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Mathematics is often considered to be an important language, but for deaf
students who are facing communication barriers, it becomes a tough language to
understand the concept, even though a basic language. Therefore, to address this
issue, the study aimed to investigate the augmented reality effectiveness of the
mathematics education of deaf elementary students in Saudi Arabia. Using a
pretest and posttest paired sample t-test; researchers employed the quantitative
experimental research design. A sample of Al-Amel Institute for Deaf Students in
Al-Ahsa Province 60 students selected, who were enrolled in a class on the
concept of circles chosen for the study, divided into two groups: an experimental
group that received mathematics education by using AR and a control group that
traditionally received education. The results revealed a significant improvement
in posttest scores of the experimental group as compared to the control group,
indicating that augmented reality has a positive impact on mathematics learning
of deaf students in Saudi Arabia. The findings suggest that AR can be an effective
tool in enhancing DHH students' mathematics learning because the scores
showed significant improvement in the sample t-test for understanding geometry.
Positive feedback from participants further highlights the potential of AR to
revolutionize math education for deaf students. Therefore, AR tools must be
incorporated into the special education curriculum that facilitate their visual and
interactive learning experience.

1. Introduction

Deafness often creates unique challenges for children, particularly in acquiring essential life
skills, building social connections, and achieving academic success. One of the most significant
barriers is that many deaf children begin their educational journey without foundational skills,
which places them at a disadvantage compared to their hearing peers [1]. Similarly, researchers
emphasized that deaf students’ academic performance is affected by the disparities in reading
comprehension and overall development [2]. Although these challenges does not deeply rooted in
intellectual capabilities, deaf students possess strong cognitive skills than their hearing peers are
often linked to unsuitable curriculum, ineffective teaching strategies, and a lack of properly trained
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educators, which can leave them academically lagging behind their peers by as much as three grade
levels [3]. To address these prevailing challenges, the role of technology has become increasingly
significant.

Digital technological tools have provided new opportunities for making education easy and
comprehensive, particularly for deaf students [4]. These technological tools played an integral role
in removing the communication barriers, like as the need to learn sign language or interacting with
those who are unfamiliar with it [5]. Similarly, various methods such as lip reading and sign
language also helped many DHH students who faces challenges to access the content that is not
specifically designed for them [6]. Moreover, the majority of classrooms lack skilled teachers and
professional interpreters limits their prospects for social and academic growth [7]. Therefore, the
development of digital technologies provides an integral solution for improving the accessibility of
deaf students in their academic activities in order to overcome these consequences. For instance,
mobile learning apps, web-based platforms, and video resources designed particularly for students
have improved their educational experiences [8]. Among these technological advancements and
innovations, augmented reality (AR) is considered a highly promising tool [9]. Therefore, this study
explored how AR can improve learning outcomes for deaf students.

Previous studies have shown that AR technology, like 3D animations, can improve the learning
of the students through providing a virtual element, and providing an environment that reflects the
real world [10]. This helps to understand the student a difficult concept in a more easy way through
a visually interactive and immersive manner [11]. In contrast to the virtual reality provided by a
digital environment, AR experiences the gap between physical and virtual methods , which helps to
make learning more grounded and is applicable to real-life situations [8]. Furthermore, AR also
helps to increase social interaction and communications, including the sign language particularly for
the deaf students [12]. Similarly, incorporating AR into the classroom fosters diversity and increases
these kids' access to and engagement with the learning process increase the academic success of
the deaf students [8]. Therefore, integrating AR into educational settings, there is significant
potential to bridge learning gaps among deaf students in the field of mathematics.

AR is an integral tool for the mathematics students because the consistent of use of AR in the
mathematics increase their potential to change how the abstract ideas are being to be taught [13].
There are various studies have been conducted in the field of mathematics where they found that
AR makes math more engaging and interactive, allowing students to see how concepts apply to
everyday life, which makes learning more enjoyable and effective [8; 13; 14]. [15] also enforced that
AR helps students by making abstract concepts more visible and concrete, which greatly benefits
their learning. Similarly, [13] reveal that AR enhances deaf students’ understanding of geometry,
while according to [16], AR) products, such AR-Books and smartphone applications, improve
understanding and memory of fundamental mathematical skills. These studies emphasized that AR
is an integral tool in mathematics which providing an interactive experience that is helpful for
students who want to learn mathematics. Therefore, the study focused on exploring the role of AR
on mathematics deaf students.

