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ABSTRACT This study aimed to determine the effect of integrating mathematics comics into
the Problem-Based Learning (PBL) model on students' mathematical communication ability.
The population consisted of all eighth-grade students at SMP Negeri 4 Bandar Lampung dur-
ing the second semester of the 2025/2026 academic year, distributed across ten classes (VIII-A
to VIII-J). The sample was selected using cluster random sampling, resulting in Class VIII-F as the
experimental class with 28 students and Class VIII-I as the control class with 28 students. This
study employed a pretest–posttest control group design. The experimental class was taught
using the PBL model integrated with mathematics comics, while the control class was taught
using the PBL model without mathematics comics. The quantitative data consisted of N-Gain
scores obtained from pretests and posttests measuring students' mathematical communica-
tion ability. The Mann–Whitney U test yielded Z = −4.15, indicating that the improvement in
the experimental class was significantly greater than that in the control class. These findings
demonstrate that integrating mathematics comics into the PBL model significantly improves
students' mathematical communication ability.
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INTRODUCTION

Mathematics is a compulsory subject at both the primary and secondary levels of educa-
tion. It plays an essential role in developing students’ logical, systematic, and analytical
thinking abilities, which are necessary not only for academic success but also for solving
problems encountered in everyday life (Government Regulation of the Republic of In-
donesia No. 4 of 2022). According to the Center for Curriculum and Learning Standards
(BSKAP, 2024), mathematics learning has six main objectives. Among these objectives,
mathematical communication ability is considered a fundamental competency that ev-
ery student should develop to achieve the goals of mathematics education.
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Mathematical communication ability refers to students’ ability to express mathemati-
cal ideas through language, notation, or mathematical symbols, enabling them to un-
derstand, interpret, and solve contextual problems by representing them inmathemat-
ical models, both orally and in writing (Lubis et al., 2023). Purnamasari and Afriansyah
(2021) further emphasized that mathematical communication is the ability to under-
stand and express facts, ideas, and thoughts in ways that enable others to comprehend
them. Moreover,mathematical communication helps students connect abstractmathe-
matical ideas and conceptswith various forms of representation, including symbols, dia-
grams, graphs, and mathematical language. It also provides opportunities for students
to express their ideas verbally and in writing while actively participating in discussions
with peers and teachers, thereby fostering more meaningful conceptual understand-
ing (Novitasari et al., 2024). Thus, mathematical communication ability can be defined
as the ability to communicate mathematical ideas effectively through various forms of
representation to facilitate understanding and problem solving.

Mathematical communication ability plays a crucial role in mathematics learning
because it enables students to express, develop, and clarify mathematical ideas
while strengthening their conceptual understanding (NCTM, 2000; Hafriani, 2021).
Hodiyanto (2017) classified mathematical communication ability into three main indi-
cators: written text, drawing, and mathematical expression. The written text indicator
refers to students’ ability to explain concepts or problem-solving procedures in their
own words. The drawing indicator concerns the ability to represent mathematical
ideas visually, while mathematical expression refers to the ability to translate problems
into mathematical language or models.

In practice, however, Indonesian students’ mathematical communication ability still re-
quires significant improvement. This condition is reflected in the results of the Trends
in International Mathematics and Science Study (TIMSS) 2015, the Programme for In-
ternational Student Assessment (PISA) 2022, and the Minimum Competency Assess-
ment (MCA), which has been implemented by the Indonesian government since 2021.
These assessments consistently indicate that Indonesia remains in a low performance
category in mathematical communication. Consistent with these findings, studies con-
ducted by Sholehah et al. (2022) and Yusuf and Ratnaningsih (2022) revealed that
many students continue to experience difficulties in translating contextual problems
into mathematical models and analyzing information presented in graphs, diagrams,
and tables. These findings indicate that mathematics instruction should facilitate the
development of mathematical communication ability through learning activities that
encourage students to understand, represent, and communicate mathematical ideas
effectively.

