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Abstract: Students often find the solar system challenging due to its abstract nature and 
vast spatial and temporal scales. Students are unable to directly observe phenomena 
such as planetary revolution or the internal structure of the sun in the classroom. This 
often leads to misconceptions or incomplete conceptual understanding. For example, 
many students still assume that planetary orbits are perfectly circular or misunderstand 
the causes of seasonal changes. This study aims to analyze the need to develop an e-
comic as a conceptual change-based learning medium for seventh-grade students of 
Islamic Junior High Schools (MTs). Conceptual change is an important approach in 
science learning that helps students replace incorrect initial concepts with correct 
scientific concepts. Using a needs analysis method, 51 students responded to various 
questions posed to identify gaps in students' understanding of the solar system 
concept. Data were collected through observations, interviews with teachers, and 
student questionnaires. The results indicate that a conceptual change-based e-comic is 
highly needed as an alternative learning medium that can facilitate a more effective 
and enjoyable learning process. This research provides a strong basis for the 
development of e-comic media that is appropriate to the characteristics of grade VII 
MTs students in understanding solar system material. 
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Introduction 
 

The Solar System, particularly Chapter VII, is a 
crucial topic in Natural Science (IPA) learning at the 
junior high school/Islamic junior high school 
(SMP/MTs) level. This material is quite abstract and 
complex, encompassing structural features and the 
phenomena of rotation and revolution, which are 
difficult for students to grasp directly. This hinders 
student learning if it only involves conventional 
learning, such as lectures and textbooks (Martin-
Alguacil et al., 2024; Beigzadeh et al., 2024). This 
hindered understanding often leads to the emergence of 
problems. Therefore, learning media are needed that can 
present material visually and interactively to make it 
easier for students to understand and internalize these 
concepts (Ramadanti & Bektiningsih, 2023). Effective 
learning media must be able to visualize concepts in an 

engaging way to increase student interest and 
motivation (Agustin et al., 2025). Clear and engaging 
visualizations significantly support students' 
understanding of abstract and complex material, 
making the learning process more meaningful and less 
monotonous. E-comics, as a digital learning tool, 
integrate images and text in a structured and 
communicative narrative, facilitating students' 
understanding of information and learning concepts 
more easily and enjoyably (Indriasih et al., 2020; 
Didisyahrir et al., 2023). Furthermore, e-comics can 
improve student retention because the visual and 
narrative presentation of material can simultaneously 
stimulate students' cognitive and affective aspects 
(Schneider et al., 2023; Ginting et al., 2024; Sridhar & 
Nanayakkara, 2020). The use of e-comics as a learning 
medium is also highly relevant to current developments 
in digital technology, which require teachers to adapt to 
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delivering material in innovative and interactive ways. 
This medium not only captures students' attention but 
can also improve teachers' competence in utilizing 
technology for more effective learning (Ghifary et al., 
2024). 

Research shows that e-comics are effective in 
improving students' conceptual understanding and 
motivation to learn due to their easy-to-understand 
nature, visual appeal, and ability to present material in a 
step-by-step manner tailored to students' needs 
(Harisman et al., 2023; Wewengkang et al., 2024). 
Therefore, the development of e-comics learning media 
is crucial to support a more active and meaningful 
learning process, particularly for materials requiring in-
depth conceptual understanding (Amiruddin et al., 
2023). Furthermore, e-comics also help teachers adapt 
their learning to current digital technological 
developments while simultaneously enhancing their 
professional competence in using technology-based 
learning media. With strong visual features and 
coherent narratives, e-comics can address student 
misconceptions in a more communicative and engaging 
manner, enabling more effective conceptual change 
(Mukramah et al., 2023). Therefore, needs analysis and 
development of e-comic learning media based on 
conceptual change are strategic steps to produce valid, 
practical, and effective media to improve the quality of 
learning in schools, particularly in materials that require 
in-depth conceptual understanding, such as the Solar 
System (Masduki et al., 2024). 

Conceptual change is essential in learning the Solar 
System because many students still have erroneous 
understandings or misconceptions about the basic 
concepts in the material. These misconceptions occur 
because students often bring initial concepts that are 
inconsistent with scientific concepts, which they develop 
based on everyday experiences or inaccurate 
information prior to formal learning. For example, some 
students assume that Earth is the largest object in the 
Solar System or that the planets orbit Earth, when in fact, 
scientifically, the planets orbit the Sun, which is the 
center of the Solar System (Siregar & Adlini, 2025). This 
condition hinders correct understanding and requires 
learning strategies capable of replacing these 
misconceptions with appropriate scientific concepts 
(Sartika et al., 2022; Yenita et al., 2022). A conceptual 
change approach is crucial to addressing these 
misconceptions, making them crucial in the learning 
process. Conceptual change aims to dissuade students 
from settling for incorrect concepts and replace them 
with correct ones through specially designed learning 
strategies. Research shows that implementing a 
conceptual change-based learning strategy can 
significantly improve conceptual understanding and 
reduce student misconceptions in science material, 

including the Solar System (Udayani et al., 2021; 
Hasnawati et al., 2022). Thus, conceptual change not 
only improves student understanding but also enhances 
the overall quality of learning. 
 

