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Abstract

Dyslexia is a lifelong reading difficulty that exists everywhere regardless of an individual’s language
or culture. They face various difficulties in reading, writing and spelling. Whilst it is impossible to
find two individuals with dyslexia with exactly the same difficulties, most current research treated
them similarly. Further, the manifestation of dyslexia is affected by the language’s structure and
orthography. Because of the lack of research on Arabic dyslexia, especially on the benefits of
adaptive e-learning in this domain, this research aimed to understand the impact of adapting
the e-training material to the characteristics of a learner with Arabic dyslexia on their reading
performance, satisfaction and behaviour. The focus was on Arabic dyslexia types as the learner’s
characteristic because they reflect the reading difficulties they face with reading being their main
problem. We first analysed the literature on Arabic dyslexia and current e-learning systems that
support individuals with dyslexia to understand dyslexia and to identify the weaknesses in these
systems. Next, we conducted two controlled experiments to understand the effect of matching
the training material to one of the Arabic dyslexia types on the learner’s reading performance,
satisfaction and behaviour and to validate the developed system and tools. Because each experiment
focused on vowel letter dyslexia and short vowel dyslexia, we designed a dyslexia diagnostic test to
determine the Arabic dyslexia type that a learner with Arabic dyslexia has. In each experiment,
we measured reading improvement and learner satisfaction and observed the learner’s behaviour.
The findings showed that the reading of learners with Arabic vowel letter dyslexia and short vowel
dyslexia improved similarly and that all learners were highly satisfied with the system. From these
two experiments, we discovered a new common Arabic dyslexia reading difficulty named “short
vowel dyslexia”. Therefore, we noticed that the literature and practice were inconsistent. So,
we designed a questionnaire to understand dyslexia in practice from the perspective of special
education teachers. We found that visual dyslexia is also common among learners with Arabic
dyslexia. Therefore, the final experiment targeted vowel letter dyslexia and visual dyslexia taking
into account lessons learned from the first two experiments. In this experiment, the training material

was adapted to the learner’s Arabic dyslexia type (vowel letter dyslexia and visual dyslexia). We can



conclude that adapting training material to learner’s Arabic dyslexia type improved their reading
and the learners were highly satisfied in both conditions and no opportunity to discriminate between
them. On the other hand, we cannot conclude that what has been learned can be generalised to
other words with similar features. Finally, learners were happy and engaged as they learned and

they followed some good practices to improve their learning.
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Chapter 1

Introduction

1.1 Introduction

Reading is one of the most important basic language skills that should be learned. It is the key to
learning other concepts. There are different classes of readers; one class can read fluently, easily,
without errors and understand automatically, whereas another class faces difficulties and exhaustion
when reading and understanding. Therefore, they are often excluded socially and educationally,

especially in classrooms (Mastropavlou and Zakopoulou, [2013). Such readers may have dyslexia.

Dyslexia was identified more than one hundred years ago. It is a Greek term that is composed of
the prefix impaired and the base word which results in difficulty in words (Berninger et al.|
2008)). Around 15-20 % of the worldwide population has a learning difficulty, of which 70-80 % have
dyslexia (Alghabban et al.l2017). Dyslexia is defined as a specific learning disability (Mastropavlou
and Zakopoulou, 2013) that is independent of intelligence (Walker] 2014)). It is widely believed that
dyslexia is a neurobiological issue (Mastropavlou and Zakopoulou, |2013). Individuals with dyslexia
suffer from a disorder in language processing, specifically its phonological component which leads
to several symptoms: (1) inaccurate and/or slow word recognition (2) spelling errors (3) poor
decoding ability (Mastropavlou and Zakopoulou, 2013)) (4) word repetition or addition and (5)

character deletion and transposition (Tafti et al., [2009).

The manifestation of dyslexia is language-dependant as it is affected by the language’s structure
and orthography. Different languages affect individuals with dyslexia differently depending on
whether the script is transparent or not. A transparent script, such as Turkish, has a one-to-one
relationship between symbols and phonemes, whereas a non-transparent script, such as English, has
a much more complex relationship between these (Elbeheri et al. 2006]). Arabic, is atypical in its
transparency (Elbeheri et al., [2006). It can be considered as either transparent or not, depending

on the use of short vowels (Mahfoudhi et all [2011). Whilst Arabic is widely spoken (Mahfoudhi



et al.l 2011)), few studies have explored Arabic dyslexia (Alghabban et al., [2021). Therefore, this

research targets learners with Arabic dyslexia.

The emergence of e-learning systems gives the opportunity for a wider learner community to access
educational content. This large learner community has raised a variety of individual needs that
should be considered in e-learning systems in order to provide an adequate learning experience
(Essalmi et al., 2010a). Unfortunately, traditional e-learning systems suffer from several drawbacks
compared to real-world teaching (Essalmi et al., 2010b), such as providing the same learning content
to all learners regardless of their individual needs which in turn negatively affects the effectiveness
of the learning process and thus dissatisfies and demotivates learners (Schiaffino et al., 2008]).
Therefore, this research aims to identify the learners’ needs, to provide the learning content that

suits these needs.

Adaptive e-learning systems provide the learner with a personalised online educational environment
independent of time and space, allowing them to learn as if there is a personal tutor. They aim
to improve the learners’ experience and thus to increase their satisfaction and engagement and the
effectiveness of the learning process (Maravanyika et al., 2017). E-learning systems can be adapted
using a variety of learner characteristics such as learner’s knowledge level (Mitrovicl 2003) and
learning styles (Papanikolaou et all 2003 Alshammari et al.; 2015c¢). The same method can be

applied to learners with dyslexia.

We suggest studying the impact of adapting the learning content of an e-learning system to the
needs of learners with Arabic dyslexia, on their reading performance and satisfaction. There are a
variety of characteristics for these learners that can be used as an adaptation criterion. However,
it is difficult and impractical to study them all. So, this research has focused on Arabic dyslexia
types.

