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Exploring how augmented reality enriches realistic mathematics
education to strengthen students’ understanding of curved-sided
geometric ideas
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Article Info Abstract
Background: Students often find curved-sided geometric shapes difficult to
Article history: grasp because the material is usually introduced in a highly symbolic way. This
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condition creates a clear need for learning materials that can present ideas more
visually and in contexts that feel relevant to students.
Aim: The study seeks to design and examine a learning module that blends

Accepted: Des 11,2025 Augmented Reality with the principles of Realistic Mathematics Education to

support stronger conceptual understanding.
Keywords: Method: Using a Research and Development approach, the study followed the
ADDIE sequence from early analysis to final evaluation. The module was
reviewed by subject and media experts, tested in a small group to gauge usability,
and later implemented in larger classes. Its effectiveness was assessed by
comparing posttest scores from a class using the AR-RME module and another
class taught with standard materials.

Augmented Reality;
Conceptual Understanding;
Curved-Sided Geometry;
Learning Module

Devle.lopment}; . Results: Expert feedback showed that both the content and media components
gga 1st1'c Mathematics reached valid to very valid levels. Students and teachers also reported that the
ucation.

module was easy to use and fit well within classroom activities. The experimental
class recorded higher posttest scores than the control group, indicating
meaningful gains in conceptual understanding.

Conclusion: Augmented Reality, when embedded in a Realistic Mathematics
Education setting, offers a learning experience that helps students connect
abstract geometric ideas with clearer mental models. The module developed in
this study meets the criteria for validity, practicality, and effectiveness, and can
serve as a valuable learning resource for geometry instruction.

To cite this article: Suranti, T, Sutiarso, S., & Firdaus, R. (2025). Exploring how augmented reality enriches realistic
mathematics education to strengthen students’ understanding of curved-sided geometric ideas.
Journal of Advanced Sciences and Mathematics Education, 5(2), 475-486.

INTRODUCTION

This study is urgent because students’ persistent difficulties in understanding curved-sided
geometric shapes continue to surface across grade levels despite repeated exposure to the topic.
Many learners fail to build clear mental images of these shapes, and their understanding often
depends on memorized formulas rather than conceptual insight (Hagos, 2026; Janssen et al,, 2021;
Ncube & Luneta, 2025). Such reliance on symbolic procedures reflects a deeper gap between
instructional delivery and students’ cognitive processing. When concepts are presented solely
through symbols, students lose the opportunity to connect mathematical representations with the
physical forms they describe. As a result, misconceptions form easily and tend to persist because
students have no strong visual foundation to correct them. These misconceptions then limit their
performance when encountering more complex applications involving volume, surface area, or
spatial properties. Over time, these accumulated difficulties reduce students’ confidence and
motivation in learning geometry. Hence, improving instructional approaches becomes a pressing
necessity.

* Corresponding author:
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One of the core problems lies in instructional practices that emphasize formulas and procedures
rather than meaningful understanding (Chen, 2025; Wardat et al., 2023). When students meet
geometry primarily through notations, examples, and procedural demonstrations, they struggle to
grasp the conceptual meaning behind the symbols (Ristroph, 2025; Schifter & Russell, 2022).
Without concrete experiences or visual anchors, mathematical ideas remain disconnected from
students’ lived reality. This situation is especially challenging in the study of curved-sided solids,
whose spatial characteristics cannot be fully captured through flat illustrations. Although textbooks
provide diagrams, these images often oversimplify shapes and fail to communicate their three-
dimensional nature. As a result, students interpret the figures as isolated drawings rather than
representations of real forms with measurable properties. Weak conceptual grounding then
diminishes students’ ability to reason and apply formulas appropriately. This problem signals the
need for instructional strategies that integrate symbolic and visual understanding more effectively.

