International Journal of Education (I1JE) Vol.9, No.2, June 2021

DESIGN GUIDELINES FOR APPLICATIONS THAT
TARGET ARAB DYSLEXIC STUDENTS

Raghad Alsudays

Department of Information technology, King Saud University, Riyadh,
Kingdom of Saudi Arabia

ABSTRACT

Dyslexia is a specific learning disability that involves difficulties in reading and affects the academic
achievement of students with dyslexia, particularly in reading. It is a language-based learning disability,
where the severity of difficulties varies across different languages. Arab dyslexic students are in need for
tools that support their academic achievement process. The design of most of the educational applications
in Arabic language that target dyslexic student, do not meet their special needs and requirements. Our
contribution is an analysis of design considerations to reach a suitable design for applications that targets
Arab students with dyslexia. The result of our analysis is presented as a number of guidelines that are
related to the applications elements.
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1. INTRODUCTION

Dyslexia is a specific learning disability that is related originally to neurobiology. It is concerned
with difficulties in recognition of fluent words accurately, poor spelling, and decoding abilities
[1]. People with dyslexia suffer from a neurological difficulty, hence, their brains process and
translate data in an unanticipated manner. This neurological problem also affects their literacy
and ability to understand new things [1]. Despite having a developmental disorder of
neurobiological origin, dyslexic people have normal or above average intelligence and usually
have no sight problems [2]. Students with dyslexia show a difference between their mental
abilities and their academic achievement [3]. Thus, they usually have high mental abilities but
their academic achievement is low, particularly in reading skills.

Dyslexia can be described as a language-based learning disability, where the severity of reading
and writing deficits vary across different languages and cultures [4]. The available research
conducted to explore dyslexia in Arabic language mostly focused on the difficulties and
complexity of Arabic [5]. These difficulties and complexity of Arabic language could make
reading a more difficult skill to be acquired for dyslexic students. Since dyslexia is associated
with a language, the linguistic characteristics of the Arabic language should be considered in the
design of dyslexia assistive technology in this language [3].

Specialized education program can help dyslexic students to succeed in school [6]. Research has
proven that using technology and computer-based training can improve reading abilities of
dyslexic students, especially if they were introduced to these technologies at an early age [7].
Unfortunately, the design of most of the applications that target the dyslexic students do not meet
their special needs and requirements as they do not follow the general respected guidelines, such
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as the background colours; nor the specific Arabic guidelines, such as using a specific font for
Avrabic text.

Studies on designing tools to support dyslexics in Arabic language are very limited. Therefore,
the aim of this work is to present an analysis of the suitable design aspects required to meet
thespecial needs of students with dyslexia. This paper contributes to the HCI field by providing a
set of guidelines for designing Arabic learning applications for students with dyslexia.

2. DESIGN GUIDELINES

We tried to collect all recommendations related to design Arabic learning applications for
students with dyslexia. In order to be considered when designing these applications.

2.1. Methodology

We went through the following steps in order to collect all possible recommendations that
arerelated to design Arabic learning applications for students with dyslexia.

2.1.1. Collecting Resources

First, we collected all possible papers from Saudi Digital Library that mentioned some
recommendations to design learning applications for students with dyslexia, which are related to
the elements of any application [regardless of the language], using the keywords; Dyslexia,
design, guidelines, recommendations. In order to identify the appropriate characteristics of texts
for dyslexics, [which involve the font style and size] and how it should be formatted, the suitable
colours for dyslexics to be used for texts and backgrounds, as well as the guidelines to be
considered when using multimedia. We got a total of 19 papers for analysing the design
recommendations.

2.1.2. Collecting and Analysing Recommendations

In this step, we collected the recommendations we need from those resources, which are either
suggested by dyslexia experts or extracted based on results of questionnaires, workshops,
interviews and experiments applied to dyslexics or their parents in addition to specialists in
specific learning difficulties. Then, we analyzed these design recommendations to divide them
according to the design element [text, colours, formatting, multimedia..etc] and whether they are
general and can be applied to applications that target dyslexic students in any language or specific
for Arabic language.

