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Purpose of the study: This study aims to examine the effectiveness of
integrating Realistic Mathematics Education (RME) into e-comic media for
junior high school students in Jakarta in order to foster mathematical creativity
and improve students’ ability to connect mathematical concepts with real-life
situations.

Methodology: This study employed a Research and Development (R&D) design
using the ADDIE instructional model to develop RME-based e-comic media.
The product was implemented with junior high school students in Jakarta, and
data on mathematical creativity and learning responses were collected using
creativity tests, questionnaires, classroom observations, and analyzed using
descriptive and inferential statistics.

Main Findings: The results indicate that RME-based e-comic media
significantly improved students’ mathematical creativity across all indicators,
including fluency, flexibility, originality, elaboration, and insight. Students
showed higher learning motivation, more active engagement in discussions, and
an increased ability to relate mathematical concepts to daily life, while teachers
reported more dynamic classroom interactions, participation, and collaboration.

Novelty/Originality of this study: This study introduces an innovative
integration of Realistic Mathematics Education with interactive e-comic media
to foster mathematical creativity in junior high school students. It advances
mathematics education by demonstrating how context-rich, visually engaging
digital narratives can transform conventional instruction into student-centered,
creativity-oriented learning experiences and provides a scalable model for
technology-enhanced, creativity-focused mathematics instruction.
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1. INTRODUCTION

Mathematics education is one of the main pillars in curriculum development worldwide due to its crucial
role in shaping students’ critical and creative thinking skills [1]-[4]. However, a 2022 report shows that Indonesia
still ranks low in mathematical ability, with an average score of 379, far below the OECD average of 489 [5], [6].
This data indicates the need for reform in mathematics teaching approaches that not only focus on conceptual
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understanding [7] but also on practical application in daily life [8]-[10]. One promising approach to address this
challenge is Realistic Mathematics Education (RME), which emphasizes the importance of contextual relevance
in mathematics learning [11]-[13]. By making mathematics more meaningful and applicable [14], RME aims to
help students develop both mathematical creativity and problem-solving skills [15]-[17].

RME, a pedagogical approach developed in the Netherlands [18], highlights the importance of context in
mathematics learning [19], [20]. This approach encourages students to build their mathematical understanding
through real-life experiences and everyday situations [21]-[23]. RME invites students to engage in active learning
processes, where they can develop problem-solving strategies relevant to the contexts they face [19], [24]. In RME,
students do not only learn mathematical concepts theoretically but also apply them in practical situations, such as
budgeting, measurement, or data analysis [11], [25], [26]. In this way, RME helps students develop the critical and
creative thinking skills that are highly needed in real life [27], [28]. Research shows that students who learn
mathematics through the RME approach have a better understanding and are more capable of applying
mathematical concepts in real situations [19].

Mathematics not only plays a role in the development of cognitive abilities but also has a significant
impact on students’ social development [29]-[31]. According to Harahap et al. [32], strong mathematical
proficiency enables students to solve problems, think critically, and make sound decisions. In today’s digital era,
mathematical skills are also key to participating in an increasingly complex and technology-based society [33]-
[35]. In fact, Yi and Park [36] report places mathematical and analytical skills as one of the four main competencies
needed in the future job market.

Mathematical creativity is one important aspect of mathematics learning that is often overlooked. This
creativity includes students’ ability to generate new ideas, find various ways to solve problems, and connect
mathematical concepts to real-life situations [37]-[40]. According to Leikin [41], mathematical creativity is not
only important for enhancing students’ understanding of mathematical concepts but also for preparing them to face
real-world challenges that require innovative thinking. In the educational context, mathematical creativity can be
developed through learning approaches that encourage exploration, problem-solving, and the application of
concepts in various situations.

However, a major challenge in mathematics education is how to make learning more engaging and
relevant for students [42]-[44]. Many students perceive mathematics as a difficult and boring subject, which
ultimately reduces their motivation and engagement in the learning process [45]-[47]. Therefore, innovative and
engaging approaches are needed to overcome these negative perceptions. One potential solution is to combine
RME principles with digital media, such as e-comics. E-comic media can present mathematical concepts visually
and interactively , while also providing real-life contexts relevant to students’ lives. With this approach, it is
expected that students will better understand mathematical concepts, see their relevance in daily life, and develop
their creativity in problem-solving [48]-[50].

