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Abstract

This study aims to develop an augmented reality-based e-module on basic thermochemistry
material to increase students' interest in learning chemistry. The research method used is Research and
Development (R&D) using the Four-D Model (4D Model). The subjects in this study were 11th-grade
students at a high school in East Lombok. These research and development results are e-modules
developed based on Augmented Reality, which have characteristics in the form of e-modules in APK files
that provide 3D representations using markerless technology and activity content presented in the e-
modules related to everyday life. The developed e-module was also deemed feasible by experts, teachers,
and students regarding readability. The trial results showed that the e-module increased learning interest
by 0.3, which is moderate. These results indicate that the developed e-module is effective in increasing
students' interest in learning.
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Introduction

The quality of student learning is influenced by their level of interest in learning. Based on the
results of research by Aulia et al. (2023), it is known that there is a positive relationship between interest
in learning and student learning outcomes. This is because students with a high interest in learning tend to
be active in learning; they will be more focused and enthusiastic in asking questions, analyzing, and
exploring information more deeply. These activities support students in understanding the material better
and facilitate the achievement of learning objectives (Sinaga et al., 2024). However, in reality, the quality
of student learning, especially in chemistry, remains a significant problem that needs to be solved. One
factor influencing this is students’ perception that chemistry is one of the most difficult and uninteresting
subjects. This can be seen from students’ low chemistry learning outcomes (Astafani et al., 2024). The
factors causing difficulties in learning chemistry are divided into internal and external factors. Internal
factors are within the self, including low interest in learning and low motivation to learn. Meanwhile,
external factors originate from the environment, including the application of teaching models and
methods by teachers, the influence of peers, and ineffective learning time (Priliyanti et al., 2021).
Therefore, it is crucial to increase motivation and interest in learning in order to improve the quality and
results of student learning. Afrilia & Piawi (2024) state that motivation is crucial in shaping students’
interest in learning. This aligns with a study by Saragih et al. (2024), which also states that students with
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high motivational factors tend to perform all their learning tasks well. This motivation comes from within
themselves because of their interest and personal needs, which effective increases their interest in
learning.

As one of the fields of science that follows the principles of 21st-century learning, through the
independent curriculum, chemistry learning is designed to be student-centered so that students can play an
active role in discovering and constructing their knowledge. Building understanding and knowledge in
chemistry learning includes three levels of representation: macroscopic, submicroscopic, and symbolic.
According to the results of research by Herawati et al. (2013), chemistry learning currently only focuses
on two levels of representation, namely macroscopic and symbolic, so that students tend to memorize
abstract concepts. This often occurs when studying chemistry concepts, resulting in students being unable
to understand the processes at the particulate level in chemical reactions. This causes chemistry to be
considered a complex subject to understand and often leads to misconceptions in learning chemistry
(Rokhim et al., 2023).

Advances in technology and information have significantly impacted on innovation in education,
from teaching materials and evaluation to learning media (Tanjung, 2023). One effective method of
accommodating the need for teaching materials that support submicroscopic aspects is to present three-
dimensional visualizations with the help of Augmented Reality (AR) technology (Lima et al., 2022). AR
media is a form of educational innovation that utilizes technology and information to improve spatial
understanding by enabling the visualization and manipulation of complex chemical structures in 3D form.
The use of AR has previously been widely described in molecular structure visualization applications
(Eriksen et al., 2020). Based on research conducted by Whatoni & Sutrisno (2022), the chemical bonding
learning module developed with Augmented Reality support is very suitable for use in chemistry learning,
especially in chemical bonding material. The results differences in students’ interest and learning
motivation, both classically and individually. The chemical bonding learning module with Augmented
Reality support effectively contributes 18.8% to students’ interest and learning motivation
simultaneously, 17.2% to students’ learning interest, and 9.7% to learning motivation. Another study
conducted by Rofi'i et al. (2023) states that using AR media in learning can create a more interactive,
engaging, and memorable learning experience for students. This proves that using Augmented Reality in
learning positively affects on students' motivation, interest in learning, and literacy skills.

Based on the above explanation, using Augmented Reality as a learning tool is very suitable for
students. Augmented reality technology has been widely used, especially in medicine, gaming, and image
processing, but it is still rarely used in education (Muchlisin, 2023). One of the reasons for this is that
some schools are unfamiliar with using confusing technology in learning (Mufidah et al., 2024), so many
teachers still experience obstacles in utilizing technological developments to develop teaching materials
and learning media that can facilitate student learning (Dari & Sudatha, 2022). Based on observations and
interviews conducted at a high school in East Lombok, it was found that the use of technology has been
attempted in schools, but its implementation has not been optimal. Learning is still oriented towards
textbooks or worksheets in the form of short questions given by teachers and occasionally accompanied
by YouTube links as additional learning resources. This is also one of the consequences of students' lack
of interest and motivation to learn.

