Technology (IPTEK) is related to
Natural Sciences [3]. Physics is one of the many branches of knowledge included in the Natural Sciences curriculum. Physics
plays a significant role in human life and can be applied in everyday situations. It also provides students with an opportunity to
deeply understand how physics operates in daily life and the real world. In physics education, students will encounter real-world
situations where they have to apply physics concepts to design, conduct, and evaluate experiments or physics tasks. Therefore,
it is crucial for students to master the concepts in physics. Proficiency in physics concepts becomes essential to enhance
students' understanding.

To address the issue of students' understanding of physics concepts, preparation and strategies are required, including
preparing students with the necessary needs and objectives to be achieved [4.1]. Instructional materials are essential teaching
tools to fulfill the learning requirements. These materials can take the form of printed materials, audio, audiovisual aids, and
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interactive digital teaching materials. Physics content, which tends to be abstract, demands innovative teaching approaches from
educators. One of these approaches is utilizing digital teaching materials [5]. Digital teaching materials provide flexibility in
learning for students. Appropriate teaching materials will enhance students' comprehension of the subject matter to the fullest
extent, thereby fostering the development of their skills. Hence, the instructional materials employed by teachers significantly
influence students' skills and conceptual understanding during the learning process.

Many efforts have been made to enhance conceptual understanding and develop students' skills. However, the actual
situation observed in the field has not aligned with the desired ideal conditions. This is evident from the findings of literature
studies, which indicate that many students struggle to comprehend the subject of physics. The teaching and learning process
often relies solely on textbooks, and students are subsequently tasked with solving problems that involve only rote
memorization of formulas. Consequently, students find it challenging to grasp the presented material. This is substantiated by
the fact that 78.2% of students encounter difficulties in understanding physics concepts [6]. Thus, addressing the challenges in
comprehending physics concepts is a pertinent issue that necessitates solutions while considering a more engaging and
innovative teaching and learning process.

The solution to address this issue is through the development of instructional materials by leveraging technology that
aligns with the learning content. The evolved instructional materials are no longer in printed form but are digitally-based,
incorporating new innovations to prevent students from merely solving problems based on formulas. One of the technologies
that can be harnessed in the development of digital teaching materials is Augmented Reality (AR). The utilization of AR in
physics education has the potential to enhance students' conceptual understanding [7]. Employing AR as a learning tool makes
the teaching and learning process more engaging and enjoyable for students. An engaging and innovative learning experience
can boost students' motivation and enthusiasm for studying physics. By being immersed in an enjoyable learning process,
students are more likely to achieve better results and actively participate in skill-building.

To support the achievement of the proposed solution, conducting theoretical studies is essential as a foundation for
development. The first theoretical aspect pertains to digital teaching materials. Digital teaching materials are materials created
using specific applications to be accessed through digital devices [4.2]. Digital and interactive teaching materials can be utilized
by students both in classroom learning and for independent study, without the presence of a teacher or tutor [8]. Therefore,
digital teaching materials represent an innovative instructional approach that leverages technology through specific applications,
accessible via digital devices, and can be employed by students within the classroom or independently, significantly impacting
students' learning activities. Teaching materials are an essential and vital source required for learning to enhance teacher
efficiency and improve student performance. The presence of teaching materials makes learning more engaging, practical, and
realistic. Additionally, the utilization of teaching materials in the learning process enables both teachers and students to actively
participate, thus rendering the learning process more effective [9].

Digital teaching materials possess several characteristics. The characteristics of digital-based teaching materials include:
(1) harnessing the advantages of computers, (2) utilizing multimedia technology, (3) leveraging electronic technology, (4)
utilizing self-contained teaching materials stored on a computer, accessible by educators and learners anytime and anywhere,
(5) employing interactive data exchange that can be viewed on a computer at any time [10]. Therefore, teaching materials that
align with these characteristics are a compilation of materials gathered from various learning sources and are systematically
organized. With these characteristics, digital teaching materials can become effective tools in enhancing students' learning
experiences and supporting the development of their conceptual understanding and skills.

Digital teaching materials also come with several advantages. The advantages of digital teaching materials are as follows:
(1) providing educators with ease in explaining abstract concepts during the teaching process, (2) transforming learners' roles
from passive to active, fostering interest in the discussed subject matter, (3) enabling learners to study or review teaching
materials at any time as the materials can be stored on a computer, (4) educators and learners can use structured and scheduled
teaching materials or instructional guidelines through an intranet or internet network, allowing them to assess each other's
progress in studying the materials, (5) the availability of e-moderating facilities where educators and learners can easily
communicate through the internet regularly or at any time without being restricted by distance, place, or time [11]. The
advantages of digital teaching materials facilitate convenient communication and interaction for both teachers and students
through internet facilities, fostering group discussions and individual interactions.