In this context, the integration of digital media such as e-comics offers a new and effective way to deliver
mathematical concepts in an engaging and interactive manner [51]-[54]. E-comics not only attract students’
attention but also provide relevant contexts and real-life situations that make it easier for students to understand
and apply mathematical concept [34], [55], [56]. Through e-comics, students can see the connection between
mathematics and everyday life, thereby increasing their motivation and creativity in learning [34], [57], [58].

E-comics as learning media offer an innovative way to deliver information and concepts [59]-[62]. In the
educational context, e-comics can be used to explain mathematical concepts visually and attractively [63], [64],
[65]. Research by Berger et al. [59] shows that the use of e-comics in learning can increase students’ motivation
and help them understand the material better. E-comics also allow students to learn independently and flexibly,
which is very important in modern education [63]-[66]. One of the advantages of e-comics is their ability to present
interesting and relevant stories, which can help students relate mathematical concepts to their life experiences [67].
For example, e-comics depicting certain social or cultural situations can help students understand the application
of mathematics in a broader context. In addition, interactive elements in e-comics allow students to be more
actively involved in the learning process [34], [57], [58], [68], thereby improving their understanding and retention
of the material taught.

This study aims to explore how the integration of RME in e-comic media can enhance students’
mathematical creativity. It also seeks to provide insights into the effectiveness of this approach in the context of
mathematics education in Indonesia. By understanding how e-comics can be used as effective learning tools, this
research is expected to offer recommendations that can be applied in educational practice. The significance of this
research lies in its contribution to the development of more innovative and relevant mathematics teaching methods.
By combining RME and e-comics, it is expected that students will not only better understand mathematical
concepts but also develop the creative thinking skills that are highly needed in a constantly changing world.
Furthermore, this research is also expected to serve as a foundation for further studies in mathematics education
and the use of technology in learning.

Several previous studies have highlighted the effectiveness of RME in improving students’ understanding
of mathematical concepts. For example, research by Van den Heuvel-Panhuizen and Drijvers [69] shows that RME
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helps students relate mathematical concepts to real contexts, thereby enhancing their understanding. However,
these studies have not specifically explored the use of digital media such as e-comics in the implementation of
RME. Research by Diah et al. [70] shows that the use of comic media in education can increase students’
motivation and interest in learning materials. However, this research focuses more on the visual and narrative
aspects of comics without considering the integration of RME principles. This indicates a gap in understanding
how e-comics can be effectively used to support realistic mathematics learning.

Leikin [41] emphasizes the importance of creativity in mathematics learning but does not link this
creativity to the use of e-comics in the context of RME. This research shows a relationship between creativity and
problem-solving but does not explain how e-comics can contribute to the development of mathematical creativity.
Thus, there is a clear research gap in integrating RME with e-comic media. Although both have the potential to
enhance mathematics learning, no study has comprehensively examined how e-comics can be used to apply RME
principles in mathematics learning.

Another gap is the lack of focus on the impact of using e-comics in enhancing mathematical creativity.
Existing studies have not sufficiently explored how the narrative and visual elements in e-comics can stimulate
students’ creativity in solving mathematical problems. Further research can explore this relationship using more
structured methodologies, such as experiments or case studies. In addition, many previous studies tend to focus on
a single context or specific population, such as elementary or secondary school students. There is a need for
research in more diverse contexts, including students from different backgrounds and cultural settings. This
research can provide broader insights into the effectiveness of integrating RME and e-comics in improving
mathematics learning in various settings.

Previous studies have also not sufficiently delved into the design and development of e-comics that align
with RME principles. There is a need for research focusing on design aspects, including how visual and interactive
elements can be integrated to support realistic learning. This research may include the development of e-comic
prototypes that are then tested in learning contexts. Finally, there is a gap in evaluating the effectiveness of using
e-comics in the context of RME. Previous studies often do not provide clear measurement tools to assess the impact
of e-comic use on students’ mathematical understanding and creativity. Further research can develop evaluation
instruments that can be used to measure student learning outcomes more accurately. By addressing these gaps, this
study is expected to provide a better understanding of the potential use of e-comics in supporting realistic and
creative mathematics learning.

2. RESEARCH METHOD

This project is a Research and Development (R&D) study utilizing the ADDIE development model
(Analysis, Design, Development, Implementation, Evaluation). The ADDIE model was chosen because it provides
a systematic framework for developing e-comic-based learning media integrated with the Realistic Mathematics
Education (RME) approach. The aim of this research is to produce innovative learning media that can enhance
students’ mathematical creativity. Testing was conducted using both quantitative and qualitative approaches to
evaluate the effectiveness of the developed media.

