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Abstract

This study aimed to determine the effectiveness of a comic strip—based educational approach
in enhancing mathematical conceptual understanding and academic motivation among fifth-
grade female students. This applied study employed a quasi-experimental pretest—posttest
design with an experimental and a control group. The statistical population consisted of fifth-
grade female students in Tehran, Iran. A total of 30 eligible students were selected through
convenience sampling and randomly assigned to the experimental and control groups, with 15
students in each group. Data were collected using a researcher-developed Mathematical
Conceptual Understanding Test and a standardized Academic Motivation Scale. The
experimental group received eight 60-minute instructional sessions based on comic strips,
visual narratives, sequential framing, panel analysis, guided practice, and student-generated
comics. The control group received the same mathematical content through conventional
teacher-centered instruction. Data were analyzed using descriptive statistics and analysis of
covariance in SPSS. Analysis of covariance showed that, after controlling for pretest scores,
the difference between the experimental and control groups in posttest mathematical
conceptual understanding was statistically significant, F(1,27)=24.92, p=0.001, np*=0.48. A
statistically significant group difference was also found for posttest academic motivation,
F(1,27)=21.12, p=0.001, np*>=0.44. These findings indicate that the comic strip—based
educational approach accounted for 48% of the variance in mathematical conceptual
understanding and 44% of the variance in academic motivation after controlling for baseline
scores. The comic strip—based educational approach can effectively improve mathematical
conceptual understanding and academic motivation by visually organizing instructional
content, presenting problem-solving processes in sequential and meaningful formats, and
increasing students’ active engagement. Accordingly, this approach may be used as an effective
complementary instructional method in elementary mathematics education.
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Extended Abstract
Introduction
Mathematics education plays a central role in developing students’ logical reasoning, problem-solving
abilities, analytical thinking, and capacity to understand relationships among quantitative phenomena.
Nevertheless, mathematics is frequently taught through abstract symbols, procedural rules, direct explanations,
and repetitive exercises. Although such methods may enable students to reproduce algorithms, they do not
necessarily lead to a deep understanding of mathematical concepts. Conceptual understanding requires students
to recognize relationships among mathematical ideas, explain the reasons underlying procedures, connect
different representations, justify solutions, and apply learned concepts to unfamiliar situations. Accordingly,
effective mathematics instruction should move beyond mechanical computation and provide students with
meaningful opportunities to explore, interpret, visualize, and explain mathematical relationships.
Academic motivation is another important determinant of successful mathematics learning. Motivated students
are more willing to participate in classroom activities, persist when encountering difficult problems, invest
effort in completing assignments, and use feedback to improve their performance. In contrast, highly abstract,
repetitive, or teacher-centered instruction may reduce students’ interest and contribute to passive participation.
This concern is especially important at the elementary level because students’ early experiences with
mathematics can shape their later attitudes, confidence, persistence, and willingness to engage with the subject.
Therefore, instructional approaches that simultaneously supportconceptual processing and stimulate students’
interest are required.
The expansion of visual and digital media has substantially changed how children receive and process
information. Contemporary students are regularly exposed to images, videos, animations, social media,
interactive environments, and other multimodal resources. Research indicates that the purposeful integration
of digital and visual media can enrich access to educational content, support learner participation, and make
instructional experiences more engaging (Ariantini et al., 2021; Listiani et al., 2021). Technology-supported
environments may also enable learners to interact with authentic or contextualized representations and connect
abstract academic content with meaningful experiences (Utami et al., 2021). However, the instructional value
of visual media depends on their systematic design and alignment with learning objectives.
Comic strips represent a potentially valuable multimodal medium for classroom instruction because they
combine sequential images, short written texts, characters, dialogue, visual symbols, and narrative
organization. Meaning in comics emerges from the interaction of these elements rather than from text or image
alone. Their panel-based structure can divide a complex concept or problem-solving process into smaller and
more manageable stages. Research on digital comic design has emphasized that framing, visual composition,
textual placement, and the sequencing of panels influence how readers direct attention and construct meaning
(Wang & Liu, 2021). The growing prominence of digital and motion comics also reflects the compatibility of
this medium with communication patterns in the information age (Zeng, 2023). Structural analyses of motion
comics further demonstrate the importance of narrative sequence, visual focus, movement, and the
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organization of events in maintaining the attention of adolescent audiences (Teymourinejad Ghadikolaei &
Forghani Ozeroudi, 2023).