Another contributing factor is the limited opportunity for students to explore geometric shapes
through interactive experiences (Puig et al, 2022; Sudirman et al.,, 2025). Traditional learning
materials usually present static images that cannot be rotated, enlarged, or examined from different
angles (Choudhary et al, 2022; Goceri, 2023). Such limitations prevent students from fully
appreciating the structure and internal relationships within curved-sided forms. Instead of
investigating shapes and constructing meaning, students merely observe and accept information as
it is given. This passive learning environment reduces the depth of conceptual development and
restricts students’ spatial reasoning. Without hands-on exploration, learners struggle to identify
patterns or infer principles that naturally arise from direct observation. Consequently, the process of
learning becomes detached from the intuitive reasoning that forms the basis of strong conceptual
understanding. Addressing this limitation requires materials that allow students to engage actively
with geometric objects.

Meaningful contexts, which are essential to support deeper learning, are also underutilized in
many geometry classrooms (Jablonski & Ludwig, 2023; Lee, 2023). Realistic Mathematics Education
(RME) emphasizes that students learn best when mathematical ideas emerge from situations they
can recognize and interpret (Susanti, 2025). However, many instructional examples remain abstract
and disconnected from students’ everyday experiences. On topics such as curved-sided solids, missed
opportunities to use familiar objects weaken students’ ability to relate formulas to real-world shapes.
When learners cannot see the relevance of geometry to their environment, they perceive the material
as mechanical and distant. This perception undermines their willingness to reason, explore, and
make sense of the concepts. RME offers a promising pathway because it positions mathematics as
something to be reinvented through meaningful situations. Yet its integration into geometry learning,
particularly for curved-sided shapes, remains inconsistent.

Visualization tools used in classrooms often lack the capacity to represent geometric shapes with
sufficient clarity and flexibility (Korkut & Surer, 2023; Medina Herrera et al., 2024). Teachers
typically rely on two-dimensional drawings, simple models, or quick sketches, which provide only
partial insight into the structure of the shapes (Koddenberg, 2025; Wang et al, 2022). These
representations limit students’ understanding of spatial relationships, especially in shapes that
require three-dimensional interpretation. Inconsistent or incomplete visual information results in
mental images that do not accurately reflect the properties of the objects. Developments in
educational technology, however, offer new possibilities for enhancing visualization. Augmented
Reality allows students to view and manipulate virtual objects directly through their devices,
enabling more accurate observation. Through AR, learners can rotate shapes, examine hidden
components, and explore spatial relationships with greater precision. Such capabilities create a
learning environment that supports stronger conceptual retention.
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Interactive technology does more than enhance visualization; it can also elevate students’
cognitive engagement (Muir et al., 2022; Pandita & Kiran, 2023). Research in mathematics education
consistently shows that active involvement strengthens comprehension, particularly in areas
requiring spatial reasoning (Harris, 2023; Lowrie et al., 2021). Geometry is one such area, where
intuition about space develops through manipulation and observation. Despite this, digital learning
resources for curved-sided solids rarely incorporate dynamic or immersive technology. The
mismatch between students’ learning needs and available instructional tools limits the effectiveness
of geometry instruction. Integrating AR into RME-inspired materials can restore the exploratory
dimension of learning by encouraging students to manipulate shapes while grounding their
understanding in meaningful contexts. This combination presents a pedagogical opportunity to
deepen conceptual insight in ways traditional materials cannot fully support.

Nevertheless, the adoption of technology alone does not guarantee meaningful learning unless
guided by a supportive pedagogical framework (Abedi, 2024; Ahmed et al.,, 2024). RME offers
principles that promote progressive formalization, where students transition from concrete contexts
to abstract mathematical structures (Gonzalez-Polo & Castaneda, 2024; Susanti, 2025). When AR is
used within this framework, visualization becomes part of the conceptual construction process
rather than a decorative addition. Students can observe geometric forms in real-world scenarios,
experiment with them, and gradually articulate the properties they discover. However, empirical
studies examining this integration remain scarce, and many existing digital materials lack systematic
validation. Limited research attention and minimal classroom testing indicate that further
investigation is necessary. This gap underscores the relevance of exploring how AR and RME can be
combined effectively.