The second theoretical study pertains to Augmented Reality (AR). AR can overlay virtual objects onto the real world in
real-time. The use of AR aims to construct a new environment, either directly or through a medium, ultimately leading the user
to perceive the environment they create as a reality [12]. AR technology serves as a means of conveying a message to its users.
AR enables students to actively interact with learning content. Students can manipulate AR objects, explore virtual
environments, or engage in interactive simulations. This interaction enhances student engagement in the learning process and
aids in building better understanding [13]. Therefore, it can be concluded that AR falls under the category of technology that
engages in communication by merging the real world with the virtual world, which can be leveraged for creating educational
content.
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In this paper, the researcher has chosen the topic of optical instruments as the subject under investigation. Considering the
inherently abstract nature of optical instrument concepts, the utilization of AR technology in instructional materials becomes
essential to support a more effective and efficient learning process. This approach represents a means by which AR technology
addresses the challenges of explaining complex physics concepts directly. The integration of AR into digital teaching materials
for physics can serve as an effective tool for enhancing students' comprehension of physics concepts and theories. Through the
application of AR technology, students can interact with virtual physics objects in the real world, making the learning
experience more engaging, interactive, and relevant to everyday life. Consequently, the researcher deems this aspect crucial for
further investigation.

Based on the outlined problem, it can be asserted that a preliminary study is necessary to develop digital teaching materials
with AR for the topic of optical instruments. The objective of this research is to explore the necessity of developing digital
teaching materials with AR for optical instrument concepts. In light of this research objective, the research question can be
formulated as follows: What are the needs of teachers and students regarding the development of digital teaching materials for
optical instruments using AR to enhance students' conceptual understanding and project skills?.

II. METHOD

This research employs a quantitative descriptive research method. Quantitative descriptive research is a study that portrays
variables as they are, supported by numerical data obtained from real-life situations [14]. In this preliminary study, a needs
analysis is conducted. The needs analysis aims to identify and define the foundational issues in school learning, bridging the gap
between the ideal and real conditions. The needs analysis consists of several components, including: analysis of physics
learning issues, analysis of student learning results, analysis of student characteristics, analysis of learning objectives, and
analysis of issues related to optical instrument concepts.

In this research, there are three objects of study: physics teachers, physics instructional materials, and 11th-grade science
students. Physics teachers are used to gather information about the issues in physics education at the school. Three physics
teachers from MAN 1 Kota Padang were interviewed to understand the problems in physics teaching. Instructional materials
constitute the second object to obtain information about the alignment of learning objectives with the desired competencies. The
students from MAN 1 Kota Padang are used to determine learning results and student characteristics in physics education.

Data collection techniques employed in this study include interviews, questionnaires, documentation, and literature
review. Data on physics learning issues are collected through interviews with physics teachers. Interview guidelines serve as the
instrument. Documentation is used to gather information about the alignment of learning objectives with competencies.
Questionnaires are distributed to understand the characteristics of each student. Additionally, a literature review is used to
identify issues related to optical instrument concepts.

Specific data analysis techniques are utilized to analyze the collected data using appropriate instruments. The analysis
technique employed in this study is descriptive statistics. Descriptive statistics involve analyzing data by describing or
portraying collected data as is, without aiming to draw conclusions applicable to the general population. Various forms of
descriptive statistical data presentation can be used, such as simple tables, frequency distributions, graphs, and explanations of
data groups through mode, median, mean, group variation, and standard deviation [15].

The analysis of quantitative questionnaire data begins by determining the highest score for each indicator. Subsequently,
the total scores obtained from all samples for each indicator are calculated. The next step involves calculating the percentage
value for each indicator. The formula for calculating indicators is as follows:

total score
Value percentage = ———— X 100 %
maximum score

The percentage values obtained from data processing are analyzed using the categories presented in Table 1.

Table 1. Alignment of Data Between Learning Objectives and Basic Competencies Tendencies.

