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INTRODUCTION 

Mathematics is one of the disciplines that plays a fundamental role in developing students' 

logical, analytical, and systematic thinking skills. At various levels of education, mathematics is 

often a challenging subject due to its abstract nature and the need for strong conceptual 

understanding (Bennett et al., 2008; Kornia et al., 2022). Students often struggle to understand 

basic mathematical concepts such as geometry, relations, algebra, and problem-solving because the 

learning process remains procedural and lacks context. Many students memorise mathematical 

procedures without understanding the meanings of the concepts. As a result, problem-solving 

skills, which are an essential goal of mathematics learning, do not develop optimally (Sudadi et al., 

2023). 
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Mathematics learning is often perceived as difficult due to its abstract nature 

and the lack of contextual media that connect concepts to students’ real-life 

experiences. However, Toraja culture contains various elements embedded 

with mathematical principles, such as symmetrical carving patterns, the 

geometric structure of Tongkonan, and traditional calculations in social 

practices. These cultural aspects can serve as meaningful visual and 

narrative contexts to support conceptual understanding. This study aims to 

develop a Toraja Local Wisdom E-Comic based on the STEM approach to 

enhance students’ conceptual understanding and problem-solving skills in 

mathematics. The research employs the ADDIE model, consisting of 

analysis, design, and development stages. The e-comic is presented as an 

interactive digital medium integrating Toraja cultural stories with 

mathematical concepts and STEM-based explanations. Validation was 

conducted by material and media experts, while practicality testing involved 

students as users. Data were analysed using descriptive, quantitative, and 

qualitative methods. The results indicate high validity, with average scores 

of 4.72 for material aspects and 4.65 for media aspects. The practicality test 

yielded an average score of 4.66, indicating that the e-comic is easy to use, 

engaging, and effective in facilitating understanding through cultural 

context. Therefore, the e-comic is considered valid and practical, with 

strong potential to improve mathematics learning outcomes. Further 

research will examine its effectiveness in classroom implementation. 
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These difficulties are exacerbated when learning focuses solely on verbal explanations, 

symbolic abstractions, and repetitive exercises (Widodo et al., 2025; Kurniasih et al., 2025). In fact, 

mathematics learning will be more meaningful if students can relate mathematical concepts to real-

life phenomena that they are familiar with (Chen & Tsai, 2021; Gravett et al., 2021). The 

contextual teaching and learning perspective emphasises that abstract concepts must be brought 

into everyday situations so that students can build meaningful cognitive structures (Madekhan, 

2020; Azmi & Ummah, 2021). In this context, the use of learning media that are close to local 

culture is a very promising approach for connecting mathematical concepts with students' everyday 

experiences (Aries, 2023). 

Indonesia has extraordinary cultural diversity, and each region offers visual, symbolic, and 

mathematical representations that can serve as a learning context (Lubis et al., 2022; Yudistira et 

al., 2022). One culture rich in mathematical elements is the Toraja culture in South Sulawesi. 

Toraja is known for its rich traditions, carved symbols, geometric patterns, traditional calculations, 

and the architectural structure of Tongkonan, which has symmetry, proportions, and geometric 

shapes closely related to mathematical concepts (Embon, 2019; Tandira’pak, 2022; Ikramah et al., 

2022; Pasoloran et al., 2023; Ratnawati, 2019). Toraja carvings, for example, contain symmetrical 

patterns, rotations, reflections, and translations, which are core elements of transformational 

geometry. Similarly, the structure of the Tongkonan roof includes certain proportions and ratios 

that can serve as a context for discussing concepts of comparison, measurement, and simple 

trigonometric calculations. However, the potential of Toraja culture as a means of learning 

mathematics has not been optimally utilised in modern learning media. 

In today's era of digital transformation, learning media need to keep pace with developments 

in information technology in order to attract the interest of young people who are familiar with 

digital devices (Pakoglean et al., 2024; Sutardi, 2022; Tulungen et al., 2022). One form of digital 

media that is effective for conveying material visually and narratively is e-comics. E-comics enable 

the conveyance of mathematical concepts through stories, illustrations, dialogue, and attractive 

visualisations, thereby helping students gradually understand abstract concepts (Filjinan et al., 

2022; Huda, 2021; Yudha et al., 2018). E-comics can improve students' scientific literacy and 

creative thinking skills because their visualisations are easy to understand. On the other hand, 

comics based on local culture have also been proven to strengthen identity, increase the relevance 

of learning, and build emotional connections between students and the material being studied 

(Cahyono et al., 2023; Huda, 2021; Wicaksana et al., 2020).   

Although e-comics have been widely developed across various fields of learning, studies that 

integrate Toraja local wisdom with the STEM approach in the context of mathematics learning 

remain very limited. In fact, the STEM (Science, Technology, Engineering, Mathematics) approach 

is an integrated learning approach that helps students understand how mathematical concepts are 

used to solve real problems holistically (Prasetyo, 2017; Mulia, 2020). STEM encourages students 

to think across disciplines, use technology as a tool, and apply mathematical concepts in the 

engineering or problem-solving process. Thus, the integration of STEM and locally-based e-comics 

is a highly relevant combination for improving the quality of contextual, engaging, and meaningful 

mathematics learning (Angga et al., 2020; Kismawati et al., 2022). 

