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ABSTRACT

Augmented reality (AR) promotes the human perception of the world by
integrating real life with the virtual environment. With the unexpected increase
in affordable mobile devices and the development of communications
infrastructure, mobile augmented reality (MAR) applications are gaining
popularity. It is very important to provide appropriate education for hearing-
impaired and deaf students. Today, it seems that using traditional teaching
methods alone is not enough to teach hearing-impaired students. This paper
focuses on students with hearing impairment. Hearing impairment greatly
affects the reception of information (oral and written) and the vocabulary
proficiency of children. This paper aims to create a set of algorithms based on
MAR for hearing-impaired students. The first algorithm deals with analyzing the
needs of hearing-impaired students. A second algorithm helps them convert
written words into expressive images. A third algorithm helps them learn
matrices, in addition to another that helps them learn clock times. Finally, a fifth
algorithm helps them distinguish between odd and even numbers. As a result,
hearing-impaired students’ academic achievement increases in comparison to

ordinary students, and they do not feel deprived or less than other children.

Keywords: Mobile augmented reality, hearing-impaired students, Proposed

framework
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1. INTRODUCTION

Hearing impairment affects millions of people globally and is the fourth
leading cause of disability globally. Current research has become a major
problem all over the world and in Egypt and the Arab world. Hearing loss in
general affects the activity of Life contact for children in school and affects the
finances of people around the world [1].

Because of the increasing need and advancements in technology, augmented
reality (AR) research is a topic that is always changing [2]. Augmented reality
(AR) is a system or visualization technique that enhances the natural
environment by integrating virtual objects that seem to share the same physical
space as the real world [3]. AR provides the potential for designing effective
learning experiences, combining virtual and real objects, providing real-time
interaction, and presenting 3D objects, resulting in students having a sense of
reality in an individual learning environment [4][5]

Several ways augmented reality, or AR, might improve education. It has
been shown to improve students' academic performance, motivation, and
engagement [6][7][8]. Due to the emergence of two popular mobile augmented
reality development environments (ARKit from Apple and ARCore from
Google), together with the mobility and accessibility of smartphones and tablets,
mobile augmented reality is now widely available and accessible [9],
smartphones and tablets promote social connections and teamwork [10][11] and
encourage participation in learning activities [12][13].

MAR achieves the goals and requirements of individual self-learning. It
provides an innovative educational space that eliminates the deprivation of
hearing for people with hearing disabilities which leads to students acquiring
greater skills and knowledge and equating them with ordinary students. Hearing
impaired individuals are located in the category of individuals who need special
education [14]. MAR applications and games immerse the hearing-impaired
student into the world of studied information so that he/she can have an
attractive and effective realistic experience instead of dealing with this
information as static texts [15]. MAR technology supports the hearing-impaired
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to participate because it combines fun and knowledge at the same time, and this
will encourage them to discover more in the educational content.

MAR has been conceived as a new paradigm to immerse mobile users in the
wonderful world of mixed reality[16]. In general, a MAR application has inputs
(microphone, cameras, sensor, gyroscopes, and GPS), processing functions
(registration, rendering, and interaction), and outputs (mobile screen, camera,
and eye lens) as shown in Figure 1 [17].

*microphone
ecamers
esensor
*Gyroscopes
/ *GPS
*Registeration
Eemee Processing erendering
einteraction
emobile screen
ecamera
eeye lens

Figure 1. MAR components.

Online education platforms allow interaction between students and
teachers in real-time using high-quality videos to replicate the classroom
experience. MAR has excellent potential in such educational activities [15]. For
example, it could use AR to help the hearing-impaired ‘“hear” what the
interlocutor may be saying to them and understand it without having to know
how to read lips or the interlocutor’s sign language by directing the person’s
speech next to his head intuitively and easily and interacting with it[18][19].
Table 1 compares AR and MAR[20][21].
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Table 1. Differences between augmented reality and mobile augmented reality.

Property Augmented reality Mobile augmented reality

Mobility Using augmented reality while | The user can try it on the go, like
moving is unrealistic. the Google Glass application.

Processing Devices are equipped with | Mobile devices do not have enough
graphics processing units. computational power.

Energy It has high energy It must be designed to reduce

consumption consumption. power  consumption due to

functions that drain batteries.

The shape of the | It requires a large screen. It should be of a small size.

device used in the

operating

environment

Operability It works in a specific | It works in unsuitable environments
environment. ( works everywhere).

Deaf and hearing-impaired students prefer visual learning strategies, and
this is particularly challenging in an environment where much information is
presented exclusively by word of mouth [22]. Hearing-impaired students need to
use assistive technology to participate in the class, such as a mobile phone to
provide details of the content and do some activities and exercises [14]. Hearing
impairment can cause delays in receiving educational materials, where students
need a long time to absorb them, so this must be taken into account in terms of
setting appropriate schedules for completing work for each student. Students
with hearing loss appear isolated in the learning environment due to limited
social contact and interaction with other students, which affects learning.
Participation and interaction in educational programs may be limited [23]. We
aim for the hearing-impaired to use mobile augmented reality as a greater
opportunity for self-learning, assistance in learning through non-traditional
educational media, and increased academic achievement. The rest of the paper is
organized as follows: Section 2 highlights the motivation of the paper. In Section
3, related works are provided. Section 4 looks at the applicability of the paper to
different educational materials. Sections 5 and 6 present a framework that helps
the hearing-impaired learn through MAR. Section 7and 8 concludes the paper
and makes suggestions for future work.
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2. Paper Motivation

The current research is a response to some of the recommendations of
conferences, such as the third international conference in Cairo under the title
Creative Learning in the Digital Age in April 2016, which recommended the
use of AR in education. Many technological systems are designed to help the
deaf, such as supporting and developing reading and writing. Most of these
systems focus on translating written language into sign language. This research
studies the potential and capabilities of AR technology in improving the
educational ability of the deaf and enhancing their academic achievement.

