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Abstract

The integration of Augmented Reality (AR) technology into educational media has the potential to enhance student engagement
and understanding of abstract concepts. This study aimed to develop and evaluate the quality of AR-integrated learning media for
teaching molecular structures in chemistry. Using the ADDIE (Analysis, Design, Development, Implementation, and Evaluation)
model, this research employed a systematic approach that encompassed five stages of development. The study was conducted
with two eleventh-grade classes at a public high school (SMA Negeri 1 Lhokseumawe), involving 66 students as the subjects of
the research. Expert validation of the developed mediayielded a score of 88, which categorizes it as "Excellent." At the same time,
student feedback on usability and engagement resulted in a score of 4.77 in the same category. These results indicate that the AR
media is effective and well-received as a supplementary tool for learning molecular structures. The findings highlight the potential
of AR technology to enhance conceptual understanding and improve learner satisfaction in the field of chemistry education.
Future studies should explore its application across other topics and educational levels to further validate its efficacy and

scalability.
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INTRODUCTION

The education sector is developing in line with the
rapid advancement of technology today [1]. Technology is
beneficialin helping everyone's work in various fields, one of
which is education [1]. Utilizing technology to improve the
level of education in Indonesia to be able to compete
globally [1][2]. Education plays a crucial role in human life.
Based on this statement, every individual has the right to
receive educational services, and it is essential to enhance
the quality of human resources. [3] Improving the quality of
education requires several aspects that can support the
learning process. One of the factors that supports the
learning process is the use of learning media. Learning
media can help students learn and increase interest in
learning [4]. Learning media tailored to the material and age
level of students can make the learning process more
effective [5]. Chemistry is one of the science subjects taught
in Senior High School (SMA). Chemistry is a fascinating field
to study, but most students find chemistry lessons difficult
and confusing because the theory is abstract [6]. Chemistry
is not only limited to solving problems, but also includes an
understanding of chemical facts, chemical laws, and a wide
range of materials, one of the science subjects taught in
Senior High School (SMA). The use of technology is one of
the innovations, and, of course, it is easy to attract the

attention of students today. Therefore, high school teachers
are expected to be familiar with technology so that
education can be engaging and students are not bored while
learning [7]. Strong spatial vision ability to understand
structural formulas and translate them into three-
dimensional representations to build a picture of molecular
shapes [8].

Augmented Reality (AR) technology in education can
help students visualize abstract material in 3D, making it
easier for them to understand the material [9][10]. This AR
media can improve students' understanding of concepts,
criticalthinking skills, and learning outcomes [11]. Research
also shows that Augmented Reality technology can enhance
students' understanding of concepts and increase their
interest in learning [12]. With the advantages of the Android
operating system, developers can create applications freely
duetoits open-source nature [13]. Based on observations at
SMA Negeri 1 Lhokseumawe, as well as interviews with
chemistry teachers and classroom observations, the use of
learning media in schools is still relatively rare. Usually, only
PowerPoint and manual press are used. The manual media
used are less engaging because they only utilize simple
tools, which can lead to students feeling bored during the
learning process [14]. The chemistry teacher at the school
also stated that learning chemistry through molecular form
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material must be demonstrated in real-life applications to
students, so that they can understand the molecular form
material. Based on the above explanation, the researcher
proposes a solution in the form of developing learning
media, specifically an Android-based Augmented Reality
application, for molecular form materials. This approach
aims to optimize the learning process for students in
chemistry. To address these needs, the researcher will
conduct a study entitled "Development of Android-Based
Augmented Reality Integrated Learning Media on Molecular
Shape Chemistry Materials."

METHOD

This research employs the ADDIE model of the R&D
(Research and Development) research method. This
research method aims to produce a specific product and
evaluate its effectiveness [15]. The products that will be
created in this research are in the form of software or
applications that contain Augmented Reality (AR) integrated
learning media. The ADDIE development modelis the model
used by the Researcher in this Study. This model was first
used at the University of Florida in 1975 [16]. Analysis,
design, development, implementation, and evaluation are
the five key steps outlined in the ADDIE model's
development process. [17] According to this research
model, a different procedure applies to each stage.

The initial stage of the ADDIE development model
involves determining students' learning needs by analyzing
problems that occur during the learning process [18][19]—
the researcher examined the literature study and direct
observation of learning conditions in schools. The second
stage inthe ADDIE modelis the planning stage. At this stage,
the researcher begins to design learning media that will be
developed based on the analysis previously carried out.