Seeking the importance of AR for the deaf students learning, prior studies still consisted on
various gaps that need to be addressed in the present. At first, there are various researches have
been investigated on AR on the mathematics students to increase their learning but these studies
have limited attention on the deaf students [8; 13; 14; 17-19]. Therefore, to overcome this
limitation, this study focused on the impact of AR on the mathematics learning of deaf students.
Secondly, previously various studies have been conducted on the mathematics to improve the
learnings of the students through making concepts more visual and interactive, but there's a need
for learning materials that cater specifically to the language and learning needs of deaf students [20;
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21]. Thirdly, various studies have also been conducted on other countries on the AR field in
education but there are not enough research on how students in Saudi Arabia respond to and use
AR-based math tools [22-24]. Therefore, this study fills a gap with a specific objective to examine
the effectiveness of AR on mathematics education of deaf elementary students in Saudi Arabia.

This study provided both theoretical and practical contribution in the context of deaf students’
academic performance in Saudi Arabia. Theoretically, this study extend existing literature by
investigating the effectiveness of augmented reality (AR) in addressing the communication,
linguistic and cognitive needs of deaf students for mathematics education in Saudi Arabia an area
that remain unexplored. This study emphasized the role of AR in facilitating deaf students to
visualize, supports the principle of Universal Design for Leaning (UDL) the promote multi-model and
flexible teaching style based on students learning needs. Moreover, this contributed theoretically by
proving how AR tools in mathematics education can bridge the gaps for deaf or hard of hearing
(DHH) student groups. Practically, the current study offers significant insights to policy makers,
educators, and curriculum designers by highlighting the potential of AR tools in mathematics
training to improve academic achievement and commitment among deaf students. Furthermore, it
promotes the application of accessible and interactive teaching tools as per the sensory strengths of
deaf students. Lastly, this study contributed to creating a learning environment where all students
can succeed, regardless of hearing ability in mathematics training.

2. Literature Review

Augmented reality (AR) technology has long captured the imagination of researchers and
teachers. The journey began in 1974 when lvan Sutherland introduced an innovative prototype,
similar to a helmet equipped with lenses, so users can see the real world with three-dimensional
forms [25]. In 1975, this work was expanded, with the intensive exploration of AR technology and
the challenges published [26]. Since then, AR has in particular made significant progress since the
1990s, when the applications and potential acute are discussed [13]. Augmented reality adds digital
details to the real world, making learning more interactive and valuable -—--, unlike virtual reality,
which creates a whole new world, augmented reality enhances what's already there [27]. Including
AR in education creates an attractive and effective learning environment. This technique improves
the teaching experience by introducing virtual data in the contexts of reality so that students can
interact with abstract concepts in a spontaneous and meaningful way [28]. Tools such as PCs,
tablets, and smartphones are integrated into daily life, AR has emerged as a prominent tool in
modern education, such as dynamic education for long learning.

AR used in the education allows to the students to increase their learnings through the
interactions of virtual objects which is making learning more attractive and helps them understand
complex concepts better [14]. This idea is supported by Vigotsky's social development theory, which
states that students learn the best with guidance and support [29]. The difference between
students acts as an accessory that they can do on their own and what they can achieve with help
[30]. In mathematics, the students help to imagine abstract ideas, such as sizes and equations, and
discover them in real time, leading to a deep understanding [31]. In addition, students with different
types of learning requirements, which cause hearing loss, can benefit from AR [14]. It makes a
useful tool for the improved reality (AR) to present the material that is easy to understand [32]. The
cognitive principle that the major of Multimedia learning suggests that students are best learned
when information is presented in both visual and interactive methods [33]. The AR makes 3D
models, animations and lessons by mixing this, helping deaf students to understand the concept of
mathematics. In addition, other studies have shown that AR learning environments can improve
motivation, confidence, and educational performance in students with special requirements [13;
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34].

