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Abstract: This study aimed to develop and evaluate the feasibility, 
practicality, and effectiveness of augmented reality (AR)-based e-learning 
materials to enhance student learning outcomes. Employing a Research and 
Development (R&D) approach using the Borg and Gall model, the study 
involved students from Podorejo 02 Elementary School. Feasibility was 
assessed through expert validation, which indicated the e-learning materials 
were "very feasible." Practicality was determined through teacher and student 
questionnaires, revealing "very positive" satisfaction levels. Effectiveness was 
demonstrated via a t-test, yielding a significant result (p < 0.05) and a 
moderate N-gain. The findings confirm that AR-based e-learning materials are 
feasible, practical, and effective in improving science learning outcomes for 
elementary school students. 
 
Keywords: Augmented reality; Changing the form of energy; E-teaching 
materials; Science 

  

Introduction 
 

Quality learning, which actively involves students 
in an interactive and challenging learning process, is the 
key to producing graduates who are ready to face the 
challenges of the times (Ang et al., 2021). Education is a 
journey to develop one's potential, enrich one's insight, 
and prepare future generations (Grassini, 2023; Kohl et 
al., 2022; Yu, 2024). This statement is in line with 
Permendikbudristek No. 12 of 2024 that the Independent 

Curriculum, with its flexibility and focus on essential 
materials, provides a strong framework for creating a 
learning environment that supports students in 
developing their potential to the fullest. The curriculum 
is a learning guideline that is always adjusted to the 
needs of the times and national goals (Anggraini et al., 
2022; Suratno et al., 2022). 

Permendikbudristek No. 16 of 2022 concerning 
Standards for Elementary and Secondary Education 
Processes emphasizes that learning must be interactive 

and encourage student activity. Teachers are expected to 
create a learning atmosphere that involves two-way 
communication and makes students active subjects in 
the learning process through a student-centered 
approach (student-centered learning). Learning is 
designed to encourage students to think critically, 
creatively, and exploratively through various methods, 
such as group discussions, collaborative projects, 
experiments, and the use of technology. In addition, 
teachers act as facilitators to ensure an inclusive, 
positive, and supportive learning environment, so that 
students feel motivated and actively involved in 
learning activities. This aims to improve the quality of 
education by making students the main actors in the 
learning process. The use of information and 
communication technology (ICT)-based learning media 
is currently also an urgent need in the world of 
education. Therefore, its use must be accompanied by 
the provision of adequate ICT facilities. In this digital 
era, the integration of ICT in the learning process in 
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schools has become an important part of supporting the 
creation of effective and optimal learning (Akram et al., 
2022; Sailer et al., 2021).  

The benefits of ICT-based learning media for 
students include: enabling independent learning, 
flexibility in time and place of learning, increasing 
students' activity and creativity in thinking, and 
expanding their knowledge. Meanwhile, for educators, 
the benefits include: educators are no longer the only 
source of learning because of the abundance of 
information from ICT, helping to strengthen and 
motivate the learning process, supporting interaction 
between educators and students, and organizing 
learning more effectively. In reality, ideal learning is still 
difficult to achieve. Teachers tend to use a learning 
process that is dominated by teachers or Teacher Center 
Learning (TCL). In TCL, teachers have full control over 
the learning process. Students only act as listeners. In 
order for learning to be more effective, teachers need to 
change their approach and actively involve students 
(Firmansyah & Jiwandono, 2022). Teachers and students 
often face various obstacles, such as limited learning 
resources and challenges in adapting new technologies.  

The advancement of digital technology itself has 
had a major influence on various aspects of life (Salabi, 
2022). Technology makes a big contribution to the 
learning process. Rapid technological developments 
create golden opportunities for innovation in learning. 
However, many students who have smartphones rarely 
use them for learning. This shows that the great potential 
of technology in education has not been utilized 
optimally. Based on the various obstacles found, the 
researcher also identified similar problems in SD Negeri 
Podorejo 02. Through interviews, questionnaires, 
observations, grade lists, and documentation of grade 
IV, several problems were found in the learning process. 
The results of the questionnaire from 21 grade IV 
students showed that the subject of science was less 
popular. Only 3 students (14.28%) liked the subject of 
science, compared to 5 students (23.80%) who liked 
mathematics, 6 students (28.57%) who liked physical 
education, 3 students (14.28%) who liked civics, and 4 
students (19.07%) who liked other subjects. Specifically 
for the material on changing the form of energy, as many 
as 50% of students admitted that they did not like this 
material, with the reasons being difficult to understand 
(35%), too much theory or memorization (20%), not 
interesting (26%), and other reasons (10%). From the 
results of the questionnaire, it can be concluded that 
students' interest in science lessons, especially in the 
material on changing forms of energy, is still low (Toli & 
Kallery, 2021). 

Researchers found various problems that occurred. 
Among them are teachers who still use conventional 

teaching methods, namely lectures, discussions, 
questions and answers and demonstrations (Farizi et al., 
2019). This is what sometimes makes students bored and 
learning is less than optimal, which makes students less 
able to understand the material taught by the teacher. 
The learning resources used in learning are less varied, 
namely only using textbooks. The textbooks used are 
books from the government including teacher books, 
student books or what are often called LKS. In teacher 
books and student books, the scope of the material is not 
broad enough. So teachers must be able to develop the 
material being taught and students also need to search 
and dig deeper into the material being taught (Darling-
Hammond et al., 2024; Katawazai, 2021). Sometimes the 
use of textbooks alone does not visualize the material 
being taught properly. In addition, the use of textbooks, 
and other learning resources used, namely the 
surrounding environment that can be used such as in the 
material on changing forms of energy. In addition, 
schools have not optimized the use of learning resources 
assisted by IT. Schools already have a wifi network, but 
teachers do not utilize these facilities in the classroom. 
The use of IT-assisted learning resources can actually 
make learning more varied, interesting and can visualize 
the material being taught appropriately. 