Given these challenges, developing a learning module that integrates AR with the principles of
RME presents a timely and meaningful response. Such a module has the potential to bridge the gap
between visual perception, contextual understanding, and mathematical abstraction (Alam &
Mohanty, 2024; Kokkonen & Schalk, 2021; Madrazo & Dio, 2020). By offering three-dimensional
representations, realistic contexts, and opportunities for exploration, the module addresses
shortcomings in conventional materials. Ensuring that the module is validated, practical, and
effective is essential for its adoption in actual classrooms. This development contributes not only to
the improvement of teaching practices but also to the scholarly discourse on technology-enhanced
mathematics education. It responds directly to students’ difficulties and aligns with current
educational priorities aimed at strengthening conceptual understanding. Consequently, this study
holds significant potential to enrich geometry instruction, particularly on topics involving curved-
sided geometric forms.

Research on the use of augmented reality in mathematics education increasingly points to its
role in strengthening students’ visualization and conceptual understanding, particularly in geometry.
KaZmierczak et al. (2025) show that AR allows learners to interact with abstract geometric objects
in more concrete and observable ways, which supports spatial reasoning. From a design perspective,
Salahuddin et al. (2025) argue that AR becomes pedagogically meaningful only when it is embedded
within a structured learning framework. This view is echoed in broader educational contexts by
Arango-Caro et al. (2025), who find that interactive and design-based learning environments foster
sustained engagement with complex material. In mathematics-specific settings, Wulandari et al.
(2025) demonstrate that AR-based ethnomathematics materials help students link mathematical
concepts with cultural experiences. Ramnarain et al. (2025) emphasize that extended reality
technologies gain educational value when connected to learners’ real-world and indigenous contexts.
Evidence from synthesis studies further strengthens these claims. Sofroniou et al. (2025) conclude
that digital technologies improve conceptual understanding when guided by clear instructional goals.
In geometry learning, Na et al. (2025) highlight that different AR designs shape students’ learning
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experiences in distinct ways. Classroom-level findings from Zekeik et al. (2025) indicate that mobile
AR applications support students’ understanding of spatial properties. Rahman (2025) notes
emerging trends such as gamification in educational AR, while Flavin et al. (2025) confirm that AR
generally has a positive impact on mathematics achievement, with outcomes strongly influenced by
instructional design.

The growing use of augmented reality in mathematics classrooms reflects an increasing
awareness of the importance of visualization in learning abstract concepts. Nevertheless, many AR-
based learning initiatives still prioritize technological novelty over the way students construct
mathematical meaning. In geometry learning, particularly in topics involving curved-sided shapes,
students are often required to reconcile formulas, diagrams, and spatial reasoning simultaneously,
which can be cognitively demanding. While augmented reality can support visualization, its
instructional value depends on how it is embedded within a coherent learning approach. Realistic
Mathematics Education offers a pedagogical foundation that encourages students to develop
concepts through meaningful situations and gradual abstraction. Placing AR within this framework
allows visualization to function as a tool for reasoning rather than mere illustration. Therefore, the
development of an AR-supported learning module grounded in RME principles is justified as a
response to persistent conceptual difficulties in geometry.

Previous research has shown that augmented reality can improve engagement and visualization
in mathematics learning, while other studies highlight the benefits of contextual and meaningful
instruction. However, much of the existing literature examines these aspects separately. Many AR-
focused studies concentrate on learning outcomes without detailing how the instructional materials
were systematically developed. Conversely, studies grounded in contextual pedagogies often do not
incorporate immersive technologies that could strengthen spatial understanding. Research that
explicitly integrates augmented reality with Realistic Mathematics Education remains limited,
especially in the context of junior high school geometry and curved-sided shapes. Furthermore, few
studies report a comprehensive evaluation process that includes validity, practicality, and
effectiveness within a single investigation. This situation leaves a gap in understanding how AR and
RME can be combined into a well-designed, classroom-ready learning module that is both
pedagogically sound and empirically tested.

