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ABSTRACT

The material on the structure of the earth at the Junior High
Schoollevel is often difficult for students to understand because
the concepts are abstract and cannot be observed directly. This
study was conducted to determine the influence of the use of e-
comic media on scientific literacy and student engagement in
learning the structure of the earth. The study was conducted
among eighth-grade students (VIII D) at SMP Muhammadiyah 3
Depok for four meetings using a pre-experimental method
through a one-group pretest-posttest design. Data were
collected using scientific literacy tests and student engagement
questionnaires. Data analysis was carried out by the Shapiro-
Wilk normality test, the Wilcoxon Signed Rank Test, descriptive
analysis, and the Spearman correlation test. The results showed
that the use of e-comic was able to significantly increase
students' scientific literacy with a p < value of 0.001. In
addition, the level of student engagement during learning is in
the high category based on the results of the questionnaire.
However, the association between scientific literacy and
student engagement showed only a weak and insignificant
positive correlation (r = 0.188; p = 0.427). These findings show
that e-comics are effective in helping students understand
abstract concepts of the earth's structure through visual
presentations and engaging stories. However, high student
engagement does not necessarily have a direct effect on
improving cognitive abilities in scientific literacy. Therefore, e-
comics can be used as one of the innovative learning media to
support science learning, especially in abstract materials.
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1. INTRODUCTION

Natural Science learning at the junior high school level has its own challenges,
especially in abstract materials such as the Earth's Structure and Its Development
Dynamics (Ummah et al, 2025). Concepts such as the Earth's internal layers,
asthenosphere, and the movement of tectonic plates cannot be observed directly by
students, thus demanding high visualization and reasoning skills (Gattullo et al., 2022).
This condition often causes students to only memorize terms without understanding the
relationship between concepts, so that scientific literacy has not developed optimally.
Referring to the Organisation for Economic Co-operation and Development (OECD,
2019), scientific literacy includes three main components, namely: the ability to explain
phenomena through scientific concepts, the ability to evaluate and design scientific
investigation processes, and the ability to interpret data and evidence scientifically. These
three aspects are essential to prepare students to face complex global challenges and
demand science-based solutions. Therefore, mastery of scientific literacy is the key to
success not only in the context of education, but also in community life.

Based on the results of class observations carried out in junior high schools in one of
the Yogyakarta junior high schools, it was found that science learning conditions that
have challenges in terms of scientific literacy and student engagement. In general, schools
have transformed into digital-based schools with very adequate facilities, such as the
availability of projectors in each class, smart interactive boards, and the use of gadgets in
learning activities. Science teachers are also known to be competent and communicative
in the learning process and have tried to integrate various digital media such as
PowerPoint, learning videos from YouTube, to three-dimensional visualization
applications. However, behind the support of the complete digital facilities, the reality in
the classroom shows that there is a gap in scientific literacy achievement and student
engagement levels.

Responding to these conditions, several main challenges were found in achieving ideal
learning goals. The first challenge has to do with visualization of abstract concepts. The
material structure of the Earth demands that students understand geological processes
that cannot be directly observed. Teachers reported that the biggest difficulty lies in
explaining the origin and movement of the Earth's layers in the absence of a medium
capable of dynamically describing the process (Puspitasari & Vivianti, 2026). This is in
line with multimedia learning theory which states that abstract concepts in science
require strong visual representations so as not to cause misconceptions (Mayer, 2021).
Without the right media, students' scientific literacy tends to stop at the level of
memorization (Wijayati, 2024).

The second challenge is the low engagement of students in the midst of adequate
technological facilities. Although digital facilities are available, students tend to feel
overwhelmed by one-way informative media such as PowerPoint presentations.
Therefore, media that is not only technologically sophisticated, but also has narrative
power that is able to attract students' attention emotionally and cognitively (Fitriana &
Muthi, 2024). The use of comics in science learning is considered effective because it is
able to present scientific concepts in the form of interesting and easy-to-understand
stories (Tatalovic, 2023; Ramadhan, 2024).

The third challenge is the need to present material that is detailed but still in
accordance with the characteristics of junior high school students. Teachers suggest that
learning media be able to present a more in-depth explanation of the characteristics of
each layer of the Earth and its dynamics of movement, without making students feel
burdened by information that is too complex (Robani & Vivianti, 2025). This requires a
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balance between the depth of the material and the readability. Research shows that the
use of visual media combined with narrative can help students build a better
understanding of abstract concepts (Fenezaa & Widodob, 2025).

Based on these challenges, learning innovations are needed that are able to bridge
abstract concepts into more concrete, increase student engagement, and strengthen
scientific literacy. One of the solutions developed in this study is the use of e-comics as a
digital learning medium. E-comics combine text, images, and storylines in a single unit
that allows students to understand concepts through visualization and narrative
simultaneously (Rahmasari et al., 2024). This approach is in line with multimedia theory
which states that the integration between visual and verbal representations can
significantly improve conceptual understanding (Mayer, 2021).

