
AMCA JOURNAL OF SCIENCE AND TECHNOLOGY
e-ISSN 2774-8324

Vol 4, No 1, February 2024, 1-4
DOI 10.51773/ajst.v4i1/349

Blending culture and technology: Developing AR ethnomathematics media for
flat-sided solid figures learning material

Fredi Ganda Putra1*, Santi Widyawati2, and Tri Koko Kesuma1

1Universitas Islam Negeri Raden Intan Lampung, Indonesia
2Universitas Nahdlatul Ulama Lampung, Indonesia
*Corresponding author: fredigpsw@radenintan.ac.id

KEYWORDS
augmented reality
building flat side spaces
ethnomathematics
learning media

ABSTRACT The integration of Augmented Reality (AR) within educational frameworks shows significant
promise in enhancing learning outcomes. This study developed an AR tool incorporating ethnomathe-
matical approaches to aid eighth-grade students at SMP/MTs in understanding flat-sided solid figures.
Grounded in ethnomathematical principles, the tool was designed tomerge real and virtual worlds, pre-
senting interactive elements in real-time to enrich the learning experience. A rigorous evaluation by six
experts assessed the tool’s educational viability and alignment with the curriculum, while pilot studies
on its efficacy and appeal were conducted in two phases: a preliminary trial with 10 students and a
broader evaluation with 32 students at MTs Negeri 2 Bandar Lampung. The evaluations underscored
the tool’s suitability for educational use, with validation scores indicating strong content relevance
and technical functionality. Both trials demonstrated high engagement levels, with average attractive-
ness scores of 3.62 and 3.7, respectively, highlighting its appeal. The research concludes that the AR
tool, through its integration of cultural insights and innovative technology, not only captivates but
also significantly enhances the educational experience for students, fostering a deeper understand-
ing of mathematical concepts. This validates the potential of AR in educational settings, particularly
when combined with ethnomathematical elements to create a more engaging and effective learning
environment.

© The Author(s) 2024

1. INTRODUCTION
In the digital age, mathematics education faces significant
challenges in conveying abstract concepts, especially those
related to flat-sided solid figures (Çevikbaş et al., 2023;
Molina-Toro et al., 2019). According to Borba et al. (2016)
and Gravemeijer et al. (2017), traditional teaching methods
widely implemented in schools are often less effective in
facilitating students’ deep understanding of complex math-
ematical concepts. They discovered that conventional ap-
proaches frequently fail to connect material with students’
real-life experiences, which is crucial for building concep-
tual understanding. This underscores the importance of
innovating teaching strategies to enhance student engage-
ment and comprehension. Heryanto et al. (2023) and Rullis
& Fauzan (2021) argue that the lack of effective visualiza-
tion and interactivity in mathematics learning contributes
to students’ difficulties in internalizing concepts of flat-
sided solid figures. They contend that leveraging technol-
ogy, such as Augmented Reality (AR), can provide richer vi-
sual representations and direct interaction with the mate-
rial, significantly enhancing student understanding. This
highlights the need to integrate innovative technological
solutions into the mathematics curriculum.

In addressing the difficulties students face in under-
standing abstract mathematical concepts, this research
proposes the integration of Augmented Reality (AR) tech-
nology with an ethnomathematical approach. AR, with its
ability to interactively blend elements of the real worldwith
digital information, promises an improvement in the visual-
ization of learning materials (Afnan et al., 2021; Poerwanti
et al., 2019). AR has shown the potential to enhance stu-
dent understanding through more immersive and interac-
tive learning experiences (Freitas et al., 2009). This tech-
nology enables students to explore geometric concepts in
three dimensions, enriching their learning experience in
ways traditional methods cannot offer. Additionally, the
ethnomathematical approach provides a relevant and en-
gaging context for students by associating learning materi-
als with local culture local (Andriani et al., 2020; Rodríguez-
Nieto & Pastells, 2022). A study by Gay (2002) found that
students exhibit increased interest and understanding in
mathematics when taught through the lens of their own
culture. This approach helps students grasp the application
of mathematics in everyday life and strengthens the con-
nection between mathematical learning and the real world.
The integration of AR and ethnomathematics is expected to
offer an innovative solution for mathematics learning. The
use of AR can enhance the visualization and understanding
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of abstract concepts, while ethnomathematics adds contex-
tual and cultural value. The combination of these two ap-
proaches is anticipated to potentially create a more com-
prehensive and engaging learning experience.