Building on the identified gap, this study aims to develop a mathematics learning module that
integrates Augmented Reality within the framework of Realistic Mathematics Education to enhance
students’ conceptual understanding of curved-sided geometric shapes. The study also seeks to
examine the validity of the module through expert judgment and its practicality through classroom
implementation involving students and teachers. In addition, the study aims to evaluate the
effectiveness of the module by comparing students’ conceptual understanding with that achieved
through conventional instruction. Accordingly, the study hypothesizes that students who learn using
the AR-supported RME module will demonstrate significantly higher conceptual understanding than
those who learn through traditional learning materials.

METHOD

Research Design

This study was carried out using a Research and Development approach, which allowed the
researchers to refine the learning module gradually while responding to the needs identified in the
field. The ADDIE framework—consisting of analysis, design, development, implementation, and
evaluation—served as the backbone of the process because it supports structured yet flexible
development. During the analysis stage, the team examined curriculum expectations and explored
the specific conceptual barriers students encountered with curved-sided geometric shapes. Insights
from this stage informed the design phase, in which the initial structure of the learning module was

478 | Journal of Advanced Sciences and Mathematics Education



Journal of Advanced Sciences and Mathematics Education
Susanti et al | Exploring how augmented reality enriches...

drafted by blending Realistic Mathematics Education principles with Augmented Reality elements.
The development phase involved shaping this draft into a functioning module and submitting it to
expert reviewers for both content and media evaluation. Implementation took place in two stages,
beginning with a small-group usability test and continuing with a larger classroom trial. The final
evaluation stage examined how well the module met criteria of validity, practicality, and

effectiveness.
ANALYSIS DESIGN DEVELOPEMENT IMPLEMENTATION
+ Need analysis + Selecting RME and and AR . 2\‘2?&?3 AR-based RME o Small-group trial
o Curriculum review integration approach e ¢ Large-group trial
¢ Crericuling * Preparing materials * Expert.vahdatlon (content o Pretest & Posttest
media) administration

¢ Revising module

o |dentifying student difficulties ¢ Drafting module structure

Figure 1. Flowchart of the Research Procedure

The overall workflow of the research process is illustrated in the flowchart below, which summarizes
the sequence of activities conducted in each ADDIE stage.
Participants

The participants were ninth-grade students from Muhammadiyah At-Tanwir Metro Junior High
School. Two intact classes were selected using random sampling, each consisting of 25 students. The
experimental class used the AR-supported RME module, while the control class received instruction
through conventional materials. In addition, six students representing high, medium, and low
performance levels were involved in the preliminary small-group trial to provide early feedback on
clarity, usability, and navigation of the module.
Instrument

Several instruments were used to collect data at different stages of development. Expert
validation sheets assessed the accuracy, consistency, and pedagogical appropriateness of both the
content and media components of the module. Student and teacher response questionnaires were
administered during the practicality testing stage to gather impressions about ease of use, clarity of
instructions, and overall learning experience. A pretest-posttest instrument was developed to
measure conceptual understanding, particularly students’ ability to interpret, visualize, and apply
properties of curved-sided geometric shapes. All instruments were reviewed to ensure alignment
with learning objectives and curriculum standards.
Data Analysis

Data were analyzed using a combination of quantitative techniques. Validation scores from
experts were converted into index values to determine whether the module met valid or very valid
criteria. Practicality scores based on student and teacher responses were transformed into
percentage indices to classify the module as practical or highly practical. To evaluate effectiveness,
posttest scores from the experimental and control groups were compared using an independent
samples t-test at a significance level of 0.05. This analysis allowed the researchers to determine
whether the AR-supported RME module produced statistically meaningful improvements in
conceptual understanding.

RESULTS AND DISCUSSION

Results

The outcome of this study is a mathematics learning module developed by integrating the
principles of Realistic Mathematics Education with Augmented Reality technology. The development
process followed the ADDIE model, which includes the stages of analysis, design, development,
implementation, and evaluation. Through this structured process, a learning module was produced
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to support students’ understanding of curved-sided geometric shapes. The final appearance and
structure of the developed module are presented in Figure 1.

