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 In the 21st century, comic-based learning has emerged as 
a promising method to enhance engagement in science 
education. However, research on its effectiveness remains 
lacking, with very few studies offering a comprehensive 
synthesis. This systematic review addresses that gap by 
evaluating how comics are used to support teaching and 
learning in science. In this review, we assessed its utility and 
effectiveness, focusing on its impact on students and 
teachers. To write this review, we followed four systematic 
steps: planning research questions, conducting a literature 
search via Scopus, Web of Science (WOS), ProQuest, ERIC, 
and Google Scholar, evaluating and selecting published 
studies, and synthesizing findings. The literature search was 
limited to publications from 2015 to 2024, and focused on 
themes of learning, comics, and science. Our findings 
indicate that comic-based learning is applied across all 
educational levels, i.e., primary, secondary, and higher 
education and yielded positive outcomes, such as 
improved conceptual understanding, student motivation, 
classroom engagement, and critical thinking. Overall, 
comics serve as an interactive, visually engaging tool for 
problem-based learning, aiding both students and 
educators. This review contributes valuable insights to the 
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field, highlighting the effectiveness of comic-based learning 
in education. 
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1. Introduction 

 The education system is a key element contributing to the economic development and 
progress of a nation and it is closely aligned with technological advancements in the country. One 
of the core subjects crucial to national development is science. According to the Malaysian 
Education Blueprint (PPPM) 2013-2025 (Ministry of Education Malaysia, 2013), the Malaysian 
government continues to emphasize the 60:40 ratio for science subjects, a major focus in the 
country’s education system since 1967. Despite the importance of science in Malaysia's education 
system, the declining number of students opting for the science stream is concerning (Halim & 
Meerah, 2016). As a result, the government has taken initiatives to modernize the education system 
in line with its goal of producing globally competitive students (Stewart, 2012; Stromquist, 2002).  
 
In general, education systems place strong emphasis on effective teaching and learning strategies, 
recognizing these as essential to advancing education’s progress. According to Malaysia’s Ministry 
of Education (MoE), teachers play a critical role in supporting the ministry’s goals by incorporating 
a variety of instructional strategies in the classroom. Notable approaches include problem-based 
learning, inquiry-based learning, and project-based learning, each of which encourages student 
engagement. Traditional or conventional teaching methods are becoming less relevant, as they 
do not align with the innovation-driven aims of 21st-century education. Therefore, teachers are 
essential in ensuring the use of teaching and learning strategies that spark student interest in 
science subjects (Bannuru et al., 2015).  
 
However, engaging students' attention can be challenging. To overcome this challenge, teachers 
can enhance interest by utilizing visual teaching aids, such as cartoon-based materials or comic 
books, integrated with problem-based learning (PBL) approaches throughout classroom 
instruction. The use of PBL through cartoon or comic formats represents an instructional strategy in 
which educators present real-life scenarios, translating them into engaging visual narratives. This 
approach not only contextualizes learning within familiar settings but also promotes critical thinking 
and problem-solving skills among students. The comics often feature various characters, such as 
masked heroes, villains, and others, which attract readers' curiosity (Duncan & Smith, 2009). This 
sense of curiosity is a crucial element in the teaching and learning (T&L) processes in science 
subjects, which often contain abstract scientific concepts. Presenting these abstract concepts 
through comics makes it easier for readers to understand through visual and textual media (Jee & 
Anggoro, 2012).  
 
In science education, the genre of comics is referred to as "science comics," designed to 
communicate scientific ideas or educate readers about science (Jee & Anggoro, 2012; Tatalovic, 
2009). The comic itself serves to expand students' knowledge and correct misconceptions about 
scientific phenomena in their surroundings (Matuk al, 2021). Using comics in T&L can reduce 
boredom among students during lessons. Comics, being a visual medium where images play a key 
role, use minimal text, allowing for quick reading and reducing the likelihood of reader boredom. 
Effective education is not solely based on textbooks, but character-based learning is also crucial 
in the learning process (Muhtar, Supriyadi, & Lengkana, 2020). According to McNicol (2017), comics 
have established themselves in education by incorporating educational elements and providing 
valuable information in their development. The comics’ attractive features enable various 
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activities, stimulate students' imagination, and positively influence their motivation during T&L 
sessions (Sentürk & Simsek, 2021). Consequently, comics have been accepted as a new genre and 
termed science comics. However, there is limited research on the application of problem-based 
learning through cartoon or comic concepts. Therefore, a meta-analysis is needed to evaluate the 
extent of comics being used in PBL by previous researchers. 
 