Mathematical problem-solving skills are one of the key 21st-century competencies that 

students must master (Kornia et al., 2022; Sutrisno et al., 2020). According to Polya, problem-

solving is a complex process that involves understanding problems, devising strategies, 

implementing them, and evaluating solutions. Conventional mathematics learning, which 

emphasises only problem-solving procedures, is unable to optimally develop these skills. STEM-

based e-comics have great potential to develop problem-solving skills because they can present 

contextual, challenging, and realistic problem situations, thereby encouraging students to think 

critically and creatively in finding solutions (Hamimah et al., 2022; Samal et al., 2021). The stories 

and visuals presented in e-comics allow students to understand the problem's flow, visualise 

mathematical information, and independently explore the steps to solve it. Previous studies have 

shown that e-comics can improve engagement and conceptual understanding, while STEM-based 

learning enhances problem-solving skills. However, most of these studies use decontextualised 
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content without strong cultural integration. Conversely, research on local wisdom or 

ethnomathematics highlights the importance of cultural context but is generally limited to 

traditional or non-digital media. In addition, studies combining STEM and digital media often 

emphasise interdisciplinary learning but often overlook culture as a central component. As a result, 

the integration of culture, STEM, and digital media remains partial and fragmented. This study 

addresses this gap by integrating Toraja local wisdom, the STEM approach, and interactive e-

comics into a unified learning design. Unlike previous research, local culture is positioned as the 

core foundation for constructing mathematical concepts and for problem-solving activities, rather 

than merely as a supplement. Therefore, the novelty of this research lies in its holistic integration of 

culture, technology, and STEM, offering both pedagogical innovation and a contribution to cultural 

preservation through digital learning media. 

Furthermore, the use of local wisdom in learning media provides additional benefits, 

including strengthening students' character and cultural identity. Integration of local cultural values 

into learning can foster a sense of pride, deepen understanding of society's moral values, and enrich 

the learning experience (Irvan et al., 2017; Tadius & Salu, 2021). In the context of Toraja, values 

such as cooperation, precision in carving, and discipline in traditional rituals can serve as 

inspiration for applying the STEM approach. This contributes to students' character development 

while preserving Toraja cultural values in modern education. However, the reality on the ground 

shows that mathematical content is still rarely packaged in local cultural narratives, especially in 

interactive digital media. Most mathematical learning media are still textual, linear, and lack 

challenge. Students find it difficult to understand concepts due to a lack of visualisation and 

minimal real-world context. Therefore, the development of Toraja Local Wisdom E-Comics 

grounded in STEM is highly relevant for addressing these needs (Aprilia et al., 2023; Suryani et al., 

2023). This medium not only combines cultural elements and visual storytelling but also includes 

step-by-step, systematic presentations of mathematical problem-solving. 

This e-comic development research focuses on creating interactive media prototypes 

featuring illustrations of Toraja culture, context-based mathematical explanations, and STEM-

based problem-solving activities. This development is very important as a learning innovation that 

can replace conventional media that is less appealing. By utilising digital platforms such as 

FlipHTML5 or illustration applications, e-comics can be presented in a responsive format, easily 

accessible via mobile devices or laptops, and equipped with interactive features that enhance user 

engagement. Furthermore, this research is part of efforts to decolonise the curriculum, in which 

local culture is not merely used as a supplement to learning but becomes the core context of 

mathematical knowledge. This aligns with the direction of the Merdeka Curriculum policy, which 

emphasises context-based learning, experiential learning, projects, and the integration of local 

culture across various subjects. Thus, the development of this e-comic is not only a media 

innovation but also a contribution to strengthening cultural identity and improving the quality of 

learning in higher education. Based on this description, this research is very important for filling 

the gap between the needs of modern mathematics learning and the rich mathematical potential of 

local culture.  

The Toraja Local Wisdom E-Comic with a STEM Approach is expected to serve as a 

learning medium that improves students' understanding of mathematical concepts while developing 

their problem-solving skills through a visual, contextual, and interdisciplinary approach. To 

strengthen the state of the art, recent studies indicate that STEM-based digital learning media, 

particularly e-comics, have significant potential to enhance students’ conceptual understanding and 

engagement. However, most existing studies focus on general contexts and rarely integrate local 

cultural wisdom as the core learning framework. Previous research has developed STEM-based e-

comics or ethnomathematics-based learning separately, but few studies have combined local 

wisdom, STEM, and digital narrative media in a single integrated design. Therefore, this study 

offers a novel contribution by integrating Toraja local wisdom into STEM-based e-comics for 

mathematics learning. Unlike prior studies, this research positions local culture not merely as 

contextual support but as the main narrative foundation for constructing mathematical 

understanding. This approach contributes both pedagogically (innovative contextual learning 
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media) and culturally (preservation of local wisdom through digital education). Hence, this study 

fills the gap between culturally relevant pedagogy and technology-integrated STEM learning. 

METHOD 

This study utilised the Research and Development (R&D) method with the ADDIE model, 

comprising five main stages: Analysis, Design, Development, Implementation, and Evaluation. 

This model was chosen because it provides a systematic and appropriate framework for producing 

digital learning media products, such as e-comics, grounded in local wisdom and a STEM 

approach. In the year of this study, the main focus was on the first three stages, namely needs 

analysis, media design, and initial product development, along with feasibility testing. In contrast, 

the implementation and effectiveness evaluation stages will be carried out in the following year's 

study. 

 
Figure 1. ADDIE Model 

Analysis 

The analysis stage was conducted to identify the needs of students and lecturers, as well as 

the relevant mathematics learning context. Data collection was carried out through needs 

questionnaires, preliminary interviews, and observations of ongoing learning patterns. An analysis 

of the mathematics material was also conducted to determine the appropriate concepts to include in 

the e-comics, such as geometry, patterns, and problem-solving. In addition, a study of Toraja 

culture was conducted to select cultural elements suitable for use as visual and narrative contexts, 

such as the geometric structure of Tongkonan, symmetrical carving patterns, and traditional 

activities that have mathematical connections. The results of this analysis form the basis for the 

design of contextual and meaningful media. 