Categories Presentase (%)
Excellent 80 - 100
Good 70-79
Enough 60 - 69
Deficient <60

(Source : Kemendikbud [16])

The table above serves as a benchmark after the results of the analysis of learning objectives and basic competencies tendencies
are obtained.
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I11. RESULTS AND DISCUSSION

The first results of the preliminary research revolves around issues in physics education. The data collection techniques
and instruments utilized were interviews and interview guidelines, respectively. Interviews were conducted with three physics
teachers from MAN 1 Kota Padang. The interview components concerning the implementation of physics teaching
encompassed six aspects: 1) physics teachers' perspectives on physics education, 2) execution of physics teaching, 3) physics
teachers' viewpoints on physics instructional materials, 4) examples of instructional materials employed in physics teaching, 5)
challenges faced in physics education, and 6) factors contributing to issues in physics education.

Through the analysis of interview results, six findings can be highlighted. The first finding indicates that 66.67% of
physics teachers perceive physics education as challenging for many students, while the remaining 33.33% view it as a subject
that poses challenges due to its involvement of abstract concepts and intricate calculations. The second finding reflects
unanimous agreement among all physics teachers that the execution of physics education is being attempted in line with
educational standards, albeit not entirely optimally. The third finding demonstrates unanimous consensus among all physics
teachers that instructional materials are highly significant in physics education, aiding students and providing direction to the
learning process. The fourth finding reveals that instructional materials used in physics education include printed materials such
as textbooks, printed modules, and worksheets. The fifth finding addresses challenges related to the employed instructional
materials, with 33.33% of physics teachers indicating that the materials lead to monotonous learning experiences, another
33.33% expressing that students are no longer interested in printed instructional materials, and the remaining 33.33% stating
that the current materials do not align with the school environment. The sixth finding pertains to factors contributing to the
issues in physics education, encompassing aspects such as the existing instructional materials being designed based on general
school backgrounds rather than tailored to specific school contexts, the absence of new innovations in instructional materials,
and teachers' limited ability to independently develop non-printed materials due to inadequate proficiency in using ICT.

The second results of the preliminary research involves an analysis of student learning results. This analysis is based on
data provided by teachers regarding the grades attained by students in physics education. The learning results under analysis are
derived from the mid-semester examination results of 11th-grade science students in classes XI Natural Sciences (IPA) 1-4 at
MAN 1 Padang City, as presented in Table 1.

Table 1. Analysis of Student Learning Results

Indicator XIIPA 1 X1 1PA 2 X1 1PA 3 X1 IPA 4
Number of 35 36 31 30
students
Mean 52.87 50,74 53,98 50,96
Modus 55 50 60 50
Median 50 50 55 50
Minimum 15 20 30 15
Maximum 90 88 90 80
Range 75 68 60 65

From the data presented in Table 1, we can discern the student learning results in physics education. The analysis of mid-
semester examination scores for 11th-grade science students reveals that X1 IPA 1 achieved an average score of 52,87, falling
within the sufficient category XI IPA 2 attained an average score of 50,74, categorized as good; XI IPA 3 recorded an average
score of 53,98, also classified as good; and XI IPA 4 obtained an average score of 50,96, categorized as sufficient. The range of
scores from the mid-semester examination varied between 15 the lowest and 90 the highest among the four classes. Notably,
only two out of the four classes achieved good learning results, while the remaining two classes received sufficient results.
Based on the acquired data, it can be inferred that students encounter difficulties in learning physics.

The third results of this preliminary research pertains to student characteristics. The data collection instrument used for this
aspect was a questionnaire. Student characteristics in the affective domain were measured using four indicators: 1) student
background (SB), 2) student interest (SI), 3) student motivation (SM), and 4) student learning style (SL). Data on student
characteristics were obtained through questionnaire analysis administered to 11th-grade science students in classes XI IPA 1
and 2. The analysis of student characteristics is depicted in Figure 1.
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Fig 1. Student’s Characteristics

From the data presented in Figure 3, we can discern the characteristics of 11th-grade science students at MAN 1 Kota
Padang in physics learning. According to the data, it can be explained that the indicator of student background achieved a
percentage of 75.4% and falls within the good category. The indicator of student interest in learning attained a percentage of
66.7% and is categorized as sufficient. The analysis also reveals that student motivation in learning falls within the sufficient
category, with a percentage of 67.1%. As for the indicator of student learning style, it obtained a percentage of 62.6%, also
falling within the sufficient category. This can be interpreted to mean that the internal factors of students have not fully
supported the process of physics learning in order to achieve optimal learning results. This significantly impacts the smoothness
and success of the learning process, aiming to achieve all planned learning objectives. Therefore, paying attention to student
characteristics in learning is highly essential.