Previous studies have highlighted the advantages of using comics in education, especially in 
science; however, there is a lack of comprehensive research that examines the integration of 
comics within the Malaysian education system. The growing popularity of comics as an 
educational tool has raised interest in their potential to address challenges, such as low student 
interest in science and misconceptions about scientific concepts. For example, culturally relevant 
comics tailored to local contexts can provide relatable narratives and familiar settings, enabling 
students to connect science lessons to their everyday lives. By embedding educational content 
within compelling narratives and visually rich illustrations, comics can translate abstract scientific 
principles into more concrete and relatable scenarios. This approach enhances students’ ability to 
grasp complex ideas by connecting them with real-life contexts, thereby promoting deeper 
understanding and a stronger appreciation for science. 
  
Although interest in comic-based strategies for enhancing science education has grown 
significantly in recent years, there remains a scarcity of comprehensive and methodologically 
rigorous systematic literature reviews (SLRs) in this domain. While numerous studies highlight the 
pedagogical potential of comics for fostering engagement, conceptual understanding, and 
higher order thinking skills (Farinella, 2021; Khalil et al., 2021; Ahmad et al., 2022), very few have 
synthesized this literature in a structured, reproducible manner. This lack of systematic synthesis has 
impeded the field’s ability to identify longitudinal trends, gaps in knowledge, and innovative 
practices that are applicable across educational contexts (Zhang & Yu, 2023; Deringöl, 2022). 
Moreover, existing reviews often adopt narrative approaches without employing standardized 
review protocols, which limits their utility for evidence-based decision-making by educators and 
policymakers (Yildirim, 2021; Mahanal et al., 2023). 
 
To address these gaps, we have conducted a systematic literature review (SLR) on the application 
of comic-based problem-based learning (PBL) strategies within science education. Specifically, 
the review investigates how such strategies have been integrated to support the development of 
21st-century skills, including critical thinking, collaboration, creativity, and communication-among 
students at the primary, secondary, and tertiary levels. In doing so, this review aims to generate a 
nuanced understanding of the efficacy, challenges, and pedagogical mechanisms underlying 
comic-based interventions in science classrooms. 
 
The structure of this paper is organized as follows: the first section provides the background and 
justification for undertaking this SLR, highlighting the theoretical and practical relevance of comic-
based approaches in science education. The second section presents the methodological 
framework, which adheres to the PRISMA 2020 (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines (Page et al., 2021), ensuring transparency, reproducibility, and 
scientific rigor. The third section systematically synthesizes and categorizes relevant studies, 
identifying common themes, research gaps, and outcomes related to learner engagement, 
motivation, conceptual understanding, and cognitive development. The final section discusses key 
findings, outlines limitations, and proposes a research agenda to inform future work in this emerging 
interdisciplinary field.  
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2. Methodology 

This study adopted a systematic literature review (SLR) design to critically evaluate the 
integration of comic-based learning within the framework of problem-based learning (PBL) in 
science education. The methodological foundation was based on the PRISMA 2020 (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, which provide a 
comprehensive structure for ensuring transparency, rigor, and reproducibility in systematic reviews 
(Page et al., 2021). PRISMA 2020 was selected for its contemporary relevance and broad 
acceptance in educational and interdisciplinary research, especially in synthesizing evidence from 
diverse empirical studies (Rethlefsen et al., 2021). To maintain consistency and methodological 
validity, the review was further informed by best practices in protocol development as outlined by 
Haddaway et al. (2020) and Tricco et al. (2020). 
 

