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This research is a quasi-experimental study 

designed to investigate the impact of electronic 

comic media on the learning attitudes and 

academic performance of 11th-grade science 

students at SMAN 4 Gowa. The study population 

consisted of all students from three science classes 

in the 11th grade at the school. Data were collected 

by administering a learning attitude questionnaire 

and a learning achievement test focused on the 

hydrocarbon topic, conducted through pretest and 

posttest assessments. An independent samples t-

test was employed for data analysis. Inferential 

statistical analysis revealed a significance value of 

0.000 (< 0.05) for both learning attitudes and 

learning outcomes. These results indicate that the 

use of electronic comic media significantly 

influences both the learning attitudes and 

academic achievement of 11th-grade science 

students at SMAN 4 Gowa in studying 

hydrocarbons. 
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INTRODUCTION  
One of the main objectives of chemistry learning at the Senior High 

School (SMA) level is to develop students' critical thinking skills in analyzing 
and assessing various scientific phenomena that occur in everyday life. In 
addition, understanding chemical concepts also has an important contribution 
to the development of students' interests and readiness in career fields such as 
medicine, pharmacy, environmental technology, and others 
(Kemendikbudristek, 2022). However, chemistry is still less popular with most 
students because it is considered difficult and abstract. Based on observations at 
SMA Negeri 4 Gowa, this has an impact on low learning outcomes, especially in 
hydrocarbon material. 

To overcome this problem, a learning model is needed that can attract 
interest and encourage student activity. The discovery learning model is one 
relevant alternative because it emphasizes the active involvement of students in 
discovering concepts through independent learning experiences (Arsyad & 
Fahira, 2023). However, the implementation of this model needs to be 
supported by appropriate learning media. One promising media is electronic 
comics. Comics as a visual medium are able to bridge abstract concepts with 
more concrete and interesting representations (Sururi, 2014). The combination 
of the discovery learning model and electronic comic media is expected to 
improve positive learning attitudes as well as student learning outcomes in 
chemistry lessons. 
 
THEORETICAL REVIEW 
Chemistry Learning and Its Challenges in High School 

Chemistry is a conceptual and abstract subject, so it requires a learning 
strategy that can bridge theory and practice. According to Azisah et al. (2019), a 
good understanding of chemical concepts is an important foundation because 
errors in the initial concept will affect the understanding of the next concept. This 
is even more challenging in hydrocarbon material which is abstract and requires 
strong visualization. 
 
Discovery Learning as an Active Learning Model 

Discovery learning is a learning model that provides opportunities for 
students to build their own understanding through concept discovery, problem 
solving, and reflection (Arsyad & Fahira, 2023). Research by Mukasari (2023) 
shows that the use of discovery learning in hydrocarbon material can 
significantly improve student learning outcomes. This model encourages 
activeness, critical thinking, and deep understanding of concepts. 
 
Electronic Comic Media in Learning 

Visual media such as comics have long been known to increase students' 
interest and understanding of subject matter. Silalahi and Syarifuddin (2010) and 
Topkaya et al. (2023) revealed that comic media can create a more enjoyable 
learning atmosphere and foster positive learning attitudes. Electronic comics, 
which can be accessed via digital devices, provide high flexibility and 
interactivity so that they can support discovery-based learning. According to 
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Daryanto (2013), media equipped with attractive images and visuals are 
preferred by students compared to conventional textbooks. 
 
The Influence of Media on Attitudes and Learning Outcomes 

Learning attitude is the affective tendency of students in showing interest 
and participation in learning. Rosa (2015) stated that a positive attitude towards 
lessons is correlated with high learning outcomes. In this case, electronic comics 
are not only able to improve conceptual understanding but also have an impact 
on motivation, learning satisfaction, and commitment to the learning process 
(Puspananda, 2022; Putri et al., 2022). Furthermore, research by Marwah et al. 
(2021) and Sari & Harahap (2021) showed that electronic comic-based learning is 
effective in improving students' chemistry learning outcomes. This effectiveness 
was confirmed through a significant comparison of pretest and posttest results. 
 
METHODOLOGY   

 This study employs a quasi-experimental approach to examine the 
influence of electronic comic media within the discovery learning model on the 
attitudes and academic achievement of 11th-grade science students in 
chemistry, specifically on hydrocarbon topics. The research was conducted 
during the odd semester of the 2024/2025 academic year at SMAN 4 Gowa. 