Design 

The design stage involved compiling the storyline, initial storyboard sketches, e-comic page 

structure, and determining the visual design and illustration style. At this stage, the researchers also 

mapped out how STEM elements would be narratively integrated into the story. They designed a 

storyline that combined local cultural phenomena with mathematical problems the comic's 

characters had to solve. The design is created with consideration for readability, visual appeal, page 

proportions, and the integration of learning elements such as problem-solving exercises, brief 

concept explanations, and mathematical visualisations. 

Development  

The development stage is the process of producing a prototype version of the e-comic. The 

e-comic is developed in an interactive digital format using illustration software and a flipbook 

platform. Illustrations of Toraja culture are combined with mathematical concepts and narrative 

dialogue to guide students in understanding and thinking critically as they solve problems. After 

the initial prototype was completed, it was validated by experts, namely mathematics subject matter 
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experts and digital learning media experts. The validators assessed the suitability of the content, the 

accuracy of the concepts, the cultural appropriateness, the quality of the visual design, and the 

suitability of the media with STEM principles. The validation results were then used to revise the 

prototype. After revision, a practicality test was conducted with students using a questionnaire to 

assess ease of use, attractiveness, clarity of instructions, and the benefits of the media in 

mathematics learning. 

Validity Test Assessment Scale (Subject Matter Experts and Media Experts) 

The validity test involved two groups of experts: mathematics subject-matter experts and 

digital learning media experts. The purpose of the validity test was to ensure that the e-comics 

developed met the requirements of content appropriateness, conceptual accuracy, design quality, 

and cultural suitability, as reflected in the comics' narratives and illustrations. Subject matter 

experts assess the accuracy and completeness of mathematical concepts, the relevance of STEM 

integration, and the integration of Toraja local wisdom and mathematical learning objectives. The 

assessment also covers the logic of the storyline, the clarity of concept presentation, and the 

consistency of the material with the applicable learning outcomes. Meanwhile, media experts 

assess visual quality, layout, interactivity, page navigation, text readability, and the suitability of 

the e-comic format for use in digital learning. Aesthetic aspects and the harmonisation of local 

culture in illustration design are also important considerations in media assessment. Both groups of 

experts provide assessments on a five-point Likert scale, ranging from 1 (very poor) to 5 (very 

good). This scale is designed to quantify product quality, thereby facilitating the analysis and 

interpretation of results. The higher the validator's score, the higher the product's suitability and 

quality. The average validity score is then converted into specific categories, such as "very valid," 

"valid," "sufficiently valid," or "less valid." A product is declared suitable if the average score is in 

the valid or very valid category (≥ 3.41).  

Table 1. Media Expert Validation Likert Scale 

No. Score Assessment Categories 

1 5 Highly Valid 

2 4 Valid 

3 3 Sufficiently Valid 

4 2 Invalid 

5 1 Highly Invalid 

Practicality Test Assessment Scale (Users/Students) 

In addition to being assessed by experts, e-comics are also tested for practicality through 

evaluations by end users, i.e., students. The practicality test aims to determine the extent to which 

the media is easy to use, easy to understand, visually appealing, and useful in assisting mathematics 

learning. The aspects assessed in the practicality test include the ease of operating the e-comic, the 

clarity of the instructions for use, the readability of the story and mathematical text, visual appeal, 

the clarity of the illustrations of Toraja culture, and the extent to which the media helps students 

understand concepts and solve mathematical problems. The assessment also covers students' 

perceptions of learning motivation and their comfort with using media on digital devices. The 

practicality instrument uses a five-point Likert scale, with categories ranging from 1 (not practical) 

to 5 (very practical). These score categories provide an overview of the practicality of the media 

from users' perspectives. The media is considered practical if the average score is ≥ 3.41, and very 

practical if the average score is≥ 4.21. 

Table 2. Likert Scale of Practicality 

No. Score Category 

1 5 Very Practical 

2 4 Practical 

3 3 Quite Practical 

4 2 Less Practical 

5 1 Impractical 
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In this year of research, the study was limited to the development stage, including needs 

analysis, design, prototype creation, expert validation, and practicality testing. Large-scale 

implementation and testing of the media's effectiveness were not carried out at this stage. These 

stages will be the focus of next year's research, so that the work produced this year will be a 

prototype e-comic that has been declared valid and practical from the perspective of early users, but 

has not been empirically tested for its effectiveness in improving mathematical concept 

understanding and problem-solving skills. Thus, the implementation and evaluation stages will 

continue in the next phase of the research to obtain comprehensive evidence on the impact of using 

e-comics in mathematics learning. 

RESULTS AND DISCUSSION 

Results 

This section presents the findings from the development of the Toraja Local Wisdom E-

Comic using the STEM approach. The results are organised according to the ADDIE model, 

focusing on the Analysis, Design, and Development phases completed in this study. Each stage 

provides important insights into how the product was systematically developed, validated, and 

tested for practicality. The presentation of the results begins with the needs analysis, which 

explores the learning conditions, student difficulties, and the potential of integrating Toraja local 

wisdom into mathematics learning. This is followed by the design stage, which describes the 

development of the storyline, visual elements, and STEM integration within the e-comic. 

Furthermore, the development stage outlines the production of the e-comic prototype, including 

expert validation and user practicality testing. 

 
Figure 2. Conceptual Framework of the Study 

Through this structured presentation, the results not only demonstrate the feasibility of the 

developed media but also provide a comprehensive understanding of how cultural context and 

STEM principles can be effectively integrated into digital learning media. These findings serve as 

the basis for further discussion of the relevance, strengths, and potential impact of the developed e-

comic in improving students’ understanding of mathematical concepts and problem-solving skills. 

