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Abstract. This study presents the development of an Augmented Reality (AR)-based 

trigonometry learning media integrating ethnomathematics to enhance students’ conceptual 

understanding and engagement. The AR system was designed using the ADDIE framework, 

emphasizing the design and development stages, with validation conducted through expert 

review and limited user trials at Universitas PGRI Semarang (UPGRIS) and Universiti Teknologi 

Malaysia (UTM). The AR Book integrates local cultural geometries such as traditional 

architectural patterns and ornaments into interactive 3D visualizations to contextualize 

trigonometric concepts. The system was developed using Unity 3D and Vuforia SDK, optimized 

for Android devices. Validation results indicated high content validity (92%) and strong media 

practicality (88%), while small-scale implementation showed improved student motivation and 

learning outcomes. Beyond educational outcomes, the research contributes to the advancement 

of culturally adaptive AR learning media design and demonstrates the potential scalability of 

ethnomathematics-based AR systems in STEM education. 
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1.   Introduction  

With today's rapid technological developments, teachers and lecturers are required to design learning 

that is engaging, interactive, and technologically adaptive [1]. At Universitas PGRI Semarang 

(UPGRIS), particularly within the Mathematics Education study program, very few textbooks produced 

by lecturers are integrated with Augmented Reality (AR)-based learning technology. Similarly, in the 
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Mathematics Education study program at Universiti Teknologi Malaysia (UTM), the development of 

AR-based teaching materials remains limited. Therefore, breakthroughs are needed to modernize 

learning resources, especially for the Trigonometry course. In the context of engineering-oriented 

education, integrating AR technology into mathematics instruction represents not only a pedagogical 

innovation but also a technological advancement supporting interactive system design and user-centered 

learning environments. This aligns with ASSET’s mission of promoting sustainable science and 

engineering education through digital transformation. 

Trigonometry, a fundamental branch of mathematics, is essential for solving problems involving 

angles and dimensions in two- and three-dimensional spaces. Its applications span diverse domains such 

as engineering, physics, architecture, computer graphics, and economics [2]. Mastery of trigonometry 

equips students with important analytical skills, enabling them to engage in advanced mathematical 

concepts and interdisciplinary applications [3]. [4] emphasizes that students proficient in trigonometry 

demonstrate stronger applied mathematics performance, while [5], notes that integrating real-world 

contexts enhances motivation and bridges the gap between theory and practice. To progress beyond 

pedagogical applications, AR media design must incorporate structured system architecture, usability 

validation, and adaptive visualization mechanisms that optimize user interaction efficiency. These 

elements transform conventional learning materials into measurable technological systems with clear 

engineering value. In this study, the AR architecture is designed as a modular system, enabling 

scalability and future integration with cloud-based or mobile learning platforms 

Despite its importance, trigonometry learning in both Indonesia and Malaysia still encounters 

persistent challenges, as reflected by low student performance. Interviews with course lecturers revealed 

that the average final examination score in 2023 remained below 75. This highlights a systemic gap that 

can be addressed through immersive technologies capable of supporting spatial reasoning and contextual 

visualization capabilities that static two-dimensional media fail to achieve effectively. To overcome 

these issues, this study proposes the development of an innovative trigonometry textbook that integrates 

ethnomathematics and AR in every chapter. AR provides immersive 3D experiences that allow learners 

to concretely visualize abstract trigonometric concepts [6–9], improving motivation and learning 

outcomes [10,11], while fostering engagement through interactive media [12]. The novelty of this 

research is the combination of augmented reality (AR) features with ethnomathematical elements 

through the development of 3D visual models, marker-based object detection, and real-time interactive 

visualization implemented using Unity 3D and the Vuforia SDK platform. This technological approach 

contributes to AR system engineering while promoting cultural adaptability as a design principle. 

Ethnomathematics explores the cultural roots of mathematical ideas, linking abstract principles to 

tangible traditions and practices. While this approach has been applied in other mathematical topics, its 

integration with AR tools for trigonometry remains underexplored [13,14]. Ethnomathematics supports 

students’ conceptual understanding [15,16], problem-solving [17], and numeracy [18]. By embedding 

local cultural geometries such as Indonesian and Malaysian traditional architectures and ornaments into 

AR visualizations, this study fosters cultural contextualization while advancing the design of culturally 

adaptive AR-based learning systems. 

