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ABSTRACT Article information:
This study explored the e�ectiveness of Augmented Reality (AR) technol-
ogy in enhancing the instruction of introductory geometry at Phra Dabos
School. A mobile AR application was developed to support interactive
learning in four key topics�perimeter, area, volume, and surface area. The
application was developed to improve students' understanding of abstract
geometric concepts by transforming them into tangible and engaging expe-
riences through immersive AR technology. Quantitative analysis showed
substantial performance improvements, with average test scores rising from
3.70 to 9.04 (p < 0.001, Cohen'ss d = 2.05). The �ndings from the assess-
ment with the System Usability Scale (SUS) questionnaire indicated that
the application achieved a score of 78.5, which represented a high degree
of user satisfaction. Qualitative data from student interviews indicated
that users were more motivated to learn geometry and preferred collabora-
tion in solving problems in the augmented reality-supported learning envi-
ronment�observational data corroborated interview data, with higher en-
gagement and interest evident during the learning process. These �ndings
highlight the potential of AR technology to enhance mathematics learning,
particularly in making abstract geometric concepts more explicit and in-
teractive, and highlight the need for further research to develop application
approaches that can be scaled up in a variety of educational contexts.
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1. INTRODUCTION

Mathematics is a basic subject that is part of the
growth of the logical mind, analytical orientation, and
problem-solving capacity required for survival in the
21st century. With the ongoing development of mod-
ern society and more reliance on data and electronic
technology, numerical literacy has become necessary
for educational progress and adaptation to complex
real-life situations. Despite its signi�cance, math-
ematics is often perceived by students as abstract,
complex, or irrelevant to real life, which results in
declining interest and continued learning challenges
[1]-[4].

To remedy these issues, instructors and researchers
have been looking for alternative pedagogical meth-
ods to make mathematics more accessible and attrac-
tive. Information and Communication Technologies
(ICT) have shown promise, particularly in enabling

personalized, interactive learning environments [5].
Among these, AR has emerged as a powerful tool that
overlays digital content onto the real world, enhanc-
ing student interaction and helping visualize abstract
mathematical concepts in meaningful ways [6]-[9].

Previous studies have demonstrated the potential
of AR to improve students' understanding and per-
formance in geometry. A study in Malaysia, con-
ducted within the framework of the Malaysia Edu-
cation Blueprint 2013�2025, developed an AR-based
application to support primary students' learning
of basic geometric concepts. The study adopted
the ADDIE instructional design model to create a
marker-based mobile AR application, which was eval-
uated through a quasi-experimental design involving
30 Grade 2 students. The results showed increased
motivation among students, spatial reasoning, and
conceptual understanding, demonstrating the e�ec-
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tiveness of AR in bridging gaps between abstract con-
tent and visual learning [10]. The research, however,
was predominantly carried out during early primary
school education and did not explore its use in voca-
tional or specialized educational settings.

Similarly, during the COVID-19 pandemic,
Khairiree (2020) explored the integration of AR and
The Geometer’s Sketchpad (GSP) in teaching trans-
formation geometry in an online learning environ-
ment. With schools in Thailand closed for months,
this research demonstrated how AR and dynamic ge-
ometry software could teach concepts such as trans-
lation, reflection, and rotation through interactive
lessons accessible via QR codes. The study also
involved nationwide teacher workshops and created
open-access online modules for broader implementa-
tion. Students reported that the combination of AR
and GSP enhanced their understanding of geometric
transformations and made learning more engaging,
despite some preferring face-to-face instruction. The
findings emphasize the value of AR in supporting re-
mote or hybrid learning, especially when tackling vi-
sually complex mathematical topics [11].

Building upon these findings, the current study
investigates how AR technology can be applied in
a Thai vocational education context—specifically, at
Phra Dabos School, where geometry is essential for
practical skill development. Unlike previous research
focusing on early primary or lower secondary learners,
this study targets vocational students and their un-
derstanding of perimeter, area, volume, and surface
area—core geometric topics underpinning hands-on
technical and trade-based disciplines.

Students at Phra Dabos School often struggle to
visualize three-dimensional shapes and connect math-
ematical formulas with real-world objects. Tradi-
tional teaching practices, reliant on 2D diagrams and
textbook descriptions, fail to foster the spatial rea-
soning required in vocational contexts [12]-[14]. To
address this, the present study developed a mobile
AR application that delivers interactive and immer-
sive learning experiences to make abstract concepts
more tangible and relatable. Through AR-enhanced
instruction, students can manipulate and explore 3D
geometric forms, visualize changes in size and dimen-
sion, and better understand the relationships between
measurements and physical space.

The research follows a mixed-methods approach,
combining quantitative measures of student learning
with qualitative feedback on user experience and en-
gagement [15], [16]. The two-fold approach allows
for a balanced evaluation of learning outcomes and
the perceived usefulness of the technology. The ul-
timate goal is to establish the pedagogical utility of
AR to teach geometry and its capacity to enable in-
clusive, interactive, and experiential learning in low-
resource learning settings. By situating this research
within the broader conversation of education tech-

nology, this project contributes to the emergent field
of AR-augmented mathematics learning. It demon-
strates how immersive digital tools can revitalize ge-
ometry education, especially for learners who rely on
practical, hands-on understanding to succeed in their
vocational pathways.