Numerous studies have explored the integration
of Augmented Reality (AR) with ethnomathematical ap-
proaches, focusing on diverse cultural contexts (Abdullah
et al., 2022; Muwahiddah et al., 2021; Richardo et al., 2023;
Rino et al., 2023; Rochmadi et al., 2023; Sudirman et al.,
2020; Sultan, 2023). These investigations have predomi-
nantly applied the unique cultural aspects of their respec-
tive regions. However, an exploration within the Lampung
region’s context remains absent. The rich culture of Lam-
pung, intertwined with mathematical concepts, presents
a promising avenue to simplify and enhance the learning
experience of mathematics for students in Lampung. Ad-
dressing this research gap, this study aims to develop an
Augmented Reality Media grounded in ethnomathematical
approaches, specifically designed to enhance students’ un-
derstanding of flat-sided solid figures.

2. METHOD

2.1 Research Design
This study employs a Research and Development (R&D) ap-
proach, utilizing the ADDIE model, which encompasses the
stages of Analysis, Design, Development, Implementation,
and Evaluation. This methodology is chosen for its sys-
tematic process of designing and evaluating educational in-
terventions, allowing for iterative refinements. The initial
Analysis phase involves identifying the learning needs, un-
derstanding learner characteristics, and reviewing the cur-
rent curriculum. During the Design phase, the conceptual
framework for the Augmented Reality (AR) application is es-
tablished, including the creation of use cases, flowcharts,
and marker card designs. The Development stage involves
crafting the application using Unity 3D and Vuforia SDK,
integrating 3D objects, 2D elements, and programming
scripts. Implementation involves field-testing with tar-
geted learners, and the Evaluation phase assesses the effec-
tiveness and suitability of the AR application through for-
mative and summative assessments.

2.2 Participants
The participants of this study are eighth-grade students at
MTs Negeri 2 Bandar Lampung, selected for their relevance
to the educational content being developed. The choice of
this group is strategic, aiming to directly assess the impact
of the AR application on learning outcomes within the in-
tended demographic. A total of 32 students participate in
the study, ensuring a diverse representation of learner in-
teractionswith the AR tool. The selection criteria are based
on availability andwillingness to engagewith the new learn-
ing medium, ensuring ethical considerations and consent
are prioritarily addressed. This participant group provides
valuable insights into the applicability and effectiveness of
the AR application in real educational settings.

2.3 Research Instruments
The instruments utilized in this research include expert
questionnaires, learner feedback surveys, and performance
assessments. Expert questionnaires are designed to evalu-
ate the content validity and pedagogical soundness of the

AR application, engaging both subject matter and educa-
tional technology experts. Learner feedback surveys are
administered post-interaction, focusing on usability, en-
gagement, and perceived learning enhancement. Perfor-
mance assessments, structured around the educational ob-
jectives of the AR application, measure the actual learn-
ing outcomes against predefined benchmarks. These in-
struments are crucial for gathering comprehensive data on
the effectiveness, usability, and educational value of the AR
tool.