Based on the results of the questionnaire, all 
students (100%) have smartphones that can be used to 
access the internet, and 27 students are able to operate 
smartphones well. However, some students do not 
utilize smartphones optimally. Only 1 student uses a 
smartphone to search for additional material, while 8 
students use it to play games, 6 students to watch 
TikTok, 7 students for social media, and 5 students to 
watch YouTube. However, the questionnaire data shows 
that some students like the use of smartphones to 
support learning materials. In addition, support is also 
given by parents, where 13 out of 16 parents (81.25%) 
who have filled out the questionnaire agree to the use of 
smartphones at school with teacher supervision. 
However, the data shows that so far the use of 
smartphones by students is still more limited to 
communication and entertainment needs. Various 
problems were found in science learning, ranging from 
the lack of variety of learning resources to the teacher's 
learning methods which still tend to be traditional. The 
use of technology-based learning resources is also not 
optimal, although many students have smartphones that 
are more often used for playing. Based on data on 
learning outcomes of grade IV students at Podorejo 02 
Elementary School, science learning achievement is still 
low. Of the total 27 students (8 boys and 19 girls), 15 
students (55%) have not reached the KKTP, while 12 
students (45%) have met the KKM, with the KKTP set at 
76. 
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In addition, to improve the quality of learning, a 
variety of learning resources are needed other than 
textbooks. One way is to develop digital teaching 
materials. Digital teaching materials are learning 
materials that utilize electronic technology to present 
information in a more attractive format, such as video 
and animation. Digital teaching materials can be very 
useful for science subjects, especially in explaining 
abstract concepts that are difficult to visualize. Digital 
teaching materials or e-teaching materials, including e-
books, are designed to provide learning flexibility for 
students. By utilizing technology, these teaching 
materials combine various multimedia elements such as 
images, sound, and video so that they are more 
interactive and attractive. The main advantage of these 
e-teaching materials lies in their ability to deliver 
material in a more attractive way, support a variety of 
activities, and provide a more interactive learning 
experience through the use of visualization (Mu’afiqoh 
& Wachidah, 2024). 

The application of a technology-based science 
learning approach with an emphasis on visualization 
has proven to be more effective in increasing students' 
learning motivation and conceptual understanding 
compared to conventional methods. In this context, 
Augmented Reality (AR) technology has emerged as a 
promising innovation to enrich students' learning 
experiences (Prasetya et al., 2024). Augmented reality 
(AR) is a technology that creates interactive experiences 
by combining digital elements into the user's view of the 
real world. With this technology, concepts that are 
difficult to visualize traditionally can be presented in a 
more realistic and interactive way. Augmented Reality 
offers great potential in improving the quality of science 
learning at the elementary school level, especially in the 
context of changing energy forms. Interactive three-
dimensional visualizations allow students to gain a 
deeper and more meaningful understanding. Research 
shows that current science learning is still lacking in 
variety and does not actively involve students. In this 
context, Augmented Reality (AR) technology emerges as 
a promising innovation to enrich students' learning 
experiences (Zhao et al., 2023). Augmented Reality (AR) 
is a technological innovation that presents a new 
dimension in human interaction with the surrounding 
environment. 

Digital teaching materials equipped with AR 
provide a more interactive and effective learning 
experience, especially for difficult science materials. AR 
not only makes students more active in learning, but also 
improves conceptual understanding (Al-Ansi et al., 
2023). In addition, Augmented Reality also plays an 
important role in developing students' high-level 
thinking skills. Practical and easy-to-use AR-based e-

teaching materials further facilitate the learning process. 
Based on the problems that occur, it was identified that 
in the learning process, teachers still rarely use 
variations of IT-assisted teaching materials and lack 
visualization of science and science material 
(Abdulrahaman et al., 2020). This causes learning to be 
less interesting and interactive, and it is difficult for 
students to understand abstract concepts. In addition, 
learning that is still centered on the teacher also limits 
student involvement in the learning process. As a result, 
students tend to be passive and less motivated to learn. 
In this context, Augmented Reality (AR) technology 
emerges as a promising innovation to enrich students' 
learning experiences.  

The new media that researchers have developed is 
Augmented Reality-assisted teaching materials. This 
Augmented Reality-based teaching material offers an 
innovative learning experience. Through the integration 
of AR technology, science learning materials, especially 
about energy changes, are presented in an interactive 3D 
visualization format. By scanning the barcode on the 
book using a mobile device, students can access a more 
flexible 3D model. Features such as magnification, 360-
degree rotation, and video playback allow students to 
explore complex concepts in depth (Wahyu et al., 2020). 
For example, the event of energy transformation which 
is usually only presented in the form of 2D images and 
descriptions in student books, in this e-teaching material 
is visualized using Augmented Reality (AR) in 3D. This 
visualization is equipped with animations that show the 
change of electrical energy into kinetic energy and light, 
which are relevant to everyday life. This AR media not 
only makes learning more interesting and interactive, 
but also provides a deeper and more comprehensive 
learning experience.  

Based on these various backgrounds, researchers 
conducted research on the development of e-teaching 
materials assisted by Augmented Reality to improve the 
learning outcomes of grade IV students in the Science 
subject at SD Negeri Podorejo 02. The purpose of this 
study was to test the feasibility, practicality and 
effectiveness of the products developed. It is expected 
that this learning media can make it easier for students 
to learn grade IV elementary school material. 