The results of the previous design were used for the
development stage of AR chemistry learning media. After
that, the validator will check the results of the development.
The learning media products being developed will then be
validated by media and materials experts. The fourth step
involves using pre-made and updated learning materials or
conducting trials. This stage is known as implementation or
field trial, where chemistry learning media is applied to the
learning process of students at school. The products that
have been developed are tested on students at SMA Negeri
1 Lhokseumawe. At this stage, two classes are participating
in the test, each consisting of 33 students. Evaluation is the
final stage in the ADDIE development model. After expert
lecturers on the learning media carried out validation to
ensure that it is valid and suitable for use as a teaching
medium. Validation and Feasibility of Learning Media,
namely the validation of subject matter experts and media
experts with a score range of 1-5 for each question item
according to Table 1.

Table 1. Validation scoring criteria

Criteria Score
Excellent 5
Good 4
Fairly Good 3
Poor 2
Extremely Poor 1

The average score of validation and feasibility of
learning media can be obtained using the following formula
[20]:

Where:
X=Average score
> X =Total Score
n=number of items

The average scores that have been obtained previously
are converted by the validation and feasibility criteria of
learning media based on the guidelines referred to in the
following table:

Table 2. Learning Media Quality Score

Scorerange Category

X> Xi+ 1.8 SBi Excellent
Xi+0.6SBi< X < Xi + 1.8 SBi Good

Xi - 0.6SBi< X < Xi + 0.6 SBi Fairly Good
Xi—1.8 SBi< X < Xi-0.6 SBi Poor

Xi < Xi-1.8 SBi Extremely Poor

The maximum score obtained in the questionnaire on
the validation and feasibility criteria of learning media is five,
and the minimum score is 1. Then the quality criteria for
learning media can be determined according to the
following table:

Table 3. Learning Media Criteria

Score Interval category
X>4.21 Excellent
3.40<X<4.21 Good
2.60<X<3.40 Fairly Good
1.80<X<2.60 Poor
X<1.80 Extremely Poor

RESULTS AND DISCUSSION

The analysis stage is the initial stage in ADDIE's
development model. At this stage, an analysis is conducted
of three key aspects: problem analysis, needs analysis, and
material analysis. The second stage in the ADDIE model is
the design stage, which begins with defining the content,
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which allows the formation of the overall design [21]. Here
are the steps taken at the design stage:
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Figure 1. Groups of objects and images used in media
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The three-dimensional objects contained in the media
are 3D models of molecular shapes taken from the internet
of 3D model making. At the same time, other objects, such
as images, are collected from various internet sources and
adjusted to meet the media's needs through image editing.

The media developed consists of marker cards,
material slides, and 3D AR shapes of molecular shape
models. In the early part, students will start the application
by pressing "start," then will be directed to the menu slide
section, which contains a selection of materials and AR
scans. Here s the initial view, application menu, and marker
card.
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Figure 2. a) The main menu of the app, and (b) Markers of
the app

Ontheinitialdisplay slide, a question markicon serves
as a guide for use in the developed media. This slide
contains instructions for using and directing the camera on
the marker card so that the 3D model of the shape of the
molecule can be seen. Furthermore, with these instructions
for use, students canfollow the directions to avoid mistakes
when scanning markers.

Petunjuk Penggunaan Aplikasi

e S A

1.Instal aplikasi Pada android kalian

2.Sediakan Kartu Marker

3.Arahkan Kamera pada marker dan
scan marker tersebut

4.Pastikan kondisi penerangan
memadai untuk scan marker

5.3D model akam muncul jika marker

terdeteksi kamera

Figure 3. User manual of the app

This slide is part of the material that contains material
learned in class Xl phase F, odd semester. The material
explanation consists of several slides on the applicationand is
complemented by images, tables, and formulas learned on
the form material molecule. Students can choose all the
materials they want to know, which are available on the app.
The following is the presentation of the material.

Teori Domain
Elektron

Teori Domain Elektron adalah penyempurnaan dari
teori VSEPR dan bergantung pada tolak menolak
elekrron-elektron pada kulit luar atom pusat untuk
meramalkan bentuk molekul (Mendera, 2020).