Low mathematical communication ability was also identified at SMP Negeri 4 Bandar
Lampung. A preliminary test consisting of two essay questions was administered to 27
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students in one class. The results indicated that many students experienced difficul-
ties in expressing mathematical ideas orally and in writing, particularly in the written
text and drawing indicators. They also struggled to represent problems using appro-
priate diagrams, symbols, or mathematical expressions, indicating difficulty with the
mathematical expression indicator. To address this issue, an instructional model that
actively engages students in problem solving is needed. Through problem-solving activ-
ities, students become directly involved in the learning process (Warsono & Hariyanto,
2012). One instructional model considered suitable for promoting such engagement
is Problem-Based Learning (PBL) (Suwanti & Maryati, 2021). PBL encourages students
to participate actively while developing communication, critical thinking, collaboration,
and problem-solving abilities (Nurhanurawati et al., 2026).

Problem-Based Learning (PBL) is a student-centered instructional model that empha-
sizes solving authentic real-world problems. According to Widiasworo (2018), PBL
presents students with problems derived from everyday situations, encouraging them
to actively seek appropriate solutions. This model facilitates the development of
mathematical communication ability because students must understand contextual
problems and translate them into mathematical language and symbols, which requires
effective mathematical communication (Corebima et al., 2020). According to Arends
(2012), the implementation of PBL consists of five stages: (1) orienting students to
the problem, (2) organizing students for learning, (3) guiding individual and group
investigations, (4) developing and presenting the results, and (5) analyzing and evalu-
ating the problem-solving process. Accordingly, Sinaga and Manik (2019) found that
PBL can effectively improve students’ mathematical communication ability. Similarly,
Layliyyah et al. (2022) reported that PBL significantly enhances students’ mathematical
communication abilities.

In addition to an appropriate instructional model, improving students’ learning out-
comes and knowledge requires engaging learning media that encourage active partici-
pation. Onemedium that effectively promotes active learning is comics (Subroto et al.,
2020; Aji &Mampouw, 2019; Fadella &Prabowo, 2018). Subroto et al. (2020) found that
comics positively affect classroom learning because they combine visual illustrations
with text, making learning materials more attractive and easier to understand. Comics
also encourage students to become actively involved by presenting stories related to
familiar everyday problems. In addition to improving learning outcomes, comics can
increase students’ motivation and interest in learning (Saputro, 2016). Such visually en-
gagingmedia are particularly appealing to junior secondary school students, who often
prefer visual learning materials. As stated by Tavares et al. (2023), comics are an effec-
tive visual communication medium that can convey information efficiently while sup-
porting interactions between students and instructional materials. Learning through
comics stimulates students’ curiosity about the stories presented, thereby motivating
them to continue learning.
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As instructional media, comics can present content that is closely related to students’
daily experiences (Apostolou & Linardatos, 2023). Their use in education can increase
students’ interest in reading while helping them understand content through the
integration of written text and visual illustrations (Robbani & Khoirotunnisa, 2021).
Cohn (2013) identified four essential elements of comic design: space, image, text,
and colour. These features make comics communicative and efficient and can increase
students’ learning motivation. By interpreting illustrated stories, students can more
easily identify problems presented in learning situations. Therefore, integrating comics
into problem-based learning is expected to enhance students’ interest while creating
an innovative, constructive, meaningful, and enjoyable learning environment that
ultimately improves their mathematical communication ability.

Although previous studies have shown that comics can positively affect the learning
process, improve learning outcomes, and encourage student engagement and inter-
est, research on the systematic integration of mathematics comics into each stage of
Problem-Based Learning (PBL) remains limited, particularly for the Pythagorean Theo-
rem. Previous studies have primarily examined comics as a general learning medium
and have not specifically demonstrated how they can be integrated into each stage of
PBL to support students’ problem-solving processes andmathematical communication
ability. Therefore, this study integrates mathematics comics into each stage of the PBL
model for the Pythagorean Theorem and examines their effect on students’ mathemat-
ical communication ability.

Based on the foregoing discussion, this study investigated the effect of integrating
mathematics comics into the Problem-Based Learning model on students’ mathemat-
ical communication ability. Specifically, mathematics comics were implemented at ev-
ery stage of the Problem-Based Learning process. The findings are expected to provide
a valuable reference for mathematics instruction, particularly regarding the effective-
ness of this integration in improving students’ mathematical communication ability.

RESEARCH METHOD

The population consisted of all eighth-grade students at SMP Negeri 4 Bandar Lam-
pung, comprising ten classes (VIII-A through VIII-J). Using cluster random sampling, two
classeswere selected: Class VIII-F as the experimental group,which received instruction
through the Problem-Based Learning (PBL)model integratedwithmathematics comics,
and Class VIII-I as the control group, which received instruction through the PBL model
without mathematics comics.

