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This study aims to develop transparent concrete learning media for
spatial geometry and evaluate its feasibility, practicality, and
effectiveness in supporting students’ understanding of surface area
concepts. This development applies the 4D model (Definition, Design,
Development, and Dissemination) and involves one media expert, one
subject matter expert, and 30 ninth-grade students during the limited
dissemination phase. The uniqueness of this study lies in the use of a
transparent acrylic model that allows students to clearly observe the
relationships among planes, edges, and angles, providing a concrete,
visually accessible representation of geometric structures. The
research procedure included a student needs analysis, prototype
design and production, product validation through expert review, and
limited classroom deployment supported by pre- and post-test
assessments. Media experts rated the product at 80% (acceptable),
while subject matter experts rated it at 87.5% (highly acceptable).
Students’ conceptual understanding improved significantly, with the
average pre-test score of 81.43 increasing to 100 on the post-test,
resulting in an N-Gain of 1.00 (very high). The student response rate
reached 66.9% (very practical). These findings indicate that
transparent concrete geometric media are feasible, practical, and
effective, offering pedagogical advantages for enhancing students’
conceptual understanding through realistic, transparent geometric
representations.
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1. INTRODUCTION

Understanding three-dimensional space remains one of the most challenging
concepts in mathematics for students. Many students struggle to connect real objects with
abstract representations of solid figures, especially when determining surface area [1]. This
difficulty is often caused by a predominantly symbolic and procedural approach to learning,
which gives students little opportunity to visualize how the surfaces of a solid figure relate
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to each other. As a result, students’ mathematical representation skills are weak, and they
often fail to generalize concepts to new situations [2].

Concrete manipulatives have been widely recognized as effective tools for
supporting conceptual understanding in geometry. By allowing students to physically hold
and manipulate objects, these tools help bridge the gap between abstract ideas and real-world
experiences [3]. Evidence from systematic reviews indicates that concrete media can
improve learning outcomes, student engagement, and conceptual understanding across
various geometry topics [4]. However, most existing manipulatives remain limited to flat,
two-dimensional models, and research on three-dimensional models that can be physically
manipulated and are specifically designed for surface area exploration remains scarce [5].
This problem becomes more critical in contexts where teachers rely heavily on textbook
illustrations due to limited access to visual and tactile learning resources [6].

The constructivist perspective emphasizes that meaningful understanding develops
through practical activities and reflective exploration. Three-dimensional models that can be
opened, reassembled, and explored in detail provide learners with the opportunity to
understand how individual faces form a complete spatial figure, thereby strengthening
spatial reasoning [7]. Transparent media offer the added advantage of allowing students to
observe internal structures and overlaps. This clarity helps reduce misunderstandings that
often arise when non-transparent models obscure important geometric relationships.
Previous studies have shown that such learning aids can significantly improve spatial
visualization and fluency of representation [8].

Based on these theoretical and empirical insights, this study developed transparent
solid geometry media specifically designed for learning surface area. This media consists of
several geometric shapes, including cubes, blocks, pyramids, and prisms, made of colored
transparent acrylic. Each model can be opened to reveal its net and is supported by real-life
context connections. This design encourages exploration, discovery, and motivation while
helping students build a deeper understanding of geometric concepts.

The uniqueness of this study lies in the development and validation of a physically
manipulable, transparent three-dimensional model, specifically designed for learning surface
area. Existing studies rarely focus on transparent acrylic models that allow students to clearly
see geometric relationships, and many rely on digital or two-dimensional representations [9].
Therefore, this research contributes both theoretically and practically by offering empirically
tested, concrete learning tools that support students’ conceptual understanding through
realistic and accessible visual representations.

This study aims to: (1) develop concrete, transparent solid geometry media for
surface area learning, (2) evaluate its feasibility through expert validation, (3) analyze its
practicality based on student responses, and (4) determine its effectiveness in improving
students’ conceptual understanding.

2. METHOD

This study employs a research and development (R&D) design based on the 4D
model (Define, Design, Develop, Disseminate), formulated by Thiagarajan and Semmel.
This model was chosen because it provides a structured and systematic framework for
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producing educational products that are suitable and practical for mathematics learning [10].
The 4D framework is often applied in the development of mathematics learning media
because it facilitates the alignment of product characteristics with student needs and
instructional content [11]. The products developed in this study were transparent concrete
models of solid figures, including cubes, rectangular prisms, prisms, and pyramids, designed
to support ninth-grade students’ understanding of surface area concepts [12].