2.1.3. Filtering Results

Here we filtered the results of the previous step, to abstract only the recommendations related to
elements design and agreed upon in those sources.

2.1.4. Specifying Design Recommendations

Finally, we identified the design recommendations for dyslexics in guidelines form to be
considered while designing applications for dyslexics.
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2.2. Design Recommendations for Dyslexics

The findings of our analysis are presented in the form of guidelines that are related to the design
elements: font style and size, interface and colors, layout, formatting, navigation, multimedia,
repetition and feedback. Some of these design guidelines are general and can be applied to
applications that target dyslexic students in any language ; however, the other guidelines are
specific for Arabic language applications since that consider the characteristics of Arabic script.

2.2.1. General Design Guidelines

Font Style:OpenDyslexic, Lexia Readable, Dyslexie and SylexiadeReadRegular are text fonts
that have been developed to maximize the readability of the letters and make them clearer
andmore precise for dyslexics [15]. These fonts are presented in figures 1,2 and 3. Dyslexie may
not improve the reading speed, but it may decrease some specific type of reading errors [10].

Open Dyslexic Regular

Dyslexia: A disorder
manifested by difficulty in
learning to read despite
conventional instruction,
adequate intelligence and
sociocultural opportunity

Figure 1. Text written by OpenDyslexic font type

Lexia Readable Bold

the quick brown fox jumps over the |
THE QUICK BROWN FOX JUMPS O
01234567849

Figure 2. Text written by Lexia Readable font type

The font for people
with dyslexia

This font is especially designed for people with
dyslexia. When they use it, they make fewer

errors whilst they are reading. It makes reading
easier for them and it takes less effort.

The Dyslexia font is used by several schools,
universities, speech therapists and remedial teachers.

Figure 3. Text written by Dyslexie font type
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Students with dyslexia have difficulties in reading with serif fonts [20], [14]. Therefore, it is
better to use ‘Sans Serif” since they found it easier to read. The most suitable plain sans serif font
types are Arial and Comic Sans MS [21], [22], [23]. Since these font styles do not support Arabic
language except Arial, it can be considered as suitable font type for Arabic language as well.

Font Size: Despite the difference in the recommended size; however, larger font size clearly
increases text readability [24]. It should be 12-14 point, or larger to suite the need of some
dyslexic readers [15], [14], [23].

Interface and colours: Since some of dyslexics can be visually sensitive to colours, it is
recommended to rely on a simple interface design to minimize any disturbance [10], [7], [20].
This design is made using dark coloured text on a light background not the opposite [5], [9],[14].
As background colours can facilitate dyslexics to read better; red, white and graphics
backgrounds have to be avoided since they make text harder to read [15], [22]. Dyslexia experts
have listed eight suggested background colour that are illustrated in figure 4 [colour code:
#FF3E2, #A4D5A6,#CCE685, #A8E685, #DEDSE4 #87AAT74, #9EQETC, #F19D3B] [20],[14].
Additionally, it is recommended to avoid green and red/pink coloured text [15].

H#FFE3E2
#A4D5A6

#CCE685
#ABE685
#DEDBSE4
#87AA74
#9ESE7C
#F19D38B

Figure 4. backgroundcolours proposed by an expert

We concluded with the following combinations of text and background colours as they are
proven to be preferable by dyslexics:

» Black text on a beige or cream background [9], [23].
» Black text on yellow background [9].
» Black text on lighter shades of pink and green background [21].

Moreover, dyslexic students get confused with too many colours and options in the screen.

Therefore, the menu and its options in general should have few basics colours to prevent
confusion [3].
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However, since dyslexics have different preferences, various research studies demonstrate that
enabling dyslexic users to customize text and background colours as well as font types and sizes
according to their preferences has a significant influence on their reading accuracy [10], [20],
[15], [14].

Layout: Lines should not be too long: 60 to70 characters. Narrow columns should be avoided in
addition to starting a sentence at the end of a line [9], [14], [15].