In mathematics education, comic strips may help transform abstract concepts into visible, contextualized, and
sequential experiences. Instead of presenting a mathematical problem only through symbols and written
instructions, a comic can situate it within a short story in which characters identify relevant information,
compare possible strategies, make errors, revise their reasoning, and ultimately reach a solution. Each panel
can represent a distinct stage in conceptual development or problem solving. Such visual organization may
help students distinguish important information, follow logical sequences, and recognize relationships among
numerical data, operations, and outcomes. The visualization of educational information has been associated
with improved organization, interpretation, and processing of complex content (Chirkova et al., 2019).
Similarly, image-supported activities can facilitate the activation of prior knowledge, the generation of ideas,
and the explanation of relationships among events or concepts (Syafii, 2019).

The narrative dimension of comics may also contribute to deeper learning. Narrative structures enable students
to integrate separate pieces of information into a coherent sequence of causes, actions, and consequences. In
mathematical comic strips, the progression of a story can reveal why a particular strategy is selected, how a
solution is constructed, and where an error occurs. Studies in language and literacy education have shown that
comics can support comprehension by presenting information through coordinated visual and verbal
representations (Sharma, 2020). Empirical studies have also reported that comic strips improve students’
reading comprehension and ability to follow narrative meaning (Aryani et al., 2023; Manik, 2019; Rengur &
Sugirin, 2019). Although these investigations were primarily conducted in language-learning contexts, their
underlying cognitive mechanisms are also relevant to mathematics. Both reading comprehension and
mathematical problem solving require identifying essential information, recognizing relationships, following
sequences, drawing inferences, and integrating parts into a meaningful whole.

Comic strips may further function as visual scaffolds. Their sequential panels divide information into
manageable units and guide students from problem identification to solution evaluation. This gradual
organization may reduce confusion and provide temporary support until students are able to solve similar
problems independently. Research on instructional scaffolding has shown that stepwise guidance, targeted
feedback, and structured support can improve learner participation and educational performance (Ersani et al.,
2021). Moreover, multimodal presentation may respond to individual differences in learning by offering more
than one route for accessing and representing knowledge (Suwastini et al., 2021).

In addition to their cognitive benefits, comics may enhance academic motivation through novelty, visual
appeal, character identification, narrative suspense, and active participation. Students may become more
attentive when they are invited to predict what will happen, interpret a character’s reasoning, discuss alternative
solutions, or create a comic of their own. Research on multimodal learning suggests that the consumption and
production of visual content can foster creativity, communication, collaboration, critical thinking, and active
engagement (Puspawati et al., 2021). Studies of visual and story-based instructional media also indicate that
these resources can create more participatory and attractive learning environments (Hutapea & Suwastini,
2019; Rochmawati, 2019). The use of comic-strip media has also been associated with positive educational
and social outcomes among students (Souzangar & Shah-Hosseini, 2023).

Despite these potential advantages, much of the existing literature has focused on comics in language
instruction, reading comprehension, media studies, cultural analysis, or digital design. Fewer controlled
intervention studies have directly examined whether comic-strip-based mathematics instruction improves both
conceptual understanding and academic motivation among elementary students. The present study therefore
investigated the effectiveness of a comic strip—based educational approach in enhancing mathematical
conceptual understanding and academic motivation among fifth-grade female students.
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Methods and Materials

This applied study used a quasi-experimental pretest—posttest design with an experimental group and a control
group. The statistical population consisted of fifth-grade female students enrolled in elementary schools in
Tehran, Iran. One cooperating school was selected based on accessibility and administrative permission. From
among eligible and willing students, 30 participants were selected through convenience sampling and
randomly assigned to the experimental and control groups, with 15 students in each group.