 

Method 
 

The type of research used is Research and 
Development (R&D) research which will produce open 
e-materials assisted by augmented reality about 
changing the form of energy. Research and 
Development (R&D) in the field of learning is a scientific 
process that aims to create innovation in the form of 
learning products (Lee et al., 2017). Through a structured 
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process, this research produces new learning aids that 
have been tested for their effectiveness. The stages of this 
research are closely related, in accordance with the 
characteristics of R&D research. Starting from finding 
obstacles in the learning culture, then designing 
innovations in the form of AR e-Learning Materials as a 
solution. After that, this innovation was tested to see its 
level of success. The results of this trial are used as a 
reference for making improvements in the next stage. 
The focus of this research is the development of 
Augmented Reality-assisted e-learning materials for the 
subject of Science with the topic of changing the form of 
energy in grade IV of elementary school. The 
development model used is the Borg and Gall model, 
which consists of 10 steps. However, in this study, the 
researcher limited the development to the 8th step due 
to time and cost constraints. An overview of this 
research scheme can be seen in Figure 1. 
 

 
Figure 1. Modified from the Borg and Gall Model 

 

This study began by identifying learning problems 
in schools. Researchers collected data through 
observation, interviews, and questionnaires to 
determine the needs of teachers and students. Based on 
these data, learning products were designed in 
accordance with the curriculum. The planning of this 
product was adjusted to the Learning Outcomes (CP) 
and Learning Objectives (TP) in the material on 
changing the form of energy in the subject of science for 
grade IV Elementary School Phase B. The focus of 
learning includes the definition of energy, energy 
sources, types of energy, changes in the form of energy, 
and problem solving. This product was then assessed by 
material experts, language experts, and media experts 
before being used. The experts filled out the validation 
assessment sheet prepared by the researcher using the 
Likert Scale format 1-4. 

The next stage was to improve the product design 
based on the suggestions of the experts. The refined 
product was then tested on a small scale involving 12 
grade IV students of Podorejo 02 Elementary School in 

the 2023/2024 academic year using the purposive 
sampling method based on variations in their cognitive 
ability levels as an initial experiment. At the product trial 
stage, learning was implemented with the Problem 
Based Learning (PBL) model and using augmented 
reality-assisted teaching materials for the material on 
changing energy forms. After getting feedback from 
teachers and students, the product was further 
improved. The final trial was conducted on a large-scale 
group, involving 20 fourth-grade students of Podorejo 
02 Elementary School in the 2024/2025 academic year to 
measure the extent to which this product was effective 
in helping students achieve the expected learning 
objectives.  

The data used in this study is original data obtained 
directly from the source. This data consists of two types, 
namely data in the form of words (qualitative) and data 
in the form of numbers (quantitative). Qualitative data 
was obtained through direct observation, conversations 
with teachers, and distributing questionnaires to 
students. Meanwhile, quantitative data was obtained 
from student test scores and test results before and after 
treatment was given. To determine the effect of the 
treatment, the researcher used a one-group pretest-
posttest design model by comparing student learning 
outcomes before and after treatment was given. The 
difference in student learning outcomes before and after 
being given treatment is an indicator of the success of the 
study. In this study, the researcher used a combination 
of test and non-test techniques. The test used was 32 
multiple-choice questions that were the same to measure 
abilities before and after learning. All questions have 
been tested for validity using SPSS software. The results 
of the item analysis are presented in table 1. 
 

Table 1. Recapitulation of Item Analysis Results 
Analysis Criteria Analysis Results 

Question Validity All 32 questions are valid with 
correlation coefficient values > 0.497 

Question Reliability Cronbach’s Alpha Coefficient = 0.95 
Difficulty Level 20 questions: Easy Category 

 10 questions: Moderate Category 

 
While non-test techniques include the results of 

interviews, questionnaires, observations, grade lists, and 
documentation. In addition, we also collect data through 
interviews, questionnaires, observations, grade records, 
and documents. The assessment of e-teaching materials 
is carried out comprehensively. The first stage is 
validation by experts to ensure the suitability of its 
quality. The validation process is carried out by lecturers 
at Semarang State University according to competence. 
Then, to assess the level of practicality of e-teaching 
materials based on feedback from teachers and students. 
Finally, data analysis to measure the effectiveness of e-
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teaching materials in improving student learning 
outcomes using statistical analysis. The analysis used is 
the normality test using Shapiro-Wilk through SPSS 
software, Paired Samples Test (t-test) and N-Gain test to 
obtain statistically significant research results. 

 
Result and Discussion 
 
Potential and Problems 

Based on initial observations, there are several 
challenges in science learning at the school. Students are 
less enthusiastic about science lessons, especially 
material on changes in energy forms. The existing 
learning resources are considered less interesting and do 
not suit the needs of students. Teachers rely more on 
government books, such as teacher books and student 
books, as the main source, and occasionally use 
materials from YouTube without making modifications 
according to the needs and characteristics of students. In 
addition, teachers have not utilized the available 
technological facilities optimally, even though each class 
is equipped with a Wi-Fi network. This has an impact on 
the learning outcomes of students studying the Science 
subject on changing energy forms for grade IV at 
Podorejo 02 Elementary School in the 2023/2024 
academic year, which are quite low. 

 
Data Collection 

The initial stage of this study involved interviews 
with teachers and students filling out questionnaires. 
The results showed that learning in the classroom was 
still dominated by the lecture method. This is what 
sometimes makes students bored and learning is less 
than optimal, which makes students less able to 
understand the material taught by the teacher. The 
learning resources used are also limited and less 
interesting. The textbooks used are books from the 
government, including teacher books, student books or 
often referred to as LKS. The teacher's book and 
student's book cover less extensive material. In addition, 
students have access to smartphones but their use is not 
optimal for learning purposes. The school already has a 
wifi network, but teachers do not utilize the facility in 
the classroom. The use of IT-assisted learning resources 
can actually make learning more varied, interesting and 
can visualize the material taught appropriately. Many 
students use their cellphones more often to play games 
or social media. In addition, schools have not optimized 
the use of IT-assisted learning resources. The school 
already has a wifi network, but teachers do not utilize 
the facility in the classroom. The use of IT-assisted 
learning resources can actually make learning more 
varied, interesting and can visualize the material taught 
appropriately.  