2. LITERATURE REVIEW

Today’s learning environment is changing at break-
neck rates, and hence, cutting-edge teaching be-
comes a necessity to deliver more student engage-
ment, greater comprehension, and improved out-
comes. Technological integration in classrooms is
no longer optional but essential for facilitating more
dynamic and personalized learning experiences [3],
[5]. A growing body of empirical research sup-
ports the transformative potential of educational
technology in promoting learner-centered environ-
ments [4], [17], [18]. Amongst all these technolo-
gies, AR stands out as it can merge virtual infor-
mation with everyday surroundings, making learn-
ing experiences interactive and immersive, revolu-
tionizing conventional pedagogical methods. Re-
cent research has focused on AR’s use in STEM
education, particularly geometry, where visualizing
and spatial reasoning of abstract structures are crit-
ical [9], [19]. AR’s capability to superimpose three-
dimensional objects in the real world provides em-
bodied cognition, allowing students to naturally ma-
nipulate and interrogate geometric shapes. Notably,
the expanding ubiquity of AR tools—driven by the
spread of mobile devices—positions AR as a feasi-
ble and scalable solution for mass educational deploy-
ment [20], [21]. Nevertheless, notwithstanding the op-
timism over AR’s promises, the literature is incon-
clusive regarding long-term effects, outcome consis-
tency across disparate learning environments, and
best teaching practices in integrating AR and ped-
agogy. This review aims to synthesize current find-
ings while critically evaluating how AR aligns with
established learning theories and identifying areas for
future research.

2.1 Challenges in Mathematics Education

Mathematics, particularly geometry, presents per-
sistent learning challenges, despite various reforms
in instructional design. Traditional methods relying
heavily on rote memorization and static visualizations
often fall short in conveying abstract or spatially com-
plex concepts [4], [6]. In geometry, the lack of dy-
namic and manipulable representations inhibits the
development of spatial visualization and deep concep-
tual understanding, which are foundational to mas-
tering the subject [2], [22].

Moreover, passive learning models fail to motivate
students or support diverse learning styles, leading
to disengagement and poor achievement [23]. Ac-
tive learning methodologies, such as collaborative
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problem-solving and interactive exploration, have
demonstrated significantly better outcomes in con-
ceptual understanding and retention [14], [24], [25].
However, the implementation of such strategies often
lacks technological augmentation, which could fur-
ther enhance learner engagement and comprehension.

2.2 AR as a Tool for Active Learning

AR affordances align closely with constructivist
and situated learning theories, emphasizing active,
contextualized knowledge construction. From a con-
structivist perspective, AR offers students hands-on,
exploratory learning experiences that support per-
sonal meaning-making, particularly when interacting
with 3D representations of geometric objects [26],
[27]. These experiences bridge the gap between ab-
stract mathematical concepts and concrete real-world
understanding. Situated learning theory likewise
stresses the value of learning by doing in life. AR
adheres to this by situating mathematical problems
in real contexts where students contextualize geome-
try using familiar settings. Spatial reasoning capa-
bilities are triggered through embodied interaction
such as rotating, zooming, and moving virtual ob-
jects, as well as through self-directed search develop-
ment [7], [28]. There is empirical support for signifi-
cant spatial ability and geometric knowledge improve-
ment for students learning AR-enabled instruction
against traditional instruction [4], [28]. However, the
success of AR in supporting active learning largely
rests on the quality of its instructional design, us-
ability, and interactivity. AR applications with poor
design can divert attention rather than engage, so
pedagogically worthy development is imperative. The
ARM (Augmented Reality Mathematics) application
is a good case designed to help high school students
learn three-dimensional geometry. Developed using a
Design-Based Research (DBR) approach, the ARM
project incorporated an interactive AR mobile appli-
cation, printable AR markers, and a user guidebook
to foster immersive, active learning experiences. The
ARM application enabled students to visualize and
manipulate 3D geometric objects, enhancing engage-
ment and supporting concept exploration through ex-
periential learning. Field testing and validation ex-
ercises with media specialists, instructors, and stu-
dents established the value of the application in im-
proving geometry problem-solving skills. Quantita-
tive measures using Likert-scale measurements and
the n-gain formula indicated a moderate improve-
ment in students’ problem-solving capacity. Addi-
tionally, qualitative feedback indicated the high us-
ability, friendly interface, and increased student en-
gagement through the tool. Additional enhance-
ments may include adding animated elements and
video-based explanations to enrich learning. This
study is part of a growing body of work placing AR
as a powerful enabler of active learning. By integrat-

ing AR within STEAM (Science, Technology, Engi-
neering, Arts, and Mathematics) education, tools like
ARM support the cultivation of essential 21st-century
skills such as computational thinking, creativity, and
problem-solving [29]. The findings affirm the poten-
tial of AR to foster conceptual understanding and
promote student-centered, interactive learning within
authentic, meaningful contexts. AR technology has
gained significant interest in education for its applica-
tion in active learning environments. Uriarte-Portillo
et al. (2023) explain that AR facilitates interactive,
real-time engagement with virtual objects, allowing
students to manipulate and explore geometric shapes
in dynamic, immersive environments. AR’s use in
geometry learning has improved students’ motiva-
tion and understanding of challenging, abstract no-
tions. By overlaying digital information on the phys-
ical world, AR transforms traditional learning mate-
rials into interactive ones, enhancing students’ com-
prehension of geometric properties. The article high-
lights the development of ARGeoITS, an Intelligent
Tutoring System (ITS) integrated with AR to sup-
port geometry learning for middle school students.
The system incorporates a fuzzy logic engine that
adapts instruction based on student interaction and
performance, offering a personalized learning experi-
ence. Results indicated that ARGeoITS had a higher
effect on student learning outcomes and motivation
than a non-adaptive AR tool, ARGeo, demonstrating
the potential of adaptive learning systems in support-
ing geometry learning.