To achieve this, literature was selected from several online sources that include books and 
journal articles. For this review, literature research was conducted across various databases such 
as Scopus, Web of Science (WOS), ProQuest, ERIC, and open-access journals using keywords 
including problem-based learning, science subjects, and comics. The sources used in this study 
were limited to those published between 2015 and 2024. A total of 10 studies were selected for 
analysis following a four-step systematic review approach (see Figure 1) adapted from (Breckwoldt 
et al., 2023) and (Bannuru et al., 2015). 
 

 
 

Figure 1. Four steps in analysis of systematic literature review 
 
The first step involved planning and defining research questions that were clear, precise, and 
answerable using the PICO framework (Population, Intervention, Comparison, Outcome). In this 
framework, the population refers to the main group targeted in the study, often described by 
characteristics such as age and gender. The intervention section represents the actions or 
treatments implemented to address issues or challenges faced. This section can be broadly 
described as changes made to enhance individual achievement. In the comparison section, the 
comparator may involve comparing an intervention with a placebo, with a conventional 
treatment, or without any treatment (Bannuru et al., 2015). The outcome section is limited to the 
specific results targeted in this literature analysis. The researchers are interested in finding out if 
problem-based learning in comics is enhancing the conceptual, motivation, engagement, and 
critical thinking skills among the students. In this study, the PICO framework is as follows: (i) P = 
students (primary, secondary and higher education), all ethnicities, and all nationality, (ii) I = comic, 
(iii) C = problem-based learning approach, and (iv) O = students’ conceptual, motivation, 
engagement, and critical thinking skills. 
 
The second step conducted was a literature search. This search was performed using online 
databases, namely Scopus, WOS, ProQuest, ERIC, and open-access journals. Upon finding relevant 
articles, the articles were downloaded and organized in the EndNote application for further 
reading. Boolean logic was used to identify suitable search terms, incorporating controlled 
vocabulary, truncation or expansion symbols, and strategically placing terms within different 
sections of a study. Boolean logic allows for combinations of connectors such as "AND," "OR" and 
"NOT" to expand or narrow search results. For example: (i) "Students" AND "Comic Problem-Based 
Learning" retrieves articles containing both "Students" and "Comic Problem-Based Learning" as 
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subject topics, (ii) "Students" OR "Comic Problem-Based Learning" finds articles with either term, 
yielding a larger set of results, and (iii) "Students" NOT "Comic Problem-Based Learning" retrieves 
articles about "Students" while excluding any with "Comic Problem-Based Learning" as a topic. 
 
In the third step, we manually assessed and selected studies based on the reading of titles and 
abstracts. During this selection process, only relevant articles published between 2015 and 2024 
and those addressing the objectives set in this study were chosen. All relevant information from the 
articles were then extracted and organized into a table. We then established the criteria for 
selecting and excluding articles for the literature review. For instance, articles were chosen if they 
addressed the research question, while those that did not discuss relevant outcomes or fell outside 
the date range were excluded. As a result, only 10 articles were selected for analysis from 20 listed 
articles as shown in Table 1.  
 
Table 1 
Mixed Method Appraisal Tool (MMAT) 
 

Authors Study Design Quantitative 
Descriptive 

Criteria 

Quantitative Non-
Randomized Criteria 

Overall 
Appraisal 

Balim, Inel-Ekici & 
Özcan (2016) 

 

Quasi-experimental Yes Yes (ANCOVA, 
equivalence tested) 

High quality 

Yonanda, Yuliati & 
Saputra (2019) 

Experimental 
(instrument 
validation) 

 

Validation & 
feedback 

Partial (no control 
group) 

Moderate 
quality 

Zarvianti & Sahida 
(2020) 

Experimental (PBL-
based comic) 

 

3 learning 
domains assessed 

Partial (no full 
comparison) 

Moderate 
quality 

Kurnia, Sumarti & 
Utomo (2020) 

Classroom Action 
Research 

 