Similarly, the AR can mix particularly real and virtual elements, which promotes real-time
interaction and links students through visually rich materials [35]. Unlike virtual reality, it provides
digital visual images of real settings for the world, providing a solid and available learning
experience. AR also contributes to the revolution in education for individuals with disabilities, such
as those who are hard of hearing or deaf, by offering new and innovative ways of information
access. [36]. DEF students often face specific challenges, especially in an environment that prefers
the spoken language or when they learn sign language [37]. AR helps to remove these challenges,
and provides an immersive and interactive experience that deaf students tap in strong views on
students [38]. AR-Technology combines visual signals, and gestures with everyday objects and
settings so that deaf students can practice symbolic language and interact with educational
materials in a more attractive and interactive way [31]. These previous investigations highlighted
the importance of AR in improving student learning, especially for deaf students.

Along with theoretical importance, various empirical studies have been conducted on the AR.
For example, [39] found that improving the AR in the education increase the learning skills of the
students through the 3D visuals and animations particularly in the science and mathematics
subjects where the aids through visualization is important to understand the difficult concept. Same
results has been also found by [40] where they found that AR tools boosted engagement among
Deaf and Hard of Hearing learners by offering interactive visualizations of math concepts that are
frequently challenging to understand through traditional teaching techniques. [41] also highlighted
that AR interventions have a positive impact on academic achievement, motivation, and
engagement, making learning more accessible and successful for students. [39] also supported the
view that incorporating AR into textbooks allows DHH students to interact with content
independently, leading to increased cognitive engagement and self-paced learning. These previous
all author’s studies highlighting that AR is an important factor to enhance the students’ learning
skills. They also emphasized that further could be conducted on the developing countries that could
increase the generalizability of findings especially on deaf students.

In addition, [42] research also found that AR could also helped to increase the collaborative
learning within the deaf students through improving the communication skills. The also highlighted
that AR allows for real-time interaction with classmates and teachers. They further recommended
that institutions should focus on the simulations because the AR simulations become a useful tool in
vocational training, which provides students with practical experience in a safe and supervised
setting. [43] highlighted the same view and focused on the implementation of AR, which can
facilitate remote learning. [44] research also highlighted the challenges faced by teachers of deaf
female students in Riyadh, emphasizing that insufficient financial support was the biggest obstacle
to implementing AR in classrooms. In another study of [45] also found that AR increases classroom
management, which helps to increase the students' focus on the improvement of math problems,
which increases their learning skills.  Alruwaili’s study highlighted that AR tools tailored to the
Arabic language and Saudi cultural context led to increased engagement among learners in Saudi
Arabia. These findings indicate that culturally sensitive AR design is crucial for effective educational
implementation. While international research has shown AR's positive impact on DHH students,
there is a notable lack of regional studies on this topic. These previous studies highlighted that AR is
an crucial factor to increase the learning skills of the students. These studies also highlighted that
further research could be conducted on other countries to increase the variations in the findings.

Further empirical studies have been conducted on the AR in educational surroundings through
experimental designs with a pretest and posttest. These designs provide specific evidence of
learning benefits responsible for AR interventions. For example, [46] conducted a semi-structured
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study using the AR. A significant improvement has been shown in the posttest analysis. Similarly,
[47] implemented an AR path using a mobile application. Their pre-test and post-test design reveal
that students using AR tools scored much higher after testing in traditional learning settings than
their peers, indicating better ideological understanding and engagement. In the context of
mathematics teaching, [48] conducted a study with pupils in secondary school, where an AR-
supported environment was implemented to learn geometry. The advantages of the AR group were
statistically different between the pre-testing and testing results, demonstrating AR's capacity to
enhance comprehension of geometric ideas and spatial skills. In addition, [49] made a systematic
review of AR in education and found that most of the studies report before and subsequent test
designs that report positive learning consequences that use the designs for before and subsequent
tests, especially in science, mathematics, and language training. They emphasized that AR's
interactive and engaging features contribute to better academic achievements, inspiration, and
meditation. [50] also emphasized that AR is especially beneficial for students with hearing
impairments, as it addresses their challenges in language comprehension, vocabulary, and cognitive
development by offering a visually engaging medium. These previous studies emphasized that AR
implementation in the posttest process increases the learning skills of the students. They also
argued that further research could be explored on other developing countries to increase the scope
of the study.

