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INTRODUCTION

Geometry is a fundamental branch of mathematics education that plays a
crucial role in developing students’ reasoning, visualization, and spatial
understanding skills. Through learning geometry, students not only study
shapes, sizes, and properties of geometric figures but also develop geometric
thinking abilities that support a comprehensive understanding of mathematical
concepts (Sudirman et al., 2023; Trimurtini et al., 2022; Zakelj & Klancar, 2022).
These abilities contribute to problem-solving skills, logical reasoning, and the
application of mathematical concepts across various contexts, including science
and technology (Bistari et al., 2025; Marzuki et al., 2025; Meouer et al., 2024). In
an era of rapid scientific and technological development, geometric thinking
skills are increasingly important to equip students to face global challenges
(Nazarovich & Kurudirek, 2024; Tavdgiridze et al., 2024; Xu, 2025).

However, previous studies have shown that students still experience
significant difficulties in wunderstanding geometric concepts, including
recognizing shapes, comprehending relationships among figures, and linking
visual representations with symbolic ones (Brijlall, 2022; Jablonski & Ludwig,
2023; Kania et al., 2024; Unal et al., 2023). Classroom practices that tend to
emphasize memorization of formulas without conceptual understanding also
hinder the gradual development of geometric thinking (Abbas et al.,, 2025;
Manandhar et al., 2022; Tretiakova, 2025). As a result, students’ ability to transfer
geometric knowledge to real-world situations remains low, highlighting the need
for more effective instructional strategies (Danlami et al., 2025; Wahyuni et al.,
2026).

This issue is not only caused by the complexity of the material but also by
the instructional approaches employed. Geometry instruction in classrooms
often remains procedural, emphasizing mechanical problem-solving without
adequate concrete and visual experiences (Andini & Cahyaningsih, 2024; Coetzer
et al., 2023; Lichtenberger et al., 2024). This condition hinders the gradual
development of students’” geometric thinking and highlights the need for
approaches that integrate concrete experiences, visualization, and symbolic
representation (Hsu & Hsu, 2025; Muhammad et al., 2022).

The advancement of educational technology offers new opportunities in
geometry instruction through Augmented Reality (AR), which enables the
visualization of geometric objects in three dimensions that students can directly
observe and interact with, thereby facilitating a more concrete understanding of
shapes, sizes, and spatial relationships (Nadzeri et al., 2024; K. A. Rahman &
Halim, 2025; Singh et al., 2024; Supli & Yan, 2024). However, the use of AR does
not automatically enhance mathematical thinking, as it is often employed merely
as a visualization tool without a clear pedagogical framework (AlGerafi et al.,
2023; Algahtani & AlNajdi, 2024; Shihab et al., 2023). Therefore, the integration
of AR should be combined with instructional approaches that emphasize
learning experiences, such as experiential learning. This approach positions
direct experience as the foundation for knowledge construction, whereby
students observe, reflect, and build understanding through interaction with
learning objects (Eklund & Graham, 2025; Malik & Behera, 2024; Salinas-Navarro
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et al., 2024; Umkabu & Lestari, 2023). In the context of geometry, experiential
learning allows students to engage with concepts concretely before generalizing
them into symbolic and abstract forms, thereby supporting the gradual
development of geometric thinking (Chan, 2023; Yilmaz & Kesebir, 2023). The
integration of experiential learning with interactive media such as AR has the
potential to strengthen students’ geometric thinking, with AR serving as a
facilitator of the learning experience (Chonchaiya & Srithammee, 2025).

Nevertheless, empirical studies on the integration of AR and experiential
learning in geometry instruction remain limited. Most research has focused on
general learning outcomes or student motivation, while in-depth analyses of the
processes and patterns of geometric thinking development are relatively scarce
(Cetintav & Yilmaz, 2023; Li et al., 2024). This indicates a research gap that needs
to be addressed to design more effective and sustainable geometry learning.

This study aims to fill this gap by investigating the effect of integrating AR
and experiential learning on students’ geometric thinking development.
Specifically, the study seeks to analyze the differences and patterns of
improvement in geometric thinking between students participating in AR-based
experiential learning and those in conventional instruction. In addition, the study
aims to identify the role of AR as a facilitator of learning experiences. Based on
these objectives, the research hypothesis posits that there is a difference in the
improvement of geometric thinking between the two groups. The findings are
expected to provide a conceptual contribution to the development of more
meaningful geometry instruction and to strengthen the understanding of
technology’s role as a facilitator of learning experiences in mathematics
education.