The findings showed that ARGeoITS students re-
ported higher motivation levels in attention and confi-
dence. The ability of the system to deliver instruction
according to individual needs made learning more ef-
fective and interactive, with a higher understanding
of geometric concepts. The study points to the poten-
tial of combining AR with intelligent tutoring systems
to facilitate active learning, enhance student engage-
ment, and improve academic performance in geome-
try [30].

2.3 Impact of AR on Mathematics Education

Hwang et al. (2022) present the design and evalua-
tion of Authentic GeometryGo (AGG), an AR mobile
learning app for facilitating students’ geometry learn-
ing through real-world measurement activity and peer
evaluation. Using mobile phone cameras and sensors,
the AGG app allows students to visualize geometric
objects around them, with real-time line and angle
measurements displayed through AR overlays. The
study demonstrated that students in the experimen-
tal group (EG) who utilized the AGG app performed
significantly better than students in the control group
(CG) on post-test examinations, particularly in esti-
mation skills. Study activities such as reading in-
structional materials and annotating measurements
were associated with excellent test scores and im-
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proved estimation accuracy [31]. Annotation activ-
ities were found to enhance students’ reasoning and
comprehension of geometric principles. By interact-
ing with embedded geometric figures in their daily
surroundings, students were more effective at linking
abstract mathematical symbols to perceivable physi-
cal surroundings than in conventional paper-based in-
struction. The research highlights the potential of AR
technology to truly support students’ visualization,
analysis, measurement, and estimation abilities [31].
Empirical evidence also highlights AR’s positive im-
pact on students’ motivation, engagement, and com-
prehension of complex mathematical concepts. In-
teractive 3D life-size models enable learners to com-
prehend problematic concepts such as surface area,
volume, and geometrical transformations that are dif-
ficult to visualize using static images or written de-
scriptions [24], [32]. Virtual objects’ interaction in
real-time also provides immediate feedback, facilitat-
ing iterative learning and a better grasp of mathemat-
ical relationships. However, most existing research
is focused on short-term outcomes, with a notice-
able lack of longitudinal studies investigating whether
such gains are sustained in the long term. Although
motivational gains are frequently cited, there is sparse
empirical evidence to link increased engagement with
long-term academic success or knowledge transfer. A
recent systematic review by [33] recognizes this la-
cuna, noting that many AR learning solutions are not
supported by robust pedagogical frameworks, which
reduces their effectiveness. The review calls for fu-
ture studies on how some design elements—types of
interaction, visual realism, and contextual integra-
tion—influence learning outcomes in mathematics ed-
ucation.

Most notably, mobile-based augmented reality
(MB-AR) has been very promising in developing spa-
tial thinking and student engagement. Rohendi and
Wihardi (2020) developed an MB-AR application for
students in Indonesian middle school to aid in the
learning of three-dimensional (3D) shapes. Created
using Unity 3D and Vuforia, the app allows stu-
dents to manipulate 3D geometric forms with mobile
phones and a marker-based “magic book.” Address-
ing difficulties students often have with visualizing
surface area and volume, MB-AR allowed students
to explore shapes from all angles, facilitating greater
conceptual understanding. The study involved ex-
pert validation and use with 150 students, and data
were collected through classroom observation. The
findings reported significant gains in students’ abil-
ity to analyze geometric properties, construct mathe-
matical arguments, and work through geometry prob-
lems. Students also demonstrated enhanced spatial
thinking and enhanced engagement. These findings
indicate the potential of AR—particularly mobile-
delivered AR—to boost math education by embed-
ding abstract ideas and making them more interac-

tive. The research supports AR’s capability to im-
prove spatial abilities required for STEM fields [34].

2.4 Integration with Pedagogical Strategies

The actual pedagogical value of AR is realized
when paired with evidence-backed methods such as
Problem-Based Learning (PBL), gamification, and
collaborative learning. AR-facilitated PBL environ-
ments force students to apply the principles of geom-
etry to real-world contexts, building critical thinking
and applied consciousness [35], [36]. Similarly, gami-
fied AR experiences leverage the motivational power
of game elements in sustaining engagement and sup-
porting learning objectives [37], [38].

Designing AR experiences that facilitate discovery
learning is also as well-suited to Bruner’s theory of
instruction and constructionism by Papert, focusing
on the learner’s active discovery and control. Studies
have shown gamified AR fosters heightened attention
and persistence with problem-solving, a characteristic
key to understanding abstract mathematical concepts
[39], [40].

Co-learning environments, peer-to-peer collabora-
tion, and co-construction of knowledge are also of-
fered through collaborative AR software. It is par-
ticularly critical to consider emerging 21st-century
competencies such as teamwork, communication, and
digital literacy [40],[41]. Though promising findings
are present, implementation challenges must be ad-
dressed regarding equity of access, teacher training,
and curriculum alignment.

2.5 Research Gaps and Future Directions

Though Augmented Reality (AR) has demon-
strated potential in supporting the learning of geome-
try—particularly in strengthening student motivation
and conceptual understanding—a considerable gap in
research remains. Specifically, there is a lack of large-
scale longitudinal studies investigating the long-term
effect of AR exposure on learning outcomes. While
many studies document short-term benefits, it is still
unclear whether these gains are sustained over time
or effectively transferred to deeper learning and new
contexts [24], [31]. Given students’ ongoing difficul-
ties in mastering abstract and spatial concepts in ge-
ometry, this gap calls for further investigation. An-
other underexplored area involves the influence of AR
design features—such as feedback mechanisms, inter-
action complexity, and visual realism—on learning
and cognition. While prior research has primarily
focused on overall AR effectiveness, more profound
insight into how specific design elements affect cog-
nitive processes could help tailor AR applications to
diverse educational needs [4], [6]. Additionally, lim-
ited studies have examined how AR can support stu-
dents with different learning capabilities, including
those with learning disabilities or low spatial ability.