The study design adopted was the pretest-posttest control group design. 
The population consisted of three 11th-grade science classes at SMAN 4 Gowa, 
totaling 98 students. Samples were selected using a simple random sampling 
method. In the experimental group, students engaged with electronic comic 
media integrated into the discovery learning model, whereas the control group 
experienced the discovery learning model without the use of electronic comics. 
Students' attitudes toward chemistry learning were assessed using a Likert 
scale questionnaire, while learning outcomes were evaluated through a 
multiple-choice test. Data analysis included both descriptive and inferential 
statistics, with normality and homogeneity assumptions tested using SPSS 
version 26. The independent samples t-test was applied to test the research 
hypotheses. 
 
RESULTS 
Chemistry Learning Attitude 

The results of the descriptive analysis of chemistry learning attitudes 
were carried out with the help of SPSS 26, the results of which can be seen in 
Table 1. 

Table 1. Descriptive Statistics of Students' Learning Attitudes 

Descriptive Statistics Statistical Values 
Experimental Class Control Class 
Pretest Posttest Pretest Posttest 

Sample 33 33 34 34 

The highest score 93 100 89 96 

Lowest value 55 73 60 68 

Average value 77.42 89.33 75.21 84.03 
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Standard deviation 10,137 7,773 7,083 6,663 

N-Gain 0.6 0.3 

Table 1 presents the descriptive statistics comparing the experimental 
and control classes. The descriptive analysis results indicate that the 
experimental class outperformed the control class. This is reflected in the higher 
mean, maximum, and minimum scores achieved by students in the 
experimental group. Furthermore, Table 2 displays the frequency distribution 
and percentage of students’ learning attitudes who were taught using electronic 
comic media integrated into the discovery learning model. 

 
Table 2. Frequency Distribution of Learning Attitudes in Experimental Class 

Interval Category Pretest Posttest 
Frequency Percentage Frequency Percentage 

85 - 100 Very high 9 27 25 76 

70 - 84 Tall 15 45 8 24 

55 - 69 Currently 9 27 0 0 

40 - 54 Low 0 0 0 0 

25 - 39 Very Low 0 0 0 0 

Amount 33 100 33 100 

Table 2 demonstrates a notable improvement in the learning attitudes of 
students in the experimental class. Additionally, the frequency distribution and 
percentage of students' learning attitudes in the control class are presented in 
Table 3. 

Table 3. Frequency Distribution of Learning Attitudes in Control Class 

Interval Category Pretest Posttest 
Frequency Percentage Frequency Percentage 

85 - 100 Very high 3 9 14 41 

70 - 84 Tall 24 71 18 53 

55 - 69 Currently 7 21 2 6 

40 - 54 Low 0 0 0 0 

25 - 39 Very Low 0 0 0 0 

Amount 34 100 34 100 

When comparing the learning attitudes between students in the 
experimental and control classes, both groups exhibited improvements. 
However, the percentage increase in learning attitudes was greater in the 
experimental class, where electronic comic media was integrated into the 
discovery learning model, compared to the control class, which did not utilize 
such media. 

Inferential statistical analysis was performed by first conducting 
prerequisite tests, including the normality and homogeneity tests. Upon 
confirming that the learning attitude data were normally distributed and 
homogeneous, an independent samples t-test was conducted to test the 
hypothesis. The t-test results yielded a significance value (one-tailed) of 0.000, 
which is less than 0.05. This result leads to the rejection of the null hypothesis 
(Ho) and acceptance of the alternative hypothesis (H1), indicating that the use 
of electronic comic media within the discovery learning model significantly 
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influences the chemistry learning attitudes of 11th-grade science students at 
SMAN 4 Gowa in the Hydrocarbon topic. 

 
Chemistry Learning Outcomes 

The descriptive analysis results of students' learning outcomes in both 
the control and experimental classes are presented in Table 4. 

 
Table 4. Description of learning outcomes of the control class and 

experimental class 
Descriptive Statistics Statistical Values 

Experimental Class Control Class 
Pretest Posttest Pretest Posttest 

Sample 33 33 34 34 

The highest score 45 100 40 95 

Lowest value 5 55 5 35 

Average value 23.48 80.91 24.26 70.59 

Standard deviation 11.14 12.15 7.50 14.29 

N-Gain 0.8 0.6 

Based on the pretest and posttest scores of students in both the control 
and experimental classes, the N-Gain values were calculated and are shown in 
Table 5. 

Table 5. Description of N-Gain Learning Outcomes of Control Class and 
Experimental Class 

Criteria Experimental Class Control Class Category 

g>0.7 21 12 Tall 

0.3≤g≤0.7 12 22 Currently 

g<0.3 0 0 Low 

Following the prerequisite tests for normality and homogeneity, it was 
determined that both sample classes exhibited normal and homogeneous 
distributions. Subsequently, a hypothesis test was conducted using the 
independent samples t-test, resulting in a significance value of less than 0.05. 
This outcome leads to the rejection of the null hypothesis (Ho) and acceptance 
of the alternative hypothesis (H1), indicating that the average N-Gain of the 
experimental class is higher than that of the control class. Therefore, it can be 
concluded that the integration of electronic comic media into the discovery 
learning model has a significant impact on the learning outcomes of 11th-grade 
science students at SMAN 4 Gowa in studying Hydrocarbon material. 
 