In addition, the use of e-comics is also expected to be able to increase student
engagement through a more contextual and interesting approach. By presenting
characters, dialogues, and illustrations that are relevant to students' lives, e-comics can
create a more meaningful learning experience (Laksmi & Suuniasih, 2021). Although e-
comics are widely used to support science learning, research examining their application
to earth structure materials remains relatively limited. Most previous studies have
tended to focus on a single aspect of learning outcomes; thus, the simultaneous influence
of e-comics on scientific literacy and student engagement has not been widely
investigated. Furthermore, the relationship between these two variables within a digital
science learning environment remains unclear. Therefore, this study aims to analyze the
influence of the use of e-comics on scientific literacy and student engagement in the
material structure of the Earth and its developmental dynamics, as well as examine the
relationship between the two variables in the context of digital-based learning.
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Picture 1. E-comic media display on earth structure material
2. METHODS

This study uses a pre-experimental method with a one group pretest-posttest design,
where the target school is SMP Muhammadiyah 3 Depok with material on the structure
of the Earth and its development dynamics during four meetings. Pretests, learning
activities and posttest were carried out. The participants consisted of 20 eighth-grade
students of VIII D. A purposive sampling technique was employed to select the
participants. The sampling was chosen because they were studying earth structure topics
during the research period and had not previously experienced e-comic-based learning.
These characteristics made the class suitable for examining the effectiveness of e-comics
in improving scientific literacy and student engagement. This study aims to analyze the
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influence of e-comic use on scientific literacy and student engagement, as well as examine
the relationship between the two variables in the context of digital-based learning. The
instruments used were scientific literacy questions and student engagement
questionnaires. The questions given are formed by pretest and posttest which are
compiled based on scientific literacy indicators, namely identifying problems, explaining
phenomena scientifically and using scientific evidence (PISA in Rini et al, 2021). The
student engagement indicators used are adjusted to behavioral, emotional and cognitive
engagement (Syahfitri etal., 2025). The implementation was carried out in four meetings;
the first meeting students were given a pretest and an introduction related to the
material. The second and third meetings were carried out with learning activities using
e-comics on earth structure materials and tectonic plate activity by presenting the
problem first, namely earthquakes. In the learning process, a problem-based learning
model is used with discussion and question and answer methods related to geological
phenomena that occur. At the last meeting, students reflected on their learning and did
posttest and filled out student engagement questionnaires that had been distributed.

Data analysis was carried out with the SPSS Statistics 27 application by conducting a
normality test with Shapiro-Wilk, Wilcoxon Signed Rank Test, Effect Size Test and
Student Engagement Analysis Using Excel. In addition, the correlation test uses the
spearman correlation test. For further results and analysis related to the data obtained,
it will be explained below.

Picture 2. students use e-comics

3. RESULTS AND DISCUSSION

Improving Scientific literacy

The first test was a normality test using Shapiro-Wilk because the sample size was less
than 50 students. The results of the normality test were the significance value of the
pretest of 0.002 and the posttest of <0.001, which means that the data was not normally
distributed (sig < 0.05). Therefore, a nonparametric test, namely the Wilcoxon Signed
Rank Test, is used. Based on the Wilcoxon test, a significance value of <0.001 was
obtained with the HO decision rejected, this shows a significant difference between the
pretest and posttest values. Therefore, science learning using e-comics is effective in
improving students' understanding of concepts. The results of the Wilcoxon signed-rank
test showed a standardized test statistic value Z = 3.957, with a significance level of p <
0.001. To determine the magnitude of the impact of e-comic usage, the effect size was
calculated using the following formula:

|
VN
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Source: Rosenthal (1991)

The calculation yielded an effect size value of 0.885. Based on Cohen’s criteria, this value
falls into the large effect category. These findings demonstrate that the use of e-comics
has arobust influence on improving students' scientific literacy regarding earth structure
concepts. Thus, the treatment provided in this study has a strong impact on improving
students' scientific literacy outcomes.

The results above are in line with what the students showed in class. During the
learning process from the initial students could not explain the relationship between the
movements of tectonic plates, it was obtained after treatment that students were able to
explain straightforwardly and were able to distinguish the characteristics of the earth's
layers and explain the convection currents that occurred. In addition, it can also relate
learning materials to phenomena that occur, for example earthquakes that often occur in
Jogja. This finding may be attributed to the innovation of e-comic media that supports
students' scientific literacy. It is also strengthened by the significant increase in posttest
scores. Where the average pretest score of students is in the range of around 50-60, while
the average posttest score increases to around 79-84. Based on Table 1, the students'
average scientific literacy score increased from 43.00 on the pretest to 84.00 on the
posttest. Additionally, the minimum score rose from 20 to 70, and the maximum score
increased from 60 to 100. These results indicated an improvement in scientific literacy
skills following the implementation of e-comics.