The define stage involved analyzing student needs and identifying conceptual
difficulties in surface-area learning [13]. The design stage included preparing visual
specifications, selecting materials, and planning the details of the transparent acrylic and
thick cardboard components to ensure clear visibility of the geometric relationships. The
development stage included product construction and validation by experts. Two experts
were involved: a mathematics education lecturer as a media expert and a mathematics
teacher as a subject matter expert. Both experts evaluated the product using a validation
rubric comprising two core dimensions: feasibility and practicality. Feasibility was assessed
in terms of content accuracy, clarity of representation, and alignment with curriculum
standards, while practicality was evaluated based on durability, ease of use, and classroom
implementation. After revisions were made based on expert feedback, the product proceeded
to limited testing at the dissemination stage [14], [15].

[ Define ]—b[ Design ]—0[ Development ]—0[ Disseminate ]

Figure 1. 4-D Research Stages

The research subjects were 30 ninth-grade students from SMPIT Al-Mubarok in
Serang City, selected using random sampling. This technique was chosen for its practicality
and affordability in a school context, making it suitable for development studies that require
real classroom conditions. However, random sampling has limitations, particularly in terms
of limited generalizability and susceptibility to selection bias. These limitations are
acknowledged as part of the study’s limitations [16], [17].

Ethical procedures were fully adhered to. Official permission was obtained from the
school, and written consent was collected from participating students. Participants were
informed that the data would be used exclusively for academic purposes and that all personal
information would remain confidential.

Data collection techniques included observation, interviews, expert validation,
questionnaires, and pre- and post-test assessments. Quantitative data were obtained from
expert validation scores and student test results, while qualitative data were collected through
classroom observation and semi-structured interviews during the pilot implementation.
Quantitative data were analyzed descriptively through mean scores to determine the
feasibility and practicality of the media. The effectiveness of the media was measured using
the N-gain formula to evaluate improvements in students’ conceptual understanding [18].
Qualitative data were analyzed through a thematic analysis, which involved coding
responses, grouping them into categories, and interpreting the emerging themes. These
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qualitative findings were used to enrich the quantitative results by providing contextual
insights into the usefulness of the media, student engagement, and the learning process.

3. RESULTS AND DISCUSSION
3.1. Results
Define Stage

The first step in conducting this research was to interview a mathematics teacher at
SMPIT Al-Mubarok. The purpose of this interview was to identify problems related to
teaching materials and learning media for mathematics, particularly in the subject of surface
area of solid figures. The interview was conducted on Monday, September 15, 2025, with a
ninth-grade mathematics teacher. Based on the interview results, it was found that most
students still struggled to understand the relationship between two-dimensional and three-
dimensional shapes. Students tend to memorize surface area formulas without understanding
their origins and the relationship between these formulas and the shapes of three-dimensional
figures. The teacher also said that the learning process so far has still relied on print media,
such as textbooks, without using concrete media that allow students to observe the shapes of
three-dimensional figures directly. This condition aligns with research indicating that
learning abstract geometry can limit students’ understanding [19].

Based on the results of these observations and interviews, the researcher conducted
a further analysis of the Learning Achievements and Learning Objective Flow in the ninth-
grade mathematics curriculum. The aim was to ensure that the media developed aligned with
the expected competencies. The analysis showed that students were expected to be able to
identify, explain, and calculate the surface area of cubes, blocks, prisms, and pyramids, as
well as to explain the relationship between net shapes and solid shapes. However, in reality,
many students only mastered procedural skills, namely calculating, without understanding
the concepts behind the calculations. Therefore, in this defining stage, it was determined that
the learning media developed must encourage conceptual understanding [20].

In response to field problems, researchers sought to update the geometry learning
media by developing transparent concrete media made of acrylic and thick, colored
cardboard. This media was designed to enable students to dismantle and reassemble spatial
shapes, allowing them to observe the relationship between their constituent sides directly.
Through these manipulative activities, students are expected to gain a deeper understanding
of the meaning of surface area formulas rather than simply memorizing them. This aligns
with findings that the use of concrete and manipulative media can enhance students’
conceptual thinking skills and facilitate the transition from concrete to abstract
understanding in geometry learning [21].