This study employedaquasi-experimental pretest–posttest control groupdesign involv-
ing an independent and a dependent variable. The independent variable was the imple-
mentation of the PBLmodel integratedwithmathematics comics, while the dependent
variable was students’ mathematical communication ability. The experimental class
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was taught using the PBL model integrated with mathematics comics, while the con-
trol class was taught using the PBL model without mathematics comics. Both classes
received instruction on the Pythagorean Theorem over five meetings. Each meeting
consisted of two lesson periods (2 JP), and both classes received the same learning ma-
terial. Thequantitativedata consistedof students’mathematical communication ability
scores obtainedbefore and after the intervention using a test administered as a pretest
and posttest.

Table 1. Recapitulation of Test Instrument Trial Results

Item Validity Reliability Discrimination Index Difficulty Level Conclusion

1
Valid 0.78 (Reliable)

0.24 (Adequate) 0.42 (Moderate)
Usable2 0.24 (Adequate) 0.39 (Moderate)

3 0.38 (Adequate) 0.31 (Moderate)

The instrument was a mathematical communication ability test developed based on
three indicators: written text, drawing, and mathematical expression. It consisted of
three essay questions designed to measure students’ mathematical communication
ability. Before administration, the instrument underwent content validation by experts
to ensure that the test items were aligned with the indicators being measured. Based
on this assessment, the instrument was declared valid. The trial scores ranged from
7 to 28. As shown in Table 1, the instrument had a reliability coefficient of 0.78 >

0.70, indicating acceptable reliability. Test Items 1, 2, and 3 had discrimination indices
of 0.24, 0.24, and 0.38, respectively. These values fell within the range of 0.21–0.40,
indicating adequate discrimination. The items had difficulty indices of 0.42, 0.39, and
0.31, respectively, which fell within the range of 0.31–0.70 and indicated moderate
difficulty. Thus, all test items were valid and reliable, demonstrated appropriate dis-
crimination and difficulty levels, and were considered suitable for assessing students’
mathematical communication ability.

The data were analyzed statistically using students’ N-Gain scores inmathematical com-
munication ability. Before hypothesis testing, a prerequisite analysis was conducted.
The chi-square normality test indicated that the experimental group’s N-Gain scores
had a test statistic of χ2

calculated = 13.240 > χ2
critical = 7.815, while the control group’s

scores had a test statistic of χ2
calculated = 8.665 > χ2

critical = 7.815. Because the data were
not normally distributed, the research hypothesis was tested using the nonparametric
Mann–Whitney U test.

The Mann–Whitney U test yielded U = 645.5, µU = 392, and σU = 61.01, resulting
in Z = −4.15, while the critical value was Z = −1.64. Because the calculated value
was less than the critical value (−4.15 < −1.64), the null hypothesis (H0) was rejected.
Therefore, the median N-Gain score for students’ mathematical communication ability
in the group taught through the PBL model integrated with mathematics comics was
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significantly higher than that of the group taught through the PBLmodelwithoutmath-
ematics comics.

RESULTS AND DISCUSSION

Students’ N-Gain scores for mathematical communication ability were derived from
their pretest and posttest scores. These data were used to determine the improve-
ment in the experimental and control classes. The N-Gain formula, according to Hake
(as cited in Rista et al., 2019), is as follows.

N-Gain =
posttest score− pretest score
maximum score− pretest score

A summary of students’ N-Gain scores in mathematical communication ability is pre-
sented in Table 2.

Table 2. Summary of N-Gain Scores in Mathematical Communication Ability

Class n Lowest N-Gain Highest N-Gain Mean Standard Deviation

Experimental 28 0.22 0.93 0.65 0.22
Control 28 0.09 0.77 0.39 0.18

Maximum possible N-Gain = 1.00

As shown in Table 2, themeanN-Gain inmathematical communication ability for the ex-
perimental class was higher than that of the control class, indicating greater improve-
ment. The higher standard deviation in the experimental class also indicates greater
variation in improvement than in the control class. The achievement of mathematical
communication indicators before and after instruction in both classes is presented in
Table 3.