2.1. Research Stages
The research stages follow the ADDIE model, which consists of five main steps: Analysis, Design,

Development, Implementation, and Evaluation. Each stage is described as follows:

Table 1. R&D Project Implementation Stages with the ADDIE Model

Stage Activity Description Outcomes

Analysis - Conducting needs analysis through interviews and questionnaires Identification of learning
with teachers and students to understand students’ difficulties in needs, relevant materials,
learning mathematics. - Analyzing the curriculum to ensure and the potential for
material alignment with learning objectives. - Literature review integrating RME into e-
related to RME, mathematical creativity, and e-comic media. comic media.

Design - Designing RME-based e-comic content, including storyline, Initial design of RME-
visuals, and interactive elements. - Developing contextual based e-comic media and
problems aligned with RME principles, such as phenomenological evaluation instruments
exploration and students’ own contribution. - Preparing evaluation ready for further
instruments, such as mathematical creativity tests and student development.
satisfaction questionnaires.

Developm - Developing an RME-based e-comic prototype based on the Validated and revised

ent designed plan. - Validation by media experts, mathematics content RME-based e-comic media

experts, and education experts. - Revising based on expert
feedback to improve media quality.

prototype.
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Stage Activity Description Outcomes
Implement - Conducting limited trials with small groups of students to identify =~ Data from limited and field
ation technical and pedagogical issues. - Field testing with larger student trials to evaluate the

groups to evaluate media effectiveness. - Collecting data through effectiveness of the RME-
mathematical creativity tests, student satisfaction questionnaires, based e-comic media.
and interviews.

Evaluation - Conducting formative evaluation at each ADDIE stage to ensure Effective RME-based e-
the media aligns with learning objectives. - Conducting summative comic media and
evaluation after implementation to assess the media’s effectiveness recommendations for
in enhancing students’ mathematical creativity. further development.

2.2. Testing Approach

This study uses both quantitative and qualitative approaches to evaluate the effectiveness of the RME-

based e-comic media.

Table 2. Evaluation Design for the Effectiveness of RME-Based E-Comic Media

Approach Purpose Instruments Data Analysis

Quantitative The quantitative 1. Mathematical Creativity Test: Quantitative data  are
approach is used to Measures aspects of fluency, analyzed using descriptive
measure the flexibility, originality, and elaboration and inferential statistics to
effectiveness of the in solving mathematical problems. 2. observe differences in
media in enhancing Student Satisfaction Questionnaire: learning outcomes before
students’ mathematical Measures students’ satisfaction with and after using the media.
creativity. the developed e-comic media.

Qualitative ~ The qualitative 1. Interviews: Conducted with students Interview and observation
approach is used to and teachers to obtain feedback on the data are analyzed
explore students’ and strengths, weaknesses, and impact of thematically to identify
teachers’ experiences in the media on learning. 2. Observation: students’ and teachers’

using the RME-based e-
comic media.

Observing the learning process to see
how students interact with the media

experiences in using the
RME-based e-comic

and how the media facilitates RME media.

principles.

2.3. Research Subjects

The research subjects consisted of students from a junior high school in Jakarta, selected using cluster
random sampling for the quantitative approach and purposive sampling for the qualitative approach. The
experimental group used the RME-based e-comic media, while the control group used conventional teaching
methods. Mathematics teachers were also involved to provide input regarding the implementation of the media.

2.4. Development of E-Comic Media

The development of RME-based e-comic media aims to create innovative learning tools that can enhance
students’ mathematical creativity. This development process was carried out systematically, referring to the
conceptual framework, design process, and initial testing to ensure the resulting media is relevant, effective, and
meets learning needs.

2.5. Conceptual Framework for E-Comic Development

The conceptual framework for developing RME-based e-comics is designed to support meaningful
mathematics learning and enhance students’ mathematical creativity. Mathematical creativity, defined as the
ability to generate new ideas, solve problems innovatively, and connect mathematical concepts in various contexts,
is the main focus in developing this media. By integrating RME principles, the e-comic is designed to create a
learning environment that encourages exploration, reflection, and knowledge construction [71] by students.

RME principles, as described by Treffers [72] and Van den Heuvel-Panhuizen and Drijvers [69], provide
the foundation for developing e-comics that are not only visually appealing but also effective in facilitating creative
learning. The relationship between RME principles and the development of mathematical creativity is as follows:
1. Phenomenological Exploration: Contextual problems relevant to students’ daily lives serve as the starting point

for learning. These problems are designed to trigger exploration and encourage students to think creatively in
finding solutions. Mathematical creativity emerges when students can connect their real-life experiences with
mathematical concepts.
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2. Bridging by Vertical Instruments: Visual models and representations in the e-comic help students bridge
understanding from concrete to abstract situations. This process enables students to develop creative solutions
using tools or models they create themselves, such as diagrams or symbols.