Partial (minor 
quantitative data) 

 

N/A Moderate 
quality 

Wajdi et al. (2022) Quasi-experimental ANCOVA, LSD Yes (randomized, 
group equivalence) 

 

High quality 

Pertiwi et al. (2021) Developmental (4D 
model) 

Practicality and 
effectiveness 

 

Partial (no control 
group) 

Moderate to 
high quality 

Puriasih, Astawan & 
Trisna (2022) 

Experimental 
Development 

Learning gains, 
usability 

Partial (methodology 
unclear) 

 

Moderate 
quality 

Mutiaramses & 
Fitria (2022) 

Experimental Validation, 
effectiveness 

tested 
 

Partial Moderate to 
high quality 

Muhlisin, Hidayani 
& Juliyanto (2023) 

 

Quasi-experimental Expert validation, 
stats 

Yes (gain scores) High quality 

Tanrikulu & Baysal 
(2023) 

 

Experimental Sampling, tests 
 

Yes High quality 

Damanik & 
Sipahutar (2022) 

Developmental (4D 
model) 

Digital comic in 
biology 

 

Yes (pre/post-test, t-
test) 

High quality 

Puriasih & Trisna 
(2022) 

Developmental 
(ADDIE model) 

Digital comic in 
science 

Partial (no control 
group) 

Moderate 
quality 
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Zarvianti & Sahida 

(2020) 
 

Developmental (4D 
model) 

PBL-based physics 
comic 

Partial (no control 
group) 

Moderate 
quality 

Balim, Inel-Ekici & 
Özcan (2016) 

Quasi-experimental Yes Yes (ANCOVA, 
equivalence tested) 

 

High quality 

Dewi & Sari (2021) Experimental Digital comic in 
history 

 

Partial (no control 
group) 

Moderate 
quality 

Sari & Wulandari 
(2020) 

Experimental Digital comic in 
mathematics 

 

Partial (no control 
group) 

Moderate 
quality 

Hidayat & Prasetyo 
(2019) 

Experimental Digital comic in 
geography 

 

Partial (no control 
group) 

Moderate 
quality 

Rahmawati & 
Nugroho (2018) 

Experimental Digital comic in 
economics 

 

Partial (no control 
group) 

Moderate 
quality 

Setiawan & Lestari 
(2017) 

Experimental Digital comic in 
chemistry 

 

Partial (no control 
group) 

Moderate 
quality 

Yuliana & Hartono 
(2016) 

Experimental Digital comic in 
language arts 

Partial (no control 
group) 

Moderate 
quality 

 
In the final step, the findingswere written and published in this review article. This methodology used 
aligns with the perspective that a systematic literature review involves examining articles relevant 
to the research topic and subsequently conducting an in-depth analysis of the reviewed articles 
(Okoli, 2015). In addition, the key information from these articles was extracted and organized into 
a synthesis matrix, categorizing details by the following subthemes: authors, research objectives, 
sample or respondents, research design, data analysis, and findings. This matrix allowed us to 
identify similarities and differences across the ten studies. The detailed process of article review was 
adapted from Moher et al. (2009) and Hayrol Azril et al. (2018) as shown in Figure 2. 
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Figure 2. The article review process 
 
The use of a synthesis matrix is an effective tool for organizing and analyzing the extracted 
information. This matrix acts as a visual representation of the data, making it easier to discern 
patterns, trends, and gaps across multiple studies. By categorizing the articles based on key 
elements such as authors, research objectives, sample sizes, research design, data analysis 
methods, and findings, researchers can draw meaningful comparisons and contrasts. This 
approach allows for the identification of both converging and diverging perspectives across the 
studies, helping to form a more comprehensive understanding of the research landscape. 
Moreover, it ensures that the review process remains objective and systematic, reducing the risk of 
bias and providing a thorough foundation for future research. By organizing the findings in this way, 
the clarity and depth of the review will be enhanced, contributing to the academic discourse and 
guiding subsequent investigations in the field (Okoli, 2015). 

