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Abstract 

Technological advancements demand innovation in learning media, particularly in the digital era. Chemistry lessons, such as 
those on chemical bonds, are often considered abstract and difficult for students to grasp. Therefore, engaging, interactive, and contextual 
learning media are needed. The use of interactive digital magazines based on Augmented Reality (AR) is expected to enhance 
conceptual understanding and student learning interest. The study successfully developed and tested an AR-based interactive digital 
magazine for teaching atomic bonding to Grade X learners, yielding highly positive results in terms of validity, effectiveness, and user 
satisfaction. The media achieved a validity score of 95.10% for material and 95.00% for media aspects, with an N-Gain score of 
0.7964 indicating high effectiveness. Additionally, teacher practicality was rated at 93.74%, and learner responses reached 89.75%, 
both rated as very high, confirming the media's feasibility and effectiveness for studying atomic bonding concepts. 
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Introduction 

Chemistry was one of the branches of natural 
science that played an important role in explaining 
natural phenomena and supporting the 
advancement of modern technology. However, in 
practice, studying chemistry was often considered 
difficult by learners because it contained abstract 
and complex concepts (Rahayu et al., 2024). 
Educators were able to create content and design 
the material to be taught or share information with 
the public (Junaidi et al., 2024). The Android 
platform played an important role in the 
development of learning media, as it allowed for 
easily accessible, flexible technology integration and 
supported the presentation of material in an 
interactive and engaging manner for students (Sari 
et al., 2021). One of the materials that was a big 
challenge was atomic bonding, which required a 
deep understanding and the ability to visualise 
microscopic processes (Simanjuntak & Purba, 
2024). Learners’ understanding of chemistry 
material was still low because they found it difficult 
to learn chemistry. 

Chemical bonds explained how atoms bind 
to each other to form molecules. This concept 
served as the basis for understanding other chemical 
materials, such as the structure of substances, 
chemical reactions, and thermodynamics (Rita & 
Guspatni, 2024). However, this concept was often 
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considered difficult to visualise, thus hindering 
learners from comprehensively understanding the 
subject matter (Yuniarto et al., 2025). Static and less 
interactive visualisations made it difficult for 
learners to understand the dynamic processes that 
occurred during chemical bond formation (Hakim 
et al., 2024). Unfortunately, conventional studying 
media such as textbooks and whiteboards have not 
been able to optimally present the visualisation of 
this concept, so learners were more likely to 
memorise than to understand (Puspitarini & Hanif, 
2019). 

The results of initial observations at MA Al-
Washliyah 36 Serbelawan showed that the study 
process was still centred on teachers, and had not 
fully utilised digital media. During the observation, 
it was found that the study process was still teacher-
centred. In addition, the instructional media used 
were still conventional, such as textbooks and 
whiteboards, which had limitations in presenting 
the abstract and complex concept of atomic 
bonding. The teaching and studying process lacked 
the integration of technology, such as YouTube, 
Quizizz, PowerPoint, and Augmented Reality, 
which may have contributed to the learners' average 
scores ranging from 65 to 75 on atomic bonding 
material, falling short of meeting the completeness 
criteria. This indicated the need for more engaging, 
interactive studying media that supported 
independent studying. 
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doi:%2010.22487/j24775185.2025.v14.i4.pp251-259
doi:%2010.22487/j24775185.2025.v14.i4.pp251-259
mailto:sriadelilasari@unimed.ac.id
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Sri A. Sari & Febby F. Damanik 

 

 252 

The advent of the digital era has brought 
about significant opportunities for developing 
technology-based learning media, thanks to 
advancements in ICT (Julita & Purnasari, 2022). 
One promising innovation is AR, a technology that 
seamlessly integrates the real and virtual worlds in 
real-time through digital devices, offering new 
possibilities for interactive and immersive studying 
experiences (Wahiddiyah et al., 2023). In the context 
of chemistry studies, AR allowed learners to see 3D 
models of molecules, bond formation processes, 
and molecular geometric shapes interactively and 
engagingly (Simbolon & Muchtar, 2025). Previous 
research has proven that the use of AR could 
improve concept understanding, studying 
motivation, and create a more enjoyable and 
meaningful studying experience (Suteja & Warsito, 
2024). However, the use of AR in the form of 
interactive digital magazines for chemistry studying 
was still very limited (Damanik et al., 2024). In fact, 
this media had the potential to present material in a 
visual, concise, and familiar manner for learners. 