Method  
 

The research conducted to produce a final product 
in this study is a type of research and development 
(R&D), where the output of the final product produced 
is a learning media in the form of e-comic (digital comic) 
which contains the material of the Solar System for grade 
VII MTs students. Meanwhile, the development model 
carried out in this study was adopted from the model 
formulated by Alessi and Trollip where there are three 
main steps carried out, namely the planning stage, the 
design stage and finally the development stage. 
 

Result and Discussion 
 

The preliminary study results include literature and 
fieldwork. Literature study results were obtained from 
books and various reading sources related to this 
research, such as journals and articles. The fieldwork 
revealed that many students have not yet utilized 
Conceptual Change-Based E-comic Development for the 
solar system topic because teachers still use outdated 
concepts. The learning media used are still printed 
books, PowerPoint presentations, quizzes, and so on. 
Therefore, students perceive the need for Conceptual 
Change-Based E-comic development. Data collection 
was conducted through pre-test and post-test questions. 
The questions were used to determine students' abilities 
related to conceptual change in the comic-based solar 
system material being developed. The questions were 
calculated using a formula. 

Ngain(g) =  
Spost − Spre

Smax − Spretest

 (1) 

The N-gain scores obtained are interpreted 
according to Table 1. 
 
Table 1. Effectiveness categories based on N-gain 
N-gain Value Category Category 

N − gain ≥ 0.70 High 

0.7 0 > N − gain ≥ 0.30 Medium 

N − gain < 0.30 Low 

 
Discussion 

The use of e-comics based on conceptual change in 
solar system material presented electronically, where 
each learning activity is linked to an application as 
navigation, making students more interactive with the 
program and enriching their learning experience (Mena-
Guacas et al., 2025; Navas-Bonilla et al., 2025), is one of 
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the benefits of technology considered crucial for keeping 
up with current developments and meeting students' 
literacy demands in information and communication 
technology (Laar et al., 2020; Alenezi et al., 2023), 
conducted a study analyzing the needs of teachers and 
students for e-comics based on conceptual change in 
solar system material. Effectiveness testing was 
conducted by implementing e-comics based on the 
theory of conceptual change in physics learning at 
school to determine its impact on students' conceptual 
understanding. The effectiveness testing phase involved 
conducting a pre-test before treatment and a post-test 
after treatment using a conceptual understanding 
instrument that has been proven valid and reliable. The 
effectiveness testing was conducted by calculating the 
N-gain scores of students' pre- and post-test results on 
their critical thinking skills, as shown in Table 2. 
 
Table 2. Analysis of student N-gain results 

Number of Students % N-gain Category 

27 65.90 High 

13 31.70 Medium 

1 2.40 Low 

 
Table 2 shows the results of the analysis of students' 

conceptual understanding gains. Of the 34 students, 27 
(65.90%) experienced a significant increase in conceptual 
understanding. Thirteen (31.70%) were in the moderate 
improvement category. One (2.40%) was in the low 
improvement category. These data indicate that the 
majority of students experienced significant 
improvement in their conceptual understanding, with 
most at the high and moderate levels. The table below 
shows the n-gain scores for each aspect of students' 
conceptual understanding. 
 
Table 3. Students' N-gain scores for each aspect 

Aspects Pre Post N-gain 

Interpreting 25.61 75.61 0.67 

Giving examples 81.71 93.90 0.66 

Classifying 39.02 87.80 0.80 

Summarizing 51.22 85.37 0.70 

Drawing inferences 0.00 90.24 0.90 

Comparing 9.76 73.17 0.70 

Explaining 12.20 78.05 0.75 

Average 31.36 83.45 0.75 

 
Table 3 shows the results of the comparison of the 

pre-test and post-test of students' conceptual 
understanding in seven aspects: interpreting, 
exemplifying, classifying, summarizing, drawing 
inferences, comparing, and explaining. In interpreting, 
the average pre-test score was 25.61 and increased to 
75.61 in the post-test, with an N-Gain of 0.67, which is in 
the medium category. For the aspect of giving examples, 

the average pre-test score was 81.71 and increased 
significantly to 93.90 in the post-test, with an N-Gain of 
0.66, which is in the medium category. In the aspect of 
classifying, the average pre-test score was 39.02 and 
increased to 87.80 in the post-test, with an N-Gain of 
0.80, which is in the high category. The aspect of 
summarizing showed an increase from an average pre-
test score of 51.22 to 85.37 in the post-test, with an N-
Gain of 0.70, which is in the high category. For the 
inference drawing aspect, the average pre-test score was 
0.00 and increased significantly to 90.24 in the post-test, 
with an N-Gain of 0.90, which is considered high. For the 
comparison aspect, the average pre-test score was 9.76 
and increased significantly to 73.17 in the post-test, with 
an N-Gain of 0.70, which is considered high. For the 
explanation aspect, the average pre-test score was 12.20 
and increased significantly to 78.05 in the post-test, with 
an N-Gain of 0.75, which is considered high. 