/‘

Figure 4. Presentation of Materials

hl

Domain elektron adalah tempat elektron berada, Domain
elektron terdiri dari dua hal:
4. Setiap ikatan elektron, apakah itu ikatan tunggal,

rangkap, atau tiga,
b, Setiap pasangan elektron bebas.

The core functionality of the developed learning
media, referred to as Scan AR, is designed to leverage
augmented reality technology for interactive learning. When
the camera sensor of a device is directed at a specific
marker card, the system recognizes the marker and
generates a corresponding 3D model of the molecular
shape in real-time as depicted in Figure 5. This feature
provides an immersive visual representation, allowing
students to explore molecular structures dynamically from
multiple angles, thereby enhancing their spatial
understanding and engagement with the material [22].
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Figure 5. The water molecule in 3D mode

Product validation is the third stage in the ADDIE
development model, specifically the Development stage. At
this stage, validation is conducted on the media and
materials. Media validation encompasses four key aspects:
media design, media attractiveness, use, and benefits. The
material validation consists of five factors: the structure of
the material, the accuracy of the material, the presentation
of grammar and punctuation, and the level of difficulty of the
material. Each aspect is validated by two validators, media
experts and material experts who are lecturers at
Malikussaleh University. The results of the quantitative
expert assessment will later be changed to qualitative
according to the category. The results of media validation
and the materials contained in the developed media are
presented in Table 4.

Table 4. Validation of Media and Material Experts

Validation Score (%) Category
Media 80 Good

Material 92 Excellent
Mean 88 Excellent

The overall validity test results for the nine aspects
yielded a score of 88%, placingitin the "Excellent" category.
The first validator gave a score of 4.08, and the second
validator gave ascore of 92%. Therefore, the validated media
falls into an excellent category. Both validators argue that
Android-based AR media is classified as "Excellent". The
determination of this category was obtained after going
through a revision process based on suggestions and inputs
provided by validators [23][24]. Based on these results, the
research can be continued to the next stage. The media
validation data can be seenin the image below:

The next stage in the ADDIE model is implementation.
This stage was conducted at a public high school, located in
the Banda Sakti district of Lhokseumawe city. This stage is
divided into two, namely the initial product trial and the final
product trial. Furthermore, at the end of the test, the
researcher administered a questionnaire to the eight
students, which was developed specifically for the media.
The aspects assessed on the response questionnaire are

appearance and satisfaction. The data from the initial
product testing on students is presented in Figure 7. This
stage involves an initial product trial with two teachers, who
also serve as validators, to assess the feasibility of the
media, and eight students from SMA Negeri 1 Lhokseumawe
to determine the students' response to the developed
media. The details of the initial product test results are as
follows:

Media Feasibility Testing by Teachers

The media quality test for teachers is a feasibility study
conducted onthe developed media. This testis performed to
assess the feasibility of the media and evaluate the
improvements made to the media before it is tested on
students. The resultis given in Table 5.

Table 5. Validation of media and materials experts

Validation Aspect  Score (%) Category

Learning media 96 Excellent

Content 87 Excellent

Total Average 93 Excellent
Student Response

This trial was conducted on eight students to assess
their initial response to the developed media. This trial is
included in the initial product trial, which is performed to
determine the media criteriathat the final product trial will
follow if the developed media is suitable for use based on
the test results. The initial testing of this product was
conducted by distributing the learning media, designed
for eight students, online in the form of an Android (.apk)
file. After that, students installed the application on their
respective smartphones, and then the researcher gave
instructions on how to use the media.
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Figure 6. Student's initial response to the app

Based on the results of the test of student response to
the initial product, an average score was obtained in both
aspects assessed, namely the display aspect with a score of
4.59 and the satisfaction aspect of 4.68, with this, the total
average score in the developed media was 4.62 with the
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category of "Excellent". Thus, the developed media can be
used in the final product trial.

Final Product Test

The final product trial was conducted after undergoing
a series of validation stages by validators and an initial
response trial with students. Based on the results of
previous tests, satisfactory results were obtained, indicating
that the product had reached its final stage and could be
tested to gather the necessary data. The purpose of this test
is to collect the data needed for the research in the form of
student responses to the media and concept understanding
data, both before and after the use of the developed media.
This stage was tested on 66 students in grade Xl at SMA
Negeri 1 Lhokseumawe. Based on the test results, it is
evident that the average score obtained by students was
4.77, as perthe score criteriatable, indicating that this score
falls within the "Very Good" category. This student's
response data is the second time the response data has
been taken. In the first stage, initial response data from 8
students was obtained, which was used as the initial
response data. The initial response data had a lower score
compared to the final product response data, which still
falls within the same category, namely the "Very Good"
category. Based on these results, it can be noted that the
media developed is suitable for use by students as one of
the learning media options [25].