Table 3. Achievement Percentages for Mathematical Communication Ability Indicators

Indicators
Experimental Control

Before After Before After

Drawing 18.45% 72.92% 20.54% 57.44%
Written Text 13.10% 65.56% 16.37% 41.96%
Mathematical Expression 17.26% 70.54% 16.67% 52.98%
Average 16.27% 70.34% 17.86% 50.79%

As shown in Table 3, the mean initial achievement of the mathematical communica-
tion indicators in the experimental group was lower than that of the control group.
However, the experimental group taught through the Problem-Based Learning (PBL)
model integrated with mathematics comics achieved higher final scores for each in-
dicator than the control group taught through the PBL model without mathematics
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comics. The greatest improvement occurred in the drawing indicator, which increased
by 54.47% in the experimental group, 17.57 percentage pointsmore than in the control
group. These findings indicate that students became better able to transform verbal
descriptions ofmathematical problems into relevant visual representations. Mathemat-
ics comics strengthened students’ ability to visualize mathematical problems, enabling
them to represent or redraw situations and geometric forms according to the given
context.

Overall, the data analysis revealed that the improvement in mathematical communi-
cation ability among students taught through the PBL model integrated with mathe-
matics comics was greater than that of students taught through the PBL model with-
out mathematics comics. This pattern was consistent across all indicators, with the ex-
perimental group outperforming the control group. Furthermore, hypothesis testing
demonstrated that integrating mathematics comics into the PBL model had a signifi-
cant effect on students’ mathematical communication ability. These findings are con-
sistent with those of Marlina et al. (2023), who reported that integrating comics into
PBL has the potential to improve students’ mathematical communication ability. Sim-
ilarly, Amalia and Nugraheni (2024) concluded that PBL-based comics are effective in
enhancing students’ mathematical communication ability.

The greater improvement observed in the experimental groupmay be attributed to the
integration of mathematics comics throughout each stage of the PBL process. Unlike
students in the control group,whoencountered contextual problemsonly throughwrit-
ten worksheets, students in the experimental group encountered problems through il-
lustrated stories. This presentation enabled them to understand the problem context
more easily, identify essential information, and relate mathematical concepts to real-
life situations. Moreover, the visual representations facilitated the expression of math-
ematical ideas, construction of mathematical models, and communication of problem-
solving processes. Fikriani and Nurva (2020) similarly reported that comic-basedmathe-
matics learning media effectively improve students’ mathematical communication abil-
ity. These findings are further supported by Jazuli et al. (2024), who found that mathe-
matics comics integrated into PBL effectively enhance students’ mathematical commu-
nication ability.

More specifically, the first stage of PBL involves orienting students to the problem. Dur-
ing this stage, students were introduced to contextual problems through mathemat-
ics comics, making it easier for them to understand the context of the Pythagorean
Theorem. The combination of stories and illustrations helped students identify known
and unknown information while connecting it to previously learned mathematical con-
cepts. Through these activities, students began communicating mathematical ideas in
written form, visual representations, and mathematical symbols. Thus, the orientation
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stage supported bymathematics comics provided opportunities to developmathemat-
ical communication ability from the beginning of the learning process.

The second stage involves organizing students for learning. At this stage, students
worked collaboratively in groups to understand the problems presented in the student
worksheets and mathematics comics. Through group discussions, they exchanged
ideas, identified known and unknown information, and developed solution strategies.
These interactions enabled students to express mathematical ideas in their ownwords,
thereby improving their mathematical communication ability, particularly the written
text indicator. In addition, group discussions encouraged students to express their
opinions, appreciate others’ ideas, and construct solutions collaboratively.

The third stage involves guiding individual and group investigations. During this phase,
students collected information, discussed ideas, and developed solutions to the prob-
lems presented in the mathematics comics. Unlike the control group, which relied pri-
marily on textbooks and worksheets, the experimental group benefited from visual il-
lustrations and storylines that facilitated understanding of the problem context. These
visual supports enabled students to relate information to the Pythagorean Theorem,
represent mathematical ideas, and construct mathematical models more effectively.
Furthermore, investigation and discussion activities encouraged students to exchange
ideas and critically evaluate alternative solutions before reaching conclusions. Thus, in-
tegrating mathematics comics during the investigation stage contributed to the devel-
opment of students’ mathematical communication ability. This result is consistent with
Peng et al. (2021), who found that visual design in multimedia learning enhances stu-
dents’ attention, cognitive engagement, and learning outcomes. Likewise, Chung and
Cheon (2020) reported that incorporating images into instructional media increases
learning motivation and facilitates understanding of instructional materials.

