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Abstract—Studies show that the number of dyslexic students is increasing,
as it does the need of the appropriate learning techniques and methodologies in-
creases as well. For the students with learning disability, generally and the dys-
lexic students specifically there aren’t enough technologies that helps them in
the learning process. Not only the students with learning disability face this
problem but parents and teachers are involved as well. The challenge that stu-
dents with dyslexia face is that they find difficulties in processing and remem-
bering information, so they need extra effort and time to learn especially when
learning the basics like alphabets. In order to help students’ teachers and parents
in the learning process, we developed methodology that mixes education with
entertainment and produces an effective way of teaching. The proposed applica-
tion teaches the students the alphabet by tracing the Arabic letters in the three
forms initial, middle and final form, and pronounce the letters as well. It uses a
friendly virtual reality environment. Virtual reality VR is one of the latest tech-
niques in both education and entertainment which proved its effectiveness. It
motivates the students to learn, interact and make the learning processes more
productive. The aim of this research is to help the dyslexic students, teachers
and parents to learn and enhance the learning process. The evaluation of the
system revealed that the proposed application successfully supported students
learning in general and students with dyslexia specifically.
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1 Introduction

Daily, teachers strive to find an optimal learning technique that meets students’ in-
dividual differences. However, while such technologies are promising, they are also
evolving at a rapid pace. The educators and students are faced with several significant
challenges due to this rapid pace [1]. Most of these techniques fail to consider the
specific needs of an important group of the community, which are the students with
learning disabilities (LDs) [2,3]. The research described in this paper examines the
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impact of the use of technology in the classroom setting on educational outcomes with
a specific focus on Primary school students with the learning disability which is Dys-
lexia.

The UK Department of Health has defined a learning disability as a “significant re-
duced ability to understand new or complex information, to learn new skills, with a
reduced ability to cope independently, which started before adulthood” [4].

Dyslexia is a learning disability and a life-long condition that is described as a spe-
cific reading and writing difficulties [5,6]. Dyslexia is a very complicated and multi-
faceted condition that affects sufferers in many ways. Rarely, two people with dyslex-
ia will typically encounter the same symptoms [7,8]. This basic fact is at the core of
this current research . However, a student with some dyslexia generally tends to find
difficulty processing and remembering information they see, hear, and take longer to
learn certain life skills such as reading, writing and speaking [9]. They may also need
help in developing new skills, connecting information and interacting with other peo-
ple.

Dyslexia has been the subject of significant research, and various definitions of the
condition have emerged over the years. In 2007, the management board of the British
Dyslexia Association developed the following definition of dyslexia:

Dyslexia is a specific learning difficulty that mainly affects the development of lit-
eracy and language related skills.

It is likely to be present at birth and to be life-long in its effects. It is characterized
by difficulties with phonological processing, rapid naming, working memory, pro-
cessing speed, and the automatic development of skills that may not match up to an
individual's other cognitive abilities.

It tends to be resistant to conventional teaching methods, but its effect can be miti-
gated by appropriately specific intervention, including the application of information
technology and supportive counselling.

While variations in understanding of dyslexia are fully acknowledged, for the pur-
pose of this research, an educational perspective of dyslexia will be applied. As such,
the definition suggested by the British Dyslexia Association (BDA) will be consid-
ered in this research. It is anticipated that this definition represents a strong fit with
the objectives of this research because it is not limited to children alone; rather, it has
been specifically developed from an educational point of view and covers different
types of dyslexia.

The increased use of ICTs by means of assistive technologies (ATs) has provided
mechanisms through which students who have disabilities can access some of the
learning experiences that are available to their peers. For example, chat-based pro-
grams have provided deaf children with a chance to communicate with others, text-to-
speech tools have allowed children who are blind to access the content of books and
stories, and word processing applications and their accompanying grammar and
spelling checks have helped dyslexic students to overcome their disabilities.

The main aim of this project is to develop a graphical application, which in turn
will develop and improve the primary school dyslexic students writing and reading by
using the advantages of Virtual Reality (VR) environment and avatars to guide chil-
dren through the learning process.
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The following subsections will examine the rationale that underpins this research
and will provide further information about the research objectives, and the contribu-
tion it can make to improve the educational outcomes for dyslexic students.