The third results of this preliminary research pertains to the objectives of physics learning. This study focuses on the
Lesson Plan Documents RPP as the subject. Research that utilizes documents as subjects falls under content analysis. The data
source in this study is obtained from the Lesson Plan Documents RPP of physics teachers at MAN 1 Padang City. The data
source specifically targets the Lesson Plan Documents RPP for 11th-grade physics classes, particularly in the topic of optical
instruments. The indicators for learning objectives consist of: 1) The objective of learning considers the learners being taught
(AU), 2) The objective of learning considers the learning behavior on the basic competence (BE), 3) The objective of learning
considers the learning conditions that assist learners in achieving learning behavior (CO), 4) The objective of learning considers
the expected level of achievement (DE), and 5) The objective of learning encompasses the development of knowledge and skills
(DK). The presentation of data regarding the alignment of learning objectives with basic competence is depicted in Figure 2.
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Fig 2. Alignment of Learning Objectives with Basic Competence

Based on the data in Figure 1, it can be inferred that learning objectives can be achieved if all six indicators are fulfilled.
The analysis results for the first statement, The learning objective considers the learners being taught, obtained a percentage of
73.08% with a suitable category. The analysis found that on average, teachers mention the students being taught for one basic
competence. This reflects that the learning objectives designed by the teachers consider the learners being taught. The second
statement, the learning objective considers the learning behavior on basic competencies, obtained a percentage of 71.79% with a
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suitable category. On average, teachers use operational verbs, reflecting that the learning objectives designed by the teachers
consider the expected learning behaviors to achieve basic competencies.

The third statement, the learning objective considers the learning conditions that assist learners in achieving learning
behavior, obtained a percentage of 69.87% with a suitable category. On average, teachers mention learning conditions that can
help learners achieve learning behavior, reflecting that the learning objectives designed by the teachers consider the realization
of appropriate learning conditions to achieve learning behaviors. The fourth statement, the learning objective considers the
expected level of achievement, obtained a percentage of 69.87% with a suitable category. On average, teachers mention the
expected level of achievement according to the learning conditions. This reflects that the learning objectives designed by the
teachers consider the appropriate level of achievement according to the applied learning conditions.

The fifth statement, the learning objective encompasses the development of knowledge and skills, obtained a percentage of
48.72% with a less suitable category. Operational verbs were found in the basic competencies of knowledge and skills, on
average below the minimum threshold of XI-grade students' ability levels. This indicates that the learning objectives designed
by the teachers insufficiently consider the learning behaviors suitable for the Xl-grade students' ability levels in the basic
competencies of knowledge and skills.

The fifth results of this research concerns issues in the topic of optical instruments. The research method used is literature
review. This literature review focuses on the National Examination (UN) scores in the physics topic of optics at MAN 1 Padang
City. The UN data extracted represents the average percentage at each level, from educational units, districts/cities, provinces,
to the national level. The UN scores analyzed cover the years 2015-2019. The percentage of correct answers by students in the
UN physics examination on the optics topic at MAN 1 Kota Padang can be seen in Figure 3.
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Fig 3. National Examination Scores in Physics Optics Topic

Based on the data presented in Figure 3, it can be observed that the average scores of the National Examination (UN) in
physics for the topic of optics have experienced a decline and are increasingly falling below the graduation achievement
standard. The standard passing grade for students is 55 on a scale of 0-100. The analysis results show that in the year 2015, the
average score obtained was 75.76, indicating that it met the graduation achievement standard. However, in the subsequent year,
2016, the average score dropped to 60.50, yet still meeting the graduation achievement standard. Furthermore, in the following
years, the average scores remained stagnant without improvement. In 2017, students only achieved an average score of 53.35,
indicating that the average score had not yet reached the graduation achievement standard. In the UN of 2018, it was found that
the optics topic was not included in the examination, resulting in the absence of average scores for that year. However, in 2019,
the optics topic was reintroduced in the examination, but the average score obtained was only 45.10, signifying that the scores
had not yet met the graduation achievement standard. This highlights the existence of difficulties among students in
comprehending the optics topic.