AR in the context of chemistry studies can be 
used to visualise molecular structures, chemical 
bond formation processes, and molecular geometry 
in an interactive 3D manner (Hermawan et al., 
2025). By using AR, learners can see firsthand how 
atoms interact and form chemical bonds, as well as 
how the molecules are oriented in three-
dimensional space (Putri et al., 2024). 

Previous research has shown that 
incorporating AR in chemistry education can 
positively impact learners' comprehension of 
abstract concepts, boost their motivation to learn, 
and create a more engaging and interactive studying 
environment (Utama et al., 2024). Thus, the use of 
AR in studying atomic structures makes studying 
more interactive, interesting, and effective for 
learners (Rio et al., 2023). AR can make abstract 
concepts more tangible and accessible by visualising 
them in a way that's easier for learners to understand 
and interact with (Einsthendi et al., 2024). 

The first factor that affects the success of AR 
implementation is learner involvement in the use of 
AR, which, by interacting directly with studying 
content, encourages active participation (Sugiarso et 
al., 2024). Research has shown that AR can enhance 
learners' understanding and achievement, boost 
motivation, and make studying more enjoyable. 
Studies have found a significant positive impact of 
AR on studying outcomes (Ananda, 2025). 
Specifically, interactive Android-based AR 
applications for chemistry have been effective in 
improving learner studying outcomes and are 
suitable for senior high school levels, promoting 
engaging and independent studying experiences 
(Kartini, 2024). 

This research focused on developing an 
innovative interactive digital magazine utilising 
augmented reality (AR) technology to enhance the 
studying experience of chemical bonds for room X 
learners. The magazine featured 3D visualisations, 
animations, quizzes, and educational content 

designed to boost learner engagement. The goal was 
to create a valid, practical, and effective studying 
tool that could significantly contribute to improving 
the quality of chemistry at the high school. 

Methods 

The 4D model is a suitable framework for 
developing and studying products (Maulida et al., 
2023). The goal was to create an Augmented Reality 
(AR)-based interactive digital magazine for 
chemistry students, specifically on atomic bonding 
material for room X learners. The study involved 25 
learners from room X of MA Al-Washliyah 36 
Serbelawan, selected through random sampling. 
Two rooms were taken, with one serving as the 
experimental room to improve studying outcomes 
and the other as a control room. 

The development process involved four 
stages: In the define stage, a needs analysis was 
conducted, learning objectives were identified, and 
relevant initial information was gathered to support 
the development of the media. The Design stage 
involved the initial design of the digital magazine 
media based on Augmented Reality (AR), including 
content structure, layout design, and AR technology 
integration and choosing the right software, namely 
the Canva and Assembler Edu applications. The 
Develop stage covered the development of the 
initial product, expert validation, revisions, and 
limited trials to gather necessary feedback. 
Subsequently, in the Disseminate stage, a large-scale 
trial was conducted to measure the effectiveness of 
the developed media. This trial used a quasi-
experimental design involving experimental and 
control classes of tenth-grade students. The aim was 
to determine the extent to which the AR-based 
digital magazine could improve students’ learning 
outcomes, particularly on the topic of chemical 
bonding. 

Thus, in addition to focusing on media 
development, this study also included aspects of 
product effectiveness testing, product practicality, 
and student responses to its use. The study utilised 
various instruments, including expert validation 
sheets, pre-test and post-test questions to assess 
studying outcomes, teacher practicality 
questionnaires, and learner response questionnaires.  

Involve a collection of data pretest and 
posttest to assess the effectiveness of the developed 
media, with studying outcome analisis using N-Gain 
steps measure improvement (Ayatillah et al., 2024). 
The tests were conducted for validity, difficulty 
level, discriminatory power, and reliability, and only 
those meeting the criteria were used to determine 
the media's effectiveness. 