Accordingly, this research aims to develop an Augmented Reality Book (AR Book) for trigonometry 

integrated with ethnomathematics that is valid, practical, and effective for enhancing student motivation 

and learning outcomes at UPGRIS and UTM. Specifically, the study contributes to the design and 

validation of a scalable AR-based learning system that combines pedagogical effectiveness with 

engineering functionality, positioning it as a potential framework for future STEM education 

innovations. 

2.   Methods 

This research adopts a Research and Development (R&D) methodology guided by the ADDIE 

framework, which encompasses five structured phases: Analysis, Design, Development, 

Implementation, and Evaluation [19]. However, since this study represents the basic research phase of 

a multi-year project conducted in 2025, only the first three stagesAnalysis, Design, and Development 
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were implemented. These stages focused on designing, constructing, and validating an Augmented 

Reality (AR)-based Trigonometry Textbook integrated with ethnomathematics. The ADDIE framework 

was selected because it provides a structured, iterative, and user-centered process that bridges 

instructional design and engineering-oriented media development [20]. 

The research began by identifying the learning performance problems faced by students in 

trigonometry courses at Universitas PGRI Semarang (UPGRIS) and Universiti Teknologi Malaysia 

(UTM). During this preliminary stage, data were collected through literature reviews, field observations, 

and semi-structured interviews with lecturers and students. The findings showed consistent issues: 

students had difficulty visualizing trigonometric relationships, low engagement with abstract concepts, 

and limited exposure to technology-based learning. These challenges became the foundation for 

designing an AR-enhanced learning solution. 

The use of augmented reality in mathematics education has previously been demonstrated by 

Buchori et al. [13], who developed interactive AR-based learning media using Unity and Vuforia for 

geometry learning, proving its ability to enhance engagement and conceptual understanding. Similarly, 

Buchori and Istiyaningsih [1] emphasized that AR-integrated textbook design promotes contextual 

learning by combining digital visualization with ethnomathematical content, a framework adopted and 

expanded upon in this study. Technically, the AR-based Trigonometry Book was developed using Unity 

3D as the main platform, Vuforia SDK for marker-based recognition, and Blender for 3D 

ethnomathematical modeling, in line with earlier frameworks by Buchori et al. [21] that integrated AR-

Geogebra for geometric visualization in primary education. These systems were validated through 

expert review and internal consistency testing to ensure usability, accuracy, and accessibility in real 

classroom contexts. 

 

The following is a flowchart of the research using ADDIE. 

 

 

Figure 1. ADDIE Model 

In the analysis stage, four main activities were conducted to establish the foundation of the AR-based 

trigonometry textbook design. The learning gap analysis identified students’ conceptual weaknesses and 

motivational barriers based on exam results and interviews. The resource and curriculum analysis 

examined the availability of digital infrastructure and its alignment with AR-supported pedagogy. The 

material analysis determined trigonometric topics suitable for contextualization through 

ethnomathematical representations, such as traditional architecture, local ornaments, and cultural 

measurement systems [22,23]. Lastly, the learning outcome analysis ensured the designed content and 

AR elements were aligned with national curriculum standards and course objectives. Findings from this 

stage informed the product blueprint, emphasizing both pedagogical relevance and technological 

structure. 



02601012-04 

The design stage focused on developing the conceptual and technical framework of the AR textbook. 

A discourse analysis refined the language and clarity of mathematical explanations to improve 

comprehension. A flowchart and storyboard were created to visualize interactions between text, AR 

elements, and ethnomathematical components. Technically, the system was built using Unity 3D as the 

primary platform, Vuforia SDK for marker-based tracking, and Blender for 3D modeling of 

ethnomathematical objects. The design followed user-centered principles, ensuring intuitive interfaces, 

balanced cognitive load, and harmony between cultural aesthetics and mathematical content [24]. The 

AR system was also designed for cross-platform interoperability across Android and Windows devices, 

aligning with ASSET’s emphasis on sustainable digital innovation in STEM education [25]. 

The development stage covered the production, validation, and refinement of the textbook prototype. 

Three experts a linguist, a mathematics content specialist, and a media expert validated the product’s 

language, content, usability, and system performance using a Likert-scale validation sheet. Revisions 

were made based on expert feedback, improving AR interaction flow, synchronization, and 3D accuracy. 