Formatting: It is recommended to use bold or coloured text for important texts rather than italic
or underline [15], [25]. It is also recommended to use larger font size in bold for headings [14]
and at least 1.5 line spaces between lines of text [15].

Navigation: Dyslexics show difficulty in navigation. Therefore, Simple and clear navigation
design is recommended to overcome the problem of weak focus on coherence [20], [3], [14].
Simple navigation includes simple menus that present few options to choose from and categorize
the relevant options in new submenu [3], [21]. Moreover, experts recommendedadding Home
button and Back button on every page to facilitate the return to the home page or to the previous
page [16]. Additionally, program closing, which is part of navigation, is suggested to be
presented in a clear red closing icon to allow users to perceive its function [3].

Multimedia: Using relevant multimedia elements is an effective approach of teaching students
with dyslexia [1]. It includes adding useful pictures, tables, graphics, audios and videos to help in
attracting the attention and improve understanding the content [15], [21], [25], [14]. Nonetheless,
sound effects and visual design may distract dyslexic students from the main educational purpose
[10]. Therefore, it is recommended to avoid using animated text, unnecessary images and text in
images [21], [14]. It is good to provide narrator voice with any texts [14], that needs to be
presented slowly to assist dyslexic students in understanding and allow for audio information
processing [22], [20]. The voice also needs to be cheerful to maintain their interests and focus. In
addition, it is encouraged to use music as background during learning [22]. Furthermore, it is
essential to add label to the videos that indicate their duration and make them able to play in full
screen in order to enhance the system status visibility [16].

Repetition: Repetition of words helps students with learning difficulties to read [1]. It includes
providing the opportunity to repeat the same activity [14] or offering a number of attempts until
mastery of the task is completed [5].

Feedback: Providing appreciative audio feedback helps in attracting the attention of dyslexic
students [21], [14]. For assessment of reading skills and easy feedback, it is recommended to
allow user to select the word pronounced by the system among different words. If the user
selected the correct word, this means he/she read it correctly [3].

2.2.2. Arabic Language Specific Design Guidelines

Font style: Times New Roman font Arabic text in large print is recommended to enhance reading
performance [10]. The preferred Arabic text font are Arabic Transparent followed by Simplified
Arabic Fixed. On the other hand, angular types of Arabic fonts such as Koufi and Andalus should
be avoided [25].

Font size: Since Arabic script is commonly written in larger sizes than English, the preferred size
is in the 16-20pt range [25].
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Formatting: Due to the nature of Arabic script, alignment of text should be from right to left.
Fully justified text is suitable for Arabic dyslexics as well, because words can be stretched to fill
the width of the line instead of introducing inconsistent spaces between words. Moreover, it is
recommended to increase spacing between words [25].

Vowelization: Since reading words is an advance step after learning letters, using of diacritics
[the markings that may appear above and below letters to define their pronunciation] could
improve comprehension and reading accuracy, especially for beginner readers [3], [25].
However, reading with diacritics may reduce the reading comfort for both beginners and
experienced readers as it requires high levels of visual discrimination and memory skills.
Therefore, it is suggested to provide text in both formats and give users the option to hide or view
the short vowels as well as offering levels of vowelization [25].

These guidelines are summarized in table 1.

Table 1: Summary of design recommendations for dyslexics

Design element The recommendations
Font Style e  Fonts specially designed for dyslexic: OpenDyslexic, Lexia
Readable, Dyslexie and SylexiadeReadRegular.
e Use ‘Sans Serif” font types: Arial and Comic Sans MS.
Font Size 12—14 point, or larger.
Interface and e  Text color: black.
colors e Background color: beige, yellow, lighter shades of pink and green.
Layout e 60 to70 characters for each line.
e Avoid Narrow columns.
e Avoid starting a sentence at the end of a line.
Formatting e  Use bold or colored text for important piece.
General e Use larger font size in bold for headings.
design e Leave 1.5 line spaces at least between lines of text.
guidelines Navigation e  Use simple menus that present few options to choose from.
e Add Home button and Back button in every page.
e Present a clear red closing icon for program closing.
Multimedia e Add images, audios and videos to improve understanding the
content.
e  Use music as background during learning.
e Avoid using animated text, unnecessary images and text in
images.
e Provide narrator voice that ischeerful and presented slowly
with any text.
Repetition IAllow repeating words and activities.
Feedback Provide appreciative audio feedback toattract the attention.
Font style e Use Arabic font types: Times New Roman, Arabic Transparent
Arabic and Simplified Arabic Fixed.
language e Avoid angular types of Arabic fonts: Koufi and Andalus.
Sé)ec_mc Font size Size is in the 16-20pt range.
guigséll?rr:es Formatting e Text alignment should be from right to left.
e Fully justified text.
e Increase spacing between words.
'Vowelization Use diacritics.
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3. RELATED ARABIC WORKS