354 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.19, NO.2 April 2025

Exploring how AR can offer individualized support
would help increase its inclusivity and accessibility
[28], [32]. Finally, while AR is often aligned with
constructivist and situated learning theories, future
research should consider integrating additional theo-
retical frameworks—such as Active Learning, Collab-
orative Learning and dual coding theory—to improve
instructional design and minimize cognitive overload
[27], [42]. Moreover, further investigation is needed
on how AR can be embedded into active pedagogical
approaches like gamification, Problem-Based Learn-
ing (PBL), and collaborative learning environments
[35]-[37]. Addressing challenges such as teacher train-
ing, curriculum alignment, and equitable access is es-
sential for ensuring the effective and scalable integra-
tion of AR in various educational settings [23], [34].

3. APPLICATION DEVELOPMENT

3.1 AR Application Development and Design
Process

The creation of the AR Math App Phradabos re-
volves around delivering an interactive and immersive
educational experience for students learning funda-
mental concepts in geometry. The application uti-
lizes AR features that enable users to scan real-world
markers. When the markers are scanned, three-
dimensional (3D) geometric objects like cubes, cylin-
ders, and cones are projected into the real world via
the device’s camera. These models are interactive,
and users can manipulate them using touch gestures,
enabling a haptic exploration of the mathematical
structures. This interaction promotes a deeper con-
nection with the principles of geometry, fostering spa-
tial reasoning and enhancing the learning experience
[24], [43].

The Phradabos AR Math App is an interactive e-
learning platform for elementary geometry that uti-
lizes immersive 3D models and interactive quizzes to
learn key concepts such as area, volume, and sur-
face area. The application employs high-quality 3D
models created using industry-standard tools such as
Blender and Maya, offering a visually realistic and
interactive experience. Through augmented reality
technology, the application enables users to visual-
ize virtual geometric shapes within their surroundings
via the camera of an Android device, thus connecting
theoretical knowledge with practical application [24],
[35].

To ensure its seamless functionality and simplic-
ity of user experience, the app was thoroughly tested
on devices meeting the ARCore specifications. Test-
ing was of the utmost priority to confirm the app’s
functionality on various devices and assure users of a
proper experience of interactive components and the
learning value of AR in a simple and accessible man-
ner.

In developing an application for learning and re-
viewing mathematics, the topic of finding area and

Fig.1: Overview of Android Application Develop-
ment.

volume is finding area and volume and consists of
four topics: finding the perimeter, finding area, find-
ing volume, and finding surface area.

Fig. 1 illustrates the development of an Android
application focusing on creating an AR-based learn-
ing environment for perimeter, area, surface area, and
volume calculations.

The user interface, developed with Figma, focuses
on user interaction and simplicity and incorporates
an augmented reality platform to support interaction
with geometric concepts in an efficient manner. The
content is structured progressively, beginning with
simple geometric shapes and progressing to complex
subjects gradually, thereby ensuring a comprehensive
understanding at each step [15]. The application of
augmented reality supports users’ visualization and
interaction with geometric figures in real time, pro-
moting experiential learning.

The subject matter of area and volume calcula-
tion is categorized into four fundamental parts: find-
ing perimeter, finding area, finding volume, and find-
ing surface area. Five multiple-choice questions were
designed for each geometric shape to assess under-
standing with a close association with the instruc-
tional content. The application’s features, such as
the presentation using 3D models, augmented reality
experience, and quizzes, were programmed in Unity,
hence providing an integrated and effective learning
tool [16], [44].

3.2 The Composition and Operating Features
of the Augmented Reality Mathematics
Application

The Phradabos AR Math App is an application
based on the Android operating system that utilizes
the ARCore function to communicate with mobile de-
vice sensors. Built on Unity’s AR Foundation library,
the app has support from the Android and iOS plat-
forms. The development and export on iOS require
macOS systems due to platform-specific restrictions
[17], [24]. Fig. 2 illustrates the software logical layers.
As users interact with the app, the interface commu-
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nicates with AR Foundation, which bridges to AR-
Core to access device sensors and execute AR func-
tionality. This structured architecture enables a user-
friendly interface, blending technical sophistication
with pedagogical appeal. The app effectively com-
bines AR functionality with a user-friendly interface
to deliver an enjoyable yet challenging learning expe-
rience [18].

Fig.2: Software Logical Layers of AR Math App
phradabos.

Fig.3: Pedagogical Framework for AR-Enhanced
Learning.

3.3 Pedagogical Framework for AR-Enhanced
Learning

Fig. 3 outlines the pedagogical framework de-
signed to enhance learning through AR technology.
This framework integrates students, instructors, and
technology to create an immersive and interactive ed-
ucational environment. Instructors curate and design
content using desktop technologies, which are then
adapted for delivery via AR applications on mobile
devices. This approach allows students to explore
interactive 3D models and simulations that make ab-
stract concepts more tangible [35].

The framework is grounded in constructivist and
inquiry-based learning principles, emphasizing active
engagement and exploration. By interacting with AR
content, students build on prior knowledge, estab-
lish connections with new concepts, and engage in
problem-solving activities that mirror real-world chal-
lenges. This aligns with the idea that learning is most
effective when students actively construct knowledge

through hands-on experiences and reflective practices
[43].

By integrating these elements, the AR-enhanced
learning framework promotes higher engagement,
deeper understanding, and improved retention of
STEM concepts. This framework ultimately supports
the development of critical thinking and problem-
solving skills, transforming traditional education into
an interactive, personalized experience suited to the
demands of the 21st-century classroom [45], [46].

Fig.4: Phra Dabos MathAR Application Start
Screen.