The inclusion criteria were enrollment in the fifth grade, adequate reading ability for understanding the
instructional materials, regular attendance in mathematics classes, parental informed consent, and willingness
to participate. Students were excluded if they missed more than two intervention sessions, simultaneously
attended specialized extracurricular mathematics programs, failed to complete the research instruments, or
withdrew from the study.

Mathematical conceptual understanding was measured using a researcher-developed test based on selected
topics from the fifth-grade mathematics curriculum. The test assessed students’ ability to explain mathematical
relationships, interpret representations, justify solutions, compare strategies, and apply concepts to problem-
based situations. Academic motivation was assessed using a standardized scale appropriate for elementary
students. The scale measured interest, effort, persistence, classroom engagement, willingness to complete
learning activities, and continued involvement when facing difficult tasks.

Before the intervention, both groups completed the conceptual understanding test and academic motivation
scale. The experimental group then received eight 60-minute comic-strip-based instructional sessions over four
weeks. Each session began with a short visual problem situation, followed by the presentation and analysis of
a comic strip depicting the development of a mathematical conceptor the stages of solving a problem. Students
discussed the panels, identified relevant information, explained the characters’ reasoning, completed guided
and independent exercises, and, in selected sessions, designed short comics to represent mathematical
solutions. The control group received the same mathematical content during the same period through
conventional teacher-centered instruction involving verbal explanation, textbook activities, examples
presented on the board, and routine exercises.

After the intervention, both groups completed the posttests. Data were analyzed using descriptive statistics and
analysis of covariance. The pretest scores were entered as covariates, the posttestscores as dependent variables,
and group membership as the independent variable. Statistical assumptions were examined before the main
analyses, and the significance level was set at 0.05.

Findings

The preliminary analyses indicated that the assumptions required for covariance analysis were satisfied.
Shapiro—Wilk test results were nonsignificant for all pretest distributions, confirming normality. Levene’s tests
were also nonsignificant for mathematical conceptual understanding, F = 0.84, p = 0.367, and academic
motivation, F = 0.91, p = 0.348, indicating homogeneity of error variances. The interactions between group
membership and pretest scores were nonsignificant for conceptual understanding, F = 1.12, p = 0.298, and
academic motivation, F = 0.94, p = 0.341, supporting the assumption of homogeneous regression slopes.
After controlling for pretest scores, the effect of group membership on posttest mathematical conceptual
understanding was statistically significant, F(1, 27) =24.92, p = 0.001, partial n> = 0.48. Thus, students who
received comic-strip-based instruction demonstrated significantly higher conceptual understanding than
students who received conventional instruction. The effect size indicated that 48% of the adjusted variance in
posttest conceptual understanding was associated with the instructional condition.

A significant group effect was also found for academic motivation after controlling for pretest scores, F(1, 27)
=21.12, p = 0.001, partial n?> = 0.44. The experimental group therefore achieved significantly higher posttest
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academic motivation than the control group. The effect size showed that 44% of the adjusted variance in
posttest academic motivation was associated with participation in the comic-strip-based instructional program.
Discussion and Conclusion

The findings demonstrate that comic-strip-based instruction was effective in enhancing both mathematical
conceptual understanding and academic motivation. The improvement in conceptual understanding may be
attributed to the capacity of comics to visually organize mathematical information and present problem-solving
processes in a clear sequence. By dividing complex concepts into connected panels, the intervention enabled
students to focus on one stage at a time while retaining an understanding of the overall logical structure. This
format may have helped students connect numerical information, operations, explanations, and outcomes more
effectively than conventional instruction.