Conventional teaching materials have several 
weaknesses, such as being easily damaged, material that 
tends to be monotonous, requiring space to carry, and 
being less attractive to students. This condition makes 
teaching materials an aspect that needs more attention. 
On the other hand, the great potential of using 
smartphones in learning has not been fully utilized by 
teachers. Based on the results of the questionnaire, 27 
students (100%) already have a cellphone that can be 
used to access the internet. Of the 27 students, they can 
operate the cellphone well. However, most students use 
it more often for other things (75.32%). When viewed 
from the questionnaire data, some students like to use 
cellphones to support learning materials. In addition, 
support for the use of smartphones in learning also 
comes from parents, where 81.25% of them agree to the 
use of smartphones at school on the condition that they 
are still supervised by teachers. These data show that 
there needs to be a strategic step to maximize the 
potential of smartphones as an effective learning 
medium in schools. Therefore, the development of 
digital teaching materials that are integrated with 
technology is a solution to overcome these 
shortcomings. Digital teaching materials allow teachers 
to access them easily, present more interesting materials, 
and provide a different learning experience for students. 

 
Product Design 

This interactive e-learning material is specifically 
designed to help elementary school students understand 
the concept of energy change. The material presented is 
packaged in an attractive and easy-to-understand form, 
such as images, animations, and 3D objects that can be 

viewed in three dimensions. The manufacturing process 
involves several stages, starting from material planning 
to design development using the Canva and Assemblr 
Edu applications. The final stage is to combine e-
learning materials with augmented reality exported in 
the form of barcodes, perfecting the design using the 
Canva application. The final product of this learning 
media is a digital book that can be accessed online, and 

can be scanned using the Assemblr Edu application or 
website, Google Lens, or the default scanner application 
on a smartphone. The parts of this Augmented Reality-
assisted e-learning material consist of the following 
components:  
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Figure 2. Front cover 
 

Figure 3. Product 
instructions for use 

  
Figure 4. Concept map of 

all material 
Figure 5. CP dan TP 

  
Figure 6. Material page 1 Figure 7. Material page 2 

 
Figure 8. Augmented reality energy sources 

 
Figure 9. Augmented reality changes in energy form 

 

  
Figure 10. LKPD Figure 11. Back cover 

 
The product design stages include preparation of 

materials; creation of 3D images using Assemblr Edu; 
and creation of teaching materials and application of 
Augmented Reality barcodes to teaching materials. 
 
Validation of Augmented Reality-Assisted Teaching Material 
Product Design 

The next stage is to validate the product by 
involving experts. These experts will evaluate whether 
the product we have created is in accordance with the 
needs and standards that have been set. Based on the 
assessment results, the product will be categorized into 
several levels of eligibility. Learning media is 
categorized as very feasible if it gets a score between 82% 
- 100%, feasible if the score is in the range of 63% - 81%, 
quite feasible if it gets a score of 44% - 62%, less feasible 
with a score of 25% - 43%, and very unfeasible if the score 
is less than 25%. The results of the product validation 
recapitulation for each expert validator can be seen in 
Table 2. 
 
Table 2. Results of Expert Validator Assessment of 
Augmented Reality-Assisted E-Teaching Materials 
Indicator Language 

Validator 
Material 

Validator 
Media 

Validator 

Total Score 48 65 70 
Maximum score 52 76 80 
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Indicator Language 
Validator 

Material 
Validator 

Media 
Validator 

Percentage 92.30% 85.52% 87.50% 
Criteria Very worth it Very worth it Very worth it 

 
The results of validation by experts (Table 2) show 

that the AR e-teaching materials meet the criteria for 
excellent eligibility in all aspects, namely material 
(85.52%), language (92.30%), and media (87.50%). Based 
on these results, it can be concluded that the AR e-
teaching materials have met the requirements for 
testing. 
 
Design Revision 

Based on input from experts in the fields of 
language, material, and media, the product design has 
been improved. Input from material experts includes 
adding explanations about the concept of energy, 
practice questions, and adjusting images. Linguists 
improve the use of language according to PUEBI, layout, 
and punctuation. Meanwhile, media experts suggest 
changing the color to improve reading comfort. 

  

  
Figure 12. Definition of 

too little energy 
Figure 13. Complete 
definition of energy 

  
Figure 14. Energy source 

is not yet specific 
Figure 15. The energy source 

is specific 

  
Figure 16. Energy changes Figure 17. Energy changes 

  
Figure 18. There is no 

problem solving 
orientation yet  

Figure 19. There is already a 
problem solving orientation  

  
Figure 20. Use of 

introductory words 
Figure 21. Substitution for 

foreword 
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Figure 22. There are no 

chapters or sub-chapters 
yet 

Figure 23. There are chapters 
and subchapters 

  

  
Figure 24. The colors almost 
blend together making the 

writing difficult to read 

Figure 25. The color has 
been changed so that the 
text can be read clearly 

 
Practicality of Augmented Reality-Assisted Teaching 
Materials (Product Trial) 

The next stage is to conduct a limited trial on the 
product that has been developed. A total of 12 fourth-
grade students of Podorejo 02 Elementary School for the 
2023/2024 Academic Year, selected based on the 
diversity of their cognitive levels, will be the subjects of 
the trial. After the learning process using e-teaching 
materials, both teachers and students provide 
assessments through a response questionnaire. The 
questionnaire using a Likert scale of 1-4 will be 
evaluated to determine the level of practicality of the 
product. The results of this questionnaire will be 
categorized as very feasible if they get a score between 

82% - 100%, feasible if the score is in the range of 63% - 
81%, quite feasible if they get a score of 44% - 62%, less 
feasible if the score is between 25% - 43%, and very 
unfeasible if the score is less than 25%. The results of the 

recapitulation of the expert assessment of the product 
are presented in detail in Table 3. 