User satisfaction

App appearance _

2 2.5 3 3.5 4 4.5 5

Figure 7. Student response toward the quality of the app

Figure 7 illustrates the evaluation of two aspects of an
augmented reality learning application: "User Satisfaction"
and "App Appearance," both rated on ascale from2to 5. The
results indicate high ratings for both parameters. User
satisfaction achieved a score slightly below 4.5, suggesting
that users found the app highly satisfactory in terms of
functionality and engagement. Meanwhile, the app's
appearance received a score of approximately 4.8,
indicating that its design and visual appeal were rated even
higher. These results reflect a well-designed application that
effectively meets user expectations both in terms of
usability and aesthetic. This indicates that the developed
media has met the criteria for decent appearance and
satisfaction [26].

CONCLUSION

An Android-based augmented reality (AR) learning
media for molecular shape materials was successfully
developed to enhance students' conceptual understanding.
The media is designed to be both engaging and interactive,
utilizing Android devices equipped with camera sensors and
marker cards. This functionality enables students to view
realistic 3D representations of molecular shape models in
real-time. Following comprehensive validation by experts,
teachers, and student testing, the AR-integrated learning
media was rated in the "Excellent" category, demonstrating
its effectiveness and suitability as a teaching tool.

REFERENCES

[1] Kartini, K.S., & Putra, I. N. T. A. (2020). The Effect of the
Use of Android-Based Interactive Learning Media on
Student Learning Outcomes. Journal of Redox:
Journal  of Chemistry and Chemical Sciences
Education, 3(2), 8-12.

[2] Kartini,K.S., &Putra, . N. T. A. (2022). Development of
Android-based interactive learningmedia on
hydrocarbon materials.

[3] Rasna,l.W., Binawati, N.W.S., Tantra, D. K., & Putra, I.
N. T. A. (2021). The Harmony of Instructional
Communication in the Classroom. Proceedings of the
5th Asian Education Symposium 2020 (AES 2020),
251-253

[4] Muliaman, A., Suyanti, R. D., & Eddiyanto, Dr. (2018).
Relationship between Motivation and College
Students' Learning Outcomes on Chemical Kinetic
Material at University. 200, 26-28.

[5] Unaida, R., Ginting, F. W., Widya, & Sakdiah, H. (2024).
Feasibility of Virtual Reality-Based Reflective Micro
Learning Media. Abulyatama University Journal of
Education Dedication 48(2), 1059-1066.

[6] Aspar, M., Mujtaba, I., Mutiarani, & Putri, S. A. D. (2020).
The Utilization of Snake and Ladder Learning Media in
Increasing Students' Learning Enthusiasm. National
Seminar on Community Service LPPM UMJ, 1-8.

[71 Imanda, R., Setiawaty, S., Rahmi, A., Lukman, I. R., &
Ramadhani, A. (2023). Android-Based Interactive
Multimedia Development on Chemical Materials
Colloidal System. Journal of Science Education
Research, 9(6), 4851-4855

[8] Aditama, P. W., & Setiawan, I. N. A. F. (2020).
Indigenous Bali on Augmented Reality As A Creative
Solution In Industrial Revolution 4.0. Journal Of
Physics: Conference Series, 1471(1), 0-8.

[9] Anggriawan, B., effendy, & Budiasih, E. (2017). Spatial
Ability and Its Relation to Students' Understanding of
Symmetry Materials. Journal of Education, 2(12),
1612-1619

[10] Mustakim. (2022). The Effectiveness of Mathematics
Learning Using Online Media During the COVID-19

<‘:«m' https://jurnal.usk.ac.id/JCD

79


https://jurnal.usk.ac.id/JCD

Karismayani et al.

Pandemic. AlphaMath:
Education, 8(2), 131.

[11] Rahman Hakim, Z., Iskandar Mulya, D., Yafi Zulkarnain,
A., Huda, C., Dwi Prasetyo, A., & Higher Computer
Science Cipta Karya Informatika, S. (2023).
Implementation of Vr- Based Solar System Learning
Interactive Media at Sd Islam Teladan Al Hidayah 1.
Journal of Information Technology and Computer
Science (INTECOMS), 6(1), 158-164

[12] Socrates, T. P., & Fatni Mufit. (2022). The Effectiveness
of Using Augmented Reality-based Learning Media in
Physics Learning: Literature Study. Electrolyte, 1(02),
4-11.