Overall, the average score increase from pre-test to 
post-test was 52.09 points, with an average N-Gain of 
0.74, indicating that this learning program successfully 
improved students' conceptual understanding in the 
high category. This indicates that the use of e-comics 
based on the theory of conceptual change in the solar 
system is effective in improving students' critical 
thinking conceptual understanding. Effectiveness Test. 
This test serves to check the level of effectiveness of this 
E-Comic product on students' conceptual changes, 
especially in conceptual understanding. Initially, 
researchers analyzed the Gain scores of the students. The 
results showed that the majority of respondents with a 
total of 27 students had an increase in conceptual 
understanding with a high category (65.90%). Research 
by Ndibalema (2025), showed that the use of e-comic 
media can increase effectiveness in the learning process, 
with the results of the N-Gain score test in the 
experimental class reaching 74.47%, compared to 51.44% 
in the control class, this is in line with what the 
researchers studied. Then 13 students produced scores 
with a medium category (31.70%) and only 1 person 
with a low category score (2.40%). Then, the results of 
the pre-test and post-test also showed a significant 
development in each aspect. 

There are seven aspects tested, namely interpreting, 
giving examples, classifying, summarizing, drawing 
inferences, comparing and explaining. The most 
significant increase was obtained by the aspect of 
drawing inferences, where the pre-test score showed 
0.00, while the post-test score was 90.24. Conversely, the 
lowest score increase was shown in the exemplifying 
aspect, where the pre-test showed a score of 81.71, while 
the post-test score did not increase significantly, 
reaching 93.90. This occurred because the pre-test score 
for exemplifying was already in the high category, 
leaving little room for significant improvement. 
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Furthermore, the test results also showed the N-Gain for 
each aspect tested. Of the seven aspects, five produced 
high Gain scores (> 70), with the highest being drawing 
inferences (90%), followed by classifying (80%), 
comparing (75%), explaining (74%), and summarizing 
(70%). The other two aspects produced medium Gain 
scores: interpreting (67%) and providing examples 
(66%). The average Gain score for all these aspects was 
74%, categorized as high. Therefore, it can be concluded 
that the development of an e-comic based on the theory 
of conceptual change in the solar system has proven 
effective in improving students' critical thinking 
conceptual understanding (Nursyaidah et al., 2025; 
Zuniari et al., 2022). 

In line with a study by Alwi et al. (2024) and Saputri 
et al. (2025), found that the use of e-comic learning media 
significantly improved students' understanding of 
mathematical concepts, with an N-Gain value of 0.56 in 
the high category  indicating the effectiveness of this 
media in improving students' conceptual 
understanding. E-comic teaching media can be used 
individually or in groups by involving students 
(Ananda et al., 2024). This is because in e-comic teaching 
media the learning concept emphasizes the 
independence of all students in understanding the 
content of the material provided by the teacher (Fahreza 
et al., 2022; Indriana et al., 2024), so that students can 
easily understand the content of the material provided 
by the teacher, so that various kinds of thoughts and 
diverse understandings will be realized for students 
(Setiawan et al., 2025). Therefore, the existence of 
teaching media in the science learning process is very 
important (Pantiwati et al., 2024; Staneviciene & 
Žekienė, 2025). Students still stated that the teaching 
media used made it difficult for them to learn the solar 
system (Ervana et al., 2022). This proves that existing 
teaching media are not yet capable of presenting the 
components of each material with implications for 
everyday life (Amelia et al., 2025; Kartika et al., 2025). 
Therefore, the development of e-comic learning media 
based on conceptual changes in solar system material is 
still needed (Serevina et al., 2021; Novelita et al., 2024). 
 

Conclusion  
 

The needs analysis for e-comics based on 
conceptual changes in the solar system material consists 
of an analysis of teacher needs and an analysis of student 
needs. Based on the research results, there is a need for 
e-comics based on conceptual changes in the solar 
system material for teachers and students. Therefore, the 
next step is to develop learning tools to meet these needs. 
In the later stages of e-comic development, it is 
recommended to pay special attention to interactivity. 
Ensure the comic's narrative is not only informative but 

also stimulates students' cognitive challenges to correct 
common misconceptions about the solar system. 
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