 
Table 3. Results of the Response Questionnaire Teachers 
and Students on the Use of E-Learning Materials 
Assisted by Augmented Reality Small-Scale Trial 
Respondent Percentage (%) Eligibility Criteria 

Teacher 98.95 Very Positive 
Students 100 Very Positive 

 
Data analysis in Table 3 shows that e-learning 

materials assisted by Augmented Reality are considered 
very positive by teachers and students in all aspects 
evaluated. These very satisfying results indicate that the 
e-learning materials have great potential to be widely 
applied in learning activities. Based on the average score 
on the Likert questionnaire, it can be concluded that this 
e-learning material is very positive and practical to use. 
 
Table 4. Results of the Teacher and Student Response 
Questionnaire on the Use of E-Learning Materials 
Assisted by Augmented Reality Large-Scale Trial 
Respondent Percentage (%) Eligibility Criteria 

Teacher 94.79 Very Positive 
Students 96.21 Very Positive 

 
Data analysis in Table 4 shows that both teachers 

and students gave positive responses to the use of 
Augmented Reality-assisted e-learning materials. Based 
on 20 questionnaire questions using a Likert scale of 1-4, 
this e-learning material is considered very practical. 
With an average score above 82%, this indicates that AR 
e-learning materials can be widely applied in the 
learning process. 
 
Effectiveness of Augmented Reality-Assisted E-Learning 
Materials 

At this stage, a small-scale trial was conducted on 
grade IV students of Podorejo 02 Elementary School in 
the 2023/2024 academic year with a total of 12 students 
using Augmented Reality-assisted e-learning materials 
in the Science subject on changing energy forms to 

determine the effectiveness of the product developed by 
researchers based on student learning outcomes. The 
research design used was a pre-experimental design 
with a one-group pretest-posttest design model, namely 
there was a pretest before treatment was given and a 
posttest after treatment was given. 
 
Table 5. Results of Pretest and Posttest of Students in 
Small-Scale Trials 

Test Type Average (%) Average Difference (%) 

Pretest 45.75 32.50 
Posttest 78.25 
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Quantitative data analysis in Table 5 shows a 
significant difference between student learning 
outcomes before and after being given treatment using 
AR-assisted e-learning materials. An average increase of 
32.4% indicates that the use of AR e-learning materials is 
effective in improving student understanding of the 
material on changing energy forms. Furthermore, a 
large-scale trial was conducted on 27 fourth-grade 
students of Podorejo 02 Elementary School using 
Augmented Reality-assisted e-learning materials on the 
material on changing energy forms in the subject of 
science. This study adopted a pre-experimental research 
design with a one-group pretest-posttest design model 
to measure the increase in student learning outcomes 
after being given treatment. 

Based on the data presented in Table 6, it can be 
concluded that there is an average increase in learning 
outcomes of 16.30% in students who take part in 
learning using augmented reality-assisted e-learning 
materials in the subject of science, material on changing 
the form of energy. Further data analysis was carried out 
using the Paired Sample Test (T-Test) to test the 
difference in the average learning outcomes of students 
before and after being given treatment using AR e-
learning materials. Before conducting the T-test, a 
normality test was first carried out to ensure that the 
data was normally distributed. The results of this 
normality test are presented in Table 6. 
 
Table 6. Results of the Pretest and Posttest of Students 
in the Large-Scale Trial 
Test Type Average (%) Average Difference (%) 

Pretest 62.72 16.30 
Posttest 79.05 

 
Table 7. Data Normality Test Results 

Normality Test 

 Shapiro-Wilk 
 Statistic  Df Sig 

Pretest score .927 20 .133 
Posttest score .941  20 .251 

 

Based on the results of the normality test in Table 7, 
it can be concluded that the research data is normally 
distributed. Furthermore, a paired t-test was conducted 
to test the difference in the average learning outcomes of 
students before and after treatment. If the significance 
value (two-way) is less than 0.05, then there is a 
statistically significant difference. The complete results 
of the T-test are presented in Table 8. 

  
Table 8. Paired Sample Test (T-Test) Results 

Paired Sample Test 

Pretest Score–
Posttest Score 

T-statistic Degree of freedom Sig. (2-tails) 

-4.744 19 .000 

Based on the results of the paired t-test (Table 8), 
with a significance value of 0.000 <0.05, it can be 
concluded that there is a very significant difference 
between the average learning outcomes of students 
before and after using interactive multimedia. In 
addition, the analysis of improvements using the N-
Gain index (Table 9) also shows a significant increase in 
student learning outcomes. 
 