Despite the significant advancement of AR for improving the learning skills of the students. Still,
the extant literature remains silent on empirical studies focusing on AR in the mathematics field,
especially in the context of Saudi Arabia, which indicates a need for more localized and subject-
specific research in this domain. Therefore, to address this gap, the current study intends to assess
how well augmented reality (AR) might improve the educational experience for Saudi deaf students,
specifically in mathematics, by making abstract concepts more tangible and comprehensible.

3. Method and Respondents

The aim of this study is to assess how effective augmented reality (AR) can be in enhancing the
mathematical learning experience for deaf students. The study followed experimental pretest-
posttest research design to compare actual academic performance between students exposed to
AR instructions and those taught by using traditional learning models. This study conducted at the
Al-Amel Institute for Deaf Students in Al-Ahsa Province. The study population involves all deaf
students of the institute. The technique utilized to select participants is purposive sampling.
Eventually, 60 students chosen for the study those enrolled in a class in the concept of circles
divided into two groups: experimental group constitutes students those taught by using AR tools
and control group involves students taught by using traditional methods. A total of 60 participants
(30 in the control group and 30 in the experimental group), aged between 9 and 12 years, took part
in this study. The participants were randomly assigned into two groups: experimental and control.
Initially, mathematics questions developed to test students understanding about its foundational
concepts. Before pretesting, questions reviewed and validated by specialists and experts and fewer
adjustments made based upon their feedback. After that, the conducted a trial version after
obtaining the information to test the validity of the instrument. After all steps, the reliability of the
test estimated by using the Kuder-Richardson formula (KR-20), yielding a high reliability score of
0.875. Therefore, the test questions declared reliable.

For deaf students, in mathematics, geometry is a very difficult concept, especially circles. Due to
which before adoption of the augmented reality (AR) learning model a pretest given to measure the
students’ initial understanding of circles. To familiarize DHH students with mathematical concepts,
they were taught the concepts of circles by using AR tools over the five lessons that enable them to
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explore key elements and definitions in detail. However, at the end of fifth lecture, post-test
conducted to examine how much the deaf students had learned concepts of mathematics. The
findings of the tests were presented by using descriptive and inferential statistics. The performance
level of DHH students was categorized using descriptive statistics, and the pretest and posttest
results were compared using inferential statistics. The Kolmogorov-Smirnov test was used in the
study to confirm that the data was normal. Additionally, a paired sample t-test using SPSS software
is used to assess the efficacy of learning models.

The recent study provided quantitative categorization of achievement level of deaf students. It
shows students scoring 90% considered to achieve “very high” success and students who score
between 70% and 89% were classified as “high” achievement. These summarized form of these
categories presented in Table 1

Table 1

Deaf students learning results categorization Rate
Learning Outcomes Categories
90%2 Very high

70- 89% High
50- 69% Average
30-49% Below average
10-29% Low
9% < Very Low

4. Study design

The researcher developed an innovative learning model by using augmented reality (AR) tool as
its underpinning. This learning model built upon the concept of “tangible interface” where physical
objects interact with virtual world connected to mathematical models. By mixing both virtual and
real world, this model facilitates students to interact with abstract math ideas in a hands-on and
meaningful way. Additionally, these model emphases on increasing students’ cognitive abilities,
especially their mathematical concepts understanding. Figure 1 depicts the activity flow of AR-
based model, highlighting how the various elements of AR combine to create an interactive and
engaging learning experience.

Two groups of elementary deaf students

3 )

Expenmental group (n=30)

3
L

Control group (n=30)

Pre-test

-

Using AR in teaching The traditional teaching of
math math

L

-

Post-test

L

Information collection
Data analvysis

Fig.1. shows the activity flow for the augmented reality-based learning model.
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5. Analysis and Results

5.1 Development of interactive math teaching materials

Many studies have shown that deaf elementary school students often struggle with topics such
as graphics, numerical operations, sequences, fractions, geometric shapes, and matrices [34; 51-53].
Based on existing body of knowledge, these areas can be challenging particularly for deaf or hard of
hearing (DHH) students. To address this, the researchers developed educational material using the
improved reality (AR) technology. The work was a collaboration between two experienced
mathematics coaches, each of whom had more than five years of teaching skills. Together, they
created an interactive ARmatematics app using Unity 3D and Wuforia SDK. The Unity 3D is a
versatile game engine that supports a wide range of platforms, including Windows and Android,
making it ideal to design AR and VR applications. The app focuses on mathematical problems using a
mixture of fried and second basic operations, while avoiding word problems to prevent heavy
students. Researchers created this learning model around an AR framework inspired by the term
"concrete interface", where physical objects are used to modify and interact with virtual elements.
This framework addresses the special cognitive needs of deaf students by helping abstract
mathematical ideas for practical experiences.