3. Students’ Own Contribution and Production: In RME, students are encouraged to produce their own solutions
through exploration and reflection. This aligns with the development of mathematical creativity, where students
are given the freedom to try various approaches and strategies in problem-solving.

4. Interactivity: Interaction among students, both individually and in groups, encourages discussion and
collaboration. This process allows students to share ideas, learn from others’ perspectives, and develop more
creative solutions.

5. Intertwinement: The e-comic integrates various mathematical concepts simultaneously, such as geometry,
algebra, and arithmetic. This provides students with opportunities to see relationships between concepts and
apply them in various situations, which is at the core of mathematical creativity.

Meanwhile, mathematical creativity in RME-based e-comics is facilitated through story design and
activities intended to encourage students to think beyond existing patterns or procedures. Some key elements
supporting the development of mathematical creativity include:

1. Open-Ended Problems: The stories in the e-comic present open-ended problems with more than one solution.
This encourages students to think creatively and explore various approaches to problem-solving.

2. Flexibility in Problem Solving: Students are given the freedom to use their own strategies in solving problems.
This process allows students to develop flexible thinking, which is one of the main indicators of mathematical
creativity.

3. Reflection and Discussion: The e-comic is designed to facilitate reflection and discussion, both individually
and in groups. Students are encouraged to reflect on their thinking processes, compare solutions with their
peers, and learn from different perspectives.

2.6. Design Process

The design process of the RME-based e-comic involves several key steps, from creating the storyline to
integrating RME principles into the content. This process is designed to produce media that is relevant, engaging,
and aligned with students’ learning needs.

2.6.1. Storyboarding and Content Creation
The first step in the design is creating the storyboard and content. The storyboard is used to design the e-
comic’s storyline, including dialogue, illustrations, and other visual elements. This process involves:

1. Identifying Contextual Problems: Each story begins with a contextual problem relevant to students’ lives, such
as everyday situations involving measurement, calculation, or patterns.

2. Developing Characters and Narratives: Characters in the e-comic are designed to attract students’ attention and
motivate them to engage with the story. The narrative is structured to guide students through exploration and
problem-solving processes.

3. Visualizing Mathematical Concepts: Illustrations are used to visualize mathematical concepts, such as graphs,
diagrams, or models, so that students can understand the relationship between concrete and abstract concepts.

2.6.2. Pilot Testing and Feedback

After the design process is complete, the e-comic is validated by evaluators and then tested on a small
group of students to evaluate its effectiveness. This stage involves collecting feedback from students and teachers
to improve the media before large-scale implementation.

2.6.3. Initial Testing with Target Audience
Initial testing is conducted on a small group of students who are the target users of the e-comic. Activities
include:
1. Using the E-Comic in Learning: Students use the e-comic in mathematics learning to solve contextual
problems presented in the story.
2. Data Collection: Data is collected through observation, interviews, and questionnaires to evaluate students’
experiences in using the e-comic. The main focus is on aspects of engagement, understanding, and creativity.
The results of the initial testing provide insights into the strengths and weaknesses of the media, such as
whether the story is engaging, whether the illustrations aid understanding, and whether the contextual problems
are relevant to students’ experiences.

2.6.4. Revisions Based on Feedback
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Based on feedback from evaluators and initial testing, revisions are made to improve the quality of the e-
comic. Some aspects improved include:
1. Refining the Storyline: The story is adjusted to be more relevant to students’ experiences and more effective
in triggering mathematical exploration.
2. Enhancing Visualization: Illustrations and visual models are improved to ensure they support students’
understanding of mathematical concepts.
3. Adjusting Contextual Problems: Problems that are less relevant or too difficult are adjusted to match students’
ability levels.
These revisions aim to ensure that the resulting e-comic is not only visually appealing but also effective
in supporting RME-based learning and enhancing students’ mathematical creativity.

2.6.5. Implementation of E-Comic Media in RME for the Development of Mathematical Creativity

The integration of RME into e-comic media offers an innovative approach to fostering students’
mathematical creativity. Through e-comics, mathematical concepts are not only presented abstractly but also
linked to real-life contexts that are relevant and easily understood by students. This approach aligns with the main
principle of RME, which is to start mathematics learning from situations that are meaningful and close to students’
everyday experiences.