The narrative context of the comic strips may also have made mathematical concepts more meaningful. Rather
than confronting isolated symbols or procedures, students observed characters encountering problems,
considering alternatives, making decisions, and correcting errors. This approach may have supported the
interpretation of mathematical relationships and encouraged students to understand why a procedure was used
rather than merely memorizing how to perform it.

The active components of the intervention were also likely important. Students analyzed panels, discussed
reasoning, completed guided exercises, and created their own comics. Designing a comic required them to
select essential information, arrange problem-solving stages, explain relationships, and represent their
understanding in a coherent form. Such activities transformed students from passive recipients of information
into active constructors of mathematical meaning.

The increase in academic motivation may be explained by the novelty and visual attractiveness of the
instructional approach. The presence of characters, short narratives, visual clues, and problem situations likely
increased curiosity and sustained attention. Students were also provided with opportunities for discussion,
prediction, creative production, and collaborative interpretation. These experiences may have made
mathematics lessons less repetitive and more personally engaging.

Another possible explanation is that the visual scaffolding provided by comics increased students’ sense of
competence. When a difficult problem was broken into understandable stages, students were more likely to
follow the reasoning process and experience success. Repeated experiences of successful comprehension and
problem solving may have strengthened their willingness to participate, persist, and attempt additional
mathematical tasks.

Overall, the results indicate that comic strips can function as more than decorative or entertaining classroom
materials. When their visual and narrative elements are systematically aligned with instructional objectives,
they can serve as structured educational tools that support conceptual processing, active participation, and
motivation. It may therefore be concluded that a comic strip—based educational approach is an effective
complementary method for improving mathematical conceptual understanding and academic motivation
among elementary school students.

References

Ariantini, K. P., Suwastini, N. K. A., Adnyani, N. L. P. S., Dantes, G. R., & Jayantini, I. G. A. S. R. (2021). Integrating
Social Media into English Language Learning: How and to What Benefits Accordingto Recent Studies. NOBEL:
Journal of Literature and Language Teaching, 12(1), 91-111. https://doi.org/10.15642/NOBEL.2021.12.1.91-
111

Aryani, T., Rokhayati, T., & Ngafif, A. (2023). The Effectiveness of Using Comic Strips in Teaching Reading
Comprehension of Narrative Text to Ninth-Grade Students of SMP N 4 Purworejo. Graphien: English Education
Journal, 4(4), 3-4.

Bulger, M., & Davison, P. (2019). The Promises, Challenges, and Futures of Media Literacy. Journal of Media
Literacy Education, 10(1), 1-21. https://doi.org/10.23860/jmle-2018-10-1-1

VY


https://doi.org/10.15642/NOBEL.2021.12.1.91-111
https://doi.org/10.15642/NOBEL.2021.12.1.91-111
https://doi.org/10.23860/jmle-2018-10-1-1

18 Jlo (Jalosleds eilez 0590

Chirkova, E., Chernovets, E., & Zorina, E. (2019). Visualization of Educational Information in Communicative
English Grammar Teaching at a Non-Linguistic University. Proceedings of EDULEARNL19,
https://doi.org/10.21125/edulearn.2019.0214

Ersani, N. P. D., Suwastini, N. K. A., Padmadewi, N. N., & Artini, L. P. (2021). Schemes of Scaffolding in Online
Education. Retorika: Jurnal Ilmu Bahasa, 7(1), 10-18. https://doi.org/10.22225/jr.7.1.2941.10-18

Fritz, R. (2023). Superheroes: Reflecting and Influencing America, 1938-2023 [Doctoral dissertation, Southern
Connecticut State University].