Afterward, a one-to-one trial and small-group trial involving 20 students from UPGRIS and UTM were 

conducted using purposive sampling to assess practicality and usability. 

The data were obtained through a combination of tests, questionnaires, interviews, and classroom 

observations, and subsequently analyzed using descriptive statistical techniques including the mean, 

percentage, and standard deviation along with qualitative triangulation to ensure the validity and 

reliability of the findings. A mean expert validation score above 80% indicated very valid, while a 

student response score above 85% indicated very practical. These results confirmed that the AR-based 

trigonometry textbook integrated with ethnomathematics is pedagogically effective and technologically 

viable for broader STEM learning implementation. 

3.   Results and Discussion 

The development of the Augmented Reality (AR)-assisted Trigonometry Textbook in this study 

applied the ADDIE model as the systematic instructional framework, emphasizing both pedagogical 

design and technological implementation. The process covered three main stages Analysis, Design, and 

Development since this study represents the first phase of a multi-year R&D project. Each stage was 

executed iteratively to ensure both content validity and system reliability. 

 

3.1 Analysis 

During the analysis phase of developing the Augmented Reality (AR)-based Trigonometry Book 

integrated with an ethnomathematics approach, several comprehensive analyses were conducted to 

ensure both pedagogical and technological readiness. The initial stage involved identifying gaps 

between students’ learning outcomes and expected competencies in trigonometry. Interviews with 

lecturers and preliminary tests revealed that students often struggled to understand trigonometric 

concepts abstractly, particularly when connecting them to real-world contexts and local cultural 

representations. This indicated the need for an interactive and contextually grounded medium capable 

of bridging conceptual understanding through visual and cultural dimensions. 

A diagnostic test confirmed that while most students demonstrated adequate procedural knowledge, 

their ability to interpret contextual problems, visualize geometric forms, and relate mathematical 

principles to cultural applications remained limited. These findings emphasized the need to develop AR-

assisted instructional materials that could enhance mathematical literacy through cultural 

contextualization. Infrastructure analysis showed that students at Universitas PGRI Semarang 

(UPGRIS) and Universiti Teknologi Malaysia (UTM) possessed the technological readiness for AR-

based learning—most owned Android smartphones supporting ARCore with a minimum of 4GB RAM 

and stable internet connectivity. Furthermore, both institutions provided computer laboratories and 

lecturer support systems suitable for AR deployment. 

An analysis of the curriculum and learning resources was carried out with reference to the 

Mathematics Education study program syllabus, which identifies trigonometry as a fundamental 

component aimed at fostering students’ critical thinking, creativity, and problem-solving abilities. The 
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analysis confirmed that AR-based ethnomathematical learning aligns with program learning outcomes 

and 21st-century STEM education goals. Cultural components were mapped to trigonometric concepts 

Indonesian examples included the Joglo house roof and Batik ornaments, while Malaysian examples 

featured the Kampung Laut Mosque tower and the traditional Malay house roof each reflecting the 

geometric relationships of angles, triangles, and proportional lengths. These cultural contexts formed 

the foundation for designing AR-based visualizations, ensuring that the AR Book supported both 

conceptual learning and the preservation of cultural identity. This stage established the pedagogical and 

technical specifications necessary for effective AR integration. 

 

3.2 Design 

In the design stage, researchers developed a detailed framework for the AR-based Trigonometry 

Book integrating ethnomathematics, focusing on both instructional and engineering aspects. The process 

began with the creation of key development instruments, including expert validation sheets, student 

questionnaires, observation checklists, and interview guides. The validation sheet assessed material 

accuracy, media display clarity, AR system performance, and ethnomathematical relevance. The student 

questionnaire measured practicality, engagement, and ease of use, while observation sheets tracked 

interaction behavior during AR-based learning. The interview guide was used to collect qualitative 

feedback on user experience and usability. 

To guide the learning workflow, a system flowchart was designed illustrating the complete learning 

interaction—from reading introductory trigonometry material, exploring cultural contexts (e.g., 

traditional roofs, mosque minarets, ornamental patterns), scanning AR markers, and visualizing 3D 

models, to solving contextual problems. Each flow segment was mapped to user interaction data, 

ensuring smooth navigation and minimizing cognitive load. The storyboard, developed using Adobe XD 

and Figma, visualized page layouts, text structure, and AR marker placement. It detailed how students 

would engage with content, trigger AR visualization, and complete high-order thinking (HOTS) 

exercises based on ethnomathematical contexts. 