Design Stage

The Design stage produces media based on student needs. The media is designed as
a spatial structure that can be broken down into its constituent parts, or nets. The primary
materials selected are transparent acrylic (for the body of the spatial structure) and thick
cardboard (for the nets), which are connected by a separate acrylic side for easy assembly
and disassembly. Important elements in the design include: (1) Side visualization: The sides
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of the spatial structure are given colored cardboard images to help students visually identify
that the Surface Area is the sum of all its constituent sides. (2) Concrete-Abstract
Connection: The cardboard nets can be flattened on a table, allowing students to see the
geometric relationship between the 3D shape and its 2D form, which is the basis for
discovering the surface area formula. (3) Geometric shapes: The prototypes include cubes,
blocks, prisms, and pyramids, which are the main surface area materials in the Solid Shapes
chapter at the junior high school level.

Development Stage

The realization of Concrete Space Geometry Media used transparent acrylic (for the
body of the space structure) and thick cardboard (for the nets) as the main materials, both of
which are easy to manipulate. Transparent acrylic was specifically chosen to address the
visualization issues identified in the Define stage, enabling students to see the components
of the spatial structure, represented by colored cardboard images.

Despite using more specific materials (acrylic), the development process still
maintains cost efficiency and ease of finding materials according to practicality criteria. The
product is designed to provide an enactive (manipulative) experience through a mechanism
of assembling and disassembling nets made of thick cardboard, which directly supports the
discovery of the Surface Area formula.

The initial design of the media product was then reviewed and evaluated by a team
of validators, comprising one Media Expert and one Material Expert, who provided
assessments using a 4-point rating scale. The results of the final product of the Concrete
Solid Geometry learning media are as follows.

~ £
Figure 2. Application of Concrete Space Geometry Media

Validation by media experts yielded an average of 95%, placing it in the Very
Practical/Highly Feasible category. Media experts provided recommendations based on an
assessment focused on media design, function, and efficiency.

Based on Table 1, the input from media experts served as a guideline for improving
Concrete Space Geometry Media. Media revisions were made in accordance with
suggestions to improve practicality.
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Table 1. Media Expert Recommendations

No. Type of Error Suggestion
1. The media's user manual is Add user instructions (in the form of a worksheet) for each
unclear. model to prevent confusion among teachers and students.
. Th lity of the net material lastic) shoul
) The material’s durability s . e quality of the net materials (cardboard/plastic) s .ou d be
. improved to make them more durable and practical for
suboptimal.

repeated use.

Subject matter experts also validated the learning media, focusing on conceptual
accuracy and alignment with the curriculum. The validation results, obtained through
averaging, showed a 87.5% score, which falls into the Very Practical/Very Feasible
category, indicating that the media does not require substantial further revision of the
concept.

Table 2. Results of Content Expert Validation
Expert

No. Vv

1
0,167
1
0,67
0,67
1
1
1
0,833
1
0,833
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From Table 2, it can be concluded that the validity level of the Concrete Space
Geometry media developed by subject matter experts is overall in the “Valid” category, with
a Mean V of 0.833. Based on the verification results, the media’s validity and feasibility have
been assessed by media experts at 80%. Meanwhile, verification by two subject matter
experts yielded a 87.5% agreement. From these two results, an average suitability score of
83.75% was obtained. Thus, this concrete manipulative-based media is declared valid and
suitable for use in learning.

The media application trial was conducted at a junior high school with ninth-grade
A and B students in mathematics, focusing on Flat-Sided Shapes. The implementation was
carried out through face-to-face learning, with two meetings. The first meeting introduced
the media and conducted a pre-test; the second meeting involved learning activities using
the Concrete Spatial Geometry media and a learning evaluation (post-test), followed by the
distribution of a student response questionnaire.