Hutapea, J. V., & Suwastini, N. K. A. (2019). Using Short Films for Teaching English while Building Character.
Lingua Scientia, 26(1), 33-37. https://doi.org/10.23887/1s.v26i1.18846

Listiani, N. K. M., Suwastini, N. K. A., Dantes, G. R., Adnyani, N. L. P. S., & Jayantini, I. G. A. S. R. (2021). YouTube
as a Digital Learning Resource for Teaching Bilingual Young Learners. Proceedings of the 2nd International
Conference on Technology and Educational Science, https://doi.org/10.2991/assehr.k.210407.230

Manik, R. M. S. (2019). The Effectiveness of Comic Strips as a Medium to Improve Students' Reading
Comprehension of Narrative Text at MTs Ar-Rahman Langkat. Proceedings of the 2nd Annual International
Conference on Language and Literature, https://knepublishing.com/index.php/KnE-
Social/article/view/4918/9844

Mugnolo, C. E. (2021). The Adolescent in American Print and Comics [Thesis, University of California, Irvine].

Puspawati, N. W. N., Suwastini, N. K. A., Hutapea, J. V., Dantes, G. R., & Adnyani, N. L. P. S. (2021). Consumption
and Production of Short Film: Toward the Conceptualization of Multimodal Language Learning for Developing
6Cs Skills in the Digital Age. Journal of Physics: Conference Series, 1810(1), 012054.
https://doi.org/10.1088/1742-6596/1810/1/012054

Rengur, Z., & Sugirin, S. (2019). The Effectiveness of Using Comic Strips to Increase Reading Comprehension
among Eighth-Grade Students of SMPN 1 Pundong. Proceedings of the 6th International Conference on
Educational Research and Innovation, https://doi.org/10.2991/iceri-18.2019.49

Rochmawati, D. (2019). Innovative Techniques for Teaching English Grammar at Secondary Schools. Journal of
English Teaching Adi Buana, 4(2), 152-159.
http://jurnal.unipasby.ac.id/index.php/jet/article/download/2077/1864/

Sharma, R. (2020). Comics: A Tool for Teaching Language through Literature. International Journal of Creative
Research Thoughts, 8(4), 3200-3204. https://ijcrt.org/papers/|JCRT2004452. pdf

Souzangar, S., & Shah-Hosseini, S. (2023). The Effect of Personal-Hygiene Education through Comic-Strip Media
on Students' Social Skills. Journal of Educational Technology.

Suwastini, N. K. A., Dantes, G. R., Jayanta, I. N. L., & Suprihatin, C. T. (2020). Developing a Storyline for Role -
Playing Games Based on Balinese Folklore for Preserving Local Wisdom and Character Education.
Proceedings of the International Conference on Innovative Research across Disciplines,
https://doi.org/10.2991/assehr.k.200115.059

Suwastini, N. K. A., Lasmawan, W., Artini, N. N., & Mahayanti, N. W. S. (2020). Mixed Messages about
Environmental Awareness in Disney's 2016 Finding Dory. Asian EFL Journal, 27(4.1), 73-93.
https://www.asian-efl-journal.com/wp-content/uploads/AEJ-Volume-27-1ssue-4.1-October-2020. pdf

Suwastini, N. K. A., Rinawati, N. K. A., Jayantini, . G. A. S. R,, & Dantes, G. R. (2021). Differentiated Instruction
across EFL Classrooms: A Conceptual Review. Tell-Us Journal, 7(2), 14-41.
https://doi.org/10.22202/tus.2021.v7i1.4719

Suwastini, N. K. A., Utami, I. G. L. P., & Artini, N. N. (2020). Dory's Paradoxical Characterizations in Disney's
Animated Feature Film Finding Dory. NOBEL: Journal of Literature and Language Teaching, 11(1), 27-37.
https://doi.org/10.15642/nobel.2020.11.1.27-37

Syafii, M. L. (2019). Implementing the Writing-Process Approach with Pictures to Improve Eighth Graders' Ability to
Write Recounts. ETERNAL: English, Teaching, Learning, and Research Journal, 5(2), 254-273.
https://doi.org/10.24252/Eternal.V52.2019.A7

Teymourinejad Ghadikolaei, Z., & Forghani Ozeroudi, M. B. (2023). Identifying and Comparing the Structural
Elements of Iranian and American Motion-Comic Works for Adolescent Audiences. Ormazd Research Journal.