The result of this effort is an engaging, guided AR Math Application that students can download
to their mobile devices. The app features an intuitive interface with interactive instructions,
allowing students to explore and learn math concepts through hands-on experiences. This approach
not only makes learning more enjoyable but also enhances their understanding of the subject.
Figure 2 displays the app’s interactive features, with specific functionalities tailored to various
learning modules.

Fig.2. Multimedia effects of AR math learning for deaf students’ app

354



Decision Making: Applications in Management and Engineering
Volume 8, Issue 1 (2025) 348-363

5.2 Building a model of learning with distinct steps

Physical objects have been introduced in the initial stage. Deaf students are encouraged to get
specific ideas in the context by examining and interacting with physical objects around them,
particularly geometric figures and group arithmetic procedures. In the next stage, students organize
the abstract ideas they have uncovered. This process includes conversations about the
characteristics and elements of addition, subtraction, multiplication, and division, along with circles,
squares, and triangles found in the items they studied. Now, students start to comprehend the
abstraction after their exploration of objects, facilitating the formation of knowledge frameworks
that represented visually. In the third stage, the instructor aids students in expanding their
comprehension of the physical items they have investigated, relating them to other relevant
situations. Students and their teams then evaluate and reflect on the learning results from the prior
stage to tackle proactively any possible misconceptions in linking contextual knowledge. In the end,
students synthesized the knowledge acquired from analyzing actual objects into condensed
concepts based on their comprehension. Collectively, these strategies facilitate DHH students in the
classroom to reach their goal of improving students geometrical and mathematical understanding
by enhancing their interaction, engagement and understanding of the real world.

5.3 Learning Achievement Analysis

An independent sample t-test was performed to compare the math pretest scores in order to
ensure that the two groups of deaf children started at the same level prior to the AR learning
activity. The findings show that controlled group averaged 66.31, whereas experimental group
averaged 66.11. This slight difference was not statistically significant (t = 0.441, p > 0.1), confirming
that both groups had comparable foundational math skills before the experiment began. Next, to
analyze the learning outcomes, the researchers examined the post-test scores to determine if the
experimental and control groups varied significantly.

A fair comparison was ensured by using an analysis of covariance (ANCOVA) with pre-test scores
as a covariate. Before proceeding, tests conducted to confirm the assumptions required for this
analysis. The homogeneity of regression coefficients test showed that the relationship between pre-
test scores (covariate) and post-test scores (dependent variable) was consistent across the groups (F
=0.584, p =.421 > .05). This allowed the researchers to move forward with the covariance analysis.

In Table 2, After adjusting for pre-test scores, the results showed a substantial difference in the
groups' post-test scores (F = 4.422, p = .036 < .05). The experimental group, which used the
interactive AR math app, had an average post-test score of 74.77 with a standard deviation of
14.78. In contrast, the average score for the control group, which used conventional teaching
techniques, was 70.68 with a standard deviation of 21.44.

Therefore, the use of AR math apps improved deaf students' learning results when compared to
traditional training, highlighting AR's effectiveness in enhancing math education.

Table 2
ANCOVA Test Results for Post-Test of Study Groups
N M SD AD SE F sig
Experimental group 30 74.77 14.78 75.44 2.16 4.422%* 0.036
Control group 30 70.68 21.44 70.35 2.55

A D= Adjusted Mean, SE= Standard error of the mean p<.05

The study conducted a paired sample t-test to compare students' math learning outcomes
before and after the intervention. Mentioned table 3, provides deeper insight into the effect of AR-
based teaching approaches on deaf students’ academic performance. The findings in Table 3 show
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a notable increase in students' math achievement, as evidenced by the comparison of pretest and
posttest scores. The results show a significant difference between pre-intervention and post-
intervention performance, with a 2-tailed significance value of 0.000. These findings emphasize the
important role of the model for learning the improved reality in increasing mathematical
achievement in deaf students.