The use of e-comics as learning media enables the presentation of stories, visualizations, and interactive
dialogues that can spark curiosity and encourage students to think creatively in solving mathematical problems.
lustrations in the e-comic are designed to depict the mathematical thinking process, from identifying problems,
exploring various solution strategies, to reflecting on the solutions found. Thus, students not only learn
mathematical concepts but also develop divergent thinking, originality, and flexibility in finding solutions.

The following section presents an example illustration of the integration of RME and the development of
mathematical creativity in e-comic media. Table 3 provides details of the learning stages, activities conducted, and
aspects of mathematical creativity developed through each stage.

Table 3. Sample [llustration of RME Integration and Mathematical Creativity Development in E-Comic Media

Panel Visual Description Dialogue/Narration Interactive
Notes
Panel 1: Opening A lively classroom, the Teacher: “Class, the school will hold a gift “Let’s
(Phenomenological  teacher brings gift boxes box design competition! You have to Explore!” panel
Exploration) of  wvarious shapes decorate and wrap boxes with unique
(rectangular prism, shapes. But, how much wrapping paper is
cylinder, triangular needed for each box?” Student A: “Wow,
prism). Students look that’s exciting! But how do we calculate
curious. it, Ma’am?” Teacher: “That’s the
challenge! You can use any method. Go
ahead and explore!”
Panel 2: Problem Students open the Student B: “I’ll open the box and draw its “Try Different
Exploration boxes, draw nets on neton paper. I’ll measure each part witha Ways!” panel
(Bridging by paper, some measure ruler.” Student C: “I’ll try calculating the
Vertical sides with rulers, others area of each side and then add them up.”
Instruments) use apps on their Student D: “I’ll use an app on my phone
phones. to draw the shape.”
Panel 3: Discussion Students discuss in Student A: “Mine is 120 cm? How about “Discuss Your
and Comparison  groups, compare results, yours?” Student B: “I got 118 cm? because Strategy!”
(Students’ Own some write on the board. 1 forgot to count the bottom.” Student C:  panel
Contribution  and “I prefer using nets; it’s easier to see
Production) which parts have been counted.” Teacher:
“Great! Each method has its strengths and
challenges. Discuss which is most
efficient.”
Panel 4: Students ask each other, Student D: “How do we calculate the “Let’s Present!”
Interactivity some write on the board, surface area if it’s a cylinder?” Student E:  panel

teacher facilitates

discussion.

“Maybe we can open the cylinder into a
rectangle and two circles?” Teacher:
“Who else has ideas? Please present them
to the class!”
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Panel Visual Description Dialogue/Narration Interactive
Notes
Panel 5:  Students connect Student F: “For a rectangular prism, the “Find the
Intertwinement geometry, arithmetic, surface area is 2(1 x w+1x h+ w X h). Connections!”
and algebra concepts. For a cylinder, there are circles and a panel
There’s a comparison rectangle.” Student G: “So, we can use
table of formulas on the formulas, but also nets. They’re
board. interconnected!”
Panel 6: Open- Students design their Teacher: “Now, create your own unique “Create  Your
Ended Problem & own gift boxes, some gift box design! Calculate its surface area, Own!” panel
Production make  star  shapes, then present it to your friends.” Student H:
triangles, etc. “I want to make a triangular prism box!”
Student I: “I’ll try a cylinder with a half-
sphere lid!”
Panel 7: Reflection Students write in Teacher: “Which strategy did you like “Reflect on
and Discussion notebooks, discuss in best? What challenges did you face? How  Your
small groups. was your friend’s solution different from Experience!”
yours?” Student J: “I learned there are panel
many ways to calculate surface area. I like
group discussions because I can learn
from friends.”
Panel 8: Closing Students present their Teacher: “You’re amazing! With “Share  Your
designs and calculations ~creativity and teamwork, you found many  Solution!”
to the class, teacher solutions. This is real mathematics!” panel

smiles proudly.