Fig.5: Menu Page Display.

3.4 Materials and Methodology

The start screen of the Pra Dabos MathAR app,
as seen in Fig. 4, displays the name of the applica-
tion, which takes the user through the most impor-
tant functions before launching it. At the bottom of
the page is a prominent “Start” button, which acts
as a gateway into the app. When clicked, the user is
taken to the main menu page, as shown in Fig. 5.
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Fig. 5 displays the different submenu options:
Learning Materials, 2D Geometry, and 3D Geometry.
The Questions section is a compilation of quizzes for
evaluating the effectiveness of the research. Many of
these quizzes take an FAQ-style approach, providing
questions at both overview and detail (neck) levels,
thus making them particularly suitable for beginners.
The application is developed on a proven augmented
reality platform for a concentrated, uninterrupted in-
teractive experience.

Fig.6: Submenu Display Under 2D and 3D Geome-
try Lessons Section.

Fig.7: 2D Geometry Shapes Lessons Options.

Fig. 6 Submenu Display under the 2D and 3D Ge-
ometry Lessons Section, offering five options: “2D
and 3D Shapes,” “Perimeter Calculation,” “Area
Calculation,” “Surface Area Calculation,” and “Vol-
ume Calculation”. Additionally, there is an option
to navigate back to the previous Submenu to choose

other categories. When the users click on “2D Geom-
etry Shape,” they can access some of the many lessons
on 2D shapes. In doing this, they learn several geo-
metric shapes according to their need and wish. This
system facilitates the users with easy personalization
of learning and attention to some specific parts of ge-
ometry. Fig. 6 displays several options of different
shapes being investigated in depth. The interactive
design thus encourages use and enables learners to
navigate around the learning content.

Fig. 7 shows how the phone’s camera detects a
marker after a user chooses the 3D Geometry Shapes
lesson. A 3D shape is shown on the screen after suc-
cessfully scanning the marker. Users can zoom in and
rotate the shape to understand it better. The result
of this interaction is depicted in Fig. 7, which is the
3D shape after scanning the marker.

Fig.8: 3D Geometric Shape Displayed After Scan-
ning the Marker.

The Fig. 10 illustrates four distinct lesson
types designed to teach geometry by integrating
traditional and AR approaches. The first cate-
gory, labeled AR 2D Lesson (A), combines two-
dimensional geometry concepts with augmented re-
ality technology, thus allowing students to visualize
and interact with two-dimensional shapes in an aug-
mented environment, further enhancing their under-
standing of geometric properties, such as angles and
areas. The second category, 2D Lesson (B), is a tra-
ditional method of teaching two-dimensional geome-
try based on static images and text descriptions to
transmit theoretical concepts and assist in calcula-
tions without any interactive element. Conversely,
the AR 3D Lesson (C) brings three-dimensional
teaching to a new level, integrating augmented
reality software that enables students to interac-
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Fig.9: Quiz and Results Display.

tively rotate or rescale three-dimensional geomet-
ric shapes, thereby greatly augmenting spatial cog-
nition and comprehension. Finally, the 3D Lesson
(D) presents a more traditional approach to three-
dimensional geometry learning with static pictures of
shapes alongside descriptive text that points out at-
tributes such as surface area and volume. These les-
son formats demonstrate a range of teaching meth-
ods, with AR-based lessons (A and C) offering in-
teractive experiences to engage students and enhance
their understanding of 2D and 3D geometry.

After completing all the lessons, users can take a
quiz. As evident from Fig. 4, the users are pro-
vided with the ‘Quiz’ menu, which directs them
to a multiple-choice quiz with four available an-
swers to all the questions posed. Following the Quiz,
the user’s score is shown on the screen. Besides, users
can also select ’Play Again’ so that they can re-
play the Quiz and enhance their learning experience.
The results of this process are illustrated in Fig. 9
shows the quiz interface and the displayed results.

3.5 Integration of AR Application into Math-
ematics Pedagogy: A Strategic Frame-
work

Integrating augmented reality (AR) into mathe-
matics instruction requires careful planning. Educa-
tors should understand AR’s functionalities—such as
marker detection and 3D model interaction—and de-
cide the optimal point in the lesson to introduce AR
for maximum effectiveness.

Essential mathematical concepts like geometric
shapes, area, volume, and perimeter should be taught
before implementing AR technology. Once students
grasp these basics, AR can enhance visualization and
understanding of abstract concepts. Activities should
progress from guided discovery of geometric figures

using AR to group discussions and hands-on problem-
solving in vocational contexts.

Improvement of collaboration is achieved through
learning, as the students in groups adopt roles such
as a scanner and data recorder, rotating roles for
successful experiential learning. It facilitates peer-to-
peer interaction, enhancing understanding and com-
munication skills.

It is essential to relate mathematics to application.
Applications in real life, like calculating water tank
volumes or estimating building materials, highlight
the use of math in technical sectors. AR facilitates
students to interact with 3D models, enabling im-
proved spatial awareness among potential technicians
and engineers.

Evaluating learning should be multidimensional,
measuring both theoretical knowledge and applica-
tion. Formative assessments, participation observa-
tion, and tools like Plickers for real-time feedback will
be used alongside reflective practices to help students
articulate how AR enhances their learning and devel-
ops metacognitive awareness.

3.6 Data Collection Instruments

The research team collected quantitative data us-
ing a validated 20-item multiple-choice test to assess
students’ understanding of geometric concepts. The
team established the reliability of this test by calcu-
lating Cronbach’s alpha, as shown in Equation (1),
which yielded a coefficient value of 0.85. This high-
reliability coefficient reflects strong internal consis-
tency and supports the validity of the test results for
measuring the intended learning outcomes.