In addition, qualitative data were obtained 
from the practicality questionnaire given to teachers 
and the response questionnaire from learners 
regarding the ease of use and attractiveness of the 
media. All research procedures were carried out in 
accordance with the principles of research ethics, 
and the developed media were tested directly in the 
study process to ensure their suitability with 



Volume, 14, No. 4, 2025, 251-259 Jurnal Akademika Kimia 

 

 
 

253 
 

educational needs in the context of chemistry 
studies. 

Results and Discussion 

Define 
This stage aims to analyse the needs and 

problems for media development. The analysis was 
carried out through observations, interviews with 
chemistry teachers, and questionnaires to learners of 
room X of MA Al-Washliyah 36 Serbelawan. It was 
found that learners were less interested in atomic 
bonding material because of monotonous delivery, 
lack of technology, and reliance on packaged books. 
The average score of learners ranges from 60 to 70. 
Learners also expressed the need for interactive and 
technology-based learning media. Based on these 
conditions, an interactive digital magazine media 
based on Augmented Reality (AR). Studying media 
that involves learners to interact directly and allows 
them to visualise 3D shapes can help learners 
become more interested in studying chemical 
materials. This is in line with research by Setiawan 
(2021), who explained the importance of using 
media that is able to involve learners and provide a 
real 3D appearance.  According to Fadilla et al. 
(2025), it was developed to visually display the 
content of chemical bonds through 3D models, 
strengthen the connection with daily life, and 
support the learner-centred and competency-based 
studying approach of the Independent Curriculum. 
Hidayat et al. (2022) stated that chemical bonding 
was a difficult topic for students to understand due 
to its abstract nature. Therefore, appropriate, 
engaging, and user-friendly learning media were 
needed to support students' comprehension. 
Similarly, Utami et al. (2025) explained that the use 
of technology-based media, such as smartphones, 
had the potential to enhance students' interest and 
participation in learning. The use of Augmented 
Reality (AR)-based digital magazines served as an 
effective solution to help students grasp abstract 
concepts. This media allowed independent 
visualisation of ion bonds, covalent bonds, and 
molecular geometry through interactive 3D 
displays, thereby improving student engagement 
and conceptual understanding. 

Design 
This stage includes media design and the 

selection of study models. The digital magazine 
media was designed using Canva because it provides 
interactive templates, attractive visual elements, and 
easy access at no huge cost. According to research 
by Mayasri et al. (2024), the Canva application is 
very effective for more interesting studying media. 
Rahmawati et al. (2024) highlighted Canva’s 
advantages in saving time and its practicality, as it 
could be accessed via both laptops and 
smartphones. Sugeha et al. (2025) added that Canva 
offered various illustrations, fonts, colours, and 
animations that supported creative design. Based on 
previous studies, this research utilised Canva to 

design a digital magazine by selecting A4 paper size 
and adding relevant text, content, visuals, and 
animations. The finished magazine was then 
integrated with Assemblr to create AR elements that 
visualised the 3D image design. 

AR visualisations are created with Assemblr 
Edu to display 3D models of chemical bonds and 
molecular geometry. Learners can access the AR 
display by scanning the QR code integrated in the 
magazine. Hikmah et al. (2023) found that 
Augmented Reality (AR) helped improve students' 
understanding of abstract material. Through 3D 
visualisation and QR code scanning, Assemblr Edu 
facilitated learning of chemical bonds and molecular 
geometry more concretely and engagingly. The 
chosen studying model was Discovery Studying, as 
it supported active, independent, and learner-
centred studying according to the Independent 
Curriculum. This model helps learners understand 
concepts in depth through interactive technology-
based exploration. AR visualisations had been 
created with Assemblr Edu by the addition of 3D 
objects and the creation of QR codes, which were 
then integrated into the magazine design. According 
to research by Kartini (2024), AR, when integrated 
into studying, improves outcomes by engaging 
learners independently in the studying process. 
Based on previous studies, the researcher used 
Canva and Assemblr Edu to develop an AR-based 
digital magazine. It could be seen in Figure 1. A 
magazine design was created using the canva 
application, and a 3D AR object was created in 
Assemblr Edu. 