The reminder of this chapter presents an overview and introduces the relevant background and
research studies. In addition, it outlines the main goal of this research, the research questions
followed by the research methodology. It, then, highlights the research contributions to the existing
literature and provides a list of peer-reviewed publications resulting from this research. Finally,

the structure of the thesis is given.

1.2 Background and Motivation

Dyslexia can be defined as a specific, long-term learning disability that affects the acquisition
and development of reading and spelling and thus negatively influences the academic achievement
and/or activities of the daily life of an individual (Habib and Giraud, 2013; Mastropavlou and
Zakopoulou, [2013). (Lyon et al., [2003; [Habib and Giraud, [2013) indicated that dyslexia has a



neurobiological origin, possibly due to genetics, and is primarily linked to the phonological level of
processing.
Dyslexia can be classified into developmental and acquired dyslexia depending on its main cause.

Developmental dyslexia is believed to be genetic in its origin and inherited through generations

(Grigorenko et al., 1997; Walker, 2014; Hamid et al., 2015). It is caused by a deficit in some

parts of the brain that are responsible for reading (Cao et al., |2006; Béland and Mimouni), 2001)).

Acquired dyslexia is caused by external factors such as damage to the brain through trauma.

Acquired dyslexia affects a small number of individuals after birth (Walker, 2014; Hamid et al.,

2015)) therefore, this research focuses on developmental dyslexia.

Individuals with dyslexia face different difficulties (Alsobhi and Abeysinghe, 2013) with different

degrees and forms of severity (Al-Wabil et all [2006). It is unusual to find two individuals with

dyslexia with exactly the same symptoms. Therefore, each individual with dyslexia faces different

problems in learning. Hence, each one should ideally be treated as a seperate case to meet their

needs (Alsobhi and Abeysinghe, 2013)).

Individuals with dyslexia have a variety of symptoms such as slow reading (Habib and Giraud, [2013]),

migrating letters within the word or between words, problems in identifying letters (Friedmann and|

|Coltheart}, 2016)), slow writing, spelling errors (Walker| 2014)), time management and organizational

problems (MacDougall, |2009), and problems in their short-term memory (Tafti et al., 2009).

Dyslexia can co-occur with other developmental disorders (Habib and Giraud, [2013) such as devel-

opmental dysphasia (oral expressive and/or receptive language delay and difficulties), developmen-

tal dyspraxia (motor coordination disorders), Attention-Deficit/Hyperactivity Disorder (ADHD),

Affective disorders (shyness, low self-esteem (Glazzard), 2010)) and Dyscalculia (mathematics learn-

ing is affected).

On the other hand, people have argued that some individuals with dyslexia are of intellectual

giftedness (Habib and Giraud, 2013)). They may be strong in creative thinking, getting information

through their physical senses (LaFrancel 1997)), spatial awareness, problem solving (Waterfield

2002)) and pictorial thinking (Davis and Braun, 2011, p. 100).

To provide individuals with dyslexia with a suitable solution, their difficulties and symptoms must

be understood. Hence, classifying them into different types is beneficial (Alsobhi et al., 2014}

[Friedmann and Coltheart| 2016). Helmer Myklebust was the first educational psychologist who

suggested classifying developmental dyslexia into different types (Friedmann and Coltheart| 2016)).

There are different attempts to classify developmental dyslexia. One attempt classified developmen-

tal dyslexia based on symptoms known as Ingram’s classification (Alsobhi et al., |2014)). Another

attempt classified them based on a deficit in the components of the dual-route model for single-word



reading or in the connections between them, as suggested by (Friedmann and Coltheart| 2016|) to
determine the different dyslexia types. Whilst they explain the reading aloud process of a single-
word straightforwardly, they also highlight the essential role that each component of the model
plays. Consequently, any error in one of the components results in a reading deficit and thus, a
dyslexia type (Friedmann and Haddad-Hannal, 2014)). This research has adopted this classification.
Developmental dyslexia can be classified, based on that model, into two main categories Peripheral
Dyslexias and Central Dyslexias. Each one contains five dyslexia types. In order to understand
these types, the process of normal reading aloud using the dual-route model is explained in Chapter
2.

The manifestation of dyslexia is sensitive to language because it is affected by the language’s
orthography and structure. However, Arabic dyslexia suffers from lack of research (Alghabban
et al.l 2021). Therefore, this research focuses on Arabic dyslexia.

The Arabic language is the fifth most spoken language in terms of native speakers. Over 200
million people, especially in the Middle East and North Africa, speak Arabic as their first language.
Moreover, it is used as a second language by millions of Muslims because it is the language of the
Holy Quran (Mahfoudhi et al. 2011]).

Many Arabic features can be partially responsible for the manifestation of dyslexia such as its
cursive nature and the different shapes that each letter can take based on its position within the
word (Elbeheri, 2005). According to (Friedmann and Haddad-Hanna), [2014), Arabic developmental
dyslexia is classified into seven types based on the deficits in the dual-route model. In this research,
three types are the focus, due to their frequency among learners with Arabic dyslexia according to
both the literature (Friedmann and Haddad-Hannal 2014) and practice: letter position dyslexia,
vowel letter dyslexia and visual dyslexia.

Individuals with letter position dyslexia face problems in identifying the letter order within the
word. Therefore, the letters migrate within the word, especially the middle letters. On the other
hand, individuals with vowel letter dyslexia face problems when reading new or non-words by
adding, deleting, transposing and replacing vowel letters, especially when the result is a known
word. Finally, reading the target word as another visually similar word because of deletions,
additions and substitutions of letters within a word are symptoms of visual dyslexia (Friedmann
and Haddad-Hannal 2014} [Friedmann and Coltheart, [2016)).