2 Problem Rationale

Life skills such as reading, writing and speaking approach already exists as appli-
cations within the educational context but it does not meet that the needs of students
with dyslexia as well as it does not support multiple languages such as the Arabic
Language.

Dyslexia is extremely complex and multifaceted and, as such, it is extremely diffi-
cult to develop a standard system that is capable of meeting the unique and varied
needs of a wide range of disabled users [10]. Many of the e-learning tools that are
currently in use in the classroom setting present the same problems to dyslexic learn-
ers as more traditional paper-based approaches. The text-based synchronous activities
that are commonly employed within the classroom setting, can serve to disadvantage
students who have conditions like dyslexia [11]. Many researchers think of dyslexia
as reading difficulties and ignore the other difficulties. The focus of the current re-
search is children with dyslexia.

The students nowadays interact with the technology-based approach more than the
traditional ways. They also understand better when the learning process is supported
with any forms of multimedia such as Avatar, Virtual Environment and images. This
in line with what Aristotle once said, "The soul never thinks without a mental image".
Multimedia not only improves memory and recollection but also helps the student
comprehend and process information easily and increases their engagement.

2.1  Research objectives, and contribution

The proposed application is provided with the VR headset feature, along with an
"avatar" feature. The avatar feature will guide the students and help them to use the
application properly rather than just a plain text. Hence, increase the students’ en-
gagement. Moreover, most of dyslexia applications available in the market are not
free and could be expensive. Hence, one of our motivations is to develop a free appli-
cation for dyslexic learners that will help the students and their families in developing
their language skills. In addition, available dyslexia apps do not support Arabic lan-
guage. They may not be appropriate to be used for Arabic learners due to some cul-
ture aspects. Therefore, this application will support Arabic language unlike other
language skills applications hence suits our culture.

The proposed application is built for an educational purpose and will support the
Arabic language. It addresses the writing skills for student with dyslexia in primary
school but can be used at home as a tool to enhance learning experience. The Applica-
tion is based on the mobile phones with VR Headset. It is designed to help students in
general but addresses the needs of a student with dyslexic in specific.
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o This application is a new service for Primary school dyslexic students to learn new
concepts. In addition to, how to write and learn alphabets.

e This application helps dyslexic students to differentiate between forms of the Ara-
bic alphabets letter and comprehend information.

e The application will give some visual instructions by using avatar.

e Dyslexic students can write alphabet and words by themselves, due to the existing
of Visual instructions and user-friendly interface.

e Students that do not have a learning disability can use the application in order to
increase their engagement and motivation.

This project proposes a simple and portable solution for students with dyslexia in
Primary school to overcome their disability. It also offers to do so in Arabic language.
The research will make a valuable contribution to the education and technology fields
in the following ways:

e According to our research, there isn’t any educational application that is special-
ized in teaching Arabic alphabets for dyslexic students by using the VR technolo-
gy. Therefore, this project will use the VR headset with a 3D graphical environ-
ment to teach the students with dyslexia the Arabic letters with more interactive
and fun way.

e The application is designed for primary school dyslexic students to learn Arabic
skills.

e The avatar works as guidance from the student when needed. The avatar reads the
letter after the student selects it.

e The combination of VR and Avatar considered as a novel contribution of this pro-
ject.

e The dyslexic students can differentiate between the Arabic alphabet letter in its
different forms.

3 Dyslexia

3.1  Whatis dyslexia?

In 1968, the World Federation of Neurology published one of the first formally
recognised definitions of dyslexia. This was as follows: a disorder in children who,
despite conventional classroom experience, fail to attain the language skills of read-
ing, writing and spelling commensurate with their intellectual abilities [12]. The defi-
nition forwarded by the [13] is more specific:

Dyslexia is a specific learning disability that is neurological in origin. It is charac-
terised by difficulties with accurate and/or fluent word recognition and by poor
spelling and decoding abilities. These difficulties typically result from a deficit in the
phonological component of language that is often unexpected in relation to other
cognitive abilities and the provision of effective classroom instruction. Secondary
consequences may include problems in reading comprehension and reduced reading
experience that can impede the growth of vocabulary and background knowledge.
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The British Dyslexia Association (BDA) says: Dyslexia is best described as a
combination of abilities and difficulties which affect the learning process in one or
more of reading, spelling and writing. Accompanying weaknesses may be identified
in areas of speed of processing, short-term memory, sequencing, auditory and /or
visual perception, spoken language and motor skills. It is particularly related to mas-
tering and using written language, which may include alphabetic, numeric and musi-
cal notation. Some children have outstanding creative skills, others have strong oral
skills. Dyslexia occurs despite normal teaching and is independent of socio-economic
background or intelligence. It is, however, more easily detected in those with average
or above average intelligence [14].

3.2  Difficulties that face the dyslexic children in learning

Children with learning disability usually face trouble in taking information through
senses then processing said information to the brain. Sadly, the teaching is yet to serve
their needs better. Dyslexia may make a student resistant to conventional teaching
methods and the teaching-learning process could be ineffective. In addition, dyslexia
are a cause of emotional problems that result from adjustment difficulties such as
frustration, anger, low self-esteem and depression. Dyslexic children specifically face
the following problems in learning:

1. Tend to make mistakes with the order of letters when spelling a word out.
2. Produce dysphonic spelling errors.
3. Find it challenging to match names to objects and people.

A research by [15] where seven dyslexic students were assessed five of them pre-
ferred a visual learning approach. [15] conducted research in which seven dyslexic
students were assessed. She found that five of these students preferred a visual learn-
ing approach. She also concluded that dyslexic students with writing problems would
try to vocalize elements of the word while creating a visual image of it. dyslexic stu-
dents who have writing problems tend to attempt to vocalise elements of the word
(verbal) while also creating a visual image of it (visual).

It is beneficial to use multisensory teaching for dyslexic students [16]. Using in-
formation and communication technologies and assistive technologies to learn is help-
ful for dyslexic students and it enhances the learning process. Thus, increase dyslexic
students’ motivation to learn. This project’s application mitigates the previously men-
tioned problems in the way it shows the position of the letter in the word, teach

The student each letter with its name and sound as well as shape in different ar-
rangement using combination of media which directly impacts the learning perfor-
mance. In addition, the application uses VR which provides safe and controlled envi-
ronment, and high level of interactivity. Moreover, the application does not grade the
students’ effort as success or fail it supports students with all their attempts through
the avatar feature that students interact with and gives a chance of trying again with-
out judgement thereby making the student feel more comfortable and secure.
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4 Educational Entertainment

Educational Entertainment also known as Edutainment it’s a term that is used to
combine education with the entertainment. The first appearance of this term in 1948
was by Walt Disney Company while describing “True Life Adventures series”. The
series is an animated documentary and that is what made it very popular. Educational
entertainment is defined in [17] as any content that is designed to educate and enter-
tain. Many research articles show that education and gaming joined together can pro-
vide academic benefits [18]. Educational entertainment goal is to help make the learn-
ing experience more intriguing for children because they learn fast while entertained
and active [19]. The entertainment comes in form of picture, charts, PowerPoint
presentation, videos as well as mobile applications. [20] stated that edutainment is
playing a great role in the video games field. For Children, edutainment is a better
term than education because children learn fast while they are entertained and active
[20].

Before like 10 years ago, all what you can do with your mobile was to call some-
one or to message him and the most entertaining thing to do with your mobile was to
put a new ringtone. Now, and after the growth of using the mobile technology there
are hundreds of thousands mobile applications in many multiple categories. This huge
growth leads people to use this technology along with the educational field and it's
called “M-Learning” [21]. This combination provided a lot of useful mobile applica-
tions for children.

The benefits of using the mobile applications to entertain the children and to teach
them the languages at the same time according to [20] are: It makes the children re-
member the language they learn very fast. Games improve the physical, social and
emotional skills for children beside the well-known rules help them participate. It
makes the children motivated and can participate because of the enjoyable environ-
ment. Games support many important skills such as strategic thinking, communication
and negotiating skills. This project intended to use the edutainment to help the dyslex-
ic students and other students learn the alphabets in a 360-interactive environment by
using VR Technology and Avatar Technology.