The findings of this preliminary study can serve as the foundation for the development of digital learning materials using
Augmented Reality (AR) for the topic of optical instruments. From the initial research, issues arose where students were no
longer interested in using printed learning materials, which made the learning process feel monotonous. Additionally, teachers
indicated that the existing learning materials did not align well with the school environment. To address these issues, a solution
was proposed involving the development of digital learning materials utilizing AR technology. This approach aims to make the
learning experience more engaging and adaptable to the school context. Furthermore, the second set of findings indicated that
student learning results in physics were relatively low. The utilization of appropriate learning materials is crucial to achieving a
high-quality learning process [17.1]. The success of incorporating digital learning materials is demonstrated by a study
conducted by Savitri (2022), revealing that digital learning materials could enhance students' conceptual understanding based on
high N-Gain test results and positive student responses [18]. These findings are further supported by the results of Aryanta's
research (2021), which concluded that physics learning materials based on AR were validated, practical, and effective in
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enhancing students' conceptual understanding [19]. The third finding suggests that internal factors such as interest, motivation,
and learning styles among students are still at a low level. Quality learning materials can assist students in comprehending
concepts more effectively, boosting their interest in learning, and motivating them to achieve predetermined learning objectives
[20.1]

The fourth finding highlighted that the instructional objectives designed by teachers need to more adequately consider
learning behaviors that are suitable for the skill level of Grade XI students in terms of knowledge and skills. Appropriate
learning materials play a pivotal role in supporting the achievement of learning objectives [20.2]. Through the application of
Augmented Reality (AR) technology, students can engage in project simulations, requiring them to design, execute, and
evaluate physics projects within a virtual environment. This provides an opportunity for students to develop project-related
skills [21]. The fifth study demonstrated that the average UN scores in physics for the topic of optical instruments have
experienced a consistent decline each year, falling below the established passing grade standards. One potential solution to
address this issue is the development of learning materials equipped with AR technology. As evidenced research by Saputra
(2017 AR-enhanced learning materials related to optical instruments can enhance students' knowledge [22]. Learning materials
serve as an essential medium for teachers to fulfill their roles in the learning process [17.2]. In conclusion, the development of
digital learning materials using AR for the topic of optical instruments is greatly needed by both teachers and students.

IV. CONCLUSION

Based on the data analysis conducted, it can be concluded that there are five findings from the preliminary research at
MAN 1 Kota Padang. First, the analysis of issues in physics education indicates that students are no longer interested in using
printed learning materials, resulting in a monotonous learning experience. Teachers have also expressed that the current
learning materials do not align with the school's context. Second, the analysis of student learning results reveals that students'
performance in physics is relatively low. Third, the analysis of student characteristics demonstrates that internal factors such as
interest, motivation, and learning styles are still at a low level. Fourth, the analysis of learning objectives indicates that the
instructional goals designed by teachers inadequately consider learning behaviors suitable for Grade XI students' skill levels in
knowledge and skills. Fifth, the analysis of issues related to the topic of optical instruments highlights that the average scores of
the National Examination in physics for this topic have consistently declined over the years, falling below the established
passing grade standards. Consequently, it can be inferred that the development of digital learning materials using AR for the
topic of optical instruments is greatly needed by both teachers and students.

ACKNOWLEDGMENT

The researcher would like to thank Mrs. Hj. Marliza, S.Pd, M.Pd, the principal of MAN 1 Kota Padang. Furthermore,
special thanks are extended to Mrs. Dra. Hj. Lismarni, S.Pd, Mrs. Dra. Asnita Luthan, S.Pd, M.Fis, Mr. Bizar Al Furgan, S.Pd,
and the students of grade XI IPA at MAN 1 Kota Padang who willingly participated as key informants in this study, providing
valuable initial data for the development of digital learning materials using AR for the topic of optical instruments.

REFERENCES

[1] Badan Nasional Standar Pendidikan, “Paradigma pendidikan nasional abad XXI. Badan Standar Nasional Pendidikan
Versi 1.0,” 2010.

[2] Permendikbud, ‘“Peraturan menteri pendidikan dan Kebudayaan Nomor 66 tahun 2013 Tentang Standar Penilaian
Pendidika,” 2013.

[3] Igliya, J. N., & Kustijono, R., “Keefektifan media augmented reality untuk melatihkan keterampilan berpikir kritis siswa,”
Semin. Nas. Fis. 2019, pp. 19-25, 2019.

[4] Mawarni, S., & Muhtadi, A, “Pengembangan digital book interaktif mata kuliah pengembangan multimedia pembelajaran
interaktif untuk mahasiswa teknologi pendidikan,” J. Inov. Teknol. Pendidik., vol. 4, no. 1, p. 84, 2017.

[5] Riyasni. S, I. P. Yani, and W. K. Sari, “Analisis Kebutuhan Pengembangan Bahan Ajar Digital Fisika Berbasis Project
Based Learning Terintegrasi Pendekatan STEM,” vol. 06, no. 01, pp. 58495858, 2023.