MODUL

MATEMATIKA

ok b aliam perbstsh an rambar Labumss dam priswes, Labrmsg erupal e petimes pong alesya
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Figure 1. RME-Based Mathematics Module with Augmented Reality

After the development stage, the module was reviewed by material experts and media experts to
determine its level of validity. The assessment results from these experts are summarized in Table 1.

Table 1. Validation Results by Material Experts and Media Experts

Aspect Validity of Material Media Validity
V1 V2
Scores Total 28 29
Almost Ideal 32 32
Yield Index 0.83 0.875
Information Very valid Very valid

480 | Journal of Advanced Sciences and Mathematics Education



Journal of Advanced Sciences and Mathematics Education
Susanti et al | Exploring how augmented reality enriches...

The validation results indicate that the developed module achieved scores within the valid to
very valid categories for both content and media aspects. These findings show that the module is
suitable for use in learning activities and meets the required quality standards.

Following expert validation, the module was tested to examine its practicality when used in
classroom settings. Practicality data were collected through student and teacher response
questionnaires, and the results are presented in Table 2.

Table 2. Student and Teacher Practicality Assessment Results

Aspect Student Response Teacher Response
S1 S2
Scores Total 39 35
Almost Ideal 40 40
Yield Index 0.96 0.83
Information Very Practical Very Practical

The results in Table 2 show that the module was rated as practical to very practical by both
students and teachers. This indicates that the module is easy to use, understandable, and appropriate
for classroom implementation. After the practicality stage, a large-group trial was conducted to
evaluate the effectiveness of the module. The effectiveness analysis was carried out by comparing
posttest scores between the experimental and control classes using an independent samples t-test.
The results of this analysis are presented in Table 3.

Table 3. Posttest t-Test Results

Data t df Sig. Result
Posttest 1916 48 0.001 Rejected

The significance value obtained was below 0.05, indicating a statistically significant difference in
posttest results between the two groups. A further comparison of students’ posttest scores is
presented in Table 4 to illustrate differences in conceptual understanding between the experimental
and control classes.

Table 4. Posttest Conceptual Understanding Scores

Class Minimum Score Maximum Score Mean Score
Experimental 70 100 84.60
Control 50 90 76.20

The data in Table 4 show that the experimental class achieved a higher average posttest score
than the control class. This finding indicates that students who learned using the RME-based module
supported by Augmented Reality demonstrated better conceptual understanding of curved-sided
geometric shapes.

Discussion

The results of this study demonstrate that the developed learning module successfully meets the
criteria of validity, practicality, and effectiveness, indicating that the integration of augmented reality
within a Realistic Mathematics Education framework is pedagogically sound. Expert validation
confirms that both the mathematical content and media design are aligned with instructional
standards, suggesting that the module was developed with sufficient academic rigor. This finding
reinforces the argument that AR-based learning materials require careful instructional planning
rather than simple technological enhancement. In this regard, the present study echoes the view of
Kazmierczak et al. (2025) and Wu et al. (2013), who emphasize that augmented reality contributes
meaningfully to learning only when embedded in a coherent pedagogical structure.

The positive practicality responses from both students and teachers further indicate that the
module is usable in real classroom conditions. This suggests that the inclusion of AR does not
necessarily complicate instruction when the interface and learning flow are designed thoughtfully.
Students were able to navigate the module without extensive guidance, while teachers reported that
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the module fit well within existing lesson structures. Similar observations were reported by
Salahuddin et al. (2025), who found that AR-based applications are more readily adopted when their
design aligns with classroom realities. In the present study, the RME-oriented structure appears to
have played a key role in maintaining this alignment.