Table 9. N-Gain Test Results 
Average Difference (%) N-Gain Class 

16.30 .41 Middle  

 
The results of the N-gain analysis show that AR-

assisted e-learning materials are effective in improving 
student learning outcomes, although the increase is in 
the moderate category. The average student score 
increased by 16.30% after using this e-learning material. 
Based on the data analysis, Augmented Reality-assisted 
e-learning materials have met all the established criteria, 
both in terms of feasibility, practicality, and effectiveness 
in improving the learning outcomes of grade IV students 
in science learning on the material of changing energy 
forms. This shows that AR e-learning materials are an 
effective tool for improving students' understanding of 
the concept of energy changes. This is supported by 
several supporting factors. First, Augmented Reality 
(AR)-assisted e-learning materials are an innovation that 
has the potential to fundamentally change the way 
teachers teach and students learn (Kamińska et al., 2023; 
Wang et al., 2024). By integrating interactive digital 
elements into learning materials, AR can create a more 
engaging, effective, and student-centered learning 
experience, thereby encouraging active involvement and 
improving conceptual understanding (Hafizhah & 
Setyasto, 2024; Tom Dieck et al., 2024). AR allows 
teachers to create a more interactive learning 
environment. Flexibility is one of the main advantages 
of AR as a learning medium (Fearn & Hook, 2023; 
Meccawy, 2023; O’Connor & Mahony, 2023). 

AR-assisted e-learning materials can be accessed 

anytime and anywhere via smartphone, providing high 
flexibility for students to organize their learning time 
and place. This allows students to learn according to 
their own rhythm and learning style, thus increasing 
motivation and learning effectiveness. Second, the 
application of AR technology in science learning 
materials offers a promising new breakthrough in the 
world of education (De Moraes Rossetto et al., 2023; Jaya 
Saragih et al., 2020). AR-based e-learning materials 
provide a fresh and interactive learning experience, 
different from conventional learning methods 
(Alzahrani, 2020; Roopa et al., 2020). This technology 
allows the visualization of abstract concepts in science to 
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be more concrete and easy to understand. For example, 
students can change the form of energy in three 
dimensions through their devices. This not only 
improves students' understanding of the material, but 
also motivates and interests them in learning science. AR 
e-learning materials open up opportunities for deeper 
and more meaningful learning (Lestari et al., 2023; 
Mystakidis et al., 2021). Third, one of the main 
advantages of AR e-learning materials is their ease of use 
(user-friendly) and ease of integration into classroom 
learning activities (Alyoussef, 2023; Peikos & Sofianidis, 
2024).  

Teachers can easily implement AR e-teaching 
materials in various learning activities, both inside and 
outside the classroom (Al Shloul et al., 2024; De Jong et 
al., 2019). In addition, AR e-learning materials provide 
flexibility and ease of access to learning anytime and 
anywhere (Carmi, 2024; Singh & Ahmad, 2024). This 
supports independent learning and allows students to 
learn according to their own pace and learning style. 
Thus, AR e-learning materials not only improve the 
quality of learning in the classroom, but also facilitate 
personalized and flexible learning, expanding learning 
opportunities for each student. The results of the study 
indicate that e-learning materials assisted by 
Augmented Reality can be used as a learning aid by 
teachers and students to improve learning outcomes. 
Based on the results of previous studies, conditions, and 
problems in the field, researchers have succeeded in 
developing e-learning materials assisted by Augmented 
Reality for science learning for grade IV elementary 
school students. Based on the results of the research and 
analysis that have been carried out, e-learning materials 
assisted by Augmented Reality have proven to be 
feasible, practical, and effective for use in science 
learning for grade IV elementary school students. 
 

Conclusion  
 

This study shows that Augmented Reality-based e-
teaching materials in Natural Sciences (IPA) subjects on 
energy transformation material have proven to be 
practical and effective in improving learning outcomes 
for fourth grade students of Podorejo 02 Elementary 
School. This is supported by expert validation stating 
that e-teaching materials are very feasible, as well as 
positive responses from teachers and students. The 
effectiveness test showed a significant increase in 
learning outcomes. These findings imply that 
Augmented Reality-based e-teaching materials can be an 
innovative solution in science learning, especially on 
energy transformation material, with the potential to 
increase student engagement and understanding. 
Further research can explore the application of these e-

teaching materials in broader contexts and learning 
materials.. 

 
Acknowledgements 

The researcher would like to thank Semarang State University 
for giving the researcher the opportunity to complete his/her 
study. The researcher would like to thank Mr. Novi Setyasto, 
S.Pd., M.Pd as the thesis supervisor who has guided the entire 
research process and writing of this article until completion. 
The researcher would like to thank the expert validators who 
have validated the media and provided suggestions for 
improving the media that has been developed by the 
researcher. The researcher would like to thank the fourth grade 
teacher and the Principal of Podorejo 02 Elementary School 
who have given the opportunity to conduct research for the 
purposes of his/her final assignment for undergraduate 
degree. The author would like to thank Mataram University 
for facilitating the preparation of this article and the editors 
who have reviewed and researched this article. The researcher 
would like to thank himself/herself, parents, siblings, and 
friends for all their prayers and support so that the research 
and writing of the article can be completed until completion. 
 
Author Contributions 
L. W. L, contributed to the research, product development, 
data analysis, and writing of the article. N. S., as a supervisor 
in research activities until writing the article. 
 
Funding 
This research is funded by the researcher's own funds and does 
not receive funding from external parties. 
 
Conflict of Interest 
The author declares that he has no conflict of interest. 