Different interventions exist to support individuals with dyslexia. In the context of learning, teach-
ers can use an individual plan to support each learner with dyslexia (Béland and Mimouni, 2001}
Sampath et al., [2010) as each learner has unique difficulties. With the emergence of e-learning

systems, more learning opportunities became available to a wider learner community independent
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of time and location. More learners lead to more individual needs which are not considered by tra-
ditional e-learning systems (Essalmi et al. [2010al). Therefore, adaptation based on needs, should
be used.

Adaptation can be defined in the context of e-learning systems as providing a personalised teaching
and education environment by monitoring the learner’s needs (Maravanyika et al.l 2017)).
Different learner characteristics can be used to adapt the e-learning systems such as learners’
knowledge level and learning styles. In terms of knowledge level, (Mitrovic, |2003) has developed
SQLT-Web which is an adaptive online SQL tutoring system for teaching SQL based on the knowl-
edge level of the learners. Other studies have used the learning style as an adaptation criterion. For
instance, the INSPIRE system (Papanikolaou et al., 2003) and AdaptLearn system (Alshammari
et al., [2015c|) have personalised the learning paths based on the learning style of the learner.
Learners with dyslexia, like all learners, have different characteristics that also should be consid-
ered in adaptive e-learning systems. For instance, an adaptive learning environment provided by
(Benmarrakchi et al., 2017¢)) for learners with dyslexia has considered their learning styles and cog-
nitive traits. A combination of learning styles and dyslexia types has been considered by (Alsobhi
et al) [2015b), whereas (Chitra and Umamaheswari, 2018) considered the knowledge level. More
characteristics of learners with dyslexia have been considered by (Alghabban and Hendleyl, 2020b))
and in the Dyslexia Adaptive E-learning framework (Alsobhi et al 2015a)).

Because this research targets Arabic dyslexia, then it is important to explore the existing research
in this area. Some research considered adaptivity when they developed e-learning systems to teach
Arab individuals with dyslexia while others did not. In terms of non-adaptivity, (Al-Rubaian
et al., |2014)) proposed to develop the phonological processing skills of individuals with dyslexia via
designing serious games using Brain-Computer Interface. The conceptual design of these games was
described along with an overview of the software development framework. However, its evaluation
was left for later studies.

Further, a study was conducted by (Aljojo et al., [2018) to teach Arabic letters for dyslexia. They
developed a puzzle game-based system along with eye-tracking and chatbot features. This system
intended to assist the child in correctly pronouncing the Arabic letters using different short vowels.
System usability was evaluated by the children in terms of learnability, efficiency, memorability,
errors and satisfaction. Each task of the system was evaluated. However, their findings were not
discussed clearly.

In terms of adaptivity, Arabic dyslexia types have been considered a characteristic of learners
with Arabic dyslexia in adaptive e-learning systems. For instance, the effect of adapting learning

material to Arabic dyslexia types on children’s satisfaction has been investigated by (Alghabban



and Hendley, 2020b). They implemented an adaptive e-learning system to train children with
dyslexia in reading skills. The system was evaluated in terms of children’s satisfaction. However,

the study did not take into account learning performance.

The learning style of learners with Arabic dyslexia has been considered as another characteristic.
(Benmarrakchi et al |2017b) aimed to enhance the fundamental skills of the children with dyslexia
such as reading, writing, short-term memory and Arabic orthography. A framework for an adaptive
m-learning system was developed based on learning style to support these children. However, the

system’s effectiveness cannot be understood because the evaluation methodology was not presented.

To conclude, there is a lack of research, especially in adaptive e-learning systems of Arabic dyslexia
that draws upon a theoretical framework to understand dyslexia and guide the design of adaptive
e-learning systems. Further, most of this research has treated individuals with dyslexia similarly,
lacks well-designed experiments and the evaluation of their effectiveness is limited. Therefore, this
research builds upon a deep understanding of Arabic dyslexia reading difficulties and their effects
from the theoretical framework perspective, the dual-route model for single-word reading, and
combines this understanding with existing practice to drive adaptation based on dyslexia reading
difficulties (Arabic dyslexia types) in order to understand and enhance the effectiveness of the

learning process and thus improve the learner’s reading.

1.3 Research Questions

This research began with this main question:

Q: Does adaptation based on the characteristics of learners with dyslexia improve
their skills?

However, answering this question in this form is difficult because there are a variety of learners’
characteristics that can be addressed and a set of skills that can be improved which cannot all
be covered due to practical reasons. Therefore, we should specify the learner’s characteristics
and the skill to be improved. In terms of the learner’s characteristics, there is a list of existing
learner’s characteristics such as knowledge level and learning style (Brusilovsky and Millan) 2007}
Felder et al., [1988) which can be applied to all types of learners. As this research targets a special
group of learners, learners with dyslexia, there are special characteristics that are only applied to
them such as their symptoms (the difficulties they face). Learners with dyslexia face a wide range
of difficulties some of which are reading difficulties while others are writing and spelling. This
research focused on the reading difficulty, because it is the main difficulty faced by an individual
with dyslexia (Shaywitz, |1998; (Cao et al., 2006]). Since the language affects the manifestation of

dyslexia and the Arabic language suffers from limited research, so Arabic dyslexia is adopted by