 
Figure 1. Edited the magazine using the Canva 

application 

Develop 
Material experts assessed content feasibility, 

linguistic aspect, presentation, and graphics, while 
media experts evaluated media size, display 
feasibility, content feasibility, and effectiveness. 
Revisions were made based on their assessments to 
improve the product. 

In the magazine, images related to the sub-
subject matter were included. However, the author 
did not attach the sources of the displayed images, 
so the validators advised including the source of 
each image. It could be seen in Figure 2—
improvements based on the validators’ suggestions.  
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      (a)                                   (b) 

Figure 2. Image source (a) before revision and (b) 
after revisions 

The magazine included a QR code to connect 
images in the media with AR to display 3D shapes. 
Initially, the size of the QR codes varied, so the 
validators gave suggestions to change and adjust 
them. After completing the editing in the Canva 
application, Assemblr Edu was then used to create 
AR content by adding 3D objects. The QR code for 
the AR was subsequently generated and linked to 
the Canva design (Mayasri et al., 2024). The 
improvements based on the validators’ suggestions 
could be seen in Figure 3. 

  
      (a)                                  (b) 

Figure 3. QR code size  (a) before revision and (b) 
after revision 

Two media mater experts and two subject 
experts validated the AR-based digital magazine 
using a Likert scale (1-4). The validation stage 
assessed the product's feasibility, ensuring it met 
required standards before further implementation 
Mukholifah et al. (2020) said that the finished 
product had to go through the validation stage by 
an expert validator. Fasna et al. (2024) stated that 
validation was essential to ensure the feasibility of 
learning media for school use. Table 1 shows the 
average score and percentage for each aspect. 

Table 1. Validation Result by Subject Matter 
Experts 

Aspect 
Average 

score 
Percentage (%) Category 

Content 
Feasibility 

42 95.45 Very Valid 

Languange 7.5 93.75 Very Valid 

Presentation 11.5 95.83 Very Valid 

Graphics 7.5 93.73 Very Valid 

Average - 95.1 Very Valid 

Validation result is two subject matter 
experts showed that the overall average was 95.10%, 
which was categorised as very valid based on the 

BSNP standard. Thus, the AR-based digital 
magazine media was considered to be very suitable 
for use in studying. In accordance with 
Mukarromah & Andriana (2022), the material in 
learning media needed to be presented in detail to 
stimulate students' motivation and interest in 
learning. Damayanti et al. (2018) explained that if 
the material feasibility score assessed by validators 
fell within the range of 81% to 100%, the electronic 
pocket book media was considered valid and highly 
suitable for use. Furthermore, the analysis of the 
electronic pocket book media was carried out by 
media experts, as shown in Table 2. 

Table 2. Validation result by subject media  
experts 

Aspect 
Average 

score 
Percentage 

(%) 
Category 

Media Size 7.5 93.75 Very valid 

Display Feasibility 19.5 97.5 Very valid 

Content Feasibility 22 91.66 Very valid 

Effectiveness 8 100 Very valid 

Average - 95.5 Very valid 

The media experts' validation results showed 
a 95.00% overall average, suggesting the AR-based 
digital magazine media was highly feasible and valid 
for use. According to the BSNP standards, these 
results were categorised as very valid; therefore, the 
AR-based digital magazine media was declared 
suitable for use in studying. Based on this 
assessment, a score in the range of 81%–100% was 
obtained. Thus, it was concluded that the electronic 
pocket book media was valid or highly feasible. 

Disseminate 
The validated AR-based digital magazine was 

implemented in an experimental room of 25 grade 
X learners, while a control room used conventional 
media. Pretests and posttests were administered to 
both rooms to measure the media's effectiveness, 
using questions that had been validated and tested 
for reliability, difficulty, and discriminatory power. 
The average results for both rooms are presented 
based on Tabel 3. 