AR has a positive impact and potential in improving the educational
abilities of students, especially those with disabilities, if properly designed and
implemented. The problem of the current research was inferred through the
results and recommendations of previous studies and scientific conferences in
the field of education in general and dealing with the disabled, especially those
with hearing impaired.

In addition to conducting interviews through some field visits to schools
for the deaf and dumb, it was noticed that the teachers were not satisfied with
the level of student achievement for several reasons, including that the
sequence of the scientific subject is not suitable for the hearing-impaired and
the deaf, and planning the curriculum was isolated from their needs and relied
on the traditional approach in developing curricula and textbooks, in addition
to not using computer applications in education.

3. Related Work

In this research, the use of MAR to educate students with hearing
impairment is highlighted for several reasons. The primary benefit of AR is that
it can be used by anyone including mentally and physically disabled individuals
[24]. Several studies related to the development of the learning processes for
students with hearing impairment have been conducted.

It aimed to design physical education learning products and applications
that enable hearing-impaired and deaf students to perform movement tasks well
and to increase students’ motivation to do physical education learning through
some animations [25].

(YAY)
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Besides, teachers and student teachers can act as catalysts to accelerate the
adoption and integration of any new technology in the educational process;
therefore, teachers’ and student teachers’ attitudes and perceptions about mobile
AR adoption and integration are very important. Nevertheless, their views have
not been extensively investigated [26]. Despite all the aforementioned benefits
of mobile AR, its educational use is still rather limited [9].

It focused on highlighting issues faced by deaf students in higher
education during COVID-19 by providing a detailed analysis of the
technological challenges that hinder their learning experience. This work called
for the investigation of broader and more effective teaching and learning
strategies for deaf and hard-of-hearing students so that they can benefit from a
better online learning experience [26].

Moreover, it provided an overview of research on ICT as a support for
students with hearing impairment in higher education settings. The findings
showed a lack of research addressing the use of ICT for students with hearing
impairment [27].

In addition to that one of the major problems in Latin America is that
there are a large proportion of hearing-impaired children who do not receive
proper education due to a lack of support from the government and a lack of
technology. The suggestion was educational mobile applications for students
whether they are hearing-impaired or not [28].Teachers are still hesitant to use
mobile AR in their classroom practice [29].

In addition, it presented ways to provide psychological and educational
support to children with hearing disabilities, as a result of proper education and
upbringing [30].

Besides, the mathematics curriculum should be prepared for the disabled
in the primary stage in the light of their characteristics, needs, and educational
difficulties in teaching the subject from the point of view of their teachers [31].

Moreover, using educational aids by deaf teachers is not well covered,

due to the teacher’s lack of conviction in the feasibility of the existing means,
due to their incompatibility with the capabilities of the deaf student [32].
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It is important to provide appropriate education to hearing-impaired
students by using modern technology that makes training for the hearing-
impaired more beneficial [33].

Recent technological developments have led to mobile devices being used
more frequently in education, mainly for children with disabilities or diverse
educational needs [34].

Some previous studies focused on the use of mobile augmented reality with
the hearing impaired, which helps to acquire skills and information better as a
suitable environment for education and face many challenges and problems.
With a few exceptions, mobile augmented reality technology has not yet been
successfully applied in the classroom. Aside from a few rare experimental
instances, mobile augmented reality technology has not yet been completely
used in the educational system. In this paper, we have presented a proposed
framework for mobile augmented reality for hearing-impaired students based on
a set of algorithms that help raise the academic achievement of the hearing-
impaired student.

4. Application of MAR in the Educational Context

The work of previous studies can be applied in the educational context of
different subjects as follows:

e Biology: The application of AR technology contributes to the field of
biology by presenting the structure of the organs of living organisms in
detail, where the student can examine the parts of the body and how each of
its organs works [35].

e Chemistry: AR technology can be provided for students to interact and
understand amino acids and understand chemical structures in a simpler way
[36].

e Physics: AR technology explains the different properties of objects and
monitors the movement of the body and the amount of speed. The
applications of AR technology can contribute to communicating abstract
concepts to students and simulating natural phenomena and their interactions
when they are not clear in real life [37].

e Computer: AR helps the novice learner perform complex tasks that make
robots, connect networks, install internal parts of the computer, and clarify
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the flow of data within computer parts and different networks [37].Learning
computer-based subjects is challenging as they require many skills,
techniques, and understanding among students. It required students to be
critical in solving the problem. Students had problems learning computer
science subjects due to teaching approaches and the course content [38].