[13] Hermawan, A., & Hadi, S. (2024). The Reality of the
Influence of the Use of Augmented Reality Technology
in Learning on Students' Concept Understanding. Simki
Journal of Pedagogia, 7(1), 328-340

[14] Maiyana, E. (2018). The Utilization of Android in the
Design of Prayer Group Applications. Journal of
Science and Informatics, 4(1), 54-65.

[15] Sunami, M. A., & Aslam, A. (2021). The Effect of the Use
of Zoom Meeting-Based Animated Video Learning
Media onthe Science Learning Interests and Outcomes
of Elementary School Students. Journal of Basic
Education, 5(4), 1940-1945.

[16] Hanafi. (2017). R&D Research Concepts in the Field of
Education. Routledge Library Editions: Philosophy of
Education: 21 Volume Set, 21 (1989), 137-153.

[17] Spatioti, A. G., Kazanidis, I., & Pange, J. (2022). A
Comparative Study of the ADDIE Instructional Design
Model in Distance Education. Information
(Switzerland), 13(9), 1-22.

[18] Ghani, M. T. A., & Daud, W. A. A. W. (2018). Adaptation
of the Addie Instructional Model in Developing an
Educational Website for Language Learning. Global
Journal Al- Thaqafah, 8(2), 7-16

[19] Nurayyan. (2019). Development of Animation Video
Learning Media ON Colloidal Materials at SMA Negeri 1
Darul Imarah. 1-23.

[20] Masrura, L. (2023). Analysis of the Needs for the
Development of Teaching Materials for Writing Fantasy
Stories in the Independent Learning Curriculum.
Literacy: Scientific Journal of Language Education,
Indonesian and Regional Literature, 13(2), 430-441.

[21] Widyoko, S.E.P. (2017). Learning Program Evaluation:
A Practical Guide for Students and Prospective
Educators. Yogyakarta: Student Library

[22] Behmke, D., Kerven, D., Lutz, R., Paredes, J.,
Pennington, R., Brannock, E., Deiters, M., Rose, J., &
Stevens, K. (2018). Augmented Reality Chemistry:
Transforming 2-D Molecular Representations into
Interactive 3-D Structures. Proceedings of the
Interdisciplinary STEM Teaching and Learning
Conference, 2(1), 3-11.

Journal of Mathematics

[23] Wiliyanti, V., Ayu, S. N., Noperi, H., & Suryani, Y. (2024).
The Influence of Augmented Reality-Based Learning
Media on Biochephy: Journal of Science Education, a
Systematic Literature Review. 4(2), 953-

[24] Utami, H. S., Pramudiyanti, P., & Prakoso, B. H. (2023).
Animation Media Analysis Based on the Guided
Inquisition Learning Model on Thematic Learning to
Increase Creative Thinking. JIIP - Scientific Journal of
Educational Sciences, 6(12), 10787-10794.

[25] Zega, R. R., & Bawamenewi, A. (2023). Development of
Flipbook-Based Digital Comic Media in Indonesian
Language Subjects in Junior High School (Junior High
School). Primary Education Journals, 3(2), 125-130. A.
Bahishti, “Peer Review; Critical Process of a Scholarly
Publication”, J. Mod. Mater., vol. 2, no. 1, pp. 1.1-1.2,
Oct. 2016. https://doi.org/10.21467/jmm.2.1.1.1-1.2

[26] Nurfadillah, S., Ramadhanty, S., Ajzahro, S., Yuniar, W.,
Hilmiyah, Z., & Muhammadiyah Tangerang, U. (2021).
Development of Microsoft PowerPoint-based learning
media at Sdn Sarakan Il Tangerang. Journal of
Education and Da'wah, 3(2), 368-385

[27] Cahyana, U., Lestari, I., Irwanto, I., & Suroso, J. (2024).
Development of a mobile learning network for science
with Augmented Reality and its impact on students’
literacy and numeracy. International Journal of
Innovative Research and Scientific Studies, 7(2), 576-
586.

<‘:m' https://jurnal.usk.ac.id/JCD

80


https://jurnal.usk.ac.id/JCD