2.4 Data Analysis
Data collected through expert evaluations, learner surveys,
and performance tests are subjected to rigorous analysis
to determine the efficacy of the AR application. Expert
feedback is analyzed using qualitative thematic analysis
to identify common themes and suggestions for improve-
ment. Learner surveys are statistically analyzed to quantify
user satisfaction, engagement levels, and perceived learn-
ing gains. Performance data are compared pre- and post-
application use to objectively assess learning outcome im-
provements. The triangulation of these data sources pro-
vides a robust framework for evaluating the AR application’s
impact on learning, ensuring any conclusions drawn are
well-supported by evidence.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 AR Design Architecture and Implementation
In the application design phase, the system architecture
was conceptualized using a Use Case Diagram. The Use
Case Diagram serves as a fundamental tool to outline the
system’s objectives, depicting the sequence of activities
and user interactions necessary to fulfill those objectives.

Use Case of the Augmented Reality Application, eluci-
dating the expected functionalities within the system. This
depiction serves to outline interactions between the user
(actor) and the system, highlighting a user interface that
offers selections from a menu including Instructions, Ba-
sic Competencies, Material, AR Scan, Exercises, and Pro-
file. Specifically, within the AR Scan menu, users have the
option to view 3D representations of flat-sided solid fig-
ures. Upon selecting the AR Scan option and positioning
the camera over a marker, the system attempts to detect
the marker. If the marker is recognized as valid, a 3D ani-
mation corresponding to themarker will be displayed. Con-
versely, if the marker is not validated, the 3D animation
will not be generated, indicating a seamless integration be-
tween physical markers and digital content in facilitating
an interactive learning experience.

Flowchart or storyboard that outlines the design pro-
cess for the learning media. This step is crucial as it allows
the researcher to meticulously plan the user interface of
the educational media, ensuring that it is user-friendly and
intuitive. The design phase is instrumental in determining
the visual and interactive elements that will be presented
to the users of the learning media, aiming to enhance the
educational experience by making the content accessible
and engaging. This strategic planning phase is essential for
aligning the application’s functionalities with educational
goals, thereby optimizing the learning journey for the users
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The research results, as delineated from the flowchart,
are detailed as follows: Initially, userswill activate the learn-
ing media, which introduces an opening screen or an op-
tion to click ’start,’ leading to the main menu. The main
menu displays various buttons, including instructions, core
and basic competencies (KI/KD), materials, evaluation, AR
Scan, and profile. The ’Instructions’ button reveals how to
utilize the learning media effectively. The ’KI/KD’ button
presents details on Core Competencies, Basic Competen-
cies, and Competency Achievement Indicators. Accessing
the ’Materials’ button unveils discussions on subtopics. The
’Evaluation’ button offers 10 essay questions for the user
to complete, with scores provided upon completion. The
’AR Scan’ button activates the camera in AR mode to read
availablemarkers. The ’Profile’ button provides information
about the learning media’s creators. Each menu includes a
button to return to the main menu. A red ’X’ button serves
as the option to exit the application.

The learning media was successfully developed using
Unity software version 5.6.1f1, supplemented by other soft-
ware tools such as Photoshop and Blender 3D for design
and development. The opening screen of the learning me-
dia, which appears upon startup, features the logo of the
Universitas IslamNegeri Raden Intan Lampung, followed by
the transition to the main content.

The user will be directed to press the start button to
open the learning media which will display the main menu
display in Figure 1(A).

Figure 1(C) displays the main menu interface of the
application, featuring navigation buttons designed to fa-
cilitate scene transitions. Within this scene, several key
buttons are present: the ’Instructions’ button reveals a
pop-up with guidance on how to use the application; the
’KI/KD/IPK’ button unveils pop-ups detailing relevant cur-
riculum components alignedwith thematerial; and the ’Ma-
terial’ button opens pop-ups containing content on cubes,
blocks, prisms, and pyramids. The ’Scan AR’ button directs
users to an Augmented Reality scene focusing on flat-sided
solid figures. Additionally, the ’Evaluation’ button leads to
a question menu scene, while the ’Profile’ button provides
pop-up information about the application’s creators. A dis-
tinct red ’X’ button offers users the option to exit the appli-
cation. The material menu itself is subdivided into four key
topics for exploration: cubes, blocks, prisms, and pyramids,
each providing a focused discussion on the respective sub-
ject matter.