Table 3 presents the results of the media practicality questionnaire completed by
students, with an average score of 2.676 (66.9%, 61% < 80%). Concrete spatial geometry
learning media fall into the Practical category. These results indicate that students have a
positive attitude toward the use of concrete media.
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Table 3. Student Response Results (practicality)

Average Percentage (Students’
Practicality Score)
Mean 2.676 4.00 66.9%

Respond (N=29) Sum Maximum Scale

After completing the development and testing stages of the learning media product,
the researchers conducted an effectiveness test to assess improvements in student learning
outcomes related to the concept of Surface Area. This effectiveness test was conducted using
pre-tests and post-tests, with the N-Gain test employed. However, before that, descriptive
statistics were sought first.

Table 4. Descriptive Statistics

N Minimum Maximum Mean Std. Deviation Variance
Pre-test 30 70 90 81.43 8.645 74,737
Post-test 30 100 100 100 0 0

Based on Table 4, the analysis results show that the average pre-test score of 81.43
increased to 100 on the post-test. The standard deviation decreased from 8.645 to 0, which
means that all students achieved perfect scores after using concrete media for spatial
structures. These findings indicate that the media developed is very effective in improving
students’ understanding of surface area concepts comprehensively and evenly.

Table 5. N-Gain Test Results
Respond (1-30) Spre Spost Score N-Gain
Mean 81.43 100 1.00

The N-Gain test results show an average score of 1.00 (100%), which falls into the
high or effective category (1.00 > 0.70). Based on these results, it can be concluded that the
Concrete Space Geometry learning media is effective in improving student learning
outcomes in the Surface Area material.

Disseminate Stage

The researchers carried out this stage through limited distribution due to time and
resource constraints. They distributed the final products, consisting of completed Concrete
Space Geometry physical model sets and Student Worksheets (LKS), to mathematics
teachers at SMPIT Al-Mubarok. The distribution was carried out by handing over this set of
teaching aids to teachers, who then integrated them into Flat Surface Building learning
activities in the classroom. This limited distribution was intended to enable educators to use
the media as an alternative visual and manipulative tool to enhance students’ understanding
of surface area concepts.

3.2. Discussion

The validation results obtained from the media expert and the subject matter expert
indicate that the Concrete Space Geometry media meets high feasibility criteria with an
overall score of 83.75 percent. This demonstrates that the product has met the essential
criteria for content accuracy, representational clarity, and instructional relevance, which
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align with the feasibility standards referenced in Ref [22]. Systematic development
frameworks, such as the 4D model, enhance feasibility by incorporating iterative refinement
based on expert evaluation, as also emphasized by Ulyani and Qohar [23]. The expert
assessments in this study affirm that the media are suitable for supporting geometry
instruction.

In terms of practicality, student responses averaged 66.9 percent, placing the media
in the practical category. This result indicates that students found the media engaging,
intuitive, and helpful for connecting two-dimensional nets to three-dimensional structures,
consistent with the practicality indicators discussed in Ref [24]. The use of transparent
acrylic also supports visual clarity, a crucial factor highlighted by Nati et al. [25] in helping
students develop accurate spatial representations. In this study, classroom observations
revealed that students could independently manipulate the models and collaborate
effectively, demonstrating that the media functioned smoothly within regular classroom
routines.

The effectiveness test produced an N Gain value of 1.00, which falls into the very
high category. Such an extreme score indicates a substantial improvement in learning
outcomes, likely due to the influence of several factors. First, the media provided direct and
concrete visualization of geometric relationships, reducing misconceptions about surface
area. Second, the test items were aligned with the instructional content, which may have
supported strong learning transfer. Third, the students had already demonstrated moderate
prior knowledge, so the media served as a tool for conceptual strengthening. Muflikhah et
al. [26] note that interactive media facilitate deeper connections between two-dimensional
and three-dimensional understanding, while Risdiyanti et al. [27] explain that learning
through direct experience often yields significant short-term gains. Although the high N Gain
reflects substantial progress, it may also indicate a ceiling effect, as the post-test score
reached a perfect score.

Observations during implementation further support these findings. Students
displayed higher levels of engagement, asked more analytical questions, and independently
explained surface area formulas. These results align with Aditya and Hiltrimartin [28], who
state that manipulative learning encourages self-discovery and enhances logical reasoning.
Studies such as Lusiyana et al. [29] demonstrate that geometric media can enhance spatial
and representational accuracy, while Wibawa and Nurhikmayati [30] emphasize that
contextual and concrete exploration strengthens conceptual connections. The present study
supports these perspectives: the hands-on models helped students shift from procedural
calculation to conceptual reasoning.