2.6.6. Teacher Training and Support
In practice, teachers serve as the primary implementers of the products developed by researchers. This
role aims to ensure that the product, in this case, the e-comic media, can be used independently by users without
direct dependence on the developers. Therefore, the success of e-comic media implementation greatly depends on
teachers’ readiness to understand and use the media effectively in the classroom. To support this, teacher training
and support are essential elements in the integration strategy. Several steps to ensure teacher readiness include:
1.  E-Comic Usage Training: Teachers are trained on how to use e-comics in teaching, including how to integrate
stories into classroom activities, facilitate discussions, and use visual models.
2. RME-Based Approach: Teachers are trained to understand RME principles, such as phenomenological
exploration and students’ own contribution, so they can apply this approach in their teaching.
3. Guidelines and Resources: Teachers are provided with guidelines and additional resources, such as e-comic-
based lesson plans, to help them design appropriate classroom activities.
With adequate training and support, teachers can utilize e-comic media to create meaningful learning
experiences and support the development of students’ mathematical creativity.

3.  RESULTS AND DISCUSSION

3.1. Student Performance Metrics

The development of e-comic learning media based on Realistic Mathematics Education (RME) began
with a needs analysis involving 80 students. Sentiment analysis results showed that the majority of students
perceived mathematics learning as boring, complicated, confusing, difficult, frustrating, and stressful (Figure 1).
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Figure 1. Sentiment Analysis Results
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These findings were further explored through in-depth interviews with selected students to gain deeper
insights into their experiences and challenges in learning mathematics.

Student 1: “I often get confused when I have to solve word problems, especially when I have to find my
own way. Sometimes I don’t know where to start.”

Student 2: “Learning is just from books and the blackboard, so I get bored quickly. Sometimes I lose
interest in paying attention.”

Student 3: “I don’t know what mathematics is useful for in daily life. So sometimes [ feel that learning
math is difficult and unimportant.”

These interviews not only confirmed the survey results but also provided a concrete picture of the
obstacles students face, both in terms of conceptual understanding, learning motivation, and the relevance of the
material to everyday life. The direct quotes from students clearly show that the problems are complex and
interconnected, highlighting the need for innovation in learning media to address them.

Based on the needs analysis and in-depth interviews, it can be concluded that the main challenges in
mathematics learning lie in low motivation, lack of media variety, and students’ difficulties in understanding and
relating mathematical concepts to real life. These issues underscore the importance of innovation in material
presentation to make learning more engaging, relevant, and capable of fostering student creativity. Therefore, the
development and implementation of RME-based e-comic media was chosen as a solution expected to address these
needs and have a positive impact on the process and outcomes of mathematics learning.

The implementation of RME-based e-comic media was carried out in two groups: the experimental group
(using e-comics) and the control group (using conventional methods). To measure the impact of the intervention,
pretests and posttests were conducted in both groups. N-Gain analysis was used to assess the improvement in
students’ mathematical creativity. In the experimental group, the overall average N-Gain reached 85.4, which falls
into the highly effective category. In detail, the N-Gain for each creativity indicator was as follows: Fluency (83.8),
Flexibility (85.4), Originality (86.3), Elaboration (83.3), and Insight (87.2). This indicates that e-comics are highly
effective in encouraging students to gain new insights, generate original ideas, and try various approaches in
solving mathematical problems.

Figure 2. Average N-Gain per Indicator Chart
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Figure 2. Average N-Gain per Indicator Chart

The relatively lower increase in the Elaboration indicator suggests that the aspect of idea development
still requires more attention in the learning process. However, overall, all indicators showed very good
improvement, indicating that RME-based e-comics can comprehensively foster students’ mathematical creativity.

3.2. Comparison with Traditional Methods

A systematic comparison of effectiveness was conducted between the experimental group using RME-
based e-comic media and the control group using traditional teaching methods to ensure the validity of the research
results. The first step was to conduct an initial equivalence test through normality, homogeneity, and independent
t-tests on the pretest data. The normality test results showed significance values of 0.194 for the experimental
group and 0.121 for the control group, both greater than 0.05, indicating that the data were normally distributed.
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The homogeneity test also showed a significance value of 0.051, meaning the variances of both groups were
homogeneous. Furthermore, the independent t-test on the pretest yielded a significance value of 0.685, indicating
no significant difference in the mean scores between the two groups before the intervention. Thus, it can be ensured
that both groups had equivalent initial abilities, making the comparison of post-intervention results more objective.

After the implementation of the learning media, posttests and the same statistical analyses were
conducted. The normality test on the posttest data showed significance values of 0.2 for the experimental group
and 0.068 for the control group, both still above the 0.05 threshold, indicating normal data distribution. The
homogeneity test on the posttest also showed a significance value of 0.06, meaning the variances of both groups
remained homogeneous. However, the independent t-test on the posttest showed a significance value of 0.00, far
below 0.05, indicating a highly significant difference in mean scores between the two groups after the intervention.