 
3.  Findings and Discussion  

 

This systematic literature review examined ten empirical studies published between 2015 
and 2024 (Table 1), all of which investigated the integration of comics within problem-based 
learning (PBL) frameworks in science education. The selected studies represent a variety of 
research designs and predominantly focused on learners at the primary education level. This 
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discussion synthesizes key findings based on thematic trends, specifically addressing cognitive 
outcomes, motivational impacts, media development, and methodological insights. 
 
The designs of the ten reviewed studies can be broadly categorized into three types: quasi-
experimental, experimental, and design-based development research. Most studies employed 
quasi-experimental designs to evaluate the effects of comic-based interventions on learning 
outcomes (Balim et al., 2016; Kurnia et al., 2020; Wajdi et al., 2022; Pertiwi et al., 2021). These designs 
were instrumental in establishing the effectiveness of comics when integrated into PBL contexts. As 
noted by Puriasih and Trisna (2022), experimental designs are optimal for examining the 
relationships between independent variables, such as the comic-based PBL approach and 
dependent outcomes, such as achievement, engagement, and perception. Muhlisin et al. (2023) 
emphasized that quasi-experiments allow for group comparisons and causal inference, particularly 
when random assignment is impractical in educational settings. 
 
In terms of cognitive outcomes, several studies reported improvements in students' critical thinking, 
creative thinking, and problem-solving skills with comics in PBL. For example, Zarvianti and Sahida 
(2020) demonstrated that PBL-based physics comics significantly enhanced students' creative 
thinking, with high performance recorded in knowledge (82.33%), attitude (87.43%), and skills 
(89.17%). Similarly, Yonanda et al. (2019) observed improved critical thinking among primary school 
students using a problem-based comic book, which received "very practical" ratings from both 
teachers and students. Mutiaramses and Fitria (2022) found that their digital comic intervention 
improved science literacy, with an average score of 92.10 and a 100% completion rate, confirming 
the effectiveness and practicality of their PBL-oriented comic module. 
 
The study by Muhlisin et al. (2023) further validated the cognitive benefits of comic-based 
instruction. Their quasi-experimental research indicated a significant improvement in students' 
problem-solving skills, with an average gain score of 0.56 and a high expert validation rating (media 
expert: 4.43; content expert: 4.23). Meanwhile, Kurnia et al. (2020), through a Classroom Action 
Research (CAR) model, showed progressive enhancement in students' critical thinking skills across 
two instructional cycles. Their results illustrate the value of iterative instructional refinement, 
supported by comics, in developing higher order thinking skills. 
 
On the motivational and affective front, several studies emphasized the role of comics in increasing 
student engagement and enthusiasm for science learning. Wajdi et al. (2022) showed that 
environmental-themed comics effectively boosted students’ environmental literacy and 
motivation, while also encouraging active classroom participation. Tanrikulu and Baysal (2023) 
found that cartoon-supported PBL positively influenced primary students' perceptions of their 
problem-solving skills and academic success. The narrative format of comics, combined with visual 
appeal, contributed to a stress-free and enjoyable learning environment (Balim et al., 2016), which 
aligns with the findings of Muhlisin et al. (2023) that comic-based PBL fostered meaningful and 
lasting learning experiences. 
 
In addition to fostering engagement, comics were shown to help correct misconceptions and 
facilitate long-term retention of scientific concepts. As noted by Puriasih and Trisna (2022), digital 
comics covering life cycle content for elementary students proved to be both valid and effective. 
Pertiwi et al. (2021) similarly demonstrated that a comic-based teaching module on global 
warming helped contextualize complex environmental topics, improving students' conceptual 
understanding. 
 