Requirements Analysis 

The analysis stage was conducted through preliminary observations, interviews with 

lecturers teaching Basic Mathematics at Universitas Kristen Indonesia Toraja, and the distribution 

of questionnaires to 35 second-semester students. The purpose of this stage was to identify the need 

for innovative, contextual and engaging learning media. Key findings: 

a. As many as 82.8% of students stated that they had difficulty understanding abstract 

mathematical concepts, particularly in relation to force, pressure and energy. 
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b. 74.3% of students mentioned that the learning media used were still conventional (PowerPoint 

and textbooks), making them less interesting. 

c. 91.4% of respondents stated that media that incorporated local Toraja culture could increase 

their interest in learning. 

d. Lecturers also emphasised the need for visual and narrative-based media, which could explain 

scientific concepts through real-life contexts. 

In addition, an analysis of the Toraja local culture was conducted to determine relevant 

elements of local wisdom. As a result, three cultural contexts were selected for integration into the 

comic: 

a. The structure of the Tongkonan as a representation of the concepts of force and balance. 

b. The Rambu Solo’ and Rambu Tuka’ ceremonies to explain the principles of energy, force, and 

pressure. 

c. The traditional Toraja rice field irrigation system to illustrate the concepts of fluid and 

hydrostatic pressure.  

This stage establishes a strong conceptual foundation for media design through a contextual, 

meaningful STEM approach. 

Design 

During the design stage, the research team compiled the script and storyboard for the e-

comic and designed the main characters. It determined the storyline that illustrates the application 

of mathematical concepts in the lives of the Toraja people. Design results: 

a. The story script consists of five chapters, each covering a different mathematical topic within 

the context of Toraja culture. 

b. The visual storyboard was developed using the ADDIE instructional design approach, 

integrating aspects of Science, Technology, Engineering, and Mathematics (STEM) into each 

chapter. 

c. The dialogue between characters is designed to foster scientific thinking and problem-solving, 

not just entertaining narration. 

d. The visual design uses a combination of 2D digital illustrations and light animated elements, 

adapted for an interactive flipbook format that can be accessed via laptop and smartphone.  

Key components of e-comic design: (1) Opening page: introduction to Toraja cultural 

context; (2) Interactive storyline: presents mathematical problems in traditional life; (3) Interactive 

exercises (reflective quizzes): help students test their understanding of concepts; (4) STEM and 

culture summary: emphasises the connection between science and local wisdom. From the initial 

design test involving five students, positive responses were obtained, with average scores of 4.35 

out of 5 for visual clarity and 4.22 out of 5 for narrative flow.  

Development 

The development stage produced a digital version of the e-comic (prototype 1) using the 

FlipHTML5 application. 

   
Figure 3. Flipbook-based E-Comics  
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This product comes with light animation and interactive page transitions. Audio narration in 

the cultural dialogue section. Interactive multiple-choice quiz-based exercises to test understanding 

of mathematical concepts. 

Material Validity Test 

 Validation was carried out by two lecturers specialising in Mathematics Education and one 

STEM expert. The aspects assessed included content suitability, scientific concept accuracy, and 

cultural integration. 

 Table 3. Material Validity Test 

No. Assessment Aspects Average Category 

1 The truth of mathematical concepts 4,80 Very Valid 

2 Cultural context integration 4,75 Very Valid 

3 STEM integration 4,70 Very Valid 

4 Relevance to learning outcomes 4,60 Valid 

5 Language comprehension and narration 4,65 Valid 

Average material validity score: 4.70 (highly valid category). Validators' comments 

suggested adding a glossary of local terms to help students better understand the cultural context. 

Media Validity Test  

 Media validity testing was conducted by two experts in educational technology and graphic 

design. The aspects assessed included visual appearance, interactivity, navigation, and audio-visual 

quality. 

 Table 4. Media Validity Test 

No. Assessment Aspects Average Category 

1 Visual design and illustration 4.80 Very Valid 

2 Interactivity and navigation 4.60 Valid 

3 Consistency of appearance 4.75 Very Valid 

4 Graphics and audio quality 4.50 Valid 

5 Text readability 4.70 Very Valid 

Average media validity score: 4.67 (highly valid category). The main suggestions are to 

increase the text size on mobile devices and slow down page transitions. 

Media Practicality Test  

The practicality test was conducted on 10 students of the Mathematics Study Programme at 

Universitas Kristen Indonesia Toraja through a user response questionnaire. 

Table 5. Practicality Test 

No. Assessment Aspects Average Category 

1 Ease of use 4.60 Very Practical 

2 Appealing appearance 4.75 Very Practical 

3 Clear instructions and navigation 4.55 Practical 

4 Engagement in learning 4.70 Very Practical 

5 Benefits for conceptual understanding 4.65 Very Practical 

Average practicality score: 4.65 (very practical category). Students stated that e-comics 

helped them understand mathematical concepts more quickly because the storyline was directly 

related to phenomena around them. This medium has met the eligibility criteria for use in limited 

trials (implementation stage). In addition to serving as a learning medium, these e-comics also 

strengthen the preservation of Toraja local culture by integrating cultural values and symbols into 

scientific narratives. 
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Discussion 

The results of the study indicate that the Toraja Local Wisdom E-Comic with a STEM 

Approach developed is highly valid and practical, as evidenced by expert and user assessments. 