LITERATURE REVIEW
Experiential Learning Theory (ELT)

Previous studies have demonstrated that experiential learning has a positive
impact on mathematics education. Chan (2023) found that experience-based
learning gradually improves students’ understanding of geometric concepts.
Malik and Behera (2024), as well as Salinas-Navarro et al. (2024), also reported that
experiential learning enhances students” engagement and higher-order thinking
skills by providing meaningful learning experiences.

H1: Experiential learning supported by Augmented Reality significantly
improves students' geometrical thinking compared with conventional
instruction.

Van Hiele Theory of Geometric Thinking

Previous studies have consistently supported the Van Hiele framework in
explaining students” development of geometric thinking. Sudirman et al. (2023),
Trimurtini et al. (2022), and Zakelj and Klancar (2022) reported that students’
geometric thinking develops more effectively through conceptual and
visualization-based learning than through procedural instruction. Conversely,
Brijlall (2022), Unal et al. (2023), and Kania et al. (2024) found that conventional

463



Supriani, Lestari, Giyanti, Lauryn

instruction often fails to promote higher levels of geometric thinking because
students receive limited opportunities to explore geometric relationships.

H2: Students who learn through AR-based experiential learning
demonstrate higher levels of geometric thinking than students receiving
conventional learning.

Augmented Reality in Mathematics Learning

Previous studies have shown that Augmented Reality (AR) enhances
students' visualization and understanding of geometric concepts (Nadzeri et al.,
2024; Singh et al., 2024). However, AlGerafi et al. (2023) and Algahtani and
AlNajdi (2024) argued that the use of AR alone, without an appropriate
instructional strategy, does not necessarily improve students’ mathematical
thinking skills. Therefore, integrating AR with experiential learning is expected
to create a more effective learning environment and promote the development of
students’ geometric thinking.

H3: The integration of Augmented Reality and experiential learning has a
positive effect on the improvement of students’” geometrical thinking.

Experiential Learning

Augmented Reality
(as learning facilitator)
v
Meaningful Learning Experience

v
Students' Geometrical Thinking
- Visualization
- Shape Recognition
- Conceptual Application
- Spatial Problem Solving

Figure 1. Conceptual Framework

METHODOLOGY
Methods

This study employed a quasi-experimental design using a non-equivalent
control group design. The population comprised seventh-grade students at a
public junior high school in Indonesia. Two intact classes were selected through
cluster sampling, involving a total of 150 students. One class was assigned as the
experimental group, which received geometry instruction through Augmented
Reality (AR)-based experiential learning, while the other served as the control
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group and received conventional teacher-centered instruction. The intervention
was conducted over three weeks.

Students” geometrical thinking was assessed using equivalent pretest and
posttest instruments covering four indicators: geometric shape recognition,
visual-spatial reasoning, conceptual application, and applied problem solving.
Data were collected before and after the instructional intervention.

Data analysis began with the Kolmogorov-Smirnov normality test. Because
the data were not normally distributed, nonparametric statistics were employed.
The Mann-Whitney U test was used to examine baseline equivalence and
compare gain scores between the experimental and control groups, while the
Wilcoxon signed-rank test was applied to analyze within-group improvements.
The magnitude of the intervention effect was evaluated using effect size (r), and
statistical significance was determined at the 0.05 level.

RESULTS & DISCUSSION

This study involved 150 seventh-grade students from a public junior high
school, divided into an experimental group (n = 75) and a control group (n =75).
The experimental group received geometry instruction through Augmented
Reality (AR) integrated with an experiential learning approach, while the control
group was taught using conventional instructional methods. All participants
were aged 12-13 years and enrolled at the same grade level, ensuring relatively
homogeneous baseline characteristics and minimizing external variability.

Prior to the intervention, both groups completed a pretest to measure their
initial geometrical thinking ability. Following the instructional period, a posttest
was administered to assess improvement. The pretest and posttest data were first
examined to test the assumption of normality, which determined the selection of
appropriate statistical procedures.