this research and thus Arabic dyslexia reading difficulties are targeted. Different attempts exist
in the literature to understand the reading problems of dyslexia. One is classifying dyslexia into
types using the dual-route model for single-word reading as proposed by (Friedmann and Haddad-
Hanna, [2014)). They have explained the various deficiencies that can arise in any component of
that model that leads to an Arabic dyslexia type. Each type can be recognised through the effect
that results from the deficit in a component of the dual-route model. The dual-route model helps
in understanding the main deficit of a specific Arabic dyslexia type and its implications, leading
to determining the type of intervention that best suits this Arabic dyslexia type. Consequently,
the Arabic dyslexia types are the learner characteristic used in this research. In terms of skills to
be improved, learners with Arabic dyslexia possess a variety of unmastered skills resulting from
the difficulties they face. As this research targets some of the Arabic dyslexia types, which are
mainly reading difficulties, these difficulties have directed this research to target the reading skills
to reduce the severity of the Arabic dyslexia types. To measure the improvement of the reading
skill in this research and thus the effect of adaptation, the learning gain was calculated. Learner
satisfaction can reflect the learner’s motivation and engagement in the learning process. It also can
show to what extent the system fits the needs of the learner. Thus, the learner satisfaction is an
important factor for evaluating the effectiveness of the e-learning system and plays an essential role
in the learning process (Alshammari et al., 2015d; |Alakkas, 2016)). Precisely, learner satisfaction
can be used as an indirect way of measuring the effect of adaptation, so it was also measured in

this research.

So, the previous broad question can be narrowed down to these smaller questions:

Q1: Is there a significant difference in learning gain when adapting the training mate-
rial of an e-learning system to the Arabic dyslexia types compared to the non-adapted
version?

Q2: Is there a significant difference in learner satisfaction when adapting the train-
ing material of an e-learning system to the Arabic dyslexia types compared to the

non-adapted version?

1.4 Research Methodology

To investigate the impact of adapting the training material of the e-learning system to Arabic
dyslexia types on learners’ reading performance, satisfaction and behaviour, three controlled ex-
periments have been conducted. In all experiments, the between-subjects experimental design was
used where each learner experiences only one experimental condition. This is because we do not

want the learning effect to be carried by the learner from one condition to another (Keren and



Raaijmakers, 1988)). Each experiment followed the same approach, each with different learners
with Arabic dyslexia and different training material. The experiments were conducted with pri-
mary school learners with Arabic dyslexia in the Kingdom of Saudi Arabia (KSA) due to practical
reasons; (1) KSA is my home country, (2) learners in KSA are native Arabic speakers and (3)
they are easily accessible. Unfortunately, and due to COVID-19, the schools were closed on the
9th of March 2020, therefore, part of the first and second experiments was conducted physically in
Riyadh primary schools in KSA while the other part switched to virtual mode via Zoom Meetings

and Microsoft Teams. The last experiment was conducted totally remotely.

The first two experiments were conducted as pilots to validate experimental design, the developed
system and the tools in these experiments. In these experiments, it was hypothesised that there
would be a significant difference in learning gain and learner satisfaction between the matched and
mismatched groups. Two Arabic dyslexia types were targeted in these two experiments; vowel letter
dyslexia and short vowel dyslexia. Vowel letter dyslexia was chosen because it is common among
learners with Arabic dyslexia as reported in the literature (Friedmann and Haddad-Hanna, 2014)
whereas short vowel dyslexia was found to be common among these learners, in practice. In these
experiments, learners with Arabic dyslexia were diagnosed to determine their Arabic dyslexia type
(vowel letter dyslexia or short vowel dyslexia). Then, their demographic information was completed
by their teachers and they were registered in the system by the experimenter. The participants
took a pre-test related to the training material to assess their initial reading level. Then, they
were divided into two groups balanced in terms of number of learners, age and initial reading level.
All learners with Arabic vowel letter dyslexia were in one group while learners with Arabic short
vowel dyslexia were in the other. All participants in both experiments were female because the
experimenter cannot enter male schools due to the policies of the Ministry of Education in KSA
which, in turn, provided more control over the experiments. The participants were able to use the
system only with the attendance of the experimenter. They should complete 80 training activities
in eight experimental sessions within four weeks at maximum. Each experimental session lasted
no more than 35 minutes. All participants, who completed all the experimental sessions, have
completed a post-test similar to the pre-test and a learner satisfaction questionnaire. Subtracting
the pre-test score from the post-test score was used as a proxy for measuring the learning gain.
The learning gain and the learner satisfaction scores were compared between the matched group
and the mismatched group. During the experiment, the participants’ behaviours were observed
and recorded. The first experiment targeted learners with Arabic dyslexia in fourth, fifth and sixth
grades. This range of grades was widened to include the second and third grades in the second

experiment in order to recruit more learners.



After collecting and analysing the data, it was found that the learning gain for both groups was
improved without any significant differences between the groups and the learners were highly satis-
fied with the system regardless of their Arabic dyslexia type which partially contradicts the results
of (Alghabban and Hendley| 2020bla)).

Previous experiments have been built upon our understanding of dyslexia in the literature that
does not quite match up with practice. So, it is important to understand dyslexia in practice in
order to combine both literature and practice to build the last and main experiment.

Therefore, an exploratory questionnaire was designed, piloted and published to special education
teachers, who are experts in the field, to explore the practice in KSA schools, from their perspective.
The responses were collected, analysed and discussed leading to the last experiment in this research.
In the last experiment, it was hypothesised that there is a significant difference in learning gain
and learner satisfaction between the adaptive and non-adaptive groups when adapting the training
material to Arabic dyslexia type. Based on the findings of the questionnaire, vowel letter dyslexia
and visual dyslexia were the two Arabic dyslexia types that were targeted. The adaptive/non-
adaptive approach was used and thus two versions of the e-learning system were developed. One
version provided the adaptation process whereas the other version did not. This experiment followed
the same procedure and measured the same measurements as the first two. The ability to generalise
the learning to other contexts was also explored. As the last experiment was conducted remotely,
it was possible to recruit learners with Arabic dyslexia in Saudi primary schools regardless of their

gender and location.