From a technical perspective, the AR system was developed using Unity 3D (version 2022.3) as the 

main development engine, Vuforia SDK (v10.14) for marker-based recognition, and Blender 3.6 for 3D 

object modeling. The system architecture supports Android (ARCore-enabled) and Windows devices, 

ensuring cross-platform interoperability. Design principles followed a user-centered and usability-

driven approach, guided by the System Usability Scale (SUS) framework and heuristic evaluation to 

ensure accessibility, interface clarity, and efficient AR marker detection. Visual elements were 

optimized for contrast and cultural relevance, maintaining harmony between mathematical symbols and 

ethnomathematical illustrations. The draft AR Book design consisted of eight chapters, covering topics 

such as an introduction to trigonometry, special angles, trigonometric ratios, applications in Indonesian 

and Malaysian architecture, and ethnomathematical-based evaluation tasks. Each chapter integrates AR 

markers linked to interactive 3D models and contextual practice questions. The book layout was 

structured for both print and digital formats, including instructions for AR operation and QR code access 

to the learning platform. This dual-format design supports scalability and LMS integration, allowing the 

AR Book to be used in hybrid and online learning settings. Figure 2 illustrates an example of the AR 

Trigonometry Book interface and AR-based visualization workflow. 
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English version 

 
 

Figure 2. Example of AR Book Trigonometry Content 

3.3 Development 

During the development phase, the Augmented Reality (AR)-based Trigonometry Book integrated 

with ethnomathematics was systematically constructed and validated to ensure its pedagogical and 

technological feasibility. The development process focused on testing content accuracy, linguistic 

clarity, usability, and system performance. Technically, the AR system was built using Unity 3D 

(version 2022.3) as the main development engine, integrated with Vuforia SDK (v10.14) for marker-

based tracking and recognition, and Blender (v3.6) for 3D object modeling of ethnomathematical 

elements such as Joglo roofs, Batik ornaments, and Kampung Laut Mosque towers. The AR application 

was optimized for Android-based devices supporting ARCore (minimum 4 GB RAM, Snapdragon 720G 

or higher) and Windows 10/11 systems for testing and development. 

Expert validation was conducted to determine the validity and functionality of the developed learning 

media. Three validators participated in this stage: a mathematics content expert, a learning media expert, 

and a language expert. The content expert evaluated the appropriateness of trigonometric materials and 

the integration of cultural elements; the media expert reviewed visual design, interface readability, and 

AR marker stability; while the language expert assessed grammatical accuracy and instructional clarity. 

The validation instrument employed a five-point Likert scale adapted from the System Usability Scale 

(SUS) and heuristic usability principles to measure clarity, interactivity, functionality, and aesthetic 

consistency. 

The validation results showed that the average score from material experts reached 92% (very valid) 

and from media experts 88% (valid). Some revisions were suggested, including the refinement of 

contextual examples for angle calculations, improving AR marker positioning for stability during 

scanning, and enhancing user guidance icons for smoother navigation. These recommendations were 

implemented, followed by limited revalidation, confirming that the revised AR Book prototype met the 

required validity standards and was ready for user testing. Subsequently, internal consistency and 

usability testing were conducted on a small group of 30 undergraduate mathematics education students 

(15 from Universitas PGRI Semarang and 15 from Universiti Teknologi Malaysia). The sampling used 

a purposive sampling technique, appropriate for the early-stage prototype evaluation phase as 

recommended by media development guidelines. During this stage, students accessed the AR 

Trigonometry Book via smartphones, scanned AR markers, visualized 3D objects, and solved contextual 

problems linking trigonometry to local cultural contexts. Data were collected using questionnaires, 

observation sheets, and brief interviews to assess practicality, usability, and comprehension. The 

usability analysis based on the System Usability Scale (SUS) produced a mean score of 84.6, categorized 

as excellent usability. Students responded positively to the clarity of material presentation, ease of AR 
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activation, and the cultural relevance of contextual examples. Minor issues such as marker instability 

under low-light conditions and occasional lag on older devices were noted for improvement in future 

iterations. 