A broader pedagogical comparison with digital and augmented reality-based
geometry tools is also relevant. Digital tools provide dynamic manipulation and automated
visual feedback, while concrete models offer tactile engagement and physical exploration.
Both have strengths depending on learners’ needs. Concrete media are especially useful for
building a foundational understanding, as they allow students to match nets to three-
dimensional structures physically. Digital tools, on the other hand, help extend learning by
providing animations and transformations that are difficult to replicate manually. Combining
both approaches could offer a more comprehensive learning experience.
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This study has several limitations. First, the implementation was conducted within a
limited time frame, so long-term retention and transfer were not measured. Second, the
research involved only one school and a relatively small sample of 30 students, limiting
generalizability. Third, although random sampling was used, contextual characteristics of
the school may still influence the results. Fourth, the dissemination stage involved only a
limited classroom trial, so broader adoption has not been evaluated. These limitations should
be considered when interpreting the findings.

Several practical recommendations can be proposed for teachers. Teachers are
encouraged to use guiding questions that help students map each part of the net to its
corresponding surface. Facilitating group discussions can help students articulate their
reasoning, thereby enhancing their conceptual understanding. Integrating the concrete media
with simple digital animations may help students transition from concrete to abstract
representation. Teachers may also assign comparison tasks between different nets of the
same shape to strengthen spatial flexibility.

Overall, the Concrete Space Geometry media developed using the 4D model proved
feasible, practical, and effective in enhancing students’ understanding of surface-area
concepts. These findings reinforce previous evidence suggesting that concrete manipulative-
based learning can improve both conceptual clarity and student engagement. With further
development and wider dissemination, this media has the potential to support student-
centered mathematics instruction in line with the Merdeka Curriculum.

4. CONCLUSION

This study successfully fulfilled its objectives of developing transparent concrete
solid geometry media, validating their feasibility, evaluating their practicality, and assessing
their effectiveness in supporting students’ conceptual understanding of surface area. The
resulting media aligns with curriculum needs and provides clear visual access to geometric
relationships, allowing students to observe how each face contributes to the overall structure.
Expert judgments, student responses, and learning improvements collectively indicate that
the media serves as an effective support for conceptual learning.

The findings offer important implications for educational practice. For teachers, the
media offers a concrete and engaging alternative to abstract explanations, encouraging
exploratory, student-centered activities in geometry learning. For schools and curriculum
developers, the study emphasizes the need to provide manipulatives that can bridge symbolic
concepts and real-world representations. For researchers, the development process
reinforces the utility of structured models, such as 4D, in producing learning media that meet
both pedagogical and technical standards.

Although the results are promising, the study has limitations. The implementation
was conducted in a single school with a limited sample, and the trial period was relatively
short, so long-term retention was not examined. Further research is recommended to test the
media in broader classroom settings, apply it at different educational levels, and integrate it
with digital or interactive technologies to enhance students’ spatial reasoning and create
richer geometry learning experiences.




1474 https://doi.org/10.58421/misro.v4i4.815

ACKNOWLEDGEMENTS

The researchers would like to express their gratitude to the Faculty of Teacher
Training and Education at Sultan Ageng Tirtayasa University for their financial support and
facilitation of this research. We would also like to thank SMPIT Al-Mubarok, Serang City,
for their cooperation and participation in the implementation of the learning media trial.

REFERENCES

[1] G. Safitri, D. Darhim, and D. Dasari, “Student’s obstacles in learning surface area and volume of a
rectangular prism related to mathematical representation ability,” Al-Jabar: Jurnal Pendidikan
Matematika, vol. 14, no. 1, pp. 55-69, 2023, doi: 10.24042/ajpm.v14i1.16281.

[2] S.Ahmad and H.-S. Siller, “Investigating the effect of manipulatives on mathematics achievement: The
role of concrete and virtual manipulatives for diverse achievement level groups,” Journal on Mathematics
Education, vol. 15, no. 3, pp. 979-1002, 2024, doi: 10.22342/jme.v15i3.pp979-1002.