e Geography: The geography subject contains many details about countries,
cities, and geographical places that students must remember. By using AR
technology, the content has become less complex, allowing the student to
discover natural phenomena and advanced technology with flexibility [39].
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Figure 2. Applications of AR.
Online education platforms have allowed students to continue their

education without interruption since the COVID-19 pandemic [40]. Students use
mobile devices in the learning process through AR applications, which
highlights that MAR is part of AR, achieving interactive learning that allows
students to interact easily with the content anytime and anywhere [41]. These
platforms have spread after their success in the COVID-19 pandemic as shown
in Figure 2. The huge increase in the use of mobile phone technology with AR
has led to the emergence of MAR, which combined the two concepts. The
combination of AR and the mobile phone has led to the emergence of MAR,
becoming more flexible and affordable.
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5. The Proposed Framework

One of the technologies that have spread very quickly is MAR due to the
great progress in technology. MAR has become a large part of the education
process. It has helped the teacher explain information more efficiently and played
a major role in motivating students to learn. AR increases student participation,
understanding, and learning, which are essential elements for the success of the
learning process [42]. Based on the great advantages and characteristics MAR
presents, it has helped students with hearing impairment and deafness in their
education and increased their academic achievement. Before MAR, there was a
decrease in the level of academic achievement, which is due to the
inappropriateness of the curricula and the teaching methods used to make them
three grades less than ordinary students [43].

MAR works to achieve equality between the hearing-impaired student and
the ordinary student by benefiting from its applications, facing life’s problems,
developing their social skills, and improving their communication with their
colleagues. The main focus of this work was interaction design to improve
learning and teaching as well as communication with MAR to reduce the
communication gap between ordinary students and the hearing-impaired.

5.1 Analysis

The following are the steps of the first Algorithm that analyzes the needs
of the hearing-impaired students:

- First, identify the educational problem.

- Second, identify the target group in terms of the educational stage, and make
sure that the target group has hearing disabilities.

- Third, identify the causes of the problem.

- Fourth, provide the requirements and services needed by the hearing-impaired,
such as sign language, the presence of an audiologist and a social worker, and
the provision of some optical devices.

- Fifth, provide the classroom with the latest educational tools that suit their
needs.

- Sixth, provide a comprehensive learning environment with tools suitable for
students with hearing disabilities.

- After completing the application, the student can complete the learning process.
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Algorithm 1: Analysis the needs of hearing- impaired students,

Stepl: Start.

Step2: Determine the target group.

Step3: Determine whether the student is able to learn or not.

Step4: The teacher shows the student an AR program with a set of educational cards
distinguish between odd and even numbers.

Step3: If the student can’t learn then define the problem.

Step6: If the student able to learn then present him some exercises.

Step7: If the student answers the exercises presented to him, then the student may be
able to answer any question.

Step8: Teacher present the student a test.

Step9: End.

Algorithm 1: The analysis of the needs of hearing-impaired students.

5.2 Design and Modeling

At this stage, the educational content that the hearing-impaired student is
to be proficient in is collected, taking into account a simple and attractive design
and the diversity in the use of multimedia elements, such as still and animated
images, written texts, video clips, and various effects, as well as their use in
displaying educational content for students with hearing impairment. The
combination of these elements captures students’ attention, explains the content,
and presents learning objectives, which enhances the learning process.

The second Algorithm uses an AR program that helps the student
understand the written words that he/she has difficulty with, turning them into
expressive images, three-dimensional models, and drawings, for example.
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Algorithm?2: AR assists hearing-impaired students to transform written words into
expressive images.

Stepl: Start.

Step2: Select the topic.

Step3: Choose the terms that the student struggles to understand the main topic.

Step4: Convert terms (written words) into pictures.

Step3: Preparing a scenario (educational content) on terminology.
Step6: The teacher displays the student a lesson supported by an AR program that
simulates reality by converting the written words in front of him into three-dimensional
graphic models.

Step7: Teacher discussion the content with the student.

Step8: Teacher prepare a set of exercises and presenting them to the student.

Step9: If the student answers the exercises presented to him, then the student may be
able to answer any question related to the topic.

Step 10: Else go to Step 6.

Stepl1: End.

Algorithm 2: AR assists hearing-impaired students to transform written words into expressive images.

In addition, the third Algorithm shows how to learn arrays. For example, the
teacher presents the student with an AR program for a set of different arrays,
through which he/she explains the terms of the correct array if it is complete.
He/she shows the number of rows and columns and deduces the name of the
array. If there is an empty space in it, then it is incorrect.

Algorithm 3: AR assists hearing-impaired students in learning arrays.

Stepl: Start.

Step2: The teacher explains to the student the terms of the cotrect array.

Step3: The teacher provides the student with an enhanced digital book that presents
array in AR program.

Step4: The teacher asks the student a question about the array.

Step5: The student makes sure that there are no blank spaces.

Stepé6: If the student finds an empty space, then if is not an array.

Step7: If the student does not find empty spaces, then it is an array.

Step8: The student determines the number of columns.

Step9: The student determines the number of rows.

Step10: The student mentions the name of the array.

Step11: If the student answers the question, then the student may be able to answer
any question about array.

Step12: Else go to step 3.

Step13: End.