The fourth stage involves developing and presenting the results. During this stage, stu-
dents organized andpresented the solutions developedby their groups. Classroompre-
sentations provided opportunities to explain their ideas, justify their problem-solving
strategies, and respond to comments from other groups. Through these activities, stu-
dents practiced communicatingmathematical ideas clearly and logically in bothoral and
written forms, thereby strengthening their mathematical communication ability. In ad-
dition, the presentations increased students’ confidence in expressing and defending
their ideas.

The fifth stage involves analyzing and evaluating the problem-solving process. During
this stage, students reflected on the learning process and the solutions they had devel-
oped with guidance from the teacher. Reflection enabled them to evaluate the accu-
racy of their solutions, identify and correct mistakes, and improve how they communi-
cated mathematical ideas. Consequently, this stage further supported mathematical
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communication ability by encouraging students to express, evaluate, and refine their
reasoning systematically.

Although the control group also learned through the PBL model, mathematics comics
were not incorporated into the instruction. Students relied on textbooks, worksheets,
and teacher explanations to complete the learning activities. Although they followed
the same PBL procedures, the predominance of text-based problems required greater
effort to understand contextual situations and represent information mathematically.
In contrast, students in the experimental group benefited from illustrated storylines
that supported comprehension and mathematical representation. As a result, the con-
trol group’s mathematical communication ability also improved, but the improvement
was less substantial than that observed in the experimental group.

During the learning process in the experimental class, students appeared enthusiastic
and actively participated in activities usingmathematics comics. They engaged in discus-
sions, expressed their ideas, and collaborated to solve the problems presented in the
comics. During the firstmeeting, several challenges arose because some studentswere
not yet accustomed to identifying problems and determining solutions based on the
stories presented. In addition, the limited number of comics in each group prevented
all students fromusing themediumoptimally. To address these challenges, the teacher
providedguidance andmotivation to encouragemore active participation andprovided
one comic for each student in the followingmeeting. This adjustment appeared to help
students follow the content and participatemore effectively in subsequent discussions.

Another challenge was that some students did not use rulers when constructing ge-
ometric figures, resulting in inaccurate drawings that affected the precision of their
representations. This issuemay have influenced their achievement on the drawing indi-
cator ofmathematical communication ability. To address it, the teacher asked students
to compare figures drawn with and without rulers so that they could recognize the
importance of accurate geometric representation. Several students were also initially
reluctant to participate actively in group discussions because they lacked confidence
in expressing their ideas. Consequently, the discussions were not fully effective. The
teacher therefore continued to motivate students, encouraged every group member
to contribute, and acknowledged each idea shared during discussions. As a result, stu-
dents became more confident and participated more actively in subsequent learning
activities.

Overall, the findings indicate that integrating mathematics comics into the PBL model
provides greater opportunities to improve students’ mathematical communication abil-
ity. Accordingly, this integration significantly affected the mathematical communica-
tion ability of eighth-grade students at SMP Negeri 4 Bandar Lampung during the sec-
ond semester of the 2025/2026 academic year.
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CONCLUSION AND RECOMMENDATION

Based on the results and discussion, integrating mathematics comics into the Problem-
Based Learning (PBL) model had a significant effect on the mathematical communica-
tion ability of eighth-grade students at SMP Negeri 4 Bandar Lampung during the sec-
ond semester of the 2025/2026 academic year. The median N-Gain score of students
taught through the PBL model integrated with mathematics comics was significantly
higher than that of students taught through the same model without mathematics
comics. Thus, the experimental group demonstrated greater improvement in math-
ematical communication ability than the control group. Nevertheless, the study was
limited to one mathematics topic. Teachers are therefore encouraged to use mathe-
matics comics as an alternative instructional medium to enhance students’ mathemati-
cal communication ability. They should also preparemedia thatmeet students’ learning
needs, acknowledge studentswhoactively presentgroupdiscussion results, andensure
that students have the necessary learning materials and writing equipment. Future re-
searchers are encouraged to develop mathematics comics that are better aligned with
the characteristics of the learning material and students’ needs to support a more ef-
fective and efficient learning process.
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