However, with the development of the Society 5.0 era, teachers and students must become
familiar with and accustomed to the latest technological developments. In this era, teachers are expected
to be able to create teaching materials that facilitate optimal learning for students. One way to improve the
guality of learning is to provide quality teaching materials, in this case, as learning modules (Maharcika et
al., 2021). With the development of existing technology, learning modules that were originally in printed
form have begun to be converted into electronic modules or e-modules as an innovation in the
development of teaching materials. Electronic modules contain learning materials systematically designed
within a specific time frame and displayed using electronic devices, such as computers and smartphones
(Asmianto et al., 2022). Electronic modules are considered very practical because they make it easy for
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students to access all materials in their hands (smartphones) (Kurniawan & Kuswadi, 2021). Electronic
modules can facilitate students in independent learning activities and allow them to repeat material they
have not yet mastered (Logan et al., 2020). Electronic modules can also attract students' interest in
learning, illustrate abstract material (with the help of images, videos, and animations), and be easily
accessed anytime and anywhere by students (Aziz & Noer, 2022). In addition, the use of e-modules also
has many positive impacts on learning, such as increasing learning effectiveness, learning independence
(Syahroni et al., 2016), self-efficacy, motivation, and learning outcomes (Delita et al., 2022; Idayanti &
Suleman, 2024). This is why e-modules are very important to develop. Therefore, this research is
important to conduct, not only to provide new experiences for teachers and students but also to determine
the extent of the benefits of Augmented Reality-based e-modules for students in chemistry learning,
particularly in basic thermochemistry material.

Method

This type of research is research and development using the 4D Model developed by Thiagarajan.
In the define stage, initial and final analyses, learner analyses, task analyses, concept analyses, and
learning objective formulations are carried out. The results of this stage are used as a reference when
designing the basis of the e-module being developed. The design stage consists of preparing criterion-
referenced tests, selecting media, selecting formats, and preparing initial drafts. The results at this stage
are the designs of the e-modules being developed. The development stage consists of expert validation
and development trials. Validation is carried out by two subject matter and media experts. At the same
time, the development trial consists of a usability test conducted by five teachers and a readability
response test conducted by 85 students. The results are in the form of an assessment of the e-module
being developed, as well as suggestions and input for improvements to the e-module. The final stage,
dissemination, consists of an effectiveness test, final packaging, and diffusion.

The data collection techniques used were non-test techniques, namely questionnaires, interviews,
observations, and literature studies. The data collection instruments included a student needs analysis
guestionnaire, a product feasibility validation sheet (subject matter experts and media experts), a teacher
usability questionnaire, a student readability response questionnaire, and a learning interest questionnaire.
The adapted learning interest questionnaire grid can be seen in Table 1 below.

Table 1. Learning Interest Questionnaire Guidelines

Aspect of Indicators Item Number Number
Learning Interest of ltem
Positive | Negative
Feeling of Students did not feel bored in participating in the | 1,3,5 2,4 5
Pleasure learning process from start to finish.
Attention Students paid attention to the teacher's explanation | 6,8,9 7 4

of the material and the use of e-modules.

Students took notes on the material and responded

well to it.
Interest Students are enthusiastic about learning using e- | 10, 11 12,15 6
modules. 13, 14,

Students try to find answers to the problems given in
the e-modules.

Involvement Students actively participate in discussions using e- | 16, 17, 18 5
modules. 19, 20

Students actively ask and answer questions from the
teacher regarding the use of e-modules.

Number 20
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This study was conducted at a public high school in East Lombok in the odd semester of
2024/2025. The research subjects for the effectiveness test were 33 students. The validity was in the form
of theoretical validity and empirical validity. Theoretical validity was conducted qualitatively and
guantitatively by media experts and subject matter experts. The qualitative assessment contained
suggestions and input from expert judgment related to the developed e-module. In contrast, the
guantitative assessment was carried out by processing Likert scale data by calculating the percentage
based on the results divided by the maximum score obtained. The data obtained was then interpreted
based on the feasibility category (Astuti et al., 2025).