These findings show that integrating local cultural visuals, the STEM approach, and mathematical 

content can produce high-quality learning media that is relevant to students' needs. This discussion 

elaborates on these results by linking them to theory, previous research, and the context of culture-

based mathematics learning. First, the validity test results show that the e-comic received an 

average score of 4.72 from subject matter experts and 4.65 from media experts, indicating high 

validity. This means the mathematical concepts presented are accurate, systematic, and aligned 

with the learning outcomes. The integration of Toraja local wisdom is considered to support 

conceptual understanding by presenting concrete contexts relevant to students' lives. These findings 

reinforce the view that culture-based learning can clarify abstract concepts and help students 

construct meaningful cognitive structures. The use of Toraja cultural elements, such as symmetrical 

carving patterns, the geometric structure of Tongkonan, and calculation-based traditional activities, 

proved effective as a bridge to understanding abstract mathematical concepts (Sihombing et al., 

2022; Syafe’i & Effendi, 2020). Secondly, from a STEM perspective, e-comics are considered to 

have consistently integrated elements of Science, Technology, Engineering, and Mathematics into 

their narratives (Amicis et al., 2019). This is evident in how mathematical problems are linked to 

cultural phenomena and solved through scientific thinking, simple technological analysis, and 

problem-based engineering approaches. These findings align with Sunismi (2015), who states that 

STEM-based media can facilitate learners' understanding of concepts through authentic, contextual 

problem-solving. Thus, e-comics not only present information but also offer interdisciplinary 

learning experiences that stimulate higher-order thinking skills. 

 Third, the practicality test conducted by students yielded an average score of 4.66, 

indicating that e-comics are very easy to use, interesting, and useful for learning. Students stated 

that the presentation of mathematical material became easier to understand when it was 

accompanied by visual illustrations, stories, and problems familiar to their culture. This reinforces 

the research of Cahyono et al., (2023), which found that comic media can improve conceptual 

understanding through narratives that reduce cognitive load and help learners build better mental 

representations. The visual appeal and interactivity of e-comics have also been shown to increase 

student motivation and interest in learning, in line with Keller's ARCS theory, which states that 

attention and relevance are key aspects of effective learning design. 

Fourth, this study's results also show that integrating local wisdom into learning media 

positively strengthens students' cultural identity. For example, depictions of the Tongkonan 

structure, carving patterns, and authentic Toraja social contexts enrich the learning experience and 

evoke an emotional connection to the material. These findings are consistent with studies by Situru 

& Tulak (2022) and Tadius & Salu (2021), which show that local wisdom-based learning not only 

improves academic competence but also fosters cultural pride and character values. In other words, 

e-comics serve not only as a means of conveying mathematical concepts but also as a medium for 

cultural preservation. Furthermore, this study's results show that e-comics have the potential to 

improve mathematical problem-solving skills. This can be seen in the story structure, which invites 

students to face real-life, culturally based problems, analyse information, choose solution 

strategies, and draw conclusions. This aligns with Polya's problem-solving framework, which 

emphasises the need to present contextual, challenging problems to train critical thinking skills. 

Although effectiveness testing has not been conducted at this stage, this potential has been evident 

from students' positive responses during the practical testing. 

 However, this study has limitations: it reached only the development stage and did not 

include empirical implementation and effectiveness testing. Therefore, the results obtained are still 

limited to content validity and media practicality. The next stage must be carried out to determine 

the extent to which e-comics can significantly improve students' understanding of mathematical 

concepts and problem-solving skills. Overall, the study's results indicate that Toraja Local Wisdom 

E-Comics with a STEM Approach are a feasible, practical, and promising learning medium for 

mathematics education. This medium not only presents concepts visually and narratively, but also 
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provides a contextual, interesting, and meaningful learning experience. These findings make an 

important contribution to the development of culture-based and STEM learning media and open the 

door to further research to test their effectiveness in broader learning contexts. 

 

CONCLUSION 

This development research produced a Toraja Local Wisdom E-Comic with a STEM 

Approach, intended as a mathematics learning medium to help improve students' conceptual 

understanding and problem-solving skills. Based on the entire series of processes in the 

development stage, it can be concluded that the developed medium meets the criteria of validity 

and practicality, making it suitable for use in the implementation stage and for effectiveness testing 

in subsequent research. The validity test results from subject matter experts and media experts 

indicate that the e-comic received an average score in the highly valid category. This confirms that 

the mathematical content presented is accurate, logical, and consistent with the learning outcomes; 

the integration of STEM elements is structured and relevant; and the representation of Toraja 

culture is appropriately conveyed and supports conceptual understanding. The visual design, 

navigation, readability, and interactivity of the media were also rated as very good, making it 

attractive and easy for users to understand the information. 

Practicality tests involving student users showed that the e-comic falls into the highly 

practical category. Students assessed that the e-comic is easy to use, visually appealing, clear in its 

presentation of mathematical concepts, and provides a real-world context that makes it easier for 

them to understand mathematical problems. This media is also considered capable of increasing 

learning motivation and providing a more enjoyable learning experience compared to conventional 

methods. The integration of Toraja local wisdom into e-comics has proven to provide significant 

added value. Cultural contexts such as traditional carving patterns, the geometric structure of 

Tongkonan, and traditional activities help students connect mathematical concepts to real 

phenomena close to their lives.  

This strengthens the relevance of learning while preserving local cultural values through 

modern and creative educational media. Although this study has not yet reached the effectiveness 

testing stage, findings from the development stage indicate strong potential for e-comics to improve 

understanding of mathematical concepts and problem-solving skills. Therefore, further research is 

needed to conduct implementation tests in larger classrooms using experimental designs to obtain 

empirical evidence on the influence of media on student learning outcomes. Overall, this research 

makes an important contribution to the innovation of local culture-based and STEM learning 

media. The e-comics developed not only meet the quality standards for learning media, but also 

offer a contextual, engaging, and meaningful approach to improving the quality of mathematics 

learning in higher education and schools. 