[3] M. G. Cumhur, M. Tezer, T. Karanfiller, and E. P. Yildiz, “Opinions and evaluations of mathematics
teachers on concrete models of their design in the context of positive psychology,” Frontiers in
Psychology, vol. 13, 964991, 2022, doi: 10.3389/fpsyg.2022.964991.

[4] T.Mardiana, S. Sardin, and S. Wijayanto, “A systematic literature review on concrete media: Application
to mathematics learning,” International Journal of Mathematics and Mathematics Education, vol. 1, no.
2, pp. 163-179, 2023, doi: 10.56855/ijmme.v1i02.321.

[5]1 R. Refianti and I. Adha, “Learning trajectory of learning the surface area of cube and beams,” Journal of
Mathematics Science and Education, vol. 1, no. 1, 2024, doi: 10.31540/jmse.v1i1.162.

[6] E. Trisnani, F. Maryani, and N. Suharti, “Challenges of Indonesian elementary school mathematics
teachers in integrating critical thinking into the classroom,” Journal on Mathematics Education, vol. 15,
no. 1, pp. 25-39, 2024.

[71 N. Ncube and K. Luneta, “Concept-based instruction: Improving learner performance in mathematics
through  conceptual understanding,” Pythagoras, vol. 46, no. 1, a815, 2025, doi:
10.4102/pythagoras.v46i1.815.

[8] S. F. Pratama, M. Wahyudi, and D. Utami, “Enhancing spatial reasoning through manipulative-based
learning in geometry,” International Journal of Instruction, vol. 17, no. 1, pp. 223-240, 2024, doi:
10.29333/iji.2024.17113a.

[9] S. Sudirman, D. Cahyono, and A. Fitriani, “Personalization of interactive teaching materials supported
by augmented reality: Potentials vs obstacles in 3D geometry learning,” Journal of Curriculum Studies
Research, vol. 7, no. 2, pp. 101-117, 2025, doi: 10.46303/jcsr.2025.439.

[10] R. Utami, N. Hidayah, M. F. Sidqi, dan S. Kuncoro, “Development of Bilingual Getrans Teaching Aids
to Understand Geometry Transformation Material,” Mathline: Jurnal Matematika dan Pendidikan
Matematika, vol. 9, no. 4, 2024. doi: 10.31943/mathline.v9i4.696.

[11] R. Bouti, S. W. D. Pomalato, dan I. Djakaria, “Developing Canva-Based E-Module of Flat Surfaces in
Geometry for Eighth Graders,” International Journal of Science and Research Archive, vol. 12, no. 1,
2024. doi: 10.30574/ijsra.2024.12.1.0692.

[12] S. Nurbaiti, R. B. Anwar, dan S. W. Sudarman, “Pengembangan Alat Peraga Bangun Ruang Tiga
Dimensi,” EMTEKA: Jurnal Pendidikan  Matematika, vol. 3, no. 2, 2022. doi:
10.24127/emteka.v3i2.1678.

[13] A.Rahmidan B. Baharuddin, “Pengembangan Media Pembelajaran Multimedia Interaktif Lectora Inspire
Mata Pelajaran Pekerjaan Dasar Elektromekanik,” JEVTE: Journal of Electrical VVocational Teacher
Education, vol. 1, no. 2, 2021. doi: 10.24114/jevte.v1i2.29382.

[14] H. Jusra dan A. M. Suprapto, “Development of GEOMATHFUN Interactive Learning Media on Solid
Geometry,” International Research-Based Education Journal, vol. 4, no. 2, 2022. doi:
10.17977/um043v4i2p56-63.

[15] E. Zuliana, 1. Oktavianti, Y. Ratnasari, dan H. S. Bintoro, “Design and Application of Marionette
Tangram: An Educational Teaching Media for Mathematics and Social Science Learning Process in




https://doi.org/10.58421/misro.v4i4.815 1475

Elementary Schools,” Universal Journal of Educational Research, vol. 8, no. 3, pp. 931-935, 2020. doi:
10.13189/ujer.2020.080326.

[16] D. Siswanto dan E.Kusumah, “Developing a Creative Thinking Comic for Learning
Geometry,” Kalamatika: Jurnal Pendidikan Matematika, vol. 10, no. 1, 2025. doi:
10.22236/kalamatika.vol10n01.2025pp1-14.