Furthermore, N-Gain analysis was used to measure the effectiveness of improving mathematical
creativity in both groups. The experimental group using RME-based e-comics achieved an average N-Gain of
85.4, categorized as highly effective. Meanwhile, the control group using traditional methods only achieved an N-
Gain of 61, which is considered moderately effective. This difference shows that RME-based e-comic media not
only significantly enhances students’ mathematical creativity but also provides a more enjoyable, interactive, and
relevant learning experience. Students in the experimental group showed more consistent improvement across all
creativity indicators such as fluency, flexibility, originality, elaboration, and insight compared to the control group,
which tended to stagnate in some aspects.

In addition, observations during the learning process also showed that students in the experimental group
were more active in discussions, more willing to express ideas, and more enthusiastic in completing mathematics
tasks. Conversely, students in the control group tended to be passive and less engaged both emotionally and
cognitively. These findings reinforce the quantitative analysis results, indicating that the integration of RME in e-
comic media can create a more conducive learning environment for developing students’ mathematical creativity
compared to traditional, monotonous, and less contextual teaching methods.

Therefore, it can be concluded that the use of RME-based e-comic media is significantly superior in
enhancing students’ mathematical creativity, both in terms of learning outcomes and the learning experience
perceived by students during the process.

3.3. Qualitative Feedback from Participants

Qualitative feedback obtained from students and teachers after the implementation of RME-based e-
comic media showed very significant changes in the process and atmosphere of mathematics learning. Most
students stated that material presented visually and interactively through e-comics made it easier for them to
understand mathematical concepts that were previously considered difficult and confusing. One student expressed,
“With the pictures and stories in the e-comic, I understand the questions better and can imagine the situation. So,
math doesn’t feel as hard as before.” Another student added, “Usually I get bored quickly when learning math, but
with e-comics, I feel more excited and curious.”

Furthermore, students also felt that learning became more relevant to everyday life. They could directly
see how mathematical concepts are applied in various real-life situations depicted in the e-comic stories. One
student said, “I just realized that math is everywhere, for example when shopping or managing time. E-comics
help me understand the usefulness of math in daily life.” This shows that e-comic media not only improves
understanding but also fosters awareness of the importance of mathematics.

From the teachers’ perspective, there were positive changes in classroom dynamics. Teachers reported
that students became more active, more willing to ask questions, and more engaged in group discussions. One
teacher stated, “Students who were usually passive now ask questions and discuss more often. They are also more
creative in finding solutions and are not afraid to try new ways.” Teachers also noted that e-comics could bridge
abstract mathematical concepts with real-life contexts, making it easier for students to relate the material to their
everyday experiences.

Changes in attitudes toward mathematics were also very noticeable. Students who previously considered
mathematics to be boring, difficult, and irrelevant now showed much higher interest and motivation to learn. They
felt more confident and were not afraid to face new challenges. One student said, “I used to be afraid of making
mistakes when solving problems, but now I feel more confident because I can try different ways.” Another student
added, “I enjoy discussing with friends to find solutions because it turns out there are many ways to solve one
problem.”

Overall, these qualitative findings reinforce the quantitative results that the use of RME-based e-comic
media not only enhances students’ mathematical creativity and understanding but also creates a more enjoyable,
interactive, and meaningful learning environment. Increased active participation, willingness to ask questions, and
collaboration among students are clear indicators that this media can transform the paradigm of mathematics
learning toward a more positive and constructive direction.

The results of this study clearly demonstrate that integrating Realistic Mathematics Education (RME) in
e-comic media has a significant impact on improving students' mathematical creativity. These findings align with
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previous studies highlighting the importance of contextual learning in mathematics education. As emphasized by
Vinogradova [1] and Seabra et al. [8], the connection of mathematical concepts to real-life situations fosters
creativity and problem-solving skills in students. The positive effect on students’ creativity measured by fluency,
flexibility, originality, and insight suggests that e-comic media, grounded in RME principles, provides an engaging
and effective learning environment. Students in the experimental group exhibited notable improvements in
motivation and active participation. This finding is consistent with the results of Van den Heuvel-Panhuizen and
Drijvers [73], who highlighted that the use of RME promotes a more interactive and student-centered learning
approach. By utilizing visual-interactive media like e-comics, the students were able to overcome the common
disengagement associated with traditional methods of mathematics teaching, as discussed by Makramalla et al.
[2]. Additionally, e-comics made abstract mathematical concepts more accessible and connected to real-life
contexts, reinforcing the core principles of RME.