5 Virtual Reality

Virtual Reality (VR) technology is a wide and vast technology. It is applied in
many areas such as medical, educational and entertainment. The features of this tech-
nology are what enables it to be a great method in treating many issues including
Dyslexia. According to Fubini’s “People initially use technology to do what they do
now — but faster” [22], Virtual reality was developed to get users to replace computer
’s keyboard, mouse and joystick with a more interactive and sensory interfaces and
thus faster and more involving experience. Virtual reality, Augmented reality, spatial
reality, mixed reality, tangible reality and collaborative reality are all synonym for a
3D environment generated by the computer where the user can be involved in real
time and have a sensation of being there [23].
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Many virtual reality applications adapt the idea of avatar. The use of avatars on the
applications is one of the gradual changes that are happening to our world. They are
animated computer representation of a user, such as an icon, personal or pictorial
representing a person. It is often a three-dimensional shape or a two-dimensional
form. It can be expressed as taking shape or personality in the form of a symbolic
image in a virtual world and thus achieving the transition from the real world to the
virtual digital [24]. In any application when avatar is used for instructions that will be
interesting ways instead of reading the instructions by traditional way. In this case, the
avatar simulates an environment which is very similar to a real world [25]. These
avatars are not necessarily intelligent; they behave in the ways that have been precon-
figured in them.

Some people find it difficult to obtain information and lack of access to infor-
mation as quickly and easily Such as what is required, which can be exacerbated by
the lack of methods that give information that is easily accessible and clear. People
generally learn better through sources of multimedia information [26]. This is because
it contains some effective information such as voice, image and body language. Is
easily understood and remembered. Avatar also motivates students to interact longer
with educational software and consequently leads to have a significant improvement
in the quality of learning [27]. Since they are interacting with students to facilitate
learning, they are often animated characters that respond to user actions.

An issue that people with Dyslexia face is the inability to engage in conversations
and maintaining them as well, the use of an avatar on VR would help create a com-
fortable environment for the user, seeing as avatars are mostly used in games to per-
sonalize and attract the user. As well as in educational applications where avatar
would provide the role of a teacher or mentor thus creating a connection and main-
taining the user’s attention and interest. All these technologies have potential to help
in creating solutions to many problems and have been applied in different applica-
tions.

So far, research into the Avatar experience for learning skills and entertainment
opportunities among Primary school dyslexic students writing and reading has been
limited and this research need to fill this gap. This is in turn will enable the acquisi-
tion of automatic knowledge that requires less cognitive effort than traditional educa-
tional practices.

6 Data Collection

For a complete view and understanding of Dyslexia and its affects, questionnaires
were used to collect data concerning the matter. Unstructured interviews with special-
ists were conducted as well. These interviews helped identify the requirements of the
system, Functional Non-Functional, user requirement and system requirements. Each
criterion describes the different aspects and needs of the system as a whole.
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6.1  Questionnaires

There are many ways in which questionnaires are suitable for this kind of research.
First, questionnaires offer a very useful method of generating a broad range of data
about the primary characteristics that are under investigation [28]. In addition, they
can be readily adapted to the wide variety of subjects and research problems [29]. A
further advantage of questionnaires is that they represent cost-effective research ap-
proaches because they do not generate interviewer wages and travel costs and, if
closed questions are used, do not incur significant data expenses [30].

A survey was conducted in order to investigate the system requirements, with a to-
tal of 31teachers plus 20 parent's respondents. The survey focused on two types of
users: parent who has student with dyslexia and special education teacher. The survey
has three parts that:

1. Obtain a statement of consent from the respondents to read and agreed to certain
terms and conditions.

2. Classify the survey respondents.

3. Identify the needs of the system users (Teacher/ Parent).

The first question in the survey was: Do you prefer the use of technology in educa-
tion or the traditional way? As result of this question, more than 80% of the teachers
sees the effectiveness of using e-learning in teach. When asked about most problems
facing students with learning disabilities, 74.2% confirmed that they have difficulty in
reading, 54.8% have difficulty in writing, while 54.8% have difficulty in Mathemat-
ics. We asked the teachers about the most effective way for teaching students with
dyslexia, 61.3% confirmed that use of entertainment and technology, 22.6% recursive
training and learning at home, while 16.1% state that the focus on Arabic more than
other subjects in education will help the students with dyslexia. when asked teacher
about student with learning disabilities, confirmed that:

e The help provided by the school for the students with dyslexia sometimes is not
enough to enhance their learning process besides the family need to but more inten-
tion to their dyslexic students.

e High approval that child skills can be developed through use on educational appli-
cation in mobile phone.

e Strong approve for the effectiveness of displaying the image and pronunciation at
the same time.

When asked about technology and children with learning disabilities, confirmed
that:

e The high incidence of children who stumbles when reading long words

e About the child knows the difference between the positions of letters in the word,
there was a convergence of proportions between sometimes and not.

e About the child write letters backwards, there was a convergence of proportions
between sometimes and yes, but the high percentage is they do not write the word
back word.
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When asked about education and children with learning disabilities, confirmed
that:

e Attention in schools it is enough to help them, there was a convergence of propor-
tions between sometimes and not.

o Strong disagreement for traditional learning, and it is not enough to help them

e Many parents' approval that the use of e-learning technologies increases the effec-
tiveness of learning.

When asked about technology and children with learning disabilities, confirmed
that:

e Nowadays, most of children use mobile phones. In addition, there is a strong ap-
prove for the effectiveness of displaying the image and pronunciation at the same
time.

e Strong approval that child skills can be developed through the use of educational
application in mobile phone.

6.2 User interviews

In order to collect the requirements and to understand the need for dyslexic stu-
dents we interviewed the specialists: We interviewed (a) special education supervisor.
He works as an Assistive Technology manager at the Technical Assistance Centre for
teaching the disabled. He mentioned that: the students with learning disability are not
mentally retarded or has trouble with any of their five senses. Their disability is asso-
ciated with the cognitive processes that is related to their five senses, by that I mean
they have issues with the visual processing not with their sight. In addition, autistic
students as a different case of the disabled need activities that stimulate their senses
and your application can help them with that. We are about to establish a centre for
assistive technology, and we need an application that helps the dyslexic.

We asked (b) an autism teacher, she clarified that: they have cases where the stu-
dents find it difficult to differentiate between the Arabic alphabets letter in initial
word form, middle and final form, moreover some of the students has trouble con-
necting a number with its significance. Furthermore, some students hesitate to start a
simple conversation like saying hello, how are you, or I need help.

A special education specialist supervisor (c) at the centre for the disabled, men-
tioned that: students at the centre have difficulties linking a picture to its right word,
in addition they have troubles differentiating between the Arabic alphabets letter in
initial word form, middle and final form.

A special education specialist (d): stated that, they make the best use of the tech-
nology in education, I have this autistic kid in the centre and she can write the alpha-
bets and words by using an iPad, even though she is an autistic which is less capable
than the other learning disabilities.

Learning methods from a child to another may vary and what works well with one
child may not work with the others. Moreover, with the new era of technology and the
increasing use of smartphones and tablets many children will like the technology-
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Paper-

Using Virtual Reality (VR) in Teaching Students with Dyslexia

based approaches, when creating this approach, you must consider the differences and
difficulties they have and add certain features like repeat and skip. These important
features were highlighted by a special education supervisor (e).

After collecting the requirement from teachers and parents using two different
methods questionnaires and interview, the specification of the application has been
finalized. In this paper no technical details will be discussed. Therefore, a storyboard
of the final application will be shown below in figure 1. Technical details will be

discussed on future paper.

Scene: Choose unit

[ User choose unit in order to choose letter.

] [ User choose the letter he/she want to learn. ]

Scene: Choose trace color

] (4

Scene: Trace Letter ]

[ User choose the color from the balloons.

J
[ User write on the hollow letter in the word. ]

[ 5# Button : Sound

)

[ 6# Button: Erase trace ]

[ User can hear letter pronunciation.