Table 3. Averages pretest and posttest 

Room Pretest Postest 

Experiment 38.8 86.8 

Control 33.5 72.2 

The experimental room showed a significant 
improvement in studying outcomes, with average 
pretest and posttest scores of 38.8 and 86.8, 
respectively. In contrast, the control room had 
average scores of 33.5 and 72.2. Nurfadilah et al. 
(2024) reported improved student learning 
outcomes after using AR media with 3D 
visualisations in chemistry. Similarly, Vari et al. 
(2023) found that AR use in science led to 
significant achievement gains. In line with the study 
by Sari et al. (2025), the use of technology in the 
development of learning media had a positive 
impact on students' learning outcomes by 
presenting the material in a more contextual and 
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easily understandable manner. Media involving 
technology was able to demonstrate student 
engagement and motivation in learning abstract 
concepts. These findings showed that AR-based 
interactive digital magazines were effective in 
enhancing student understanding of chemical 
bonding because they were technology-related. The 
results are presented in Table 4, indicating a greater 
enhancement in learner studying outcomes in the 
experimental room. 

Table 4. N-Gain score 

Room 
N-

Gain 

Std, 

Dev 
Lowest Highest Category 

Experiment 0.7964 0.9031 0.67 1.00 High 

Control 0.5820 0.1196 0.27 0.75 Medium 

A notable disparity was found between the 
experiment and control group's Ngain score. With 
an average N-gain score of 0.7964 (79.64%), 
classified as high, the experimental group 
outperformed the control group, which scored 
0.5820 (58.20%), falling into the medium category. 
This suggests the AR-based digital magazine had a 
substantial positive impact on the study outcomes 
in the experimental group. The research results 
showed that the digital magazine media based on 
Augmented Reality (AR) that was developed proved 
to be effective in improving students' learning 
outcomes on the topic of chemical bonding. This 
was demonstrated by the increase in the students’ 
average scores in the experimental class after using 
the media, as well as the N-gain values, which fell 
into the medium to high categories. 

The effectiveness of this media could be 
explained by its interactive and engaging 
characteristics. AR technology allowed students to 
directly view three-dimensional visualisations of 
chemical bonding structures through their 
smartphones. These visualisations helped students 
build a stronger conceptual understanding because 
they did not merely read or see flat images, but were 
able to observe the shape and bonding processes 
between atoms in a more tangible and contextual 
form. In addition, the media was designed in the 
form of a digital magazine containing material 
explanations, illustrations, videos, and links to AR 
features, which encouraged active student 
engagement in the learning process. The 
combination of digital content and AR technology 
also made learning more enjoyable and less 
monotonous, ultimately increasing students’ 
motivation and understanding. 

This study's results are consistent with the 
prior search by Purwanti et al. (2024) that developed 
an AR-based chemistry study media using Unity, 
which achieved a high Ngain score of 0.87, 
demonstrating significant efective in enhancing 
study outcomes. However, our search diverges by 
exploring an AR-based interactive digital magazine, 

which provides distinct advantages, including user-
friendliness and multimedia integration, to boost 
learner engagement. Based on the research 
conducted, it was in line with previous studies that 
media using AR was effective in improving learning 
outcomes. To validate data suitability for parametric 
statistical analysis, normality in Table 5 and the 
homogeneity test were performed before the 
hypothesis test. 

Table 5. Data on the normality of studying 
outcomes 

Room Data 

Source 

Shapiro-

Wilk (Sig) 

Information 

Experiment N-gain 0.187 Normal 

Control N-gain 0.101 Normal 

Normal test uses the Shapiro-Wilk method, 
yielding significant values of 0.187 for the 
experimental room and 0.101 for the control room, 
both exceeding the 0.05 threshold. The 
homogeneity test results are presented in Table 6, 
further assessing the equality of variances between 
the two rooms. 

Table 6. Studying outcome homogeneity test data 

Data 

Source 

Levene 

Statistic 
df1 df2 Sig. 

Informat

ion 

N-gain 0.564 1 48 
0.45

6 

Homoge

neous 

The Levene test confirms data homogeneity 
with a significance value of 0.456 (>0.05). The 
hypothesis test result revealed a significant 
difference, with a Sig. (2-tailed) value of 0.000 
(<0.05). This indicates that the AR-based 
interactive digital media magazine had a significant 
positive impact on Grade X learner study outcomes 
at MA Al-Washliyah 36 Serbelawan. 