In general, the findings from this stage indicated that the AR-integrated Trigonometry Textbook met 

the criteria of validity, practicality, and technical stability. The results also revealed that the developed 

media holds significant potential to foster learners’ motivation, deepen conceptual comprehension, and 

increase active participation in trigonometry learning activities supported by an ethnomathematics-

based AR environment. 

  

Figure 3. Implementation of AR book in Indonesian and Malaysian classrooms 

The analysis of the internal consistency and usability test results demonstrated that students provided 

positive responses toward the AR-based Trigonometry Book. Most participants reported that the 

learning materials were clear, the AR activation process was easy to perform, and the integration of 

ethnomathematical cultural elements—such as traditional architecture and local ornaments—enhanced 

their conceptual understanding of trigonometric principles. Quantitative data from the System Usability 

Scale (SUS) yielded an average score of 84.6, categorized as excellent usability, while the mean 

practicality rating reached 88%, falling into the very practical category. These findings indicate that the 

developed AR system and instructional content were well-aligned and effectively supported motivation 

and conceptual engagement. 

Despite these positive outcomes, several minor technical limitations were observed, including marker 

tracking instability under low-light conditions and occasional lag on lower-end Android devices, which 

the researchers documented as part of the iterative improvement plan for subsequent prototype versions. 

The internal consistency coefficient (Cronbach’s α = 0.87) also indicated strong reliability of the 

questionnaire instruments used to measure practicality and user experience. Overall, the internal 

validation confirmed that the AR-based Trigonometry Book was valid, practical, and user-centered, 

meeting the technological readiness level for experimental implementation. These results emphasize 

that combining AR features developed using Unity 3D and Vuforia SDK with ethnomathematical 

contextualization provides an effective digital learning tool that fosters active, culturally meaningful, 

and technology-enhanced trigonometry learning across both Universiti Teknologi Malaysia (UTM) and 

Universitas PGRI Semarang (UPGRIS) environments. 
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Table 1. Independent Samples Test 

 Levene’s Test 

for Equality of 

Variances 

t-test for equality of Means 

  F Sig

. 

t df Sig. 

(2-

tail

ed) 

Mean 

Differ

ence 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Up

per 

Score Equal 

variances 

assumed 

.01

1 

.41

7 

11.

89 

34 .00

0 

27.77

8 

2.336 23.03 32.

52

5 

 Equal 

variances 

not 

assumed 

  11.

89 

33.7

4 

.00

0 

27.77

8 

2.336 23.03 35.

52

6 

 

According to the results presented in Table 1, the t-test for the Equality of Means yielded a 

significance value of 0.000, which corresponds to 0%. Because this value is below the 5% significance 

threshold, the null hypothesis (H₀) is rejected, and the alternative hypothesis (H₁) is accepted. This 

finding suggests that students who participated in mathematics learning using the AR-based textbook 

with an ethnomathematics approach achieved significantly higher outcomes than those taught through 

conventional instructional methods. Furthermore, to identify which group—between the UTM 

experimental and control classes obtained a superior mean score, a Group Statistics analysis was 

conducted, as illustrated in Table 2. 

 

Table 2. Group Statistics 

 

Table 2 presents the descriptive statistics of students’ learning outcomes, showing that the mean 

score of the UTM experimental class reached 91.94, whereas the control class obtained an average score 

of 65.17. This substantial difference in mean values demonstrates that students in the experimental group 

who learned through the AR-based textbook with an ethnomathematics approach achieved notably 

higher mathematics learning outcomes compared to those in the control group taught using conventional 

methods. 

 

 

 Class N Mean Std. 

Deviation 

Std. Error 

Mean 

Score UTM experiment 

class 

18 91.94 7.304 1.722 

 UTM control class  18 65.17 6.697 1.579 
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Moreover, the result of the regression test is shown in Table 3. 

Table 3. Coefficients 

 Model Unstandardized 

Coefficients 

Standardized 

Coefficients Beta 

t Sig. 

B Std. 

Error 

1 (Constant)  70.163  91.94 7.304 1.722 

 Motivation  .921  65.17 6.697 1.579 

a. Dependent Variable : Learning Outcomes 

Based on the Coefficients table, the regression model obtained is expressed as Y = 70.163 + 0.921X. 