DISCUSSION 
The Impact of Electronic Comic Media on Discovery Learning Models in Shaping 
Learning Attitudes 

This study aims to examine the influence of incorporating electronic comic 
media into the discovery learning model on students’ attitudes toward learning 
chemistry. In the experimental group, electronic comic media were utilized, 
whereas the control group implemented discovery learning without the 



M, Anwar, Daud 

1848 
 

integration of comics. The results of the descriptive statistical analysis indicate 
that the experimental class demonstrated higher learning attitudes compared to 
the control class. The N-Gain score for the control class was 0.3, while the 
experimental class achieved an N-Gain of 0.6, both classified within the moderate 
category. Topkaya et al. (2023) emphasized that comics can enhance both 
cognitive and affective domains, contributing to improved academic 
performance and fostering positive learning attitudes among students. Their 
study found that the use of educational comics significantly influenced students' 
attitudes, with an N-Gain value of 0.70, also categorized as moderate. 

The analysis of the frequency distribution data of learning attitudes for 
both the control and experimental classes, as shown in Table 2 and Table 3, 
indicates an increase in students’ learning attitudes after treatment compared to 
before the intervention. This is evidenced by the higher percentage of students' 
positive learning attitudes following the application of the treatment. 
Consequently, it can be concluded that electronic comic media integrated into the 
discovery learning model has an influence on the learning attitudes of students in 
the experimental class, while the control class, which utilized discovery learning 
without comic media, also showed improvement but to a lesser degree. 
The increase in learning attitudes was notably greater in the experimental class 
compared to the control class. These findings are consistent with Widyawati and 
Wijayanti (2019), who reported that science comics based on character education 
positively impact students' learning attitudes, with experimental groups 
displaying greater engagement than control groups. 
Further analysis of the learning attitude indicators revealed that students' 
perceptions of chemical concepts in the control class—where discovery learning 
was applied without comic media—were significantly lower. This suggests that 
the discovery learning model alone may not be sufficiently effective without the 
support of appropriate media. This finding is in line with research by Istiqomah 
(2022), who demonstrated that combining discovery learning with electronic 
comic media improved students’ learning outcomes, as evidenced by an increase 
in average scores from 69.4% to 86%. 

Inferential statistical analysis using an independent samples t-test via SPSS 
26 yielded a significance value (one-tailed) of 0.000, which is less than 0.05. This 
result leads to the rejection of the null hypothesis and the acceptance of the 
alternative hypothesis (H1), affirming that electronic comic media has a 
significant impact on students' learning attitudes. 

A deeper exploration of the role of electronic comic media within the 
discovery learning framework reveals that such media effectively captures 
students' attention in chemistry learning. The visually appealing design, vibrant 
characters, and engaging storylines contribute to heightened student interest. 
Suparmi et al. (2024) emphasized that comic media enhances student 
engagement, making learning more interactive and enjoyable. 
Electronic comic media supports the development of learning attitudes across 
three domains: cognitive, affective, and conative. In the cognitive domain, 
visually attractive comics facilitate students' understanding of chemical concepts 
and their relevance, as highlighted by Ubaidillah (2017). In the affective domain, 
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the engaging presentation fosters a positive learning atmosphere and reduces 
students’ anxiety toward chemistry. Nafala (2022) further pointed out that 
electronic comics increase student focus and participation by offering accessible, 
visually engaging content, thereby enhancing learning enjoyment and efficiency. 
Regarding the conative domain, the media encourages students’ willingness to 
engage in independent learning, seek supplementary resources, and actively 
participate in discussions and laboratory activities. This reflects an increase in 
their intrinsic motivation toward chemistry. Supporting this, Puspananda (2022) 
observed that comics generally boost students’ interest, participation, and 
academic outcomes while positively influencing learning attitudes. 

Additionally, Putri et al. (2022) corroborated these findings by reporting 
that e-comics significantly enhanced students' learning attitudes, with cognitive, 
affective, and conative scores reaching 91%, 89%, and 87.1%, respectively. 
Thus, integrating electronic comic media into the discovery learning model has 
been statistically and practically proven to positively impact the chemistry 
learning attitudes of 11th-grade science students at SMAN 4 Gowa. 
 