Practicality of AR-based digital magazine 
The practicality of the media was measured 

based on the teachers’ responses to the use of AR-
based digital magazines on atomic bonding material. 
In this study, two teachers from MA Al-Washliyah 
36 Serbelawan were involved as validators to assess 
the practicality of the media. The results of teachers’ 
practicality assessments of the AR-based digital 
magazine were presented in Table 7. 

Table 7. Assessment of teachers' 
practicality of AR-based digital magazine media 

Aspect 
Average 

score 
Percentage (%) Category 

Content 

Feasibility 
18.5 92.5 

Very 

Practical 

Presentation 14.5 90.6 
Very 

Practical 

Design 7.5 93.75 
Very 

Practical 

Languange 12 100 
Very 

Practical 

Average - 93.74 
Very 

Practical 
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Based on Table 7, it was found that the 
practicality validation percentages by Teacher 1 and 
Teacher 2 were 94.64% and 93.74%, respectively, 
both of which were categorised as very high. These 
results indicated that the AR-based digital magazine 
was highly practical and suitable to be used as a 
study medium for atomic bonding material, and did 
not require any revisions. The study supported this 
finding, conducted by Irma et al. (2024), which 
showed that AR-based media developed with Unity 
was practically used in studying. The digital 
magazine media based on Augmented Reality (AR) 
was considered practical by teachers because it 
could be easily operated through digital devices such 
as smartphones, making it accessible repeatedly. Its 
attractive design and the media’s ability to present 
material visually and interactively were added values 
in the learning process. In addition, this media 
helped teachers deliver material without the need 
for additional teaching aids, thereby making the 
teaching preparation process more efficient. These 
findings were in line with the study by Muchtar et 
al. (2021), which stated that the use of technology in 
instructional media could enhance efficiency and 
practicality, as technology was able to present 
material engagingly, as well as encourage active 
student participation in the learning process. 

Learner response to the media 
After the learners used the AR-based 

interactive digital magazine media during the study 
activities, a questionnaire was distributed to 
measure their responses to the media usage. The 
questionnaire consisted of 20 items, with a point 
scale ranging from 1 to 4. The results of the learners’ 
responses to the use of the AR-based digital 
magazine media were presented in Table 8. 

Table 8. Data on the results of learner responses 
to AR-based digital magazines 

Data 
Total 

Score 
Average (%) Category 

Learner 

Response 
2.284 91.36 High 

The percentage of learners in this Ar-based 
interactive digital magazine media was 91.36%, 
categorised as high, indicating strong agreement 
that the media improved studying outcomes. This 
finding aligns with Vari et al. (2023) study, which 
reported positive learner responses to AR media 
due to its ability to engage learners actively. 
Students’ responses to the developed learning media 
showed highly positive reactions. This was due to 
the media's ability to present contextual material by 
connecting the content to students’ real-life 
experiences. This finding was in line with the study 
by Sari & Marbun (2025), which stated that media 
capable of linking learning to real-life situations and 
presenting it in a way that can be directly observed 
by students helped them better understand abstract 
concepts. The high learner response rate in both 
studies suggests that AR-based media can enhance 
learner engagement and studying experiences, and 

the effectiveness of the media. The direct 
interaction of learners created a more engaging and 
dynamic studying atmosphere, making the studying 
process less monotonous. The documentation of 
the dissemination process is presented in Figure 4. 

  
                 (a)                                    (b) 

 
(c) 

Figure 4. Documentation during the 
dissemination phase was conducted 

Conclusions 

The development of AR-based interactive 
digital magazine media for atomic bonding material 
has yielded impressive results, showcasing its 
validity, effectiveness, practicality, and appeal to 
learners. With high validation rates from experts 
and significant improvements in studying 
outcomes, this media offers a promising innovation 
for enhancing chemistry education. 

The findings confirm that the AR-based 
interactive digital magazine effectively enhances 
conceptual understanding through immersive and 
interactive 3D visualisations, aligning with the 
research's primary objective of creating engaging 
studying media. Further research suggests adding 
audio features, interactive animations, and involving 
a broader sample to see the long-term impact of 
using AR media. 
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