Table 2. Eligibility Category

Eligiblity Category
81-100 Very Eligiblity
61-80 Eligiblity
41-60 Enough Eligiblity
21-40 Less Eligiblity
0-20 Not Eligibility

Meanwhile, empirical validity is an assessment of the instruments used to measure the dependent
variables. The empirical validity of the learning interest questionnaire was analyzed using the Winstep
application. Items were declared valid if they met at least two of the following Rasch Model analysis
criteria (Boone et al., 2014).

Table 3. Criteria for Item Suitability

Criteria Description
0,5<MNSQ<1,5 Accepted MNSQ value
-2,0<ZSTD <+2,0 Accepted ZSTD value

0,4 < Pt Measure Corr < 0,85 Accepted Pt Measure Corr value

Data analysis techniques for development trials use comparisons of average scores with ideal
validation categories. Average scores are obtained by processing the Likert scale using the following
formula:

XX

T

¥ =
Description:

X = Average score
»X = Total score
n = Number of assessors

The average scores were then compared with the ideal validation categories presented in Table 4
(Azwar, 2012) below:

Table 4. Ideal validation categories

No Score range Categories
1 X > Mi + 1.5 SBi Exellent

2 Mi+0.5SBi <X< Mi+15SBi  Good

3 Mi—0.5SBi <X< Mi+05SBi  Enough

4 Mi-15SBi <X< Mi-05SBi  Poor

5 X< Mi-1.5SBi Very Poor
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Description:

X = Average score
. 1. . .
Mi = Ideal average =~ (ideal highest score + ideal lowest score)

, .. 1. . .
SBi = Ideal standard deviation = - (ideal highest score - ideal lowest score

An augmented reality-based e-module on basic thermochemistry material can be considered
feasible if the actual score obtained from the validation sheet is at least in the good category.

Results and Discussion
Product development results

The define stage consists of initial and final analysis, student analysis, task analysis, concept
analysis, and formulation of learning objectives. The initial analysis was based on literature studies,
observations, and teacher interviews. It was previously known that digital learning had been known and
used since the COVID-19 pandemic and is still in use today (Atsani, 2020). This also applies to the
school where the research was conducted, where platforms other than face-to-face learning are also used,
such as WhatsApp groups and Google Classroom. As for learning resources, they still use worksheets
from teachers, textbooks in the library, and YouTube links for independent learning. This shows that the
school has tried to use digital devices in its learning, but not to the fullest extent. This is evident because
most students and teachers are still unfamiliar with more advanced learning technologies such as
Artificial Intelligence, Augmented Reality, Virtual Reality, and the like. Based on the analysis of the
students, it is known that students feel bored and have difficulty learning chemistry material through the
methods and media used by teachers. Students also hope basic thermochemistry material will be
presented using learning media such as Augmented Reality-based e-modules. This shows that students are
interested in learning if the learning is packaged with models and media that align with current
technological developments. Based on the task analysis results, if we want to develop media in the form
of e-modules, we must be up-to-date with current technological developments, and their content must
present chemistry material in accordance with the Learning Outcomes in phase F of the independent
curriculum related to thermochemistry, with each concept linked to chemistry problems in everyday life.
This is intended to increase students' interest in learning chemistry if the material presented is closely
related to their surroundings. It is also recommended that the formulation of learning objectives
accommodate aspects of learning interest to achieve the learning objectives as expected.

The design stage consisted of developing criterion-referenced tests, selecting media, selecting
formats, and developing initial drafts. The results of the criterion-referenced test development included 20
items of a learning interest questionnaire, which were then validated theoretically by two expert
judgments and empirically by 85 students. As a result, 18 of the 20 developed items were declared valid
and reliable based on Rasch Model analysis. The media selected to develop the PBL-STEM-integrated
Augmented Reality-based e-module was Augmented Reality, which resulted in an application called
ThermoXplorer. The initial design of the e-module consists of several essential components, such as a
cover and menu consisting of an introduction, instructions, materials, activities, evaluation, and developer
profiles.

The development stage consists of expert validation and development trials. Expert validation
provides assessments, suggestions, and input related to the product being developed based on material and
media aspects. The result of expert validation is that the developed product is suitable for use with several
revisions to the content. Meanwhile, development testing consists of teacher usability and student
readability response testing.
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The dissemination stage consists of effectiveness testing, final packaging, and diffusion. This
effectiveness test uses a pre-post one-group design and a random sampling technique. The final packaging
of the product is an e-module in the form of an APK file that can be accessed via an Android smartphone
or tablet. Finally, diffusion is carried out by disseminating the results in accredited national journals and
distributing them directly to teachers and students who were part of the research sample.