 

REFERENCES  

Amicis, R. D., Riggio, M., Shahbaz Badr, A., Fick, J., Sanchez, C. A., & Prather, E. A. (2019). 

Cross-reality environments in smart buildings to advance STEM cyberlearning. 

International Journal on Interactive Design and Manufacturing, 13, 331-348. 

https://doi.org/10.1007/s12008-019-00546-x  

Angga, P. M. W., Sudarma, I. K., & Suartama, I. K. (2020). E-Komik Pendidikan Untuk 

Membentuk Karakter Dan Meningkatkan Hasil Belajar Siswa Kelas V Pada Mata Pelajaran 

Bahasa Indonesia. Jurnal Edutech Undiksha, 8(2), 93–106. 

https://doi.org/10.23887/jeu.v8i2.28920  

Aprilia, G. M., Nabila, H., Karomah, R. M., Hs, E. I., Permadani, S. N., & Nursyahidah, F. (2023). 

Development of probability learning media PjBL-STEM based using e-comic to improve 

https://doi.org/10.1007/s12008-019-00546-x
https://doi.org/10.23887/jeu.v8i2.28920


54 – Jurnal Inovasi Teknologi Pendidikan 

Volume 13, No. 1, March 2026 

students’ literacy numeracy skills. Jurnal Matematika Kreatif-Inovatif, 14(1), 160-173. 

https://doi.org/10.15294/kreano.v14i1.38840 

Aries, A. M. (2023). Implementasi projek penguatan profil Pancasila tema kearifan lokal dengan 

kontekstualisasi permainan tradisional. Jurnal Sinektik, 6(2), 136-146. 

https://doi.org/10.33061/js.v5i2.8177  

Azmi, R. D., & Ummah, S. K. (2021). Peningkatan keterampilan guru dalam pembuatan instrumen 

evaluasi pembelajaran digital berbasis kontekstual. Jurnal Masyarakat Mandiri (JMM) 

5(4), 1368–1381. https://doi.org/10.31764/jmm.v5i4.4839  

Bennett, R. E., Braswell, J., Oranje, A., Sandene, B., Kaplan, B., & Yan, F. (2008). Does it matter 

if i take my mathematics test on computer? A second empirical study of mode effects in 

NAEP. The Journal of Technology, Learning and Assessment, 6(9), 1–38. 

https://ejournals.bc.edu/index.php/jtla/article/view/1639  

Cahyono, B., Rohman, A. A., Setyawati, R. D., & Dzakiyyah, R. ’Ilmi. (2023). Pengembangan 

media pembelajaran e-komik berbasis etnomatematik dan kemampuan berpikir kreatif pada 

materi geometri MTs. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 12(2), 

2283-2295. https://doi.org/10.24127/ajpm.v12i2.7398  

Chen, C. H., & Tsai, C. C. (2021). In-service teachers’ conceptions of mobile technology-

integrated instruction: Tendency towards student-centered learning. Computers and 

Education, 170, 1-13. https://doi.org/10.1016/j.compedu.2021.104224  

Embon, D. (2019). Sistem simbol dalam upacara Adat Toraja Rambu Solo: Kajian semiotik. Jurnal 

Bahasa dan Sastra, 3(7), 1–10. https://core.ac.uk/reader/289713983  

Filjinan, S. K., Supeno, S., & Rusdianto, R. (2022). pengembangan e-komik interaktif untuk 

meningkatkan literasi sains siswa SMP pada pembelajaran IPA. Pendekar: Jurnal 

Pendidikan Berkarakter, 5(2), 125-129. https://doi.org/10.31764/pendekar.v5i2.9003  

Gravett, K., Taylor, C. A., & Fairchild, N. (2024). Pedagogies of mattering: Re-conceptualising 

relational pedagogies in higher education. Teaching in Higher Education, 29(2), 388-403. 

https://doi.org/10.1080/13562517.2021.1989580  

Hamimah, H., Zainil, M., Anita, Y., Helsa, Y., & Kenedi, A. K. (2022). Pelatihan pengembangan 

bahan ajar berbasis STEM sebagai solusi pembelajaran di masa pandemi COVID-19 bagi 

guru sekolah dasar. Dedication: Jurnal Pengabdian Masyarakat, 6(1), 33–42. 

https://doi.org/10.31537/dedication.v6i1.655  

Huda, T. A. (2021). Pengembangan e-komik sebagai media pembelajaran IPA materi gaya untuk 

siswa SD kelas IV. Jurnal Wawasan Pendidikan, 1(2), 339-348. 

https://doi.org/10.26877/wp.v1i2.9549  

Ikramah, N., Puspitasari, F., Pd, S., & Ds, M. (2022). Revitalisasi penggunaan kain motif Toraja 

sebagai party dress feminim romantic syle. Jurnal Da Moda, 3(2), 79–85. 

https://doi.org/10.35886/damoda.v3i2.222 

Irvan, N., Mus, A. R., Su’un, M., & Sufri, M. (2017). Effect of human resource competencies, 

information technology and internal control systems on good governance and local 

government financial management performance. IRA-International Journal of 

Management & Social Sciences, 8(1), 31-45. https://doi.org/10.21013/jmss.v8.n1.p4  

Kismawati, R., Ernawati, T., & Winingsih, P. H. (2022). Pengembangan e-komik berbasis Heyzine 

Flipbook pada materi sistem pencernaan bagi peserta didik kelas VIII SMP. Wacana 

Akademika: Majalah Ilmiah Kependidikan, 6(3), 359-370. 