 

References 
 
Abdulrahaman, M. D., Faruk, N., Oloyede, A. A., 

Surajudeen-Bakinde, N. T., Olawoyin, L. A., 
Mejabi, O. V., Imam-Fulani, Y. O., Fahm, A. O., & 
Azeez, A. L. (2020). Multimedia tools in the 
teaching and learning processes: A systematic 
review. Heliyon, 6(11), e05312. 
https://doi.org/10.1016/j.heliyon.2020.e05312 

Akram, H., Abdelrady, A. H., Al-Adwan, A. S., & 
Ramzan, M. (2022). Teachers’ Perceptions of 
Technology Integration in Teaching-Learning 
Practices: A Systematic Review. Frontiers in 
Psychology, 13(June), 1–9. 
https://doi.org/10.3389/fpsyg.2022.920317 

Al-Ansi, A. M., Jaboob, M., Garad, A., & Al-Ansi, A. 
(2023). Analyzing augmented reality (AR) and 
virtual reality (VR) recent development in 
education. Social Sciences and Humanities Open, 8(1), 
100532. 
https://doi.org/10.1016/j.ssaho.2023.100532 

Al Shloul, T., Mazhar, T., Abbas, Q., Iqbal, M., Ghadi, Y. 
Y., Shahzad, T., Mallek, F., & Hamam, H. (2024). 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2025, Volume 1 Issue 3, 385-396 

 

395 

Role of activity-based learning and ChatGPT on 
students’ performance in education. Computers and 
Education: Artificial Intelligence, 6. 
https://doi.org/10.1016/j.caeai.2024.100219 

Alyoussef, I. Y. (2023). Acceptance of e-learning in 
higher education: The role of task-technology fit 
with the information systems success model. 
Heliyon, 9(3). 
https://doi.org/10.1016/j.heliyon.2023.e13751 

Alzahrani, N. M. (2020). Augmented reality: A 
systematic review of its benefits and challenges in 
e-learning contexts. Applied Sciences (Switzerland), 
10(16). https://doi.org/10.3390/app10165660 

Ang, K. C. S., Afzal, F., & Crawford, L. H. (2021). 
Transitioning from passive to active learning: 
Preparing future project leaders. Project Leadership 
and Society, 2, 100016. 
https://doi.org/10.1016/j.plas.2021.100016 

Anggraini, D. L., Yulianti, M., Faizah, S. N., & 
Pandiangan, A. P. B. (2022). Peran Guru Dalam 
Mengembangan Kurikulum Merdeka. Jurnal Ilmu 
Pendidikan dan Sosial, 1(3), 290–298. 
https://doi.org/10.58540/jipsi.v1i3.53 

Carmi, G. (2024). E-Learning using zoom: A study of 
students’ attitude and learning effectiveness in 
higher education. Heliyon, 10(11). 
https://doi.org/10.1016/j.heliyon.2024.e30229 

Darling-Hammond, L., Schachner, A. C. W., 
Wojcikiewicz, S. K., & Flook, L. (2024). Educating 
teachers to enact the science of learning and 
development. Applied Developmental Science, 28(1), 
1–21. 
https://doi.org/10.1080/10888691.2022.2130506 

De Jong, L., Meirink, J., & Admiraal, W. (2019). School-
based teacher collaboration: Different learning 
opportunities across various contexts. Teaching and 
Teacher Education, 86. 
https://doi.org/10.1016/j.tate.2019.102925 

De Moraes Rossetto, A. G., Martins, T. C., Silva, L. A., 
Leithardt, D. R. F., Bermejo-Gil, B. M., & Leithardt, 
V. R. Q. (2023). An analysis of the use of augmented 
reality and virtual reality as educational resources. 
Computer Applications in Engineering Education, 
31(6), 1761–1775. 
https://doi.org/10.1002/cae.22671 

Farizi, M. F. Al, Sudiyanto, & Hartono. (2019). Analysis 
of Indonesian Language Learning Obstacles in 
Primary Schools. International Journal of Educational 
Methodology, 5(4), 663–669. 
https://doi.org/10.12973/ijem.5.4.663 

Fearn, W., & Hook, J. (2023). a Service Design Thinking 
Approach: What Are the Barriers and 
Opportunities of Using Augmented Reality for 
Primary Science Education? Journal of Technology 

and Science Education, 13(1), 329–351. 
https://doi.org/10.3926/jotse.1394 

Firmansyah, A., & Jiwandono, N. R. (2022). 
Kecenderungan Guru dalam Menerapkan 
Pendekatan Student Centre Learning dan Teacher 
Centre Learning dalam Pembelajaran. Jurnal Guru 
Indonesia, 2(1), 33–39. 
https://doi.org/10.51817/jgi.v2i1.229 

Grassini, S. (2023). Shaping the Future of. Education 
Sciences, 13(7). 
https://doi.org/10.3390/educsci13070692 

Hafizhah, F. J., & Setyasto, N. (2024). Augmented 
Reality-Assisted Scrapbook Media Development in 
Natural and Social Science Learning. Jurnal 
Penelitian Pendidikan IPA, 10(7), 4149–4157. 
https://doi.org/10.29303/jppipa.v10i7.7258 

Jaya Saragih, M., Mas Rizky Yohannes Cristanto, R., 
Effendi, Y., & Zamzami, E. M. (2020). Application 
of Blended Learning Supporting Digital Education 
4.0. Journal of Physics: Conference Series, 1566(1). 
https://doi.org/10.1088/1742-
6596/1566/1/012044 

Kamińska, D., Zwoliński, G., Laska-Leśniewicz, A., 
Raposo, R., Vairinhos, M., Pereira, E., Urem, F., 
Ljubić Hinić, M., Haamer, R. E., & Anbarjafari, G. 
(2023). Augmented Reality: Current and New 
Trends in Education. Electronics (Switzerland), 
12(16), 1–32. 
https://doi.org/10.3390/electronics12163531 

Katawazai, R. (2021). Implementing outcome-based 
education and student-centered learning in 
Afghan public universities: the current practices 
and challenges. Heliyon, 7(5), e07076. 
https://doi.org/10.1016/j.heliyon.2021.e07076 

Kohl, K., Hopkins, C., Barth, M., Michelsen, G., Dlouhá, 
J., Razak, D. A., Abidin Bin Sanusi, Z., & Toman, I. 
(2022). A whole-institution approach towards 
sustainability: a crucial aspect of higher 
education’s individual and collective engagement 
with the SDGs and beyond. International Journal of 
Sustainability in Higher Education, 23(2), 218–236. 
https://doi.org/10.1108/IJSHE-10-2020-0398 