Algorithm 3: AR assists hearing-impaired students in learning arrays.
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Moreover, the fourth Algorithm presents an AR program based on
educational visual forms as an educational movie about learning time by
recording wake-up times, sleeping times, visits, and daily tasks and assignments.

Algorithm4: AR assists hearing-impaired students in learning clock times.

Step1: Start.

Step2: Teacher records waking and sleeping times of hearing impaired student.
Step3: Teacher records times of daily tasks.

Step4: Teacher records the dates of official visits.

StepS: Teacher writes notes about the time.

Step6: The teacher presents to the student an AR program with various educational
visual forms that shows a movie about time.

Step7: Teacher discusses with the student his observation about clock times.

Step8: If the student answers the exercises presented fo him, then the student may be
able to answer any question related to time.

Step9: Else go to Step 6

Step10: End.

Algorithm 4: AR assists hearing-impaired students in learning clock times.

The fifth Algorithm highlights how the teacher shows the student an AR
program and flashcards to distinguish between odd and even numbers.

Algorithm 5: AR assists hearing-impaired students in distinguishing odd and even numbers.
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5.3 Implementation
At this stage, it should be ensured that the teaching resources and

specifications work well and are supported by animated and still images, video
clips, and three-dimensional figures with the hearing-impaired student and that
the teacher is ready to use these materials and ensure the availability of basic
requirements and other aspects of support from a psychologist and sign language
teacher. Determine the relevant audio or visual devices while providing the
classroom with the latest educational means that suit the needs of the hearing-
impaired student, which results in providing an appropriate educational
environment that includes tools and is suitable for the class in a safe way in terms
of classrooms, learning centers, scientific laboratories, or individual learning
positions, as the learning environment must be comfortable and free from any
annoying distractions such as vision problems.

e Ensure that the application is suitable to work on a smartphone.

e The application includes animated pictures to attract attention.

e Adjust the colors to attract attention.

e Increase the dynamic effects in the program.

e Add video clips that explain the content.

e Add instructional video clips explaining what is happening in sign

language by the teacher.
e Conduct an exploratory experiment.
e Work by the app.

6. Experimental data and results

The sample consisted of 18 students from deaf and hard of hearing schools
in the primary stage, some mathematical concepts and skills required to be
developed for hearing-impaired students were addressed, which consisted in
their final form of (5) five main skills, and (19) nineteen sub-skills. With the
presentation of a set of algorithms based on MAR that help them convert written
words into expressive images and others help them learn matrices, in addition to
another algorithm that helps them learn the times of hours. Finally, another
algorithm helps them distinguish between odd and even numbers.
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6.1 Moderation of distribution

Moderation of distribution means that the data is free of outliers, or
random, and that the data curve is moderate and resembles the shape of a bell.
The researcher used the Shapiro-Wilk test because the sample size is less than
50. The null hypothesis of the test is that the sample follows the normal

distribution. The following table shows the results of the Shapiro-Wilk test.
Table 2 Shapiro Wilk Test Results

Search tool Number | Shapiro welk Significance
value
"Pre-test" test 18 0.931 0.200
"Post-test" test 18 0.924 0.155
observation Card (Before) 18 0.932 0.214
Observation card(dimensional) 18 0.946 0.373

It is clear from the previous table that the sample follows the normal
distribution where all the values of the Shapiro Wilk test are not significant at
the level of (0.05), and therefore the zero hypothesis is accepted. Thus, the
validation of the hypotheses will be based on laboratory statistical tests.

6.2 Hypothesis Validity Test
1- Results related to the first hypothesis

The hypothesis states that "there are statistically significant differences
between the averages of the experimental group students' scores in the pre- and
post-measurements of the achievement test, in favor of the post-measurement."

To verify the validity of this hypothesis, the researcher used the test (T) for
the associated groups, where the average and standard deviation of the scores of
the experimental group students were calculated in the pre- and post-
applications of the achievement test, and the value of (T) was calculated for the
difference between the averages, and the level of significance corresponding to
the value of (T), and the following table shows these results:
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Table 3 "T" test for experimental group scores in the pre- and post-standards of the
achievement test

The Collection Number | Average | Standard | Degrees of | Value "T" | Significance Value
Deviation | Freedom

Experimental
"pre-test”
Experimental
"post-test” 18 38.11 |1.287

18 15.87 | 1.555
17 48.089 - <0.001

It is clear from the results of the previous table that there are statistically
significant differences at the level of (0.05) between the averages of the scores
of the experimental group students in the pre- and post-measurements of the
achievement test in favor of the post-measurement, where the calculated value
of (T) was (-48.089), which is statistically significant when compared to the
tabular value of (T) at the level of (0.05), and the degree of freedom (17). The
following figure illustrates this.

H pre-test M post- test

Figure 3 the average scores of the control group in the pre- and post-applications of the
achievement test

This finding suggests that a learning environment based on the use of
mobile augmented reality has helped improve students' level hearing-impaired
students. Thus, the hypothesis is fully realized.

2- Consequences of hypothesis

The hypothesis states that "there are statistically significant differences
between the averages of the experimental group students' scores in the pre- and
post-measurements of the observation card, in favor of the post-measurement.”