The Influence of Electronic Comic Media on Discovery Learning Models on 
Learning Outcomes 

This study aims to investigate the impact of electronic comic media on 
students' learning outcomes related to hydrocarbon compound topics. The 
results of the descriptive statistical analysis reveal that the experimental class, 
which implemented electronic comic media within the discovery learning model, 
achieved a higher average posttest score (80.91) compared to the control class 
that employed the discovery learning model without the comics (70.59). 
These findings are consistent with those of Bukian et al. (2024), who reported a 
significant difference in learning outcomes between students who utilized e-
comic media and those who did not. Their study highlighted that the integration 
of e-comics significantly enhanced both student achievement and learning 
interest. 

Further analysis using the N-Gain metric indicates that the experimental 
class exhibited a greater improvement in learning outcomes (0.8, categorized as 
high) compared to the control class (0.6, categorized as moderate). These results 
align with the study conducted by Safitri and Nurharini (2024), which 
demonstrated that learning supported by digital STRIP comics can significantly 
enhance student performance, as evidenced by the higher achievement scores 
observed in the experimental group relative to the control group. 

The discovery learning model integrated with electronic comic media 
creates a different learning atmosphere for students from the previous method, 
which encourages students to be more motivated and active during learning. 
This makes the hydrocarbon compound material more meaningful and easier to 
remember in the long term. This positive impact contributes to improving 
student learning outcomes. This is in line with research conducted by Dahlan, 
Sugiarti and Hasri (2023) which concluded that the use of the discovery learning 
model has an effect on students' critical thinking skills and redox learning 
outcomes. 
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The results of the inferential statistical analysis, conducted using an 
independent samples t-test, indicated a significance value (Sig. 1-tailed) of 0.000, 
which is less than 0.05. This finding leads to the rejection of the null hypothesis 
(Ho) and the acceptance of the alternative hypothesis (H1), confirming that the 
integration of electronic comic media within the discovery learning model 
significantly affects student learning outcomes. 

One major advantage of electronic comic media is its ability to present 
complex chemical concepts through engaging visual narratives, thereby 
enhancing students’ comprehension. Cotiangco et al. (2024) demonstrated that 
Android-based audiovisual comics effectively improved students’ conceptual 
understanding of chemical bonding. Furthermore, the use of electronic comic-
based materials contributes to greater content retention and increased student 
engagement during the learning process. This finding is further supported by 
Marwah, Ramlawati, and Syahrir (2021), whose research showed that the use of 
electronic comic media led to a high N-Gain score of 0.71, indicating significant 
learning improvement. Similarly, the study by Silalahi and Syarifuddin (2010) 
revealed that students exposed to comic-integrated discovery learning models 
achieved higher average scores compared to those who learned without comics. 

Moreover, Istiqomah (2022) emphasized that the discovery learning 
model, when combined with interactive media such as comics, fosters greater 
student participation and engagement. Electronic comic media encourages 
students to explore chemical concepts independently, enhances motivation, and 
strengthens both the understanding and retention of learned materials. 
Thus, the findings of this study clearly show that incorporating electronic comic 
media into the discovery learning model has a positive and significant impact on 
students' chemistry learning outcomes, particularly regarding hydrocarbon 
topics. 
 
CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the study, it can be concluded that the use of 
electronic comic media in the discovery learning model has a significant effect on 
improving the learning attitudes and learning outcomes of class XI IPA students 
of SMA Negeri 4 Gowa on hydrocarbon material. This is evidenced by an 
increase in the average posttest score, a higher N-Gain, and the results of 
inferential tests that show statistical significance in both aspects of attitude and 
learning outcomes. Electronic comics, with attractive visual displays and 
contextual narratives, have been shown to facilitate the process of discovering 
abstract chemical concepts more easily, enjoyably, and motivate students to learn 
actively. Therefore, it is recommended that chemistry teachers integrate 
electronic comic media into the discovery learning model more broadly as an 
innovative alternative in learning. Schools also need to support teacher training 
in the development of electronic comic media in order to optimize the learning 
process and create a more effective, creative, and meaningful learning 
atmosphere. 
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FURTHER STUDY 
Development and effectiveness test of interactive electronic comic media 

based on Android that not only presents images and narratives, but is also 
equipped with audio, animation, and interactive quiz features to maximize 
student engagement. This study can use the ADDIE (Analysis, Design, 
Development, Implementation, Evaluation) development model and be applied 
to various chemical materials other than hydrocarbons, such as electrolyte and 
non-electrolyte solutions, redox reactions, or stoichiometry, to see the 
consistency of media effectiveness. This study can also expand the subject at 
different grade levels or in schools with diverse student characteristics, 
including in 3T (underdeveloped, leading, and outermost) areas. In addition, 
the aspects analyzed can be added such as critical thinking skills, science 
literacy, and student learning motivation. Thus, this follow-up research not 
only contributes to the development of innovative learning media, but also 
broadens the understanding of its impact on the achievement of 21st century 
competencies. 
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