α =
N

N − 1

(
1 −

∑N
i=1 σ

2
Yi

σ2
X

)
(1)

Along with the quantitative metrics, the re-
searchers collected qualitative data through semi-
structured interviews with a random sample of 20
student participants. From the interviews, the re-
searchers collected rich, detailed data regard-
ing the students’ perceptions, known difficulties, and
strengths in using the augmented reality app. The re-
searchers also employed a structured observation
checklist to note non-verbal signs of engagement, such
as the level of participation, attention, and qual-
ity of interaction with the AR technology by the
students. The multi-method study allowed the re-
searchers to obtain a broader and more nuanced view
of students’ engagement and behavior during the
learning process. The researchers compared pre-test
and post-test scores using a paired t-test to evalu-
ate learning improvement, detailed in Equation (2).
This statistical procedure helped quantify the degree
of change in student performance resulting from the
intervention.
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Fig.10: Example of Detailed View with Video and Additional Information for Geometric Shapes.

t =
d̄
Sd√
N

(2)

With the integration of cognitive tests and
experience-based evaluations, the study’s data col-
lection research design gave a comprehensive view
of the effectiveness of the AR app in facilitat-
ing rich learning experiences.

3.7 The principle and structure of the AR
Math App phradabos application

The developers created and built the Phradabos
AR Math App for the Android platform using a
high-performance design optimized for mobile de-
vices. They incorporated ARCore to provide an in-
terface to interact with the native sensors of the de-
vice and thereby improve the augmented reality ca-
pabilities of the application. The AR Foundation
library forms the heart of the app’s functional fea-
tures, and the developers utilized it as middleware
within the Unity development environment to fa-
cilitate the easy enabling of AR capabilities across
various platforms. Despite the application’s inher-
ent support for Android and iOS platforms, the de-
velopment team must leverage a macOS environ-
ment to compile and deploy the iOS version due to in-
herent platform-related restrictions. The team archi-
tected the application’s software into various logical
layers, facilitating operation workflows on Android-
based devices, enhancing performance efficiency,
and optimizing system-level resource usage. As il-
lustrated in Fig. 2, the app allows users to explore
a user-friendly and interactive UI, which the devel-
opers designed from scratch to make learning more
enjoyable. As a user interacts with the UI in the
secondary architectural layer, the system communi-
cates with AR Foundation, which directly links to

ARCore. This connection enables the application to
utilize various AR functions, such as sensor-based in-
teractions and real-time tracking. Using AR Foun-
dation, the development team achieved compatibil-
ity on both leading mobile platforms while maintain-
ing the same level of performance throughout. AR
Foundation coordinates the data transfer between the
Unity engine and ARCore during user interactions,
thus enabling the application to deliver dynamic, con-
textually aware augmented reality experiences. The
seamless integration of AR Foundation and ARCore
allows the Phradabos AR Math App to deliver an
immersive, engaging learning experience. The appli-
cation’s solid structure integrates interactive technol-
ogy with learning content, enhancing the learning
process and rendering it more interesting and intel-
lectually stimulating. The app’s intentional design,
technical accuracy, and emphasis on user experience
create an efficient learning aid that provokes inquisi-
tiveness and reinforces students’ understanding of ge-
ometric principles.

3.8 Ethical Considerations

Prior to data collection, the research protocol
was reviewed and approved by the Ethics Commit-
tee of Research, Innovation and Partnerships Office,
King Mongkut’s University of Technology Thonburi,
approval number KMUTT-IRB-COE-2024-130. All
participants and their guardians were informed about
the study objectives and procedures, and informed
consent was obtained in accordance with ethical re-
search practices.

4. RESULTS

4.1 Data Collection and Analysis

The research team utilized a mixed-methods ap-
proach to evaluate the AR app’s effect, using quan-
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titative and qualitative data to give a general assess-
ment. The study involved 79 students (aged 18-35)
from Phra Dabos School, a Thai vocational institu-
tion serving disadvantaged learners with secondary
education or lower. Participants typically possessed
middle school-level geometry knowledge while pursu-
ing technical trades that demanded practical mathe-
matical application.

4.2 Quantitative Analysis

Fig. 11 compares pre-and post-test scores, re-
vealing a substantial improvement in student per-
formance following the AR intervention. The aver-
age pre-test score of 3.70 (SD = 2.48) rose signifi-
cantly to a post-test average of 9.04 (SD = 2.76),
t(78) = 18.11, p < 0.001. The calculated effect size,
Cohen’s d = 2.05, reflects the strong impact of the
AR application on learning outcomes.

Fig.11: Comparison of Pre-test and Post-test
Scores.

Students showed the most notable gains in under-
standing three-dimensional shapes and volume calcu-
lations. Their performance on average in these as-
pects was improved by 25% , indicating that the
AR app assisted them in visualizing and comprehend-
ing complex spatial concepts that typically are prob-
lematic in typical learning environments. The re-
search group also conducted a user satisfaction ques-
tionnaire to quantify the students’ sentiment to-
wards the AR-based learning experience. As shown
in Fig. 12, although many participants had priostu-
dents’e’ AR through gaming, sports broadcasts, or
virtual environments, most had never encountered
AR in educational settings due to limited access
to technology and learning opportunities. Students
identified the practicality of AR and its effectiveness
as a learning tool as key motivators for its adop-
tion. They rated the quality of learning materials
and supplementary information the highest, with an
average score of 3.87 on a 5-point scale. Other fea-
tures, including content quality, lesson introductions,
and overall user experience, also received favorable
feedback, scoring 3.45, 3.60, and 3.87, respectively.