1.5 Research Contribution

The contributions of this research are:

e The literature on Arabic dyslexia and the current e-learning systems to support such individ-
uals have been analysed to understand dyslexia and identify the weaknesses and limitations

of these systems.

e A controlled experiment has been designed to evaluate the effect of adaptation to Arabic
dyslexia types on learners’ learning gain, satisfaction and behaviour which in turn built an

understanding of the effect of adaptation on learners with dyslexia.

o A dyslexia diagnostic test (reading test) has been designed to determine the learner’s Arabic
dyslexia type (vowel letter dyslexia, visual dyslexia, both or another Arabic dyslexia type)
(Appendix B).

o The satisfaction in e-learning questionnaire (Siritongthaworn and Krairit, [2006) has been

supported with a Smileyometer instead of using the original 5-point Likert scale to use the



1.6

questionnaire with children (Appendix E).

A new common Arabic dyslexia reading difficulty among learners with Arabic dyslexia in
Saudi primary schools has been discovered. This is mixing between phonemes of the three
essential short vowels (fat-ha /a/, kasra /i/ and dammah /u/), (i ¢l b within a word during
reading aloud. This, in turn, may lead to reading another known word such as reading the

word “lo’ab” which means “toys” as “la’eb” which means “played”.

An understanding of dyslexia from practice and what teachers believe works well for them
has been built by identifying important user attributes (e.g. dyslexia type, motivation, at-
tention), successful teaching strategies, important interaction issues and important metrics

when evaluating e-learning systems.

The design of adaptive systems for teaching learners with dyslexia has been informed by
determining the features that should be represented in the learner model and then determining

the appropriate adaptation strategies.

List of Publications

A number of research papers resulting from this work have been published:

1.7
This

Chapter 5 “Quantitative Results” - Al-Dawsari, H., & Hendley, R. (2021). The Effect of
Matching Learning Material to Learners’ Dyslexia Type on Reading Performance, In Advances

in Software Engineering, FEducation, and e-Learning, p. 837-845. Springer.

Chapter 5 “Qualitative Results” - Al-Ghabban, W., Al-Dawsari, H., & Hendley, R. (2021).
Understanding the Impact on Learners’ Reading Performance and Behaviour of Matching
E-Learning Material to Dyslexia Type and Reading Skill Level, In International Conference

on Human-Computer Interaction, p. 135-154. Springer.

Chapter 6 - Al-Dawsari, H., & Hendley, R. (2022). The Impact of Matching E-Training
Material To Dyslexia Type On Reading Performance and Learner Satisfaction & Behaviour.

In 35th International BCS Human-Computer Interaction conference. In Press.

Chapter 7 - Al-Dawsari, H., & Hendley, R. (2022). Understanding the Needs of Arab
Learners with Dyslexia for Adaptive Systems. In 35th International BCS Human-Computer

Interaction conference. In Press.

Thesis Structure

thesis is composed of nine chapters including this chapter. Chapter 2 is about dyslexia. It

explores its definition, causes and characteristics (difficulties and strengths). Because dyslexia is
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a reading difficulty, the process of normal reading aloud a single word using the dual-route model
is presented along with the dyslexia types. In addition, the manifestation of dyslexia is language-
dependent. Since Arabic dyslexia is the target of this research, Arabic orthography, cultural factors
and Arabic dyslexia types are also discussed. Finally, both technological and non-technological
interventions, to reduce the long-term problems faced by individuals with dyslexia and to promote
future success in both school and the workplace, are explored.

Chapter 3 outlines the adaptation concept and the different learners’ characteristics that can be
used to adapt an e-learning system. The way of adapting a system and the different models used
in an adaptive system are also presented. Examples of related studies which have attempted to
adapt an e-learning system for learners with dyslexia are explored and their issues are identified.
Chapter 4 presents the motivation for adapting an e-learning system based on Arabic dyslexia types.
It briefly discusses the three experiments required to investigate the impact of this adaptation
on learner’s reading performance. Further, an exploratory questionnaire designed to explore the
practice from the special education teachers’ perspective is also outlined. Later in this chapter, the
framework and the way to implement it are presented.

Chapters 5, 6 and 8 explain the three experiments that have been conducted to investigate the
impact of adapting an e-learning system to learners’ Arabic dyslexia types on their reading perfor-
mance, satisfaction and behaviour. Each experiment is described separately and in detail, including
its own specific objectives, hypotheses, method, results and discussions.

In the first two experiments, results were not statistically significant in learner’s learning gain
or satisfaction and the literature did not match practice. So, we want to understand dyslexia
in practice from the perspective of experts in the field (special education teachers) to guide the
design of the last and main experiment. This is why an exploratory questionnaire was designed
and published to special education teachers. Chapter 7 focuses on this questionnaire in detail.
Finally, Chapter 9 summarises the whole research, re-visits the research questions and highlights the
main contribution of this research. In addition, the limitations of this research are also presented

followed by suggestions for future research.
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Chapter 2

Dyslexia

2.1 Introduction

Dyslexia is a reading difficulty that can be found anywhere regardless of race and ethnicity. It is
widely believed that dyslexia is neurological in origin and can be inherited through generations.
People with dyslexia face numerous difficulties that affect their education and whole life in general.
So, dyslexia should be understood in order to provide its individuals with the support they need.
Therefore, this chapter presents the different attempts to define dyslexia along with its causes and
the different symptoms that identify them. Another way of understanding dyslexia is by classifying
it into different types based on different criteria which are also discussed in this chapter. One
of the most powerful approaches is classifying dyslexia based on the affected component of the
dual-route model for single-word reading as this model describes the reading aloud process in a
straightforward way. So, the reading process via this model and the dyslexia types are detailed.
Since dyslexia difficulties are affected by the language, and this research targets Arabic, then Arabic
dyslexia is also discussed along with Arabic orthography and Arabic dyslexia types. Finally, the
different interventions offered to individuals with dyslexia to help them overcome their difficulties

are presented.