To verify the validity of this hypothesis, the researcher used the test (T) for
the associated groups, where the average and standard deviation of the scores of
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the experimental group students were calculated in the pre- and post-
applications of the observation card, and the value of (T) was calculated for the
difference between the averages, and the level of significance corresponding to

the value of (T), and the following table shows these results:
Table 4 "T" test for experimental group scores in the pre- and post-standard of the observation card

Standard Degrees of o
Group Number mean . Value "T" | Significance Value
Deviation Freedom

Experimental
"pre-test”
Experimental
"post-test" 18 163.61 | 4.565

18 | 75.28 | 3.322
17 80.549 - <0.001

It is clear from the results of the previous table that there are statistically
significant differences at the level of (0.05) between the averages of the scores
of the experimental group students in the pre- and post-measurements of the
observation card in favor of the post-measurement, where the calculated value of
(T) was (-.80.549), which is statistically significant when compared to the
tabular value of (T) at the level of (0.05), and the degree of freedom (17). The
following figure illustrates this.

® pre-test = post- test

Figure 4 Average scores of the control group in the pre- and post-application of the
observation card
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This finding suggests that a learning environment based on the use of
mobile augmented reality has helped improve students' level of mathematics
course skills among hearing-impaired students. Thus, the hypothesis is fully
realized.

3- The effectiveness of an educational environment based on the use of
mobile augmented reality in increasing academic achievement among hearing-
impaired students means the percentage of students in the experimental group
who achieved the required level of learning for each of the objectives of the
proposed environment, through their scores on the achievement test and the
observation card. To measure the effectiveness of the proposed educational
environment, the researcher used the modified gain equation for Black, Black
determines this ratio between (1-2) in order to be an acceptable effectiveness of
the proposed learning environment. The following table shows the calculation of

the adjusted gain ratio for Black's achievement test.
Table 5 Percentage of adjusted gain for achievement test

A pre mean A post mean Total Black coefficient
15.78 38.11 40 1.48

It is clear from the previous table that Black's adjusted gain ratio (1.48),
which is between the percentages set by Black, which indicates the high
percentage of students who benefited, and achieved the required level in the
concepts of the mathematics course, which confirms the effectiveness of the
proposed learning environment related to the field of research. The following
table shows the calculation of BlackBerry adjusted gain ratio for the observation
card.

Table 6 Adjusted Gain Percentage of the observation Card

A pre mean A post mean Total Black coefficient
75.28 163.61 176 1.38

It is clear from the previous table that Black's adjusted gain ratio (1.38),
which is between the percentage determined by Black, which indicates the high
percentage of students who benefited, and achieved the required level in the
skills of the mathematics course, which confirms the effectiveness of the
proposed learning environment related to the field of research. The following
figure shows the adjusted gain ratio of the achievement test and the observation
card.
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Figure 5 Adjusted Gain Percentage for the Achievement Test and the Observation Card
According to the study, pupils in the AR group pick up information more
quickly, which gives them more time to repeat and practice. Unlike students who
have learned using traditional methods, they achieve higher academic
achievement. As studying has become more enjoyable for students with hearing
problems, it has been discovered that using portable augmented reality solves
their educational problems.

7. Conclusions

The current research reached several results that can be summarized as

follows:

1- There are statistically significant differences between the averages of the
scores of the experimental group students in the pre- and post-measurements
of the cognitive test, in favor of the post-measurement.

2- There are statistically significant differences between the averages of the
scores of the experimental group students in the pre- and post-measurements
of the observation card, in favor of the post-measurement.

3- The effectiveness of an educational environment based on the use of mobile
augmented reality in increasing academic achievement among hearing-
impaired students.

MAR has become widely used in the field of education. It has an effective
role in the teaching and learning process, helping to solve many educational
problems, and working on better education for the hearing-impaired.
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MAR technology adds a new dimension to teaching concepts compared to
other teaching methods. AR technology achieves tangible results in collaborative
and self-learning processes that make hearing-impaired students perform better
and take into account the psychological aspects that tend to isolate and distance
them from others. The methods provided by MAR in education also include
physical perception, embodied perception, situational learning, and mental work.

The hearing-impaired and the deaf need to use special teaching methods,
so that they can focus visually, pay attention, and understand the information that
is presented to them. Also, the deaf are in dire need to develop means of
clarification that take into account the nature of their hearing impairment. When
the hearing-impaired begin to study the educational content presented to them
using MAR algorithms, they must acquire knowledge and information, and they
will also have to learn some skills.

This paper discussed an algorithm framework based on MAR for hearing-
impaired students. The first algorithm deals with analyzing the needs of hearing-
impaired students. A second algorithm helps them convert written words into
expressive images. Another algorithm helps them learn matrices, in addition to
another that helps them learn clock times. Finally, a fifth algorithm helps them
distinguish between odd and even numbers. As a result, students’ academic
achievement increases since they feel more equal to other children without any
deprivation.