Variabel Mean SD Minimum Maximum
Pretest 43.00 16.26 20 60
Posttest 84.00 10.46 70 100

Table 1. Descriptive Statistics of Students' Scientific Literacy

Previous research revealed that comics are indeed effective in improving scientific
literacy, this is because comics that have interesting pictures and stories make it easy for
students to understand science concepts. This is in line with increasing scientific literacy
(Rahma & Kusumawati, 2024). Comics have been used in educational institutions as an
independent learning medium that can facilitate students to understand the concept of
science with or without the guidance of teachers (Nursholihat, et al,, 2017). In addition,
students' visual thinking skills can be improved using comic media as well as a means of
entertainment (Wicaksono et al., 2020).
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Figure 3: Distribution of students' score gains (Posttest - Pretest)
following e-comic based learning

Figure 3 illustrates the distribution of score gains (Posttest — Pretest) after utilizing e-
comics for earth structure topics. The horizontal axis represents the magnitude of
improvement achieved by individual students. The visual data reveals that every student
experienced a performance gain, indicated by 20 positive differences, with zero negative
differences or ties. The majority of students demonstrated a score increase spanning 40
to 50 points. This upward trend is statistically backed by the Wilcoxon signed-rank test
(Z=3.957,p <0.001), confirming that the integration of e-comics significantly enhances
students' scientific literacy in earth structure concepts.

Student Engagement

Questionnaire data processed through Excel and SPSS. Most students were in the high
to very high category, with an average engagement score of around 3.0-3.7 (scale 1-4).
This questionnaire shows that most students are in the high category, which indicates
that students are active and engaged in the learning process. This proves that one of the
impacts of e-comics is also making students more involved in learning compared to
learning using conventional media. Student engagement during learning includes
behavioral engagement which can be seen through the process of discussion and question
and answer. While emotional engagement can be seen from how students are
enthusiastic about learning to use e-comics, it can also be related to increasing students’
curiosity. Meanwhile, this cognitive engagement can be seen when students try to
criticize the phenomenon and can answer questions from teachers contextually.

These results show that e-comics are able to create a more interactive and fun learning
atmosphere. These findings support previous research from Aryani et al. (2025) that e-
comics are able to help simplify abstract material to be easier to understand. The
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implementation of E-comic is considered effective in increasing learning engagement,
reducing boredom, and supporting contextual delivery of material. This is also in line
with the research of Rasyika et al. (2025) that e-comic media provides a learning context
that is relevant to students' lives, thereby increasing their motivation and engagement in
the learning process.

The Relationship between Scientific literacy and Student Engagement

To see the relationship, a Spearman correlation test was carried out. The results
obtained showed that the relationship between scientific literacy and student
engagement was not significant, with a coefficient value of 0.188 and significance of
0.427. The coefficient value shows a very weak relationship because it is close to 0.
Because the value is positive, the direction of the relationship is in the same direction (if
one variable goes up, the other tends to go up), but the effect is very insignificant in
practical terms. The result is considered significant if the Sig. value < 0.05. Since 0.427 >
0.05, it can be concluded that there is no significant relationship between scientific
literacy and student engagement in this sample. For this reason, although student
engagement is high, it does not directly correlate with an increase in scientific literacy.

According to Fredricks et al. (2004), student engagement consists of behavioral,
emotional, and cognitive aspects, where not all forms of engagement directly contribute
to deep understanding. Mayer (2009) stated that multimedia-based learning requires
active cognitive processing in order to produce meaningful understanding. Therefore,
high engagement needs to be balanced with learning activities that encourage analysis,
reflection, and problem-solving. Because high interest does not necessarily indicate high
understanding either (Sinatra et al., 2015).

Based on the results obtained, the use of e-comic as an innovation in learning media
has a positive impact on the learning process and outcomes of students. Students showed
increased understanding of concepts and higher engagement than before the use of e-
comics. This is in line with previous research that states that visual media can improve
the understanding of abstract concepts (Volioti, 2022). However, there are several things
that need to be considered. First, although student engagement is high, not all students
experience the same increase in scientific literacy. This shows that engagement alone is
not enough, but needs to be supported by effective learning strategies. Second, limited
learning time is an obstacle in optimizing the use of e-comics. Therefore, more careful
planning is needed so that learning can run more effectively. Third, teachers' ability to
manage technology-based learning is also an important factor. Teachers need to continue
to develop competence in the use of digital media in order to provide a better learning
experience for students.

Correlations
Science Student
Literacy Engagement
Spear  Scientific Correlation Coefficient 1,000 ,188
man's literacy Sig. (2-tailed) : 427
rho N 20 20
Student Correlation Coefficient ,188 1,000
Engagement Sig. (2-tailed) 427 .
N 20 20

Table 2. Spearman Correlation Test Output between
Scientific literacy and Student Engagement
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4. CONCLUSION

This study shows that the use of e-comic in science learning is able to significantly
increase scientific literacy and student engagement. Although the relationship between
the two is not statistically significant, e-comics remain an effective medium in bridging
the understanding of abstract concepts. Therefore, the use of e-comics is recommended
as an alternative to innovative learning media in schools. For further research, it is hoped
that it can further create interactive learning innovations that can better support
students with visual, auditory and kinesthetic types.
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