[6] Hafi N.N, “Pengembangan buku saku fisika dengan teknologi Augmented Reality berbasis android pada materi pemanasan
global,” Inov. Pendidik. Fis., vol. 7, no. 2, 2018.

[7] Socrates, T. P., & Mufit, F., “Efektivitas Penerapan Media Pembelajaran Fisika Berbasis Augmented Reality: Studi
Literatur,” EduFisika J. Pendidik. Fis., vol. 7, no. 1, pp. 96-101, 2022.

[8] Indariani, A., Pramuditya, S. A., & Firmasari, S., “Pengembangan Bahan Ajar Digital Berbasis Kemampuan Pemecahan
Masalah Matematis pada Pembelajaran Matematika (Bahan Ajar Digital Interaktif pada Materi Pertidaksamaan Nilai
Mutlak Linear Satu Variabel),” Eduma Math. Educ. Learn. Teach., vol. 7, no. 2, pp. 89-98, 2018.

[9] Mashami R. A., K. Khaeruman, and A. Ahmadi, “Pengembangan Modul Pembelajaran Kontekstual Terintegrasi
Augmented Reality untuk Meningkatkan Keterampilan Berpikir Kritis Siswa,” Hydrog. J. Kependidikan Kim., vol. 9, no.
2, p. 67,2021.

[10] Tarigan, Telaah Buku Tematik Sekolah Dasar. Bandung: Angkasa, 2014.

Physics Learning and Education, page.146-153 | 152



First Author(last name), et al

[11] Sanaky, H. A, Media pembelajaran interaktif-inovatif. Yogyakarta: Kaukaba Dipantara, 2013.

[12] Indrawaty, Y., Ichwan, M., & Putra, W, “Media pembelajaran interaktif pengenalan anatomi manusia menggunakan
metode augmented reality (AR),” J. Itena Libr., vol. 4, no. 4, 2014.

[13] Fikri, H., “Penilaian Keterampilan Proyek. Borneo:,” J. Islam. Stud., vol. 3, no. 2, pp. 156165, 2020.

[14] Sukardi, Metodologi Penelitian Pendidikan: Kompetensi dan Praktiknya. Jakarta: Penerbit Bumi Aksara, 2004.

[15] Sugiyono, Statistika untuk Penelitian. Bandung, 2015.

[16] Kementerian Pendidikan dan Kebudayaan RI, Panduan Praktis Penyusunan E-Modul Pembelajaran. Direktorat
Pembinaan SMA, Ditjen Pendidikan Dasar dan Menengah. Jakarta; DPSMA, 2017.

[17] Izzah, N., Asrizal, A., & Festiyed, F, “Meta Analisis Effect Size Pengaruh Bahan Ajar IPA dan Fisika Berbasis STEM
Terhadap Hasil Belajar Siswa,” J. Pendidik. Fis., vol. 9, no. 1, p. 114, 2021.

[18] Savitri, S., Araina, E., Fahrina, R., Nurhanisha, U., & Yantie, S, “Pengembangan bahan ajar digital problem based learning
(PBL) untuk meningkatkan pemahaman konsep pada mata kuliah zoologi vertebrata,” Edu Sains J. Pendidik. Sains Mat.,
vol. 10, no. 1, pp. 77-84, 2022..

[19] Aryanta, I. K. D, “Pengembangan ‘Bugar’ Fisika Untuk Meningatkan Pemahaman Konsep Siswa,” vol. 1, no. 1, pp. 12—
17, 2021.

[20] Asrizal, A., Festiyed, F., & Sumarmin, R, “Analisis Kebutuhan Pengembangan Bahan Ajar Ipa Terpadu Bermuatan
Literasi Era Digital Untuk Pembelajaran Siswa Smp Kelas Viii,” J. Eksakta Pendidik., vol. 1, no. 1, p. 1, 2017.

[21] Klopfer, E., Squire, K., & Jenkins, H. Jenkins, “Environmental Detectives: PDAs as a window into a virtual simulated
world,” Proc. - IEEE Int. Work. Wirel. Mob. Technol. Educ. WMTE 2002, no. February 2002, pp. 95-98, 2002.

[22] Saputra, Fahruroji, “Pengembangan Buku Pengayaan Pengetahuan Fisika Pada Pokok Bahasan Alat Optik Yang
Dilengkapi Dengan Augmented Reality,” 2017.

Physics Learning and Education, page.146-153 | 153