Table 3
Paired Sample t-Test Results for Math Learning Outcome.
M SD SE 95% Confidence Interval of the Differences T Sig
Pairl  Pretest 55.43 6.334 922 Lower Upper 16.98 .000
Posttest 75 8.742 .133 -18.96 -14.63

6. Discussion

The study aimed to investigate the effectiveness of augmented reality on mathematics
education of deaf elementary students in Saudi Arabia. The study selected the ANCOVA model to
conduct the analysis and reported its results. The results of pre-test reveal that there is no
significant difference in two groups control and experimental. This shows that there was no change
in the relationship before formulating any intervention. These findings are supported by the study
of [54]. On the other hand, after the intervention from the researchers, there has been shown a
significant difference was shown in the ANCOVA results in the post test scores of post-test scores,
which were using the AR-based math applications. The result has been aligned with the study of
[46; 55] where they highlighted that AR increases student engagement, motivation, and
understanding of abstract mathematical concepts. This is further aligned with the study of Shaaban
and Mohamed [47], where they were also signified that AR technologies can improve academic
achievement, especially for learners with disabilities, by providing interactive and visually rich
content. These findings emphasized that teachers should employ the AR because the improving
performance of the experimental group is emphasizing that AR can be a important educational tool
for deaf students in facilitating to increase their understandings and gaining higher achievements in
the mathematics.

Further paired sample T test results showed a valuable increase in the achievement of student’s
results in mathematics, which reflects a notable increase in mean scores from the initial pretest to
the final posttest. This outcome indicates that incorporating the AR could become an integral part
of improving understanding of complex mathematical concepts. The highly significant T value also
confirmed that increasing academic performance could be attributed to the unique strengths of AR
tools, particularly their interactive and visual features. These tools bridge the gap between the
virtual and real worlds, providing students with a clearer understanding of abstract material that
conventional methods often struggle to communicate effectively. The results are aligned with the
previous study of [52] where they highlighted that the efficacy of AR in the education model could
help to boost geometric comprehension in the deaf students. This is also further supported with the
view of [56], who found that AR games could be used as an important tool in creating a more
effective math learning experience for deaf students. In the same vein, Chao and Chang [57] study
showed that AR technology can increase student engagement and motivation in math classes.
Together, these studies highlight the transformative capacity of AR in education to enhance the
learning experience of mathematics for deaf students in Saudi Arabia, improve commitment, access,
and understanding. This adoption can also increase students' educational results.

In addition, the results after the test showed a significant improvement in the results that have
been adapted to the study of Nunes [58] where they highlighted a various difficulties among the
students in their hearing impairment encounter in the their mathematics learnings. Such kind of
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difficulties are being frequently tied various constrained which are being imposed from their
hearing loss which could impede different aspects in student knowledge acquisition, social skills,
language development, vocabulary expansion, and literacy skills. Additionally, deaf students often
depend significantly on assistive technologies to bridge the gaps created by this challenge. The
integration of AR into teaching practices resulted in a more immersive and captivating learning
setting, which in turn, generated increased student interest and motivation. AR's capacity to
connect abstract mathematical ideas to real-world applications renders it an innovative and
effective method for teaching mathematics [34; 59]. This approach improves individual learning
outcomes by promoting collaborative efforts by initially merging virtual and physical components.
This approach enables both individual and externally effective collaboration by mimicking the
nuances of face-to-face interaction compared to traditional screen-based approaches. Ultimately,
AR works as a powerful resource that can present more inclusive, relevant, and significant to learn
to learn mathematics, providing them with opportunities to succeed that cannot be provided by
traditional teaching methods.