Studies on designing and developing tools to support dyslexics in Arabic are very limited.
Despite the lack of works conducted in this field, there are number of research and investigations
have been made to help dyslexic students with Arabic language.

Al-dabaybah and Jusoh designed a methodology to identify the usability features for developing
an Arabic assistive technology for dyslexic students [3]. They adopted a set of tasks or questions
to be used in the experiments. The features were extracted by conducting experiments on three
dyslexics and three normal students age between seven to ten years old to match the target users
need. Four applications designed for children literacy teaching were used as tools for
experiments. They asked the students to perform a list of tasks, and then observed their ability to
perform the given tasks. The results suggested a set of required usability features that are related
to the use of menus, colours, navigation and feedback. Some of these features were discussed in
the previous section to be considered as recommendations for designing applications for
dyslexics.

Moreover, [8] developed a novel, interactive, multimodal interfaced mobile learning tool based
on a cloud-computing architecture. Using this tool enables dyslexic students to learn educational
materials, carry out exercises and interact with the content based on their profile and preferred
learning style. The tool aims to enhance the learning capabilities of students with dyslexia. It
consists of lessons in Arabic language classified into letter-reading lessons and word-reading
lessons. Each lesson has related exercises where the content is presented using audio and visual
components, such as images and texts. Figure 5 shows different screenshots of the mobile
learning tool. They designed a questionnaire to evaluate the students' level of satisfaction with the
tool. The result shows that it improves the learning skills levels to the double compared to the
traditional learning system. This tool has a rather confusing interface design with too many
colours and images in one screen.
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Figure 5. Screenshots of the mobile learning tool

Furthermore, another study presented games for dyslexic students that target Arabic learning
disabilities and help students of less than nine years old with dyslexia and learning disabilities
[10]. The proposed games are created using Construct 2 HTML5-based engine, which supports
most major platforms. They included letters game where the player identifies the Arabic letters
and their pronunciations, words game where the player constructs words, as well as sentences
game that tests the ability to create meaningful sentences. The games contain written
representation, sounds and images to activate both the auditory and visual memories, in order to
assist dyslexic students in overcoming the complications of reading and writing that appear as a
lack of short and visual memory. Figure 6 shows different screenshots of the games. The games
were evaluated and tested by 46 dyslexic students and students with general learning disabilities
age from seven to nine years old. The results proved statistically the efficiency of the system and
its role in improving the learning process of both dyslexic and normal students. However, we
think that the interfaces design was somehow confusing and not appropriate for dyslexic
students’ needs as it included too many colours, images and options.
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Figure 6. Screenshots of the games

It is noticed that all of those presented applications have confusing interface design that may
distract students with dyslexia. Which shows the need for applications design guidelines for
dyslexics.

4. CONCLUSIONS

Reading could be a difficult process for dyslexic students, who suffer from a learning disability
that affects their literacy skills. Dyslexia is one of the most common learning disabilities related
originally to neurobiology and causes reading problems. It has become an international concern
since it affects a large population all over the world. The deficits of reading and the time required
for learning of reading vary across different languages, where dyslexia can be described as a
language-based learning disability. This project contributes to the field of HCI by providing an
analysis of design considerations meet the special needs of dyslexic students. We presented them
in the form of guidelines that can be used for designing learning applications that target students
with dyslexia.
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