2.2 Dyslexia

Dyslexia was first formally identified more than one hundred years ago, in 1887, by Dr.Berlin
(Critchleyl 1968; Berninger et al., 2008; |Alsobhi et al., 2014). Dyslexia is a Greek term that is
composed of the prefix impaired and the base word resulting in difficulty in words (Critchley,
1968; |[Berninger et al., 2008; |Alsobhi et al., 2014)). Around 15-20% of the worldwide population has
a learning difficulty, of which 70-80% has dyslexia (Alghabban et al.l 2017)) with different degrees
of severity.

There have been many attempts to define dyslexia in the literature (Alsobhi et al., [2014) but there

13



is no single definition for dyslexia that is universally accepted (Critchley, 1968; |Alsobhi et al.,
2014). Different authors with different scientific backgrounds have attempted to define dyslexia
based on the differences in conceptualizing dyslexia’s fundamental cause (Alsobhi et al., 2014]).
These differences in defining dyslexia and determining its main cause is addressed in the following
sub-sections. In addition, the different dyslexia symptoms in term of strengths (e.g. creativity
(LaFrance, 1997) and spatial awareness (Waterfield, [2002))) and weaknesses (e.g. reading and
short-term memory problems (Tafti et al., [2009; Alghabban et al., |2017)) are also presented.

To understand dyslexia, it has been classified into different types using different criteria. For
instance, Ingram’s classification classified dyslexia based on its symptoms (Alsobhi et al. 2014)).
Another classification was based on the affected part (component or connection between compo-
nents) of the dual-route model for single word reading (Friedmann and Coltheart| 2016). This
classification is adopted by this research. Details are addressed below.

2.2.1 Definition of Dyslexia

There have been various attempts to define dyslexia. In 1968, (Critchley, 1968) defined develop-
mental dyslexia as a long-life specific learning difficulty in reading, which is often genetic in origin
and exists without (1) impairments in hearing or vision and (2) brain deficit regardless of the
general intelligence level. Further, this difficulty is associated with spelling difficulty. This is con-
sistent with the working definition in 1994 which defined dyslexia as one of the learning disability
types characterised by difficulties in decoding a single word which are unexpected in relation to
age, cognitive and academic abilities. These difficulties usually result from imperfect phonological
processing rather than from a sensory deficit or general developmental disability. In addition to
reading problems, dyslexia may include problems with both writing and spelling (Lyon et al., 2003)).
(Lyon et al., [2003)) enhanced the previous definition in 2003. They defined dyslexia as a specific
learning disability, which originally resulted from a neurobiological problem. It can be recognised
by difficulties in recognizing words accurately and/or fluently and by poor spelling and decoding
abilities which typically result from a disorder in the language phonological component. Other
consequences may include reading comprehension problems and a reduced reading experience that
can impede the development of vocabulary and background knowledge.

In the UK there is no legal definition of dyslexia although it is recognized as a disability. However,
the British Dyslexia Association (BDA) adopted the definition of DCSF Expert Advisory Group

on Dyslexia (Singleton| 2009} p. 16-17):

“Dyslexia is a learning difficulty that primarily affects the skills involved in accurate

and fluent word reading and spelling. Characteristic features of dyslexia are
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difficulties in phonological awareness, verbal memory and verbal processing speed.
Duyslexia occurs across the range of intellectual abilities. It is best thought of as a
continuum, not a distinct category, and there are no clear cut-off points.
Co-occurring difficulties may be seen in aspects of language, motor co-ordination,
mental calculation, concentration and personal organisation, but these are not, by
themselves, markers of dyslexia. A good indication of the severity and persistence of
dyslexic difficulties can be gained by examining how the individual responds or has

responded to well-founded intervention”.

On the other hand, in the USA, a widely accepted dyslexia definition is the one proposed by the

International Dyslexia Association (Singleton, 2009):

“Dyslexia is one of several distinct learning disabilities. It is a specific
language-based disorder of constitutional origin characterised by difficulties in

single-word decoding”.

Finally, dyslexia has been defined by the main international classification, ICD-10 (WHO), 1992)

as:

“A specific and significant impairment in the development of reading skills, which is
not solely accounted for by mental age, visual acuity problems, or inadequate

schooling’’.

So, it is widely believed that dyslexia is neurological in origin. But, there is no formal dyslexia

definition that is accepted and generalised. However, research has agreed on multiple characteristics

that identify dyslexia besides problems in phonological processing that causes reading difficulties,

such as difficulties in spelling and writing.

2.2.2 Causes of Dyslexia

Dyslexia is classified, based on its main cause, into developmental and acquired dyslexia (Walker,

2014; [Hamid et al.| [2015). There was a strong debate on the main cause of developmental dyslexia
(Critchley, [1968) has pointed out the causes of dyslexia from various perspectives. From a

psychological perspective, the term developmental dyslexia was ignored and reading difficulty

was considered as a kind of spectrum of reading retardation that ranges from inattentive at one

end of the scale to intelligence at the other.

From the educational perspective, educationists were divided into two groups. One group refused

to accept the presence of dyslexia while the other group accepted it. The second group thought that
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several issues caused dyslexia such as psychological conditions, mental deficit, conducting reading
lessons to the child too early or too late, or teaching with faulty techniques. Consequently, the child
with dyslexia became a victim and if any treatment was undertaken, it was either by paediatric
psychology or, rarely, by remedial teaching (Critchley, 1968)).

From the medical perspective, there were two points of view. The first view calculated the number
of failures in the eye movement of individuals with dyslexia during their reading. The results
revealed that the number of fixation pauses during reading was greater in individuals with dyslexia
than individuals without dyslexia (Critchley, |1968). However, the great number of fixation pauses
in individuals with dyslexia could be due to their focus on the target word they are trying to read
and not due to an impairment in their eye movements.