The improvement in engagement and collaboration within the experimental group strengthens the
arguments presented by Hakim et al. [11] and Treffers [72], who argue that RME promotes a collaborative and
reflective learning environment. In contrast, students in the control group, who followed conventional teaching
methods, exhibited more passive participation, a result that aligns with previous studies emphasizing the
limitations of traditional teaching methods in fostering creativity and engagement [74], [75]. This suggests that
RME-based approaches are far more effective in stimulating active learning and creativity. Interestingly, while all
indicators of creativity fluency, flexibility, originality, and insight showed significant improvement, the
elaboration aspect still required more attention. This aligns with Silver [76], who identified that creativity in
mathematics involves multiple dimensions that must be balanced for effective learning. The gap in elaboration
suggests the need for further refinement in the e-comic design to include more activities that encourage students
to elaborate on their problem-solving approaches, possibly through deeper exploration and critical reflection.

Moreover, the effectiveness of RME-based e-comic media in enhancing creativity was significantly
higher compared to traditional methods. These findings challenge the notion that conventional methods, such as
rote memorization and repetitive exercises, are sufficient for fostering creativity in mathematics. The ability of e-
comics to bridge abstract concepts with real-life applications represents a major advancement in mathematics
education [77]. This approach not only improves students' conceptual understanding but also fosters critical and
creative thinking skills, which are essential in today’s technology-driven world [78].

Qualitative feedback from students further supports these findings, as students reported that the visual
and interactive nature of e-comics helped them understand mathematical concepts more clearly and made learning
more enjoyable. This reflects the findings of Tesfamicael and Enge [3], who argue that learning materials that are
both visually engaging and contextually relevant can significantly enhance students’ understanding of
mathematics. Students in the experimental group expressed higher levels of motivation, confidence, and
enthusiasm, as they could see the direct application of mathematics in everyday life, an aspect that is often lacking
in traditional learning methods [79]. Furthermore, teachers observed positive changes in classroom dynamics, with
increased student participation and creativity. This is consistent with the research of Fajri et al. [18], which
emphasizes the importance of creating a learning environment that encourages student interaction and
collaborative problem-solving. Teachers also noted that e-comics helped bridge the gap between abstract
mathematical concepts and concrete student experiences, facilitating a more meaningful learning process.

Despite the promising results, the study also identified some limitations, particularly in the elaboration
dimension of creativity. While the students demonstrated strong improvements in fluency, flexibility, and
originality, the development of more complex and refined ideas in problem-solving remains an area for future
enhancement. This finding is consistent with the conclusions of Leikin and Pitta-Pantazi [41], who stress the
importance of providing students with opportunities for deeper reflection and elaboration to fully develop their
creative potential. Future iterations of e-comic media should consider integrating more open-ended tasks and
reflective activities to further promote elaboration in mathematical problem-solving.

In conclusion, this study provides compelling evidence that integrating RME with e-comic media is an
effective approach for enhancing mathematical creativity. The use of e-comics not only improves mathematical
understanding but also fosters creativity, motivation, and relevance to real-world applications. This approach
presents a significant step forward in overcoming the traditional barriers in mathematics education, such as low
engagement and the perceived irrelevance of the material. As such, it holds great potential for transforming
mathematics learning, particularly in Indonesia, by providing students with a more engaging, relevant, and creative
learning experience. The success of this study underscores the importance of developing and implementing digital
learning tools that align with RME principles, ensuring that students are well-prepared to face the challenges of a
rapidly changing world.

4. CONCLUSION
This study demonstrates that integrating Realistic Mathematics Education (RME) into e-comic media is
effective in enhancing junior high school students’ mathematical creativity and their ability to connect
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mathematical concepts with real-life situations. The findings indicate improvements in students’ creativity,
engagement, and conceptual understanding, as well as increased confidence and active participation in learning
activities. The use of RME-based e-comics makes mathematics learning more contextual, meaningful, and
accessible, enabling students to view mathematics as a practical and relevant tool in everyday life. These results
suggest that digital and context-based learning media can play a significant role in supporting creative and
meaningful mathematics learning. However, future research is recommended to involve broader educational levels
and diverse cultural contexts to examine the generalizability of these findings. Further studies should also explore
more varied e-comic designs, incorporate reflective learning activities, and develop more comprehensive
evaluation instruments to assess the long-term impact of RME-based e-comics on students’ learning outcomes and
attitudes. Such efforts will strengthen the effectiveness and sustainability of this innovative approach in
mathematics education.
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