Table 1. Normality Test Results for Pretest and Posttest Data

Group N Sig.(K-S) Decision
Eksperimental | Pretest | <.001 Non-
normal
Posttest | <.001 Non-
normal
Control Pretest | <.001 Non-
normal
Posttest | .010 Non-
normal

The Kolmogorov-Smirnov test indicated that all p-values were below .05
(Table 1). Thus, the data were not normally distributed. Consequently,
nonparametric statistical procedures were applied in subsequent analyses
(Borucka et al., 2023; Vrbin, 2022).

Because the data were non-normal, descriptive statistics are presented
using medians and interquartile ranges (IQR) (Danlami et al., 2025; Nyantah et
al., 2025).
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Table 2. Descriptive Statistics of Pretest and Posttest Geometrical Thinking

Ability
Group Test Median | Q1 Q3 IQR
Eksperimental Pretest | 5.00 4.00 7.00 |3.00
Control Pretest | 5.00 3.00 6.00 | 3.00
Eksperimental Posttest | 9.00 8.00 13.00 | 5.00
Control Posttest | 6.00 4.00 7.00 |3.00

In the pretest phase, both groups showed identical median scores (5.00)
and similar IQR values (3.00), indicating comparable baseline distributions. In
the posttest phase, the experimental group’s median increased to 9.00 (IQR =
5.00), whereas the control group’s median increased to 6.00 (IQR = 3.00),
suggesting greater improvement and variability in the experimental group.

To examine baseline equivalence statistically, a Mann-Whitney U test was
conducted on pretest scores.

Table 3. Mann-Whitney U Test Results

Skor
Mann Whitney U | 1858.500
V4 3.637
Asymp. Sig. (2-|<.001
tailed)

The significant result indicates initial differences between groups.
Therefore, improvement was analyzed using gain scores rather than direct
posttest comparison.

Table 4. Wilcoxon Signed Rank Test Results for Pretest and Posttest Scores

Group Median Median Z Asym. Sig (2-
Pretest Posttest tailed)

Eksperimental | 5.00 9.00 6.856 | <.001

Control 5.00 6.00 2.600 | .009

Both groups demonstrated significant improvement. However, the
magnitude of increase was substantially larger in the experimental group. To
compare improvement between groups, gain scores were analyzed using the
Mann-Whitney U test.

Table 5. Mann-Whitney U Test Results for Gain Scores of Geometrical Thinking

Ability
Group Median Mean Gain
Gain Rank
Eksperimental | 4.00 96.92
Control 1.00 54.08
U 1206,000
Z 6.074
Asymp. Sig. | <.001
(2-tailed)
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The experimental group achieved significantly higher gain scores than the
control group, indicating greater instructional effectiveness. To assess practical
significance, effect size was calculated using the nonparametric formula r =
Z/~N.

Table 6. Effect Size of the Mann-Whitney U Test for Gain Scores
Statistic | Value

Z 6.074
N 150
Effect 0.614
Size

Category | Large

The effect size (r = .614) indicates a large effect, demonstrating strong
practical impact of the intervention. Further analysis examined gain scores across
four indicators of geometrical thinking.

Table 7. Mann-Whitney U Test Results for Gain Scores by Indicator of
Geometric Thinking Skills

Indicator Median Gain | Median | U V4 Asym. Sig

Eksperimental | Gain (2-tailed)
Control

Visual-Spatial 1.00 0.00 1449.000 | 5.225 | <.001

Reasoning

Geometry  Shape | 1.00 0.00 2344.500 | 1.806 | .071

Recognition

Applied Problem | 1.00 0.00 1764.000 | 4.301 | <.001

Solving

Concept 2.00 0.00 1656.000 | 4.662 | <.001

Application

Significant differences favoring the experimental group were found in
visual-spatial reasoning, applied problem solving, and concept application.
However, no significant difference was observed for shape recognition (p =.071).
These findings indicate that AR-based experiential learning particularly
enhances higher-order geometrical thinking processes, while basic recognition
skills can be developed effectively through conventional instruction.