Utami, L. P. R. A., Suwastini, N. K. A., Dantes, G. R., Suprihatin, C. T., & Adnyani, K. E. K. (2021). Virtual Reality
for Supporting Authentic Learning in Twenty-First-Century Education. Jurnal Pendidikan Teknik dan Kejuruan,
18(1), 132-141. https://ejournal.undiksha.ac.id/index.php/JPTK/article/viewFile/32376/17649

Wang, Y., & Liu, X. (2021). Study on Digital Design of Comic Strips. Journal of Physics: Conference Series, 1851(1),
012035.

Yohannan, S., Pathrose, S., & Devassy, S. (2025). The Effectiveness of Art Therapy in Addressing Emotional and
Behavioral Issues and Enhancing Self-Esteem of Children Living in Residential Childcare Institutions: A
Feasibility Study in Kerala, India. Arts & Health, 1-17. https://doi.org/10.1080/17533015.2025.2527185

A


https://doi.org/10.21125/edulearn.2019.0214
https://doi.org/10.22225/jr.7.1.2941.10-18
https://doi.org/10.23887/ls.v26i1.18846
https://doi.org/10.2991/assehr.k.210407.230
https://knepublishing.com/index.php/KnE-Social/article/view/4918/9844
https://knepublishing.com/index.php/KnE-Social/article/view/4918/9844
https://doi.org/10.1088/1742-6596/1810/1/012054
https://doi.org/10.2991/iceri-18.2019.49
http://jurnal.unipasby.ac.id/index.php/jet/article/download/2077/1864/
https://ijcrt.org/papers/IJCRT2004452.pdf
https://doi.org/10.2991/assehr.k.200115.059
https://www.asian-efl-journal.com/wp-content/uploads/AEJ-Volume-27-Issue-4.1-October-2020.pdf
https://doi.org/10.22202/tus.2021.v7i1.4719
https://doi.org/10.15642/nobel.2020.11.1.27-37
https://doi.org/10.24252/Eternal.V52.2019.A7
https://ejournal.undiksha.ac.id/index.php/JPTK/article/viewFile/32376/17649
https://doi.org/10.1080/17533015.2025.2527185

6;0'.: ‘)l}'é) sl

Yoon, S., & Yu, M. C. (2025). A Case Study on Color Experience Art Therapy Using Wet on Wet Painting for
Children at a Local Children's Center : Focusing on Depression and Happiness. Soc Art Educ Korea, 94, 263-
291. https://doi.org/10.25297/aer.2025.94.263

Zeng, Z. (2023). Exploring the Essence of the Rise of Motion Comics in the Information Age. Journal of Theory and
Practice of Social Science, 3(3), 43-44.

Zhai, Y. (2025). The Clinical Intervention Effect of Mindfulness Painting Art Therapy on Adolescent Depression
Patients. Schizophrenia Bulletin, 51(Supplement_1), S5-S6. https://doi.org/10.1093/schbul/shaf007.009

Zhou, S., Li, H.,, Yang, Y., Qi, Y., Liu, W., & Mo, L. (2025). Effects of Art Therapy on Psychological Outcomes Among
Children and Adolescents with Cancer: A Systematic Review and Meta-Analysis. BMC Complementary
Medicine and Therapies, 25(1), 149. https://doi.org/10.1186/s12906-025-04866-2

Zhu, Q. (2025). The Influence of Art Therapy Intervention on Executive Function Development and Emotional
Security in Children with Autism Spectrum Disorder https://doi.org/10.2991/978-2-38476-509-6_36

AR


https://doi.org/10.25297/aer.2025.94.263
https://doi.org/10.1093/schbul/sbaf007.009
https://doi.org/10.1186/s12906-025-04866-2
https://doi.org/10.2991/978-2-38476-509-6_36