Lee, K., Jeong, Y., & Yoon, B. (2017). Developing an 
research and development (R&D) process 
improvement system to simulate the performance 
of R&D activities. Computers in Industry, 92–93, 
178–193. 
https://doi.org/10.1016/j.compind.2017.08.001 

Lestari, N., Winarsih, M.,  & Kusumawardani, D. (2023). 
The Use of Meaningful Learning in Distance 
Learning. JTP - Jurnal Teknologi Pendidikan, 25(1), 
42–53. https://doi.org/10.21009/jtp.v25i1.33701 

Meccawy, M. (2023). Teachers’ prospective attitudes 
towards the adoption of extended reality 



Jurnal Penelitian Pendidikan IPA (JPPIPA) March 2025, Volume 1 Issue 3, 385-396 

 

396 

technologies in the classroom: Interests and 
concerns. Smart Learning Environments, 10(1), 36. 
https://doi.org/10.1186/s40561-023-00256-8 

Mu’afiqoh, E. B., & Wachidah, K. (2024). Meningkatkan 
Kemampuan Membaca Siswa Kelas II dengan 
Augmented Reality. Teaching, Learning and 
Development, 2(2), 101–108. 
https://doi.org/10.62672/telad.v2i2.35 

Mystakidis, S., Berki, E., & Valtanen, J. P. (2021). Deep 
and meaningful e-learning with social virtual 
reality environments in higher education: A 
systematic literature review. Applied Sciences 

(Switzerland), 11(5). 
https://doi.org/10.3390/app11052412 

O’Connor, Y., & Mahony, C. (2023). Exploring the 
impact of augmented reality on student academic 
self-efficacy in higher education. Computers in 
Human Behavior, 149(September), 107963. 
https://doi.org/10.1016/j.chb.2023.107963 

Peikos, G., & Sofianidis, A. (2024). What Is the Future of 
Augmented Reality in Science Teaching and 
Learning? An Exploratory Study on Primary and 
Pre-School Teacher Students’ Views. Education 
Sciences, 14(5). 
https://doi.org/10.3390/educsci14050480 

Prasetya, F., Fortuna, A., Samala, A. D., Rawas, S., 
Mystakidis, S., Syahril, Waskito, Primawati, 
Wulansari, R. E., & Kassymova, G. K. (2024). The 
impact of augmented reality learning experiences 
based on the motivational design model: A meta-
analysis. Social Sciences and Humanities Open, 
10(February), 100926. 
https://doi.org/10.1016/j.ssaho.2024.100926 

Roopa, D., Prabha, R., & Senthil, G. A. (2020). 
Revolutionizing education system with interactive 
augmented reality for quality education. Materials 
Today: Proceedings, 46, 3860–3863. 
https://doi.org/10.1016/j.matpr.2021.02.294 

Sailer, M., Murböck, J., & Fischer, F. (2021). Digital 
learning in schools: What does it take beyond 
digital technology? Teaching and Teacher Education, 
103. https://doi.org/10.1016/j.tate.2021.103346 

Salabi, A. S. (2022). Efektivitas Dalam Implementasi 
Kurikulum Sekolah. Education Achievement: Journal 
of Science and Research, 1(1), 1–13. 
https://doi.org/10.51178/jsr.v1i1.177 

Singh, G., & Ahmad, F. (2024). An interactive augmented 
reality framework to enhance the user experience 
and operational skills in electronics laboratories. 
Smart Learning Environments, 11(1). 
https://doi.org/10.1186/s40561-023-00287-1 

Suratno, J., Sari, D. P., & Bani, A. (2022). Kurikulum dan 
Model-model Pengembangannya. Jurnal 
Pendidikan Guru Matematika, 2(1), 67–75. 

https://doi.org/10.33387/jpgm.v2i1.4129 
Toli, G., & Kallery, M. (2021). Enhancing student interest 

to promote learning in science: the case of the 
concept of energy. Education Sciences, 11(5). 
https://doi.org/10.3390/educsci11050220 

Tom Dieck, M. C., Cranmer, E., Prim, A., & Bamford, D. 
(2024). Can augmented reality (AR) applications 
enhance students’ experiences? Gratifications, 
engagement and learning styles. Information 
Technology and People, 37(3), 1251–1278. 
https://doi.org/10.1108/ITP-10-2021-0823 

Wahyu, Y., Edu, A. L., & Nardi, M. (2020). Problematika 
Pemanfaatan Media Pembelajaran IPA di Sekolah 
Dasar. Jurnal Penelitian Pendidikan IPA, 6(1), 107–
112. https://doi.org/10.29303/jppipa.v6i1.344 

Wang, X., Abdul Rahman, M. N. B., & Nizam Shaharom, 
M. S. (2024). The impacts of augmented reality 
technology integrated STEM preschooler module 
for teaching and learning activity on children in 
China. Cogent Education, 11(1). 
https://doi.org/10.1080/2331186X.2024.2343527 

Yu, H. (2024). The application and challenges of 
ChatGPT in educational transformation: New 
demands for teachers’ roles. Heliyon, 10(2), e24289. 
https://doi.org/10.1016/j.heliyon.2024.e24289 

Zhao, X., Ren, Y., & Cheah, K. S. L. (2023). Leading 
Virtual Reality (VR) and Augmented Reality (AR) 
in Education: Bibliometric and Content Analysis 
From the Web of Science (2018–2022). SAGE Open, 
13(3), 1–23. 
https://doi.org/10.1177/21582440231190821 

 