Characteristics of E-Module

The Augmented Reality (AR)-based e-module is an e-module in the form of an APK file,
designed using the Canva application for the layout and the Blender application for AR animation, which
is then converted into fbx. The layout and animation are then combined using the Unity Hub application
to create the final e-module in the form of an APK file that can be accessed using an Android
smartphone/tablet. This e-module has main components such as a cover, general information,
introduction, instructions for use, materials, activities (containing case studies and sample questions),
evaluation, developer profiles, and references. The case studies used in the developed e-module are based
on problems related to the basics of thermochemistry in everyday life.

Feasibility of E-Module

The feasibility of e-modules is assessed based on expert validation of material and media,
usability testing, and readability response. The feasibility of e-modules developed based on material is
assessed by expert lecturers regarding material feasibility and accuracy, material presentation, relevance
of facts to thermochemical concepts, and language. Meanwhile, the feasibility of e-modules developed
based on media is assessed by expert lecturers regarding e-module features, instructional quality, software
engineering, and audio and visual display. Qualitatively, here are some suggestions and input from expert
lecturers for improving the developed product:

THERMOXPLORE
(MENU)

PENDARULUAN

Figure 2. Menu section introduction before and after repair

Quantitatively, the average expert validation score for the material was 80.2, which falls into the
acceptable category when interpreted using the acceptability category table in Table 2. The highest
average scores were for the material’s presentation, acceptability, and accuracy. This is because the
material is in line with the basic concepts of thermochemistry that are relevant to everyday life. The
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material presented is also equipped with relevant animations/AR objects so that it is easier for students to
understand.

As for media experts, the average validation result is 86.9, which is classified as very feasible.
The highest average is in the aspects of instructional quality and software engineering. This is because the
developed e-module already accommodates clear usage instructions. The e-module is also easy to operate
anytime and anywhere, encouraging students' interest in learning. The e-module format was chosen to
enable more efficient learning that can be done independently anytime and anywhere (Logan et al., 2020).

Meanwhile, a comparison of average scores with the ideal validation category was used for the
development test (teacher usability test and student readability response test). Based on the teacher
usability test results, the average total score for all aspects was 160.2 (X>139.8), with the highest average
score in the Language and Media aspect. This proves that the developed e-module is easy to operate, and
the 3D objects presented can support learning well. Based on the ideal assessment score range in Table 4,
the average score obtained can be interpreted as the Augmented Reality-based e-module obtaining an
excellent category.

Meanwhile, the student readability response test results obtained an average total score for all
aspects of 73.44 (X>67.95), with the highest average score in the aspects of material and language. This
shows that the material presented in the e-module is easy to understand. In addition, the activities
presented in the e-module case studies on basic thermochemistry material related to everyday life, made
students more interested in learning it. Based on the ideal score range in Table 4 for the readability
response results, the Augmented Reality-based e-module obtained an excellent category.

Effectiveness Test Results

The effectiveness test was conducted on 33 students by looking at the results of the learning
interest questionnaire before and after using the Augmented Reality-based e-module on basic
thermochemistry material. Based on the data obtained, the average learning interest score before using the
Augmented Reality-based e-module was 65, with the lowest score of 44 and the highest score of 82.
Meanwhile, the average learning interest score after using the Augmented Reality-based e-module was
73, with the lowest score of 61 and the highest score of 88, indicating an increase. The increase of 8 is
classified as moderate when converted using the N-Gain test with a result of 0.30.

Based on the average N-Gain results for each indicator, the results were 0.30 for feelings of
happiness, 0.24 for attention, 0.29 for interest, and 0.19 for involvement, all classified as moderate. The
indicators of happiness and attention received the highest increase due to the media used. This is in
accordance with the research by Prijambodo et al. (2024), which concluded that AR has great potential in
increasing learning interest and contributing to the development of innovative education. Additionally,
research conducted by Watoni and Sutrisno (2022) also states that learning with the help of Augmented
Reality can increase students' interest and motivation to learn because it is interesting and not dull. Thus,
selecting effective learning media and teaching methods supports an increase in students' interest in
learning.

Conclusion

Based on the research and development results, it was concluded that the developed e-module
was deemed suitable for use based on the assessment of subject matter and media experts, teacher
usability, and student readability responses. The developed e-module can increase learning interest based
on the n-Gain test results of 0.30, which are moderate. Therefore, it is highly recommended to develop it
further for other chemistry subjects.
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