Based on the above findings, it is strongly suggested that the educational institutions in Saudi
Arabia should integrate the AR into their teaching practice, especially for students with hearing loss.
The significant improvement seen in the score after deaf students using AR-based mathematics
applications could emphasize the efficiency of tackling the unique challenges these students face in
gaining mathematical knowledge. It has been emphasized by Lah et al. [60] by hearing stored
students are being often face various obstacles in the their learnings due to language development,
reading skills and boundaries in communication. AR helps remove these obstacles by providing
visually rich, interactive and engaging learning environment that supports individual and
collaborative learning. With a view to promoting inclusive and high quality education for Saudi
educational institutions, integration of AR can be a transformative step towards improving the
results of learning, and ensuring that all students are equal opportunities to succeed in topics as
people with special requirements.

7. Theoretical and Practical Contributions and Future Directions

Various theoretical and practical contributions have been highlighted in this section. From a
theoretical view, this study contributed significantly literature in understanding how deaf students'
education can be improved through the integration of AR. The findings contributed significant
findings in the context of Saudi Arabia, which has received limited attention in the extant literature.
Furthermore, this study also contributed significantly literature by investigating the AR through
highlighting how AR's capacity provides customized visual and interactive support that addresses
the unique needs of these learners. Additionally, findings also contributed to highlighting the
significance of AR for special education for emphasizing in this field. Current study also contributed
to highlighting the socio-cultural factors importance in the students learning through signifying that
AR content helps to the local context and language significantly improves accessibility and relevance
for deaf students in Saudi Arabia. This study confirms the theoretical perspective that effective
technology integration in educational settings is contingent upon various contextual factors, such as
curriculum alignment, institutional readiness, and user training, highlighting the need for a
comprehensive approach to technology adoption.

From a practical point of view, this study provides the necessary recommendations for teachers,
direct designers, and decision makers who aim to improve mathematics education for deaf students
through the use of AR technologies. Saudi Arabia's educational institutions should prioritize the
development and implementation of visual-based teaching equipment that meets visual learning
and sign language integration, and increases the ability of deaf students to connect and understand
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with mathematical concepts. The Saudi educational reference requires collaboration between
software developers, teachers, and specialist experts to ensure that the material is culturally
relevant and linguistically accessible. In addition, this research emphasizes the requirement for
strong infrastructure, including digital units with high damping and a reliable Internet connection to
facilitate effective integration of AR-based instructions in academic environments. Institutions
should use response systems that allow students to contribute to the evaluation and development
of AR tools, which promotes a user-centric view for continuous improvement and processing. By
implementing these approaches, Saudi Arabia can make significant advances to realize its vision
2030 goals for inclusive and technology-competent education, which can reduce educational
differences for deaf students and improve their overall academic performance.

Various limitations have been highlighted in the current study along with significant
contributions. The study was limited only on mathematics students, which limited the scope for
other computer science students where symbolic or other development is a major part of their
study. Therefore, future research could be conducted on other computer students to increase the
research generalizability. In addition, the study is limited only on deaf students while other students
are blind, and this study finding limit the scope for blind students. Therefore, future research could
be conducted on other students to increase the study strength. Lastly, a study conducted on the
pre-test and post-test process, while ignoring regression analysis, limited the study scope.
Therefore, future empirical research could be conducted on regression analysis after adding other
variables, which could increase the study scope.

8. Conclusion

The study aimed to examine the effectiveness of augmented reality on mathematics education
of deaf elementary students in Saudi Arabia. For this purpose, two control and experimental groups
from Al-Amel Institute for Deaf Students in Al-Ahsa Province were selected. The sample included 60
students enrolled in a class on the concept of circles chosen for the study, divided into two groups:
an experimental group that received mathematics education by using AR and a control group that
received education in a traditional way. The findings showed that the experimental group's posttest
scores significantly outperformed those of the control group, suggesting that augmented reality
benefits Saudi Arabian deaf students' learning of mathematics. According to the results, AR may be
a useful method for improving DHH students' understanding of mathematics. Using a paired sample
t-test, their scores were examined, and the findings revealed a significant improvement, especially
in geometry comprehension. Participants' positive comments further emphasize how AR has the
potential to transform math education for deaf students. Therefore, AR tools must be incorporated
into the special education curriculum that facilitate their visual and interactive learning experience.
Therefore, this research confirmed the theoretical perspective that the successful integration of
technology in learning environments depends on a number of contextual elements, including
curriculum alignment, institutional readiness, and user training, highlighting the need for a
comprehensive approach to technology adoption.
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