The second view concentrated on the minimal brain damage that can cause dyslexia. It was
commonly thought that the cause of dyslexia was “spastics”. Some paediatricians pointed out that
minor brain injury during or after birth at the early stage of life caused “developmental dyslexia”.
While others mentioned that it is caused by cerebral trauma. Neither argument was supported by
evidence (Critchleyl, 1968)).

From the sociological perspective, dyslexia has been considered a failure in achieving communica-
tion. There were some objections to this argument due to the majority of people with dyslexia who
talk fluently from an early stage in their lives (Critchley} 1968). Probably, this argument could be
true for some individuals with dyslexia who may have problems in spoken language.

Between 2009 and 2013, there were many attempts to discover the main cause of dyslexia (Sampath
et al) 2010) but the main cause of developmental dyslexia is still unknown (Mastropavlou and
Zakopoulou, 2013|). In fact, it is widely believed that developmental dyslexia is genetic and can
be inherited over generations (Walker, 2014; Hamid et al., [2015)). Some scientists point out that
dyslexia runs in families, as they have found a relationship between a number of genes and issues
with reading and processing language (Grigorenko et al., [1997; Walker} 2014; Hamid et al., [2015).
On the other hand, acquired dyslexia suddenly affects normal individuals with a standard reading
ability after birth usually because of traumatic brain damage (Walker, |2014; Hamid et al.l 2015]).
However, developmental dyslexia occurs more than acquired dyslexia (Rello and Baeza-Yates, 2012)
and therefore, developmental dyslexia is adopted by this research.

2.2.3 Symptoms of Dyslexia

Individuals with dyslexia have different symptoms. It is unusual to find two different individuals
with dyslexia having exactly the same symptoms (Alsobhi and Abeysinghe, 2013) neither with the
same degree nor form of severity of these symptoms (Al-Wabil et al., 2006; Walker, 2014). Therefore,

each individual with dyslexia faces different problems in learning. Hence, each individual should
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be treated differently to meet their individual needs (Alsobhi and Abeysinghe, 2013).

Individuals with dyslexia face a group of problems and difficulties. For instance:

e Reading difficulties:

Adding, deleting, substituting letters of words or words of sentences (WHO, |1992).

Reversing letters within a word or words within a sentence (WHO), [1992).

Poor word recognition (WHO), 1992).
— Poor reading fluency (WHO, [1992).
— Losing place during reading (WHO), 1992).

— Lower accuracy especially when recognizing and repeating sounds within the words

(Walkes, 0T4).
— Difficulties in reading multi-syllabic words (Walker| [2014)).
— Difficulties in reading comprehension (WHO), [1992)).

o Writing and spelling difficulties:

— Difficulties and slowness in writing due to spelling errors. However, individuals with
dyslexia write single letters at the same pace as their peers (Walker] 2014).

— Confusion with homophones (words that have the same sound but different spelling)

such as the words “there” and “their” 2014).
— Spelling errors and poor decoding abilities (WHO) [1992)).

e Social and behavioural difficulties:

— Avoid getting stressed (Glazzard, 2010)).

— Suffer from depression and anxiety (Walker, [2014).

Not participating (Tafti et al., 2009} |Glazzard, [2010).

Feeling shy (Glazzard, 2010) or isolated (Tafti et al., |2009).

Suffer from low levels of self-esteem because of, for instance, peer bullying and teachers’

unfair treatment (Glazzard}, 2010)).

e Other difficulties:

— Short-term memory problems (Tafti et al., 2009; Walker) 2014).

— Calling for both help and reassurance continuously (Glazzard}, 2010)).
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— Problems in expressing ideas in words (Walker, [2014).

— Delay in speech development (Walker| 2014).

Problems in performing tasks that require phonological awareness. These are tasks that

require attention and manipulation of each sound individually (Walker} 2014]).

— Problems in remembering, such as remembering names (Walker, [2014).

2.2.4 Developmental Dyslexia Types

Once the educational psychologist, Helmer Myklebust, suggested classifying developmental dyslexia
into different types (Friedmann and Coltheart, |2016), various researchers tried to classify dyslexia
to deeply understand their difficulties and thus provide suitable support (Alsobhi et al., 2014;
Friedmann and Coltheart], |2016|). One attempt was by (Annett], 1996 who classified dyslexia for
phonology, after conducting three tests: short-term memory for word order, non-word reading and

phoneme segmentation into:

e Phonols: are left-handed children with dyslexia who have phonological problems by achieving

low scores on two or three tests.

e Non-phonols: are right-handed children with dyslexia who do not have any phonological

problems.

On the other hand, dyslexia was classified based on its symptoms into three groups. This is Ingram’s

classification (Alsobhi et al., 2014)):

e Visuo-spatial difficulties: this group is manifested by a difficulty in basic visual process-
ing, weaknesses in visual discrimination (Lovegrovel 1993) and/or visual attentional deficits

(Witton et al., [1998). They face these problems:

Problems in both differentiating between letters (Alsobhi et al., |2014; Lovegrove, [1993)),

syllables and phrase orders and in reproducing them.

Problems in recognizing letters (Alsobhi et al., |[2014; Lovegrove} 1993).

Reversals in reading and writing (Alsobhi et al., 2014} Lovegrove, [1993)).

Confusion between reversible letters such as “b” and “d”.

Difficulties to follow written instructions (Lovegrove, 1993]).

e Speech sound difficulties: this group experiences difficulties in understanding spoken lan-

guage (Alsobhi et al., 2014)). In other words, they face difficulty with phonological awareness,
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phonological decoding and auditory short-term memory (Bryant and Goswami, 1986]). There-

fore, they face problems in creating sentences and in breaking words into syllables.

e Correlating difficulties: this group faces problems in writing because they are unable to
link each letter with its suitable sound especially “monosyllabic” words (words containing

only one syllable).