These findings suggest that students appreciated the
AR experience but saw the potential for improvement
in content organization and interface design.

Fig.12: Results of Online Learning Experience Sat-
isfaction Survey.

4.3 Qualitative Analysis

The student interviews were also analyzed themat-
ically by the research team, which illustrated some of
the learning benefits of the AR application. En-
hanced visualizations of math, increased partici-
pation, and further opportunities for collaborative
learning were all identified by the students. Many re-
ported higher levels of involvement and motiva-
tion in AR lessons, illustrating the degree of inter-
activity motivating them to engage more in learning.
Collaborative learning was a common trend. The stu-
dents would work on problems in groups of
two or teams of a few, fostering peer interac-
tion and better teamwork. The AR application sup-
ported these collaborative efforts by enabling shared
manipulation of virtual content, encouraging stu-
dents to discuss and explore ideas together. Al-
though some students initially experienced techni-
cal challenges—such as difficulties with marker scan-
ning or device compatibility—most resolved these is-
sues with persistence and assistance from peers and
teachers. This finding indicates adequate technical
support is needed when integrating AR into learn-
ing environments. Students also reported that they
could apply concepts learned with AR to differ-
ent math situations, thereby improving spatial rea-
soning and problem-solving. Such findings indicate
that AR technology promises to significantly influ-
ence educational outcomes through higher engage-
ment, collaborative learning, and conceptual trans-
fer. However, additional development must address
technical problems and improve the overall user ex-
perience to promote broader classroom implementa-
tion.

5. DISCUSSION

The research results demonstrate a significant po-
tential for AR in increasing students’ compre-
hension of geometry concepts by bringing them
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fun and interactive learning experiences. The high
increase in test scores, from a mean of 3.70 during
the pre-test to 9.04 during the post-test, provides
strong evidence of AR’s effectiveness in achieving
academic accomplishment. The effect size (Cohen’s
d = 2.05) calculated also represents the magnitude
of this effect, especially in benefiting students who
struggle with abstract math concepts such as three-
dimensional objects and spatial reasoning. Along
with the quantitative improvement, qualitative stu-
dent feedback highlighted the entertaining and in-
teractive nature of AR-based learning. Students ex-
pressed appreciation of the experiential, visual nature
provided by the app in that they could actively ma-
nipulate dynamic geometric shapes rather than pas-
sively looking at static diagrams [14]. Incorporat-
ing interactive elements enabled better comprehen-
sion of mathematical relationships and promoted col-
laboration among peers, strengthening communi-
cation and critical thinking abilities in collabora-
tive problem-solving [10].

However, using AR in the learning environ-
ment poses some challenges. Even though a System
Usability Scale (SUS) score of 78.5 confirmed that
the app was generally well-liked, some students ex-
perienced hindrances related to the complexities of
the interface and novelty of the technology. These
were particularly evident in those with little prior
experience with AR or digital technologies overall.
Furthermore, restricting access to augmented reality-
supporting devices proved an important setback, par-
ticularly in educational environments with poor tech-
nological infrastructures.

Educators must consider pedagogical strategy
and infrastructural readiness to integrate AR effec-
tively into classroom instruction. Educators can
support students by providing adequate scaffold-
ing when they introduce AR, for instance, by giv-
ing them time to get used to the application in low-
stakes settings before advancing to formal lesson
content [42]. This will make the learning pro-
cess smoother and reduce the cognitive load asso-
ciated with new technologies. Teachers also need
to design AR activities in the context of curricular
objectives and active learning encouragement, po-
sitioning AR as another tool and not as a substi-
tute for current solutions. Schools should increase
support for AR adoption by investing in teacher
professional development, upgrading infrastructure
technology, and building professional networks for
cooperation and knowledge sharing. Incorporating
AR into comprehensive curricular models, primar-
ily through interdisciplinary uses, promises to ad-
vance its pedagogical significance. In addition, as
new technologies like virtual reality (VR) and ar-
tificial intelligence (AI) become achievable, educa-
tors can consider new ways of incorporating these
tools in conjunction with AR to provide personalized,

data-driven learning experiences. These forward-
looking directions emphasize the importance of on-
going research and progressive refinement, both of
which will ensure that AR develops in ways that ad-
dress the diverse needs of learners and support im-
pactful educational outcomes.

6. CONCLUSION AND FUTURE WORK

This study illustrates how augmented reality
transforms geometry teaching by making abstract
mathematical notions more concrete and understand-
able. The augmented reality application effectively
aided learning volume, area, and three-dimensional
shapes in ways that traditional learning does not
accomplish. Quantitative data revealed significant
performance improvement, and qualitative results re-
vealed greater student engagement, motivation, and
collaboration. Students were drawn to the interactive
and immersive quality of the augmented reality ex-
perience and showed significant improvement in both
engagement level and concept understanding.

Though the results are encouraging, several chal-
lenges need to be overcome. Usability problems were
apparent, especially for students without AR experi-
ence, and more intuitive interface design and guided
training procedures are needed. The lack of sufficient
AR-enabled devices and teacher preparation indicates
more considerable equity and access issues that must
be resolved for large-scale implementation.

Our immediate next task will be to systemati-
cally integrate this AR app into comprehensive les-
son plans specially designed for active learning class-
rooms. By constructing coherent pedagogical designs
with AR as an integral component rather than as an
auxiliary tool, we will formulate scalable templates
for technology-enabled active learning of mathemat-
ics. These lesson plans will include pre-AR activi-
ties to activate prior knowledge, guided AR explo-
ration phases, collaborative problem-solving with AR
visualizations, and post-AR reflection to consolidate
learning—fulfilling an entire instructional cycle that
takes advantage of the technology’s learning poten-
tial.