[17] Y. Nati, U. Ralmugiz, dan N. A. Ambao, “Pengembangan Multi Media Interaktif dengan Modal SAVI
(Somatis, Auditory, Visual, dan Intelektual) pada Peserta Didik
SMP,” MEGA: Jurnal Pendidikan Matematika, vol. 3, no. 1, 2022. doi: 10.59098/mega.v3il.675.

[18] M. Ma’rufi, M. Ilyas, S. Agung, dan I. Lihu, “Development of a Mathematics Instructional Media by
Utilizing Geogebra to Enhance Junior High School Students” Higher Order Thinking Skills,” Journal of
Database Management, vol. 8, no. 1, pp. 40-52, 2020. doi: 10.26858/JDS.V811.13320.

[19] R. Wahyuni dan N. Sari, “Concrete Learning Media in Geometry: Improving Students’ Spatial
Ability,” Journal of Mathematics Education and Learning Innovation, vol. 5, no. 2, 2021. doi:
10.31004/jmeli.v5i2.421

[20] R. Bouti, S. W. D. Pomalato, dan I. Djakaria, “Developing Canva-Based E-Module of Flat Surfaces in
Geometry for Eighth Graders,” International Journal of Science and Research Archive, vol. 12, no. 1,
2024. doi: 10.30574/ijsra.2024.12.1.0692.

[21] S. Nurbaiti, R. B. Anwar, dan S. W. Sudarman, ‘“Pengembangan AlatPeraga Bangun Ruang
Tiga Dimensi,” EMTEKA: Jurnal Pendidikan Matematika, vol. 3, no. 2, 2022. doi:
10.24127/emteka.v3i2.1678

[22] S. Muflikhah, A. U. Lestari, dan D. Rahma, “Integration of STEAM with Constructed Network Media to
Improve Mathematics Learning for Class VIII Junior High School Students,” Noumerico: J. Technol.
Math. Educ., 2025, d0i:10.33367/jtme.v3i1.6582.

[23] O. Ulyani dan A. Qohar, “Development of manipulative media to improve students’ motivation and
learning outcomes on the trigonometry topic,” AIP Conf. Proc., vol. 2330, p. 040035, 2021,
d0i:10.1063/5.0043142.

[24] N. Pertiwi, A. Nuraini, dan D. Lestari, “Development of mathematics learning media on geometry
material to increase students’ interest in learning,” JUPITEK J. Pendidik. Mat., vol. 7, no. 2, pp. 83-92,
2024, doi:10.30598/jupitekvol 7iss2pp83-92.

[25] Y. Nati, S. Sumarni, dan A. Fitriani, “Pengembangan multi media interaktif dengan modal SAVI
pada peserta didik SMP,” MEGA: J. Pendidik. Mat., vol. 3, no. 1, 2022, doi:10.59098/mega.v3i1.675.

[26] H. Jusra dan A. M. Suprapto, “Development of Geomathfun interactive learning media on solid
geometry,” Int. Res.-Based Educ. J., vol. 4, no. 2, pp. 5663, 2022, doi:10.17977/um043v4i2p56-63.

[27] H. Risdiyanti, D. Sumarno, dan F. |. Rahmadani, “Enhancing conceptual understanding and learning
interest in geometry through augmented reality-based learning media,” JDIME: J. Dev. Innov. Math.
Educ., vol. 3, no. 1, 2025, doi:10.32939/jdime.v3i1.5072.

[28] P. Aditya dan C. Hiltrimartin, “Development of problem-solving-based digital learning media for flat-
sided 3D geometry in junior high school,” JTAM: J. Teori Apl. Mat., vol. 8, no. 1, 2024,
doi:10.31764/jtam.v8i1.17018.

[29] H. Lusiyana, R. T. Rahmawati, dan F. Wulandari, “Development of Nearpod geometry learning media to
enhance student’s visual-spatial ~ability,” RANGE: J. Pendidik. Mat., vol. 6, no. 2, 2025,
d0i:10.32938/jpm.v6i2.7641.

[30] A. Wibawa dan L. Nurhikmayati, “Cultural perspectives in geometry: Designing ethnomathematics-
inspired educational tools for geometric thinking,” Plusminus: J. Pendidik. Mat., vol. 4, no. 3, 2024,
doi:10.31980/plusminus.v4i3.2276.