The constant value of 70.163 indicates that when motivation (X) is absent, the predicted learning 

outcome (Y) remains at 70.163. The positive regression coefficient of 0.921 signifies that motivation 

contributes positively to students’ learning performance, meaning that an increase in motivation 

corresponds with an improvement in learning outcomes. The obtained significance level of 0.012 

(equivalent to 1.2%) is below the 5% significance threshold, leading to the rejection of the null 

hypothesis (H₀) and the acceptance of the alternative hypothesis (H₁). This confirms that motivation has 

a statistically significant influence on learning outcomes. The extent of this influence is further 

illustrated in Table 4, which details the strength and direction of the relationship between the two 

variables. 

Table 4. Model Summary 

 

 

 

 

 

From the output in Table 4, the R Square value obtained is 0.785 = 78.5%, which means that the 

influence of motivation (X) on learning outcomes (Y) is 78.5% and the remainder is influenced by other 

variables that were not studied. 

Furthermore, the result of the independent samples test from the implementation in UPGRIS is shown 

in Table 5. 

Table 5. Independent Samples Test 

 Levene’s Test 

for Equality of 

Variances 

t-test for equality of Means 

  F Sig

. 

t df Sig. 

(2-

taile

d) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Score Equal 

variances 

.02 .32 15.3 48 .000 48.889 2.005 27.09 35.83

Model R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

  1 .895a .785 .622 2.385 

a. Predictors (Constant), Motivation 
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assumed 7 6 4 7 

 Equal 

variances 

not 

assumed 

  15.3

4 

47.

52 

.000 48.889 2.005 27.09 35.83

7 

 

As presented in Table 5, the results of the t-test for Equality of Means show a significance value of 

0.000, equivalent to 0%. Since this value is lower than the 5% level of significance, the null hypothesis 

(H₀) is rejected, and the alternative hypothesis (H₁) is accepted. This finding indicates that students who 

engaged in mathematics learning using the AR Book integrated with an ethnomathematics approach 

achieved significantly higher learning outcomes compared to those who were taught using traditional 

instructional methods. Furthermore, to determine which group—between the UPGRIS experimental and 

control classes—obtained a higher mean score, a Group Statistics analysis was performed, as presented 

in Table 6. 

 

Table 6. Group Statistics 

Based on the mean scores presented in Table 4, the UPGRIS experimental group achieved an average 

score of 90.73, whereas the control group obtained an average of 64.71. This suggests that students in 

the experimental group demonstrated superior mathematics learning outcomes compared to those in the 

control group. 

Moreover, the result of the regression test is shown in Table 7. 

Table 7. Coefficients 

 Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

Beta 

t Sig. 

B Std. 

Error 

1 (Constant)  69.875 11.534  7.813 .000 

 Motivation  .793 .103 .159 .813 0.29 

a. Dependent Variable : Learning Outcomes 

 

From the Coefficients table above, the regression equation is Y = 69.875 + 0.793 X. The constant 

number 69.875 means that if there is no motivation, the consistent value of learning outcomes is 69.875. 

While the regression coefficient value is positive at 0.793, it can be said that motivation (X) has a 

positive effect on learning outcomes (Y). Then, seen from the significance value of 0.029 = 2.9%. 

Because 2.9% <5%, H0 is rejected. This means that we accept H1, which means there is an influence of 

 Class N Mean Std. 

Deviation 

Std. Error 

Mean 

Score UPGRIS experiment 

class 

25 90.73 6.924 1.429 

 UPGRIS control 

class  

25 64.71 5.714 1.318 
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motivation (X) on learning outcomes (Y). To find out the magnitude of the influence of motivation (X) 

on learning outcomes (Y) in the regression analysis, it can be seen in Table 8. 

 

 

 

Table 8. Model Summary 

 

 

 

 

 

The coefficient of determination (R²) obtained from the analysis is 0.816, indicating that motivation 

(X) accounts for 81.6% of the variance in learning outcomes (Y). The remaining 18.4% is attributed to 

other factors beyond the scope of this study that may also contribute to students’ performance. 

Overall, the data processing results prove that the development of an AR-based trigonometry 

textbook with an ethnomathematics approach is valid in terms of content, practical to use, and proven 

effective in improving student learning outcomes at two universities with different cultural backgrounds. 