https://jurnal.ustjogja.ac.id/index.php/wacanaakademika/article/view/13507  

Kornia, E., Komikesari, H., & Saregar, A. (2022). Trends, challenges, and opportunities for 

massive open online courses (MOOCs) as the future of education in science learning. 

https://doi.org/10.15294/kreano.v14i1.38840
https://doi.org/10.33061/js.v5i2.8177
https://doi.org/10.31764/jmm.v5i4.4839
https://ejournals.bc.edu/index.php/jtla/article/view/1639
https://doi.org/10.24127/ajpm.v12i2.7398
https://doi.org/10.1016/j.compedu.2021.104224
https://core.ac.uk/reader/289713983
https://doi.org/10.31764/pendekar.v5i2.9003
https://doi.org/10.1080/13562517.2021.1989580
https://doi.org/10.31537/dedication.v6i1.655
https://doi.org/10.26877/wp.v1i2.9549
https://doi.org/10.35886/damoda.v3i2.222
https://doi.org/10.21013/jmss.v8.n1.p4
https://jurnal.ustjogja.ac.id/index.php/wacanaakademika/article/view/13507


Toraja local wisdom e-comics with a STEM approach to improve ...   

Enos Lolang, Muh. Putra Pratama 

55 

 

 

Jurnal Inovasi Teknologi Pendidikan 

Volume 13, No. 1, March 2026 

Journal of Advanced Sciences and Mathematics Education, 2(1), 39–48. 

https://doi.org/10.58524/jasme.v2i1.109  

Kurniasih, D. D., Rahman ZH, M. H., Ayunisa, D. A., Maryono, M., Mustofa, K., & Siswanto, S. 

(2025). Analysis of awareness and confidence in learning outcomes with students’ 

academic motivation: SEM approach. Jurnal Inovasi Teknologi Pendidikan, 12(1), 58–67. 

https://doi.org/10.21831/jitp.v12i1.76652 

Lubis, S. P. W., Suryadarma, I. G. P., Paidi., & Yanto, B. E. (2022). The effectiveness of problem-

based learning with local wisdom oriented to socio-scientific issues. International Journal 

of Instruction, 15(2), 455-472. https://e-iji.net/ats/index.php/pub/article/view/393  

Madekhan, M. (2020). Fungsi pendidikan dalam perubahan sosial kontemporer. Reforma: Jurnal 

Pendidikan dan Pembelajaran, 9(1), 51-60. https://doi.org/10.30736/rf.v9i1.252  

Mulia, R. D. (2020). Desain dan uji coba komik berbasis e-learning dengan pendekatan STEM 

(science, technology, engineering, and math) sebagai media pembelajaran pada materi 

kesetimbangan kimia [Skripsi, Universitas Islam Negeri Sultan Syarif Kasim Riau]. 

Repositori UIN SUSKA. https://repository.uin-suska.ac.id/30905/2/UPLOAD.pdf     

Pakoglean, G., Linggih, I. K., & Pratama, Muh. P. (2024). Development of digital-based teaching 

materials using flipbook application. Indonesian Journal of Educational Technology, 3(2), 

43–49. https://doi.org/10.26858/ijet.v3i2.5145 

Pasoloran, O., Sanderan, R., & Pasulu, A. (2023). Initiating discourse on Toraja church economic 

theology: Role of tongkonan in forming and developing economic theology in Toraja 

church. Evangelikal: Jurnal Teologi Injili dan Pembinaan Warga Jemaat, 7(2), 111-120. 

https://doi.org/10.46445/ejti.v7i2.653  

Prasetyo, A. A. (2017). Komik digital berbasis Android (m-learning) dalam pembelajaran sejarah 

untuk meningkatkan kesadaran budaya. Prosiding Seminar Pendidikan Nasional, 316–327. 

https://media.neliti.com/media/publications/172434-ID-komik-digital-berbasis-android-m-

learnin.pdf  

Ratnawati, N. (2019). Nilai budaya dalam cerita rakyat Toraja. MABASAN, 3(2), 48-65. 

https://doi.org/10.26499/mab.v3i2.112  

Samal, N., Ramlawati, & Rusli, M. A. (2021). Penerapan LKPD berbasis STEM untuk 

meningkatkan hasil belajar peserta didik Kelas VII SMPN 8 Makassar (studi pada materi 

sistem tata surya). SEMNASPENDIPA: Prosiding Seminar Nasional Pendidikan IPA, 1, 

136-144. https://doi.org/10.26858/semnaspendipa.v1i1.30577 

Sihombing, R. K., Sihombing, J. L., & Amdayani, S. (2022). Pengembangan lembar kerja peserta 

didik (LKPD) berbasis STEM (science, technology, engineering, and mathematics) pada 

materi laju reaksi. JS (JURNAL SEKOLAH), 6(3), 26-31. 

https://doi.org/10.24114/js.v6i3.35240  

Situru, R. S., & Tulak, T. (2022). The cultural meaning of ma’kombongan as a form of local 

wisdom of the Toraja community. Ethical Lingua: Journal of Language Teaching and 

Literature, 9(1), 376-380. https://doi.org/10.30605/25409190.374  

Sudadi, S., Lolang, E., Ariawan, J., Kusnadi, I. H., & Munir, M. (2023). The effectiveness analysis 

of computational thinking patterns and levels of students’ meta-cognitive awareness in 

solving learning problems. Journal on Education, 6(1), 2166-2171. 

https://doi.org/10.31004/joe.v6i1.3217  

Sunismi. (2015). Developing guided discovery learning materials using mathematics mobile 

learning application as an alternative media for the students calculus II. Cakrawala 