From a methodological perspective, the reviewed studies underscore the dominance of 
quantitative approaches, often employing descriptive and inferential statistics to validate 
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instructional outcomes (Balim et al., 2016; Wajdi et al., 2022; Tanrikulu & Baysal, 2023; Yonanda et 
al., 2019). The study by Kurnia et al. (2020) was the only study among the ten selected that utilized 
the qualitative method, highlighting the need for future research to adopt mixed method 
approaches that capture both measurable effects and contextual insights. Furthermore, the heavy 
reliance on primary school populations suggests a research concentration on early science 
education, although studies like Zarvianti and Sahida (2020) and Mutiaramses and Fitria (2022) 
show promise in extending such strategies to secondary levels. 
 
Moreover, there remains a limited exploration of the ways in which comics can support students 
with diverse learning styles, literacy levels, and abilities. As Lee et al. (2023) and Osman and Lee 
(2022) suggest, the multimodal nature of comics makes them particularly effective for visual 
learners and students who struggle with traditional text-based instruction. The interactive elements 
of PBL, when paired with comics, can also encourage inclusive learning by promoting 
collaboration among diverse learners (Azman & Ismail, 2024). Future research should examine how 
comic-based PBL influences inclusivity, peer interaction, and differentiated instruction in science 
classrooms. 
 
In synthesizing these findings, it is evident that comic-based learning within a PBL framework offers 
significant cognitive, motivational, and pedagogical advantages in science education. However, 
gaps persist in longitudinal impact assessment, broader subject applicability, and the use of mixed 
methods designs. As the field continues to evolve, future research should prioritize scalability, 
inclusivity, and deeper analysis of learning processes to fully harness the potential of comics as 
transformative tools for scientific literacy and critical inquiry. 
 
4.  Conclusion 
 

This systematic literature review investigated the integration of comics within problem-
based learning (PBL) strategies in science education, synthesizing findings from ten peer-reviewed 
studies published between 2015 and 2024. The review aimed to understand how comic-based PBL 
approaches influence students' learning outcomes, particularly in areas such as conceptual 
understanding, critical and creative thinking, motivation, and engagement, especially across 
primary and secondary education levels. Three central themes emerged from the analysis: (1) 
cognitive learning outcomes, where comics supported improvements in science literacy, critical 
thinking, and problem-solving; (2) affective and motivational impacts, with evidence that comic-
based instruction increased student engagement, reduced classroom anxiety, and enhanced 
enjoyment; and (3) pedagogical innovation, emphasizing the design and practical application of 
comics in alignment with curriculum goals. Most of the reviewed studies adopted quasi-
experimental or design-based research methods, demonstrating the instructional value and 
feasibility of this approach within varied educational settings. This review contributes to the growing 
field of innovative science pedagogy by offering an evidence-based synthesis of how comic-
based PBL can enrich science learning. The findings are especially relevant in the Malaysian 
context, where education reforms aim to align with global technological shifts and promote 
student-centered learning. Comics, with their visual narrative format, serve as powerful tools to 
demystify complex scientific ideas, support differentiated instruction, and appeal to diverse 
learning styles, particularly benefiting students who struggle with text-heavy materials. This 
integration not only fosters deeper conceptual understanding but also cultivates essential 21st-
century skills such as collaboration, creativity, and critical thinking. By transforming classrooms into 
interactive learning environments, comic-based PBL supports national objectives to encourage 
more students to pursue science-related fields and become adaptive, innovative thinkers. Despite 
these promising insights, this review has several limitations. This review was constrained by its focus 
on studies published between 2015 and 2024, most of which were conducted in Asian contexts, 
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potentially limiting generalizability. Furthermore, the reviewed studies predominantly employed 
short-term and quantitative designs, with limited longitudinal or qualitative exploration of sustained 
impacts or student experiences. Future research should address these gaps by employing mixed 
methods, longer-term evaluations, and cross-cultural comparisons to assess scalability, contextual 
adaptability, and inclusive impact. Thus, comic-based problem-based learning offers a 
compelling, student-centered approach to revitalizing science education. By making science 
more engaging, accessible, and relevant, this pedagogical innovation has the potential to 
reshape how students learn and interact with scientific content. Future research should continue 
to explore its full potential through rigorous, context-sensitive, and inclusive methodologies that 
support systemic educational transformation in Malaysia and beyond. 
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