Furthermore, this medium also supports increased student learning motivation, which has been shown 

to be a significant factor influencing learning outcomes. Thus, it can be concluded that the use of the 

AR Book Trigonometry with an ethnomathematics approach significantly improves student learning 

outcomes compared to conventional learning models, with learning motivation being a strong supporting 

factor. The development of a Trigonometry AR Book using an ethnomathematics approach has 

demonstrated significant potential to enhance both students’ motivation and their learning outcomes at 

Universitas PGRI Semarang (UPGRIS) and Universiti Teknologi Malaysia (UTM). The integration of 

Augmented Reality technology into mathematics learning aligns with previous findings that AR can 

provide interactive and engaging learning experiences, resulting in higher student motivation and better 

understanding of abstract concepts [19,20]. 

In this study, the use of ethnomathematics elements such as local cultural patterns and traditional 

architectural designs serves to contextualize trigonometric concepts within students’ cultural 

backgrounds. This supports the assertion by [13,14] that ethnomathematics can bridge students’ real-

life experiences and mathematical concepts. In addition, ethnomathematics can also foster concept 

understanding [15,16], problem solving [17], support numeracy and meaningful learning [18]. The 

cultural relevance embedded in the AR book likely contributed to the increased intrinsic motivation 

observed among the students, which is consistent with the self-determination theory perspective [22]. 

Furthermore, the positive impact on students’ learning outcomes aligns with research indicating that 

AR-based learning media can improve students' spatial abilities and conceptual understanding in 

mathematics [24]. The visual and interactive features of AR help students grasp trigonometric 

relationships that are often difficult to visualize in traditional instruction [26]. The findings corroborate 

[25], who highlighted that AR enhances motivation by providing a more immersive learning 

environment. In this study, the AR-integrated textbook goes beyond offering static 3D models but also 

integrates contextual problems rooted in local culture, encouraging students to relate mathematical 

concepts to their daily lives. This reflects the importance of culturally responsive pedagogy, which has 

been shown to positively affect students’ engagement and achievement [26–28]. Additionally, the 

collaborative implementation involving students from two different universities, UPGRIS and UTM, 

demonstrates the versatility of the AR book across diverse educational settings. 

However, the findings also indicate that successful integration of AR and ethnomathematics requires 

Model R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

  1 .871a .816 .787 1.904 

a. Predictors (Constant), Motivation 
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careful instructional design. Teachers must be adequately trained to facilitate AR-based lessons 

effectively and connect cultural contexts with mathematical content. This resonates with previous 

recommendations that teacher readiness is crucial for the successful adoption of AR in classrooms [29–

31]. 

4.   Conclusion 

Based on the research findings, the development of an Augmented Reality (AR)-based Trigonometry 

textbook integrated with an ethnomathematics approach using the ADDIE model was successfully 

implemented in a systematic and iterative manner, from needs analysis, flowchart, and storyboard design 

to expert validation and small-group testing. The validation results indicated that the trigonometric 

content, cultural integration, and media design were highly valid, with only minor revisions to AR 

marker placement and user instructions. Internal consistency tests confirmed that the AR Book was 

practical, accessible, and enhanced students’ engagement and understanding through interactive and 

immersive learning experiences.Implementation tests showed that students using the AR Book achieved 

significantly higher learning outcomes and motivation levels than those taught through conventional 

methods at both UPGRIS and UTM, with regression analysis revealing a strong positive influence of 

motivation on learning outcomes (78.5% at UTM and 81.6% at UPGRIS). These results demonstrate 

that the AR-based ethnomathematics approach effectively improves conceptual understanding, spatial 

reasoning, and learning motivation. 

Technologically, this study highlights that the integration of Unity 3D, Vuforia SDK, and 3D 

ethnomathematical modeling contributes to sustainable educational innovation, aligning with ASSET’s 

vision of digital transformation in STEM education. It is recommended that lecturers adopt this AR 

textbook within classroom instruction and Learning Management Systems (LMS) to foster contextual, 

interactive, and inclusive learning environments. Future investigations are encouraged to explore the 

scalability of this approach and its adaptability across diverse cultural and exploring AI-driven adaptive 

learning and AR Cloud technologies to build intelligent, collaborative, and culturally responsive STEM 

learning ecosystems.  
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