Pendidikan, 34(3), 334-346. https://doi.org/10.21831/cp.v3i3.7340  

https://doi.org/10.58524/jasme.v2i1.109
https://doi.org/10.21831/jitp.v12i1.76652
https://e-iji.net/ats/index.php/pub/article/view/393
https://doi.org/10.30736/rf.v9i1.252
https://repository.uin-suska.ac.id/30905/2/UPLOAD.pdf
https://doi.org/10.26858/ijet.v3i2.5145
https://doi.org/10.46445/ejti.v7i2.653
https://media.neliti.com/media/publications/172434-ID-komik-digital-berbasis-android-m-learnin.pdf
https://media.neliti.com/media/publications/172434-ID-komik-digital-berbasis-android-m-learnin.pdf
https://doi.org/10.26499/mab.v3i2.112
https://doi.org/10.26858/semnaspendipa.v1i1.30577
https://doi.org/10.24114/js.v6i3.35240
https://doi.org/10.30605/25409190.374
https://doi.org/10.31004/joe.v6i1.3217
https://doi.org/10.21831/cp.v3i3.7340


56 – Jurnal Inovasi Teknologi Pendidikan 

Volume 13, No. 1, March 2026 

Suryani, K., Rahmadani, A. F., Khairudin, K., Aziz, A., & Mawaddah, D. (2023). E-Comic 

Pembelajaran Pengolahan Sampah Berorientasi STEM-MEA bagi Siswa Sekolah 

Menengah. Edukasi: Jurnal Pendidikan, 21(1), 83-97. 

https://doi.org/10.31571/edukasi.v21i1.5339  

Sutardi, D. (2022, November 21). Literasi Digital, Pemerintah Luncurkan Model belajar MOOC. 

Disway. https://disway.id/read/668948/literasi-digital-pemerintah-luncurkan-model-

belajar-mooc  

Sutrisno, S., Zuliyawati, N., & Setyawati, R. D. (2020). Efektivitas model pembelajaran problem-

based learning dan think pair share berbantuan geogebra terhadap kemampuan pemecahan 

masalah matematis. Journal of Medives: Journal of Mathematics Education IKIP Veteran 

Semarang, 4(1), 1–9. https://doi.org/10.31331/medivesveteran.v4i1.930 

Syafe’i, S. S., & Effendi, E. (2020). Pengembangan LKPD terintegrasi STEM-PjBL (science, 

technology, engineering, and mathematics-project based learning) pada materi termokimia. 

EduKimia, 2(2), 85-90. https://doi.org/10.24036/ekj.v2.i2.a124  

Tadius, T., & Salu, B. (2021). The meaning of the philosophy wise (kinaa), brave (barani), and 

smart (manarang) as one of the local wisdom of Toraja. EXPOSURE: Jurnal Pendidikan 

Bahasa Inggris, 10(1), 11-18. https://doi.org/10.26618/exposure.v10i1.4513  

Tandira’pak, D. (2022). Implementasi pendidikan multikultural melalui tongkonan simbol 

pemersatu masyarakat Toraja. PIJAR: Jurnal Pendidikan dan Pengajaran, 1(1), 59-67. 

https://doi.org/10.58540/pijar.v1i1.105  

Tulungen, E. E. W., Saerang, D. P. E., & Maramis, J. B. (2022). Transformasi digital: Peran 

kepemimpinan digital. Jurnal EMBA: Jurnal EMBA: Jurnal Riset Ekonomi, Manajemen, 

Bisnis dan Akuntansi, 10(2), 1116-1123. https://doi.org/10.35794/emba.v10i2.41399  

Wicaksana, I. P. G. C. R., Agung, A. A. G., & Jampel, I. N. (2020). Pengembangan e-komik 

dengan model ADDIE untuk meningkatkan minat belajar tentang perjuangan persiapan 

kemerdekaan Indonesia. Jurnal Edutech Undiksha, 7(2), 48-59. 

https://doi.org/10.23887/jeu.v7i2.23159  

Widodo, M. A., Marsigit, M., & Pranowo, G. (2025). Analyzing students’ computational thinking 

and math reasoning via PISA-based learning. Jurnal Inovasi Teknologi Pendidikan, 12(3), 

255–270. https://doi.org/10.21831/jitp.v12i3.82546  

Yudha, P., Afriwan, H., & San. A. (2018). Perancangan komik sejarah perang padri di Sumatera 

Barat ”the heroes of padri”. Jurnal Desain Komunikasi Visual, 8(1). 

https://ejournal.unp.ac.id/index.php/dkv/article/download/100637/100193  

Yudistira, R., Muta’allim, M., Nurcaya, N., Julhadi, J., & Pattiasina, P. P. J. (2022). The role of 

linguistics and local wisdom on knowing harmony between religions at tana Toraja. 

Muslim Heritage: Jurnal Dialog Islam dengan Realitas, 7(2), 410-431. 

https://doi.org/10.21154/muslimheritage.v7i2.5023 

 

 

https://doi.org/10.31571/edukasi.v21i1.5339
https://disway.id/read/668948/literasi-digital-pemerintah-luncurkan-model-belajar-mooc
https://disway.id/read/668948/literasi-digital-pemerintah-luncurkan-model-belajar-mooc
https://doi.org/10.31331/medivesveteran.v4i1.930
https://doi.org/10.24036/ekj.v2.i2.a124
https://doi.org/10.26618/exposure.v10i1.4513
https://doi.org/10.58540/pijar.v1i1.105
https://doi.org/10.35794/emba.v10i2.41399
https://doi.org/10.23887/jeu.v7i2.23159
https://doi.org/10.21831/jitp.v12i3.82546
https://ejournal.unp.ac.id/index.php/dkv/article/download/100637/100193
https://doi.org/10.21154/muslimheritage.v7i2.5023