The next stage is to scan the spatial marker image. The
scan results will show an explanation of the tourist attrac-
tion, 3D rotation and characteristics that can be clicked on
the explanation button as in Figure 1(F).

Figure 1(F) illustrates the functionality of the Aug-
mented Reality (AR) scan. When activated, it engages the
AR camera, which is programmed to recognize predefined
markers. Upon detecting a marker, the system gener-
ates a three-dimensional representation of the geometric
shape under examination, seamlessly integrating digital ob-
jects into the user’s physical environment. This feature en-
hances the interactive learning experience by providing a
tangible connection between theoretical concepts and vi-
sual representation.

The evaluation menu is designed to consolidate the
user’s knowledge acquired from the educational content.
It comprises ten essay-type questions that challenge the
user to apply the concepts learned through the ARmedium.

Upon completion of these questions, the system calculates
and displays the user’s score, offering immediate feedback
on their understanding and mastery of the material. This
assessment mechanism is crucial for reinforcing learning
and identifying areas where further study may be required.

Upon completing the design phase, the research pro-
ceededwith validation bymedia and subjectmatter experts,
conducted by professors from the Mathematics Education
department at UIN Raden Intan Lampung. Feedback from
these experts yielded several constructive suggestions for
improvement, including: 1) Expansion of the discussion
within the material to provide deeper insights. 2) Inclusion
of additional example problems to enhance comprehension.
3) Incorporation of evaluation questions to facilitate assess-
ment of understanding. 4) Addition of corner points in the
AR scan feature for improved interactivity. 5) Refinements
to the creator profile to ensure accuracy and professional-
ism.

Following these expert recommendations, the research
team implemented the suggested enhancements. A prelim-
inary trial was then conducted with a small group of ten
eighth-grade students fromMTsNegeri 2 Bandar Lampung,
Class VIII I, to gauge initial responses and effectiveness. En-
couraged by the outcomes of this pilot study, a larger-scale
trial was subsequently undertaken involving all 32 students
from the same class. After this comprehensive testing, stu-
dents were asked to complete a survey to capture their
feedback on the learning media.

The final phase of this development model is the eval-
uation stage, where the research team conducted an in-
depth analysis of the collected data, focusing on the valid-
ity of the media and materials as assessed by six experts,
along with analyzing the responses from student surveys.
Following the revision of the product based on feedback
and critiques from several validators, the revised product
was pilot-tested. The feedback from both teachers and
students indicated that the developed product was of high
quality and deemed suitable for use, being rated as ”Very
Attractive.” This feedback leads to the conclusion that the
development of an Augmented Reality-based learning me-
dia, incorporating an ethnomathematical approach for the
topic of flat-sided solid figures, has been successfully com-
pleted and is ready for implementation in educational set-
tings.

3.1.2 User Study
The development of the Augmented Reality (AR)-based
learning media was conducted to assess its feasibility and
appeal as determined by the research. Validation data was
collected from six experts, encompassing media and sub-
ject matter specialists, alongside surveys administered to
students. The attractiveness of the product was gauged
through student response surveys, which, in a preliminary
small-scale trial, yielded an average score of 3.62, categoriz-
ing the media as ”Very Attractive”. In a subsequent larger-
scale trial, themedia achieved an average score of 3.7, main-
taining its ”Very Attractive” rating. These outcomes suggest
that the AR learning media, designed with an ethnomathe-
matical approach for teaching flat-sided solid figures, suc-
cessfully meets the criteria for appeal. Consequently, it is
deemed suitable for implementation, indicating that the de-
veloped AR learningmedia not only engages students effec-
tively but also holds significant educational value in enhanc-
ing the learning experience.
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FIGURE 1. Types of student’s solution in question 2. Figure (A) Opening Screen, (B) AR Home Menu Display, (C) Main Menu Display, (E) Display of material
content, (F) Material Discussion Display, (G) AR Scan Display Figure, (H) Quiz Menu Display.