We can say that MAR is the most important technological innovation to
serve humanity in several areas in general and in education in particular, due to
its characteristics and advantages that help make the educational environment
more effective and flexible. In this context, the proposed work aimed to facilitate
the learning process for students who suffer from hearing impairment by creating
a vivid picture of the concepts and skills so that they become tangible and
acquired with ease in comparison to traditional methods. This system can also be
expanded to implement AR in practice in a classroom service in real time for
students with hearing impairment.
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8. Limitations and Future Work

As for the challenges faced in implementing this system, there were many
challenges, including: financial challenges, infrastructure challenges, training
challenges, and technical problems. As for financial challenges, in a normal
situation these schools suffer from a lack of financial support in addition to
providing a device for each child. As for infrastructure challenges, it is required
to have a device for every child and to ensure that it is always charged. In terms
of technical problems, the device may malfunction and require maintenance.

We suggest studying the effectiveness of using MAR in educational
materials, such as science and history. We have to develop different skills and
produce educational programs that help students with hearing —impaired learn.
This is in addition to reviewing educational curricula in line with MAR. It is
necessary to generalize the use of MAR technology in education.

References

1) Alqudah, S., Zuriekat, M., & Shatarah, A. (2024). Impact of hearing impairment on
the mental status of the adults and older adults in Jordanian society. PLOS
ONE, 19(3), e0298616.

2) Criollo-C, S., Guerrero-Arias, A., Guana-Moya, J., Samala, A. D., & Lujan-Mora,
S. (2024). Towards Sustainable Education with the Use of Mobile Augmented
Reality in Early Childhood and Primary Education: A  Systematic
Mapping. Sustainability, 16(3), pp 1192.

3) Peikos, G., & Sofianidis, A. (2024). What Is the Future of Augmented Reality in
Science Teaching and Learning? An Exploratory Study on Primary and Pre-School
Teacher Students’ Views. Education Sciences, 14(5), pp 480.

4) Pellas, N.; Fotaris, P.; Kazanidis, I.; Wells, D (2019,) Augmenting the Learning
Experience in Primary and Secondary School Education: A Systematic Review of
Recent Trends in Augmented Reality Game-Based Learning. Virtual Real. 2019, 23,
pp 329-346.

5) Arici, F.; Yildirim, P.; Caliklar, S.; Yilmaz, R.M. Research Trends in the Use of
Augmented Reality in Science Education: Content and Bibliometric Mapping
Analysis. Comput. Educ. 2019, pp 142, 103647.

6) Garzon, J., & Acevedo, J. (2019). Meta-analysis of the impact of augmented reality
on students’ learning effectiveness Educational Research Review, 27, pp 244, 260.

https://doi.org/10.1016/j.edurev.2019.04.001

7) Arici, F.,, Yilmaz, R. M., & Yilmaz, M. (2021). Affordances of augmented reality
technology for science education: Views of secondary school students and science
teachers. Human Behavior and Emerging Technologies,3, 1153-1171.

(Ya1)


https://doi.org/10.1016/j.edurev.2019.04.001

Fove udlel) asell L gl Lusilf Auls! Lualel) Alaal

8) Chang, H. Y., Binali, T., Liang, J. C., Chiou, G. L., Cheng, K. H., Lee, S W. Y., &
Tsai, C. C. (2022). Ten years of augmented reality in education: A meta-analysis of
(quasi-) experimental studies to investigate the impact. Computers & Education,191,
104641. https://doi.org/10.1016/j.compedu.2022.104641

9) De Lima, C. B., Walton, S., & Owen, T. (2022). A critical outlook at augmented
reality and its adoption in education. Computers and Education Open,3,
100103. https://doi.org/10.1016/j.cae0.2022.100103

10) Akgayir, M., & Akcayir, G. (2017). Advantages and challenges associated with
augmented reality for education: A systematic review of the literature. Educational
Research Review,20, pp 1-11. https://doi.org/10.1016/j.edurev.2016.11.002

11) Ke, F., & Hsu, Y. C. (2015). Mobile augmented-reality artifact creation as a
component of mobile computer-supported collaborative learning. The Internet and
Higher Education,26, pp 33-41.

12) Nikou, S. A. (2024). Factors influencing student teachers’ intention to use mobile
augmented reality in primary science teaching. Education and Information
Technologies, ppl-22.

13) Nikou, S. A., & Economides, A. A. (2018). Mobile-based micro-learning and
Assessment: Impact on learning performance and motivation of high school
students. Journal of  Computer  Assisted Learning,34, pp 269—
278. https://doi.org/10.1111/jcal.12240

14) Basak Baglama, meltemhaksiz,husien uzenboylu.(2018) Technologies Used in
Education of Hearing Impaired Individuals Article in International Journal of
Emerging Technologies in Learning (iJET) - September 2018 DOI:
10.3991/ijet.v13i09.8303

15) P. Chen, X. Liu, W. Cheng, and R. Huang, “A review of using augmented reality in
education from 2011 to 2016,” in Innovations in Smart Learning. Singapore:
Springer, 2017, pp 13-18.

16) B. Bogdandy, J. Tamas, and Z. Toth, “Digital transformation in education during
covid-19: A case study,” in Proc. 11th IEEE Int. Conf. Cogn. Infocommun.
(CoglInfoCom), 2020, pp 173-178.

17) M. Zikky, K. Fathoni, and M. Firdaus, “Interactive distance media learning
collaborative based on virtual reality with solar system subject,” in Proc. 19th
IEEE/ACIS Int. Conf. Softw. Eng. Artif. Intell. Netw. Parallel Distrib. Comput.
(SNPD). 2018, pp. 4-9.