The effectiveness results show a clear difference between students who learned using the AR-
supported module and those who learned through conventional materials. The higher posttest scores
achieved by the experimental group suggest that the combination of visualization and contextual
learning supported deeper conceptual understanding. Interactive and design-oriented learning
environments, as discussed by Arango-Caro et al. (2025), are known to increase student engagement,
which may help explain why students in the experimental class were better able to internalize
geometric concepts. Engagement in this sense is not merely affective but closely related to cognitive
involvement.

Contextual learning also appears to have strengthened students’ understanding by connecting
abstract geometric ideas with situations that felt meaningful. The use of realistic contexts allowed
students to interpret formulas and properties as part of a logical structure rather than isolated rules.
This aligns with findings by Wulandari et al. (2025), who show that contextual and culturally
grounded materials can support conceptual clarity. Although the present study does not explicitly
adopt an ethnomathematical approach, the emphasis on realism serves a similar cognitive function.

The role of meaningful context is further supported by the work of Ramnarain et al. (2025), who
argue that immersive technologies gain instructional value when they resonate with learners’
experiences. In the developed module, augmented reality was used to bridge abstract formulas and
tangible representations, helping students visualize properties of curved-sided shapes more
accurately. This approach likely contributed to reducing misconceptions that commonly arise from
static two-dimensional diagrams.

From a broader theoretical perspective, the findings of this study are consistent with synthesis
research on digital technologies in mathematics education. Sofroniou et al. (2025) emphasize that
digital tools improve conceptual understanding only when guided by explicit pedagogical intentions.
The present study supports this view by showing that AR alone is insufficient; its effectiveness
emerges when paired with the structured learning trajectory offered by Realistic Mathematics
Education.

Design decisions related to augmented reality also appear to influence learning outcomes. Na et
al. (2025) demonstrate that different AR configurations lead to different learning experiences,
highlighting the importance of instructional restraint. In this study, AR features were intentionally
limited to visualization and exploration, avoiding excessive interactivity that might distract from
conceptual goals. This design choice may explain why students remained focused on understanding
geometric properties rather than on technological novelty.

The classroom implementation results are also in line with the findings of Zekeik et al. (2025),
who report that mobile AR applications can support spatial understanding in geometry learning. The
improvement in posttest scores suggests that direct interaction with three-dimensional
representations helped students form more accurate mental models of curved-sided shapes. Such
interaction appears particularly valuable for topics that require spatial reasoning beyond what two-
dimensional images can convey.

At the same time, the study adopts a cautious stance toward technological complexity. Rahman
(2025) warns that advanced AR features, including gamification and adaptive storytelling, may
introduce cognitive overload if not carefully controlled. The present module prioritizes conceptual
clarity over technological sophistication, which may explain why it was perceived as both practical
and effective by teachers and students alike.
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Overall, the findings of this study support the conclusions of Flavin et al. (2025), who report that
augmented reality has a generally positive effect on mathematics achievement, with outcomes
strongly influenced by instructional design. By integrating AR within the pedagogical structure of
Realistic Mathematics Education and evaluating the module through systematic validation,
practicality testing, and effectiveness analysis, this study contributes evidence that AR-supported
RME modules can enhance students’ conceptual understanding of curved-sided geometric shapes in
a meaningful and classroom-ready manner.

CONCLUSION

The findings of this study indicate that the learning module developed through the integration
of Augmented Reality and Realistic Mathematics Education fulfills essential quality criteria as an
instructional resource. Expert assessments show that both the mathematical content and media
design are appropriate and aligned with learning objectives related to curved-sided geometric
shapes. Classroom implementation further demonstrates that the module is practical, as students
and teachers are able to use it effectively without encountering major difficulties. The comparative
analysis of learning outcomes reveals that students who engaged with the AR-supported RME
module achieved higher levels of conceptual understanding than those who relied on conventional
learning materials. This improvement suggests that contextual learning supported by three-
dimensional visualization can help students form clearer and more coherent geometric concepts.
Taken together, these results confirm that the AR-supported RME module represents a viable and
pedagogically grounded approach to enhancing students’ conceptual understanding of curved-sided
geometry.
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