The significant improvement in visual-spatial reasoning suggests that
AR’s three-dimensional visualization enhances students” ability to interpret and
manipulate spatial representations. This aligns with prior research emphasizing
the benefits of immersive environments in strengthening spatial cognition
(Nshimiyimana & Ndayambaje, 2025; Price et al., 2021; Yadav, 2025). Similarly,
improvements in applied problem solving indicate that AR facilitates
contextualization of geometric concepts, enabling students to connect abstract
principles with real-world situations. The strong results in concept application
further suggest that dynamic and manipulable representations support deeper
conceptual transfer.(Costu, 2025; Lee et al., 2025; Rosita et al., 2025).
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In contrast, geometric shape recognition — primarily involving recall of
basic properties—did not show significant differences. This suggests that
foundational recognition skills can be effectively developed through
conventional instruction, while AR provides greater added value in higher-order
processes such as visualization, conceptual integration, and problem solving. For
the applied problem-solving indicator, a significant difference in improvement
was also found between the two groups. AR enables students to directly link
geometric concepts with real-world situations, for example by projecting objects
or geometric figures into environmental contexts. This allows students to better
understand the relationship between mathematical concepts and their
applications in everyday life. The improvement in this indicator suggests that
AR-based instruction not only strengthens conceptual understanding but also
encourages students to apply these concepts in contextual problem-solving, an
essential component of higher-level geometric thinking.

The concept application indicator showed the most substantial
improvement in the experimental group, with a much larger median difference
compared to the control group and statistically significant results. This
demonstrates that AR effectively supports conceptual understanding by
providing dynamic, manipulable, and easily accessible representations.
Strengthening conceptual understanding through visual and exploratory
experiences allows students to build stronger connections between abstract
concepts and concrete representations, resulting in a significant increase in their
ability to apply concepts.

Meanwhile, the only indicator that did not show a significant difference
between the two groups was geometric shape recognition. This is likely due to
the nature of the material, which is relatively simple, largely based on recall, and
can be learned effectively even through conventional instruction. Recognizing
basic shapes and their properties does not require advanced visual manipulation
or complex conceptual application. Therefore, AR-based learning does not offer
a substantial advantage over traditional methods for this indicator. This finding
suggests that AR yields greater benefits for indicators requiring high spatial
visualization, concept application, and problem-solving abilities.

Overall, the findings of this study demonstrate that Augmented Reality-
based geometry instruction, combined with an experiential learning approach, is
an effective strategy for enhancing students’ higher-level geometric thinking
skills. The strength of this instructional model lies not only in improving
academic performance but also in providing more immersive, interactive, and
meaningful learning experiences. The use of AR enables students to develop
deeper conceptual understanding through exploration and direct engagement,
making it a promising solution for addressing the limitations of conventional
geometry instruction, which often tends to be abstract and difficult to visualize.

CONCLUSIONS

The results of the study indicate that geometry learning based on Augmented
Reality, combined with an experiential learning approach, has been proven
effective in significantly improving students’ geometrical thinking abilities
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compared to conventional instruction. This learning model not only results in
higher gain scores but also exerts a strong influence on the development of various
aspects of geometrical thinking, particularly in visual-spatial reasoning, applied
problem-solving, and concept application skills. These findings affirm that the
integration of AR technology can facilitate a more immersive and meaningful
learning experience, thereby accelerating the development of students’
geometrical thinking abilities. Although mastery of basic material such as the
recognition of geometric shapes does not show a significant difference, AR still
plays an important role as a facilitator that enhances conceptual understanding
and visualization skills in geometry learning. Based on these findings, the use of
AR is recommended as an alternative instructional strategy to support the
development of geometrical thinking skills at the secondary school level.

FURTHER STUDY

This study has several limitations that should be acknowledged. First, the
participants were drawn from a single public junior high school in Indonesia,
which may limit the generalizability of the findings to other educational contexts.
Second, the study employed a quasi-experimental design using intact classes
rather than random assignment, which may have introduced potential selection
bias despite efforts to ensure baseline equivalence. Third, the instructional
intervention was conducted over a relatively short period of three weeks,
allowing the study to examine only the short-term effects of AR-based
experiential learning on students’ geometrical thinking. Finally, the study
focused exclusively on seventh-grade geometry topics and assessed only
students’ geometrical thinking, without considering other important outcomes
such as learning motivation, engagement, knowledge retention, or attitudes
toward mathematics.

Future research is recommended to involve larger and more diverse
samples from multiple schools and educational settings to enhance the
generalizability of the findings. Longitudinal studies are also needed to
investigate the long-term effects of AR-based experiential learning on the
development of geometrical thinking. In addition, future studies could examine
the effectiveness of this instructional approach across different mathematical
domains and educational levels, while also exploring its impact on cognitive and
affective outcomes, including mathematical reasoning, motivation, engagement,
and learning retention.
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