18) Siriwardhana, Y., Porambage, P., Liyanage, M., & Ylianttila, M. (2021). A Survey
on Mobile Augmented Reality with 5G Mobile Edge Computing: Architectures,
Applications, and Technical Aspects. IEEE Communications Surveys &
Tutorials, 23(2), pp 1160-1192.

19) B. Shi, J. Yang, Z. Huang, and P. Hui, ‘‘Offloading guidelines for augmented
reality applications on wearable devices,”” in Proc. 23rd ACM Int. Conf. Multimedia
(MM), New York, NY, USA, 2015, pp. 1271-1274. [Online]. Available:
http://doi.acm.org/10.1145/2733373.2806402

(Yav)


https://doi.org/10.1016/j.compedu.2022.104641
https://doi.org/10.1016/j.caeo.2022.100103
https://doi.org/10.1016/j.edurev.2016.11.002
https://doi.org/10.1111/jcal.12240
https://www.researchgate.net/profile/Basak-Baglama?enrichId=rgreq-859edb99e38fbc904946ccb19b16b4ac-XXX&enrichSource=Y292ZXJQYWdlOzMyNzk2NzgyMztBUzo2Nzk0MTk3NjA4OTgwNDhAMTUzODk5NzcwMjA1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/publication/327967823_Technologies_Used_in_Education_of_Hearing_Impaired_Individuals?enrichId=rgreq-859edb99e38fbc904946ccb19b16b4ac-XXX&enrichSource=Y292ZXJQYWdlOzMyNzk2NzgyMztBUzo2Nzk0MTk3NjA4OTgwNDhAMTUzODk5NzcwMjA1MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/publication/327967823_Technologies_Used_in_Education_of_Hearing_Impaired_Individuals?enrichId=rgreq-859edb99e38fbc904946ccb19b16b4ac-XXX&enrichSource=Y292ZXJQYWdlOzMyNzk2NzgyMztBUzo2Nzk0MTk3NjA4OTgwNDhAMTUzODk5NzcwMjA1MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
http://doi.acm.org/10.1145/2733373.2806402

A proposed Mobile Augmented Reality framework for Hearing-Impaired Students

20) C. Westphal, “Challenges in networking to support augmented reality and virtual
reality,” in Proc. IEEE ICNC, 2017, pp. 1-15.

21) Saidin, N. F., Halim, N. D. A., & Yahaya, N. (2015). A review of research on
augmented reality in education: Advantages and applications. International
education studies, 8(13),pp 18.

22) Eke,V.U, Aderibigbe, S.A, Ntino, M.O, Akpan, V,B & Obeten. (2021). Special
Educators” Assessment of the impacts of the Themes of International Day of Persons
with Disabilities in Nigeria. Journal of Critical Review 8(2), pp.1157-1164.

23) Arif, A., Rani, S., & Siddique, Q. (2024). Teaching Approaches to Enhance Social
Interaction for Student with Hearing-Impaired at Higher Education Level in
Lahore. Annals of Human and Social Sciences, 5(2), pp 413-425.

24) Lin, C.-M. Lin, C.-R. Dow, and C.-Q. Wang,(2016) “Design and implement
augmented reality for supporting driving visual guidance,”in Second International
Conference on Innovations in Bio-inspired Computing and Applications, Shenzhen,
China, 2011, pp. 316-319, doi: 10.1109/IBICA.2011,84.

25) Sultanto, M. A., Al-Afghani, R. I., Meisya, S. D., Salsabila, I. A., Rohimat, S. S.,&
Stephani, M. R. (2023). Physical education online class for students with hearing
impairment during the Covid-19.

26) Perifanou, M., Economides, A. A., & Nikou, S. A. (2023). Teachers’ views on
integrating augmented reality in education: Needs, opportunities, challenges and
recommendations. Future Internet,15, 20. https://doi.org/10.3390/fi15010020

27) Aljedaani, W., Krasniqi, R., Aljedaani, S., Mkaouer, M. W., Ludi, S., & Al-
Raddah, K. (2022). If online learning works for you, what about deaf students?
Emerging challenges of online learning for deaf and hearing-impaired students
during COVID-19: a literature review. Universal access in the information society,
pp 1-20.

28) Fernéndez Batanero, J. M., Rueda, M. M., Cerero, J. F., & Garcia, S. A. (2022).
Challenges and trends in the use of technology by hearing-impaired students in
higher education. Technology and Disability, (Preprint),pp 1-11.

29) Nikou, S. A., Perifanou, M., & Economides, A. A. (2022). Towards a teachers’
augmented reality competencies (TARC) Framework. In M. E. Auer, & T. Tsiatsos
(Eds.), New realities, Mobile Systems and Applications. IMCL 2021 (Vol. 411).
Springer. Lecture Notes in Networks and Systems. https://doi.org/10.1007/978-3-
030-96296-8 19

30) Boza-Chua, A., & Andrade-Arenas, L. (2022). Inclusive Education: Mobile App
for Students with Hearing Impairment. International Journal of Interactive Mobile
Technologies, 16(18).