] [ If trace goes wrong, user click delete button ]

Button: Next letter form

) (8#

Button : Take Screenshot ]

(7#
G‘ .
L, -

[ User click next to trace the next letter form
(middle form in this case)

When clicking camera icon, screenshot is taking
and saved in gallery .

Fig. 1. Story board
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7

Procedure and Results

In order to estimate the effectiveness of the proposed application, two different

learning experience were designed. The first learning experience (version 1) is the
proposed application of this study. The other (version 2) is the traditional learning
experience. Moreover, we conducted all of experiments with (10) children aged 6-7
years and we have already taken their parents' approval for performing these experi-
ments. The following describes the steps of the experiment:

1.

2.

9]

The student cohort was randomly split into two groups, group A and group B.
There were 5 learners in each group.

Two lessons were examined in the proposed application, the first is on “B letter in
Arabic” (course 1) and the second is “N letter in Arabic” (course 2). These were
used as revision lessons: that is the students were taught these subjects in previous
classes.

. The first group of students (group A) is given access to the “B letter in Arabic”

course that has been delivered to them using version 1 of the system. The second
group (group B) has the same course but delivered to them using version 2 of the
system.

. The first session of the experiment was the same for all learners in both groups.

This session included a brief explanation of the study, familiarization with the sys-
tem and familiarity with the concept of two courses.

. Other sessions contained interaction with the two learning experiences.
. Viewing the lesson, the students chose to access the “B letter in Arabic” course.

What they see will be determined by the version of the system. Hence, those using
version 1 will see the course interface presented in Figure 2, whilst those students
using version 2 will see what shown in Figure 3.

. During the experiment, the two groups were observed by their teacher using group

observation techniques.

. After finishing, the second course “N letter in Arabic” is made available. In the “N

letter in Arabic” course, group A is given access to the content delivered to them
using version 2, whilst group B delivered to them using version 1.

. The students’ progress through the lesson as described above and the same evalua-

tion procedure is applied.

The approach employed to assess the two systems consisted of a crossover experi-

ment through which both groups of participants were subjected to both systems. The
purpose of this was to ensure that any perceived differences in the results were not
due to the composition of the students in the group.
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Fig. 2. The first learning experience (Version 1)
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Fig. 3. The first learning experience (version 2)

Through the nonparticipant observation above - an observation where the observer
is not involved directly in the situation to be observed - of the group, the results were
as follows:

Students found the explanation and demonstration of how the app works clear and
understandable. For some students there was a bit of difficulty at first seeing it was a
new experience but after some tries, they got comfortable and overcame that issue and
enjoyed the experience. As students were eager to try the app there was a slight com-
petition of whose turn it was. Also, they wanted to use/ play for a while longer, there
was even a student from outside the group that was intrigued and asked to join and
take a turn. The students understood the purpose of the icons within the app clearly
and did not face trouble locating and using them correctly. Overall, the students’ emo-
tional state was happy and entertained as well as interested and focused. In the end
when the students were asked on the app, they answered with enthusiasm and joy,
there was a student that complimented the environment specifically and how it
cheered her up.
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Fig. 4. Learners’ satisfaction through eliciting learners’ opinion
about different aspects of the system

8 Conclusion

The project described what the dyslexia is, what are the problems that the dyslexic
children face in learning and how can this system support them by solving their prob-
lems of learning the Arabic alphabets in an interesting way by using the (Edutain-
ment) that mix the education along with the entertainment for a better learning experi-
ence and this will be achieved by using the virtual reality technology that gives the
students a 3D-interactive environment and the avatar technology that provides the
effective information such as the body language, the voice and the images. It was
challenging that the dyslexic students would love using the technology and mobile
applications in learning but, according to the survey that’s been sent to the learning
disabilities’ parents there was a great approval that their children’s skills can be de-
veloped by the use of the educational applications. Thus, the proposed system is a free
mobile application that is specialized in teaching the dyslexic students the Arabic
alphabets with the VR headset by letting the avatar pronounce the letter they want to
learn, let them trace the same letter by the controller in all its situations to let them
differentiate between them and send their tracing progress to their teachers for the
evaluation.
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