The effectiveness analysis, conducted using Cohen’s d
standard within the Hake framework for calculating effect
size, revealed significant findings. Specifically, it was ob-
served that the average score of the pretest was lower than
that of the posttest. Similarly, the standard deviation of the

pretest scores was found to be less than that of the posttest
scores. The calculated effect size (ES) yielded a value of
0.512, which falls into the medium category according to
Cohen’s d interpretation guidelines. This indicates that, on
average, the students’ learning outcomes after utilizing the
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Augmented Reality (AR)-based learning media were higher
compared to their learning outcomes before engaging with
the AR learningmedia. This improvement suggests that the
AR-based educational tool had a positive impact on enhanc-
ing the students’ learning effectiveness, demonstrating its
utility in facilitating a better understanding of the subject
matter.

The comprehensive analysis of scholarly work under-
scores the pivotal role of Augmented Reality (AR) in re-
shaping educational paradigms, showcasing its substantial
promise for enriching educational experiences (Akçayır &
Akçayır, 2017; Wu et al., 2013). Employing the ADDIE model
for crafting AR-driven educational tools mirrors the pro-
gressive trend of weaving cutting-edge technologies into
the fabric of educational methodologies (Ayd�n et al., 2023;
Saeidnia et al., 2022). Insights derived from the meticulous
examination of mobile AR learning further affirm AR’s apt-
ness for educational endeavors (Hedberg et al., 2018), while
in-depth investigations into AR’s educational utilities shed
light on its capacity to elevate learning dynamics (Hincapié
et al., 2021).

The exploration into AR’s applicability in mathematics
instruction reveals its substantial potential as an instruc-
tive asset (Fernández-Enríquez & Martín, 2020). Research
delving into AR’s integration within elementary education
reveals its critical role in enriching educational processes
(Wang et al., 2021). Moreover, the innovative design of
AR applications for children with dyslexia exemplifies AR’s
versatility in meeting varied educational needs, including
those in special education (Lazo-Amado&Andrade–Arenas,
2023).

The initiative to develop AR-infused materials for im-
parting knowledge on geometry and spatial reasoning is in
harmony with scholarly inquiries into AR’s utility in math-
ematics and geometry education (Yuen et al., 2011). Addi-
tionally, the research evaluating AR’s impact on educational
improvement highlights the importance of employing AR as
a tool for educational betterment. Comprehensive reviews
on AR’s educational potentials offer a broad perspective on
its applicability across various learning environments (Yuen
et al., 2011).

To summarize, the creation of AR-enhanced educa-
tional content, guided by the ADDIE framework for teach-
ing geometry and spatial understanding, is well-aligned
with the prevailing scholarly discourse, which delineates
the numerous benefits and possibilities AR brings to the ed-
ucational arena. The strategic fusion of AR into educational
strategies is poised to revolutionize learning experiences,
accommodating a wide array of learning preferences and
requirements.

4. CONCLUSION
This research culminated in the creation of an educational
application utilizing Augmented Reality (AR) technology, in-
tegrated with an ethnomathematical approach for teach-
ing flat-sided solid figures to eighth-grade students at
SMP/MTs. The development of this AR application fol-
lowed the ADDIE model, which includes stages of Analy-
sis, Design, Development, Implementation, and Evaluation.
Validation surveys and student responses regarding the ap-
plication’s suitability and appeal indicate that the interac-
tive multimedia product meets validity requirements and
is considered highly engaging and ready for trial use.

The Effect Size (ES=0.512) derived from the study’s find-
ings suggests that the AR-based learning media developed
is both appropriate and effective for instructional use, sig-
nificantly aiding students in the learning process.
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