(YaA)


https://doi.org/10.3390/fi15010020
https://doi.org/10.1007/978-3-030-96296-8_19
https://doi.org/10.1007/978-3-030-96296-8_19

Fove udlel) asell L gl Lusilf Auls! Lualel) Alaal

31) Fernandez-Gavira, J., Espada-Goya, P., Alcaraz-Rodriguez, V., & Moscoso-
Sanchez, D. (2021). Design of educational tools based on traditional games for the
improvement of social and personal skills of primary school students with hearing
impairment. Sustainability, 13(22),p. 12644.

32) Muhammad Hamed Al-Buhairi Al-Qarni. Problems of applying general education
curricula to students with special needs (the deaf and hard of hearing) from the point
of view of their teachers in the Asir region.VVolume 36, Issue 10, December 2020,pp
88-118

33) Al-Shehri, Saleha bint Ali. (2019). Vocabulary acquisition in the light of
cooperative learning in second language education; An applied study, Kafr El-
Sheikh Journal, College of Education, Vol. 19, p 4.

34) Baglama,B.,Haksiz, M.,& Uzunboylu, H. (2018). Technologies used in the
education of hearing-impaired individuals.International Journal of Emerging
Technologies in Learning (Online),13(9)pp 53.

35) Musayaroh, S., Asmiati, N., Utami, Y. T., Mulia, D., Sidik, S. A., Febri, R., ... &
Pramudyo, A. S. (2023). ASEAN Journal of Community and Special Needs
Education. and pandemic. ASEAN Journal of Community and Special Needs
Education, 2(1), ppl17-26.

36) Plunkett, K. N. (2019). A simple and practical method for incorporating augmented
reality into the classroom and laboratory. September 2019 Journal of Chemical
Education .DOI:10.1021/acs.jchemed.9b00607

37) Hawkinson, E., Mehran, P., & Alizadeh, M. (2017). Using MAVR to bring new
dimensions to the classroom. The Language Teacher, 41(3),pp 30-32.

38) Lah, N. H. C., Hashim, M., Harun, J., & Abdullah, Y. (2024). The evaluation of
problem-solving oriented e-module in learning computer-based subject. Int J Eval &
Res Educ, 13(1),pp 547-558.

39) Saidin, N. F., Halim, N. D. A., & Yahaya, N. (2015). A review of research on
augmented reality in education: Advantages and applications. International
education studies, 8(13), p.18.

40) Pochtoviuk, S., Vakaliuk, T., & Pikilnyak, A. (2020). Possibilities of application of
augmented reality in different branches of education. Available at SSRN 3719845.

41) Multi-Access Edge Computing (MEC); Phase 2: Use Cases and Requirements.

Accessed: Mar. 2, 2021. [Online]. Available: https://
www.etsi.org/deliver/etsi_gs/MEC/001_099/002/02.01.01_60/gs_
MECO002v020101p.pdf.

42) S. K. Kim, S.-J. Kang, Y.-J. Choi, M.-H. Choi, and M. Hong,(2017) “Augmented-
reality survey: From concept to application,” KSII Trans. Internet Inf. Syst., vol. 11,
no. 2, pp. 982-1004.

43) Al-Megren, S., & Almutairi, A. (2019). User requirement analysis of a mobile
augmented reality application to support literacy development among children with
hearing impairments. Journal of Information and Communication Technology,
18(1), pp97-121.

(Y49)


http://dx.doi.org/10.1021/acs.jchemed.9b00607
http://www.etsi.org/deliver/etsi_gs/MEC/001_099/002/02.01.01_60/gs_

A proposed Mobile Augmented Reality framework for Hearing-Impaired Students

Lo Cplaall GOUAl Jaial) 5 jaal) ad) gll & i Jus U

uadlall
Al ae Aadlgll Bl med JA (e alledl 81 &Y (AR) Dol @0 5

Agiall Al ) ghai g A ginall Hlansd) I3 A panall 5 3gad) 8 dadgiall e 5ol 3l pe Agual Y
D5 s gl Ge Aund (MAR) A sanall 336 Y) e jaal) @l gl il Canii€s oY laidll
Y oan 5 Al G i) sl alasind o san ca sl 5 anall 5 pand) Cilaaia CoBUall Canliall aglacill
S gand) Camia (e (sl Gadll O e 48 ) ) sa S i pand) Calaua O aalad) L3Sy
JUlY1 sl cala jall () 5 (A siSall 5 Apgidll) e sheall Jliind o 508 (< pandl Canis
Lrass (el ALl MAR (e saaizall Cile )l sall (e de sane oL} () 48 )5l 028 g
Sl el Al el sa s 5 Lrans Gafilaal) COUall claliad Jidas 691 da ) i) J gl
(b shiaall alai o aaaclud AU dpe))lsa id g Bome e ) A siSall QLD sa
Laalal) e ) ) sal) aaac i o 5al s delud) cld of alas e adaclus (5 &l 4l 3 I A8l
aeanall Calaa Zallall oSV Jumaill @iy A Ay Aom g3l s 400 dll 2l Y1 G Suadll e

S et e e T8l agily ) e salls (g pmidn W oalall Adlally 45 jlie

.z e dae Ua) clmans (psilaal) OOl Jatiall ) jaall o) ) - dalidal) cilalsl

()