Future deployments must also involve creating
more accessible AR experiences that can scale to
fit different teaching contexts with minimal technol-
ogy. Instead of substituting traditional teaching,
AR’s worth supplements what is already being ac-
complished by adding visual and interactive elements
that make understanding concepts easier. With me-
diated instruction and crafted opportunities for re-
flection, AR can emerge as a viable mechanism for
opening up mathematical learning.

The educational possibilities of AR will increase
as emerging technologies evolve—primarily through
the intersection of AI, adaptive learning streams, and
personalized experiences. To realize this potential
to their highest, ongoing development and teacher
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training investment is critical. Creating communities
where AR content and best practices can be shared
will also rapidly spur innovation and adoption.

Lastly, AR is also a fantastic math instructional
tool. It explains complex ideas, makes education en-
gaging, and develops the required skills, like problem-
solving and collaboration. With the growth of tech-
nology and pedagogical methods, AR can revolution-
ize the face of mathematics instruction to better serve
students in both how and what they learn.

7. RECOMMENDATIONS FOR EFFECTIVE
AR IMPLEMENTATION IN MATHE-
MATICS EDUCATION

7.1 Developing Collaborative Learning Through
AR Technology

The qualitative results of this study indicate that
students like group work when it is utilized with AR
apps. In light of this, educators are urged to design
learning assignments that enable substantial interac-
tion among group members—such as activities where
students must share information by viewing AR mod-
els from different angles. Clearly defined but circular
functions like device operator, data recorder, analyst,
and presenter need to be created to allow each student
to participate in various aspects of the AR-augmented
learning process. The quality of group collaboration
and the output produced also need evaluation crite-
ria created [7]. States that cooperative learning using
AR significantly enhances students’ motivation, par-
ticularly in attention and confidence.

7.2 Connecting Abstract Concepts with Prac-
tical Applications

To enhance the effectiveness of AR-based learn-
ing—particularly within technical mathematics con-
texts—instructors should design modules that explic-
itly link geometric concepts to real-world applications
in fields like engineering and architecture. This can
be achieved by the use of case studies of calculations
of area, volume, and surface area drawn from con-
struction or industrial settings. Furthermore, field
visits or visits by practitioners to lecture on using
geometric principles in practice can be employed to
reinforce students’ contextual knowledge [14]. AR
technology significantly improves spatial thinking ca-
pability, a STEM student’s critical thinking skill.

7.3 Establishing Infrastructure Readiness and
Teacher Development

Institutions have to emphasize several key strate-
gies for efficiently utilizing AR in education. First, eq-
uitable access has to be provided through offer-
ing proper technological tools and crafting resource-
sharing frameworks. Second, there must be the pro-
vision of practical professional development work-
shops that equip educators with the skills to em-

ploy AR tools and solve common issues confidently.
The development of Professional Learning Commu-
nities (PLCs) dedicated to implementing AR can
motivate collaboration and the sharing of experi-
ences alongside the dissemination of best practices
among teachers. Besides, developing precise instruc-
tional materials and pedagogical content will facili-
tate teachers’ incorporation of AR in current curric-
ula. These steps will help teachers utilize AR’s revo-
lutionary potential to enhance teaching mathematics,
focusing on concept understanding, student engage-
ment, and connecting theoretical concepts to practi-
cal applications in technical learning environments.

ACKNOWLEDGEMENT

This research project is supported by King
Mongkut’s University of Technology Thonburi,
TSRI, and NSRF Fiscal year 2025 grant number
FRB670016/0164

AUTHOR CONTRIBUTIONS

Conceptualization, Ratchanikorn Chonchaiya and
Nattamon Srithammee; methodology, Nattamon
Srithammee; software, Ratchanikorn Chonchaiya;
validation, Ratchanikorn Chonchaiya and Nattamon
Srithammee; formal analysis, Ratchanikorn Chon-
chaiya; investigation, Ratchanikorn Chonchaiya; data
curation, Nattamon Srithammee; writing—original
draft preparation, Nattamon Srithammee; writ-
ing—review and editing, Nattamon Srithammee;
mathematical content and user’s requirements,
Ratchanikorn Chonchaiya; assistance in writing in-
troduction and discussion, Ratchanikorn Chonchaiya;
visualization, Ratchanikorn Chonchaiya; supervision
and project leadership, Ratchanikorn Chonchaiya;
funding acquisition, Ratchanikorn Chonchaiya. All
authors have read and agreed to the published ver-
sion of the manuscript.

References

[1] T. Adolphus, “Problems of teaching and learning
of geometry in secondary schools in rivers state,
nigeria,” International Journal of Emerging Sci-
ences, vol. 1, no. 2, pp. 143–152, 2011.

[2] F. Radmehr and P. Vos, “Issues and challenges
of 21st century assessment in mathematics edu-
cation,” Science and mathematics education for
21st century citizens: challenges and ways for-
ward, pp. 437–462, 2020.

[3] S. Singhal, J. B. Bheda, J. Jogi, P. Rathod
and R. Damor, “Impact of ict based tools on
teaching-learning system-a case study,” Indian
Journal of Educational Technology, vol. 2, no. 1,
pp. 21–30, 2020.

[4] J. Garzón, J. Pavón and S. Baldiris, “Systematic
review and meta analysis of augmented reality



362 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.19, NO.2 April 2025

in educational settings,” Virtual Reality, vol. 23,
no. 4, pp. 447–459, 2019.

[5] A. Almufarreh and M. Arshad, “Promising
emerging technologies for teaching and learning:
Recent developments and future challenges,”
Sustainability, vol. 15, no. 8, p. 6917, 2023.
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