Finally, (Friedmann and Coltheart, [2016)) classified dyslexia into ten types using the dual-route
model for single-word reading. They suggested predicting the different dyslexia symptoms using
this model to determine the different dyslexia types. This model is widely used and has proved
effective (Annett, 1996). Consequently, this research adopts that model for dyslexia types. The
dual-route model for single-word reading describes the process of reading aloud through different
components which, if impaired, will cause a dyslexia type. The reading process is explained in the
following sub-section.

2.2.4.1 Dual-route Model for Single-Word Reading

The process of reading aloud a single-word is explained through the dual-route model for single-
word reading. This model “is the result of the work of cognitive neuropsychologists over the past 40
years, including Max Coltheart, John Marshall, Tim Shallice, Karalyn Patterson, Lyndsey Nickels,
David Howard, Andrew Ellis, Andrew Young, and others”. There are many models of reading but
this model is the best and most straightforward that allows us to determine and predict the various
dyslexia types (Friedmann and Haddad-Hannal 2014)). It contains several components where each
one performs an essential task in the reading process, as illustrated in Figure [2.1

The process of reading aloud a single written word via the dual-route model can be summarised in

the following stages (Friedmann and Coltheart, 2016):

e Analysing the word using the orthographic-visual analysis system to identify the letters
of the target word, encoding each letter’s position within that word, and binding these letters

to it by following the sub-stages:

— The letter identification sub-stage: turns the letter into its abstract form by removing
its font and size and then identifies only the letter without identifying its name and

phoneme.

— The letter position sub-stage: encodes the letter’s position within the word with respect
to the positions of the first and last letters. Thus, words with similar letters such as the

words “clam” and “calm” are read correctly.
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Figure 2.1: Dual-Route Model for Single-Word Reading QKohnen et aul.|7 |2012D

— The letter-to-word binding sub-stage: as the reading process is not about reading a single
word but it is about reading a word surrounded by other words, this sub-stage binds the

letters to the target word by attenuating the words surrounding that target word.

o Storing the result of the previous stage in short-term memory (orthographic input buffer).
This memory is also responsible for decomposing the word into its stem and morphological
affixes to put it in the appropriate form for the orthographic input lexicon which stores

the words in their stem form. For instance, decomposing the word “birds” into “bird”.

e Activating the corresponding entry of the word’s stem, resulting from the previous stage, in
the orthographic input lexicon, whereas the word’s morphological affixes activate their
meaning, probably, in the phonological output buffer. For instance, the affix “-s” in the

word “birds” indicates a plural meaning.

o Using the lexical route to read known words (that are stored in the reader’s lexicon) quickly

and accurately by following the stages below:

— Accessing the orthographic input lexicon. This lexicon stores the known words by
listing them depending on their frequency to identify and read aloud frequent words

faster than those with low frequency. However, the lexicon does not have the words’
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meanings and sounds, but it contains pointers to them.

— Accessing the written word’s phonological form by passing the information to the phono-
logical output lexicon, which contains the phonological information (such as the num-
ber of syllables and stress position) of the known spoken words. The conversion from
the written word to its sound is performed accurately and quickly due to the direct path

connecting the orthographic input lexicon and the phonological output lexicon.

— Accessing short-term memory named the phonological output buffer (this is a shared
stage with the sub-lexical route that is discussed later). This memory is responsible
for two functions: (1) storing the phonological information until its production is com-
pleted and (2) grouping its units into larger ones in order to create the whole word.

Consequently, the phonological information of the written word is achieved.

— Activating the corresponding entry of the target word in the semantic lexicon by the
orthographic input lexicon which in turn activates the corresponding concept in the

conceptual system to achieve the meaning of the target word.

« Using the sub-lexical route to read unfamiliar (unknown) words (words unavailable in the

reader’s lexicon) or non-words by following the stages:

— Passing the written word through the grapheme-to-phoneme conversion route
where the letters are analysed into either single letters or group of letters (graphemes)
that form a single phoneme. For instance, the letters “c” and “h” in the word “school”

are analysed as a single grapheme producing a single phoneme.

— Accessing the phonological output buffer to collect the produced phonemes from the

previous stage and then grouping them to create a whole new word or non-word.

It is clear that each component in the dual-route model is essential to read aloud successfully.
Therefore, a deficit in any of these components negatively affects the reading aloud process and
therefore leads to a dyslexia type. Dyslexia has been classified based on the dual-route model into

two major categories: Peripheral Dyslexias and Central Dyslexias.

2.2.4.2 Peripheral Dyslexias

This group of dyslexias face a deficit in the orthographic-visual analysis stage leading to reading
impairments. It is further classified into the following types:

Letter Position Dyslexia:

Individuals with letter position dyslexia correctly recognise the letters of the target word but
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fail in keeping their positions within the word. Consequently, the letters migrate within the word
especially middle ones (Kohnen et al.,2012; |Friedmann and Coltheart} 2016; |Friedmann et al., 2010)
because of lexicality and frequency effects. These migrations occur in (Friedmann and Coltheart,

2016):
o Consonants and vowel letters.
e Root letters and affixes.
e Adjacent letters more than non-adjacent ones.

e Words and non-words especially when the result of the migration is a known word such as

“cloud” and “could”.

How the migration errors are affected by lexicality?

Information about the letters’ positions within the target word is obtained from the orthographic-
visual analysis system. If the order of the middle letters is unknown, then an entry that matches
this incomplete information will be activated by the orthographic input lexicon. This possibly

leads to the cases below:

o If the target word is migratable, for instance, “form”, then the incomplete information will be:
(“f” as the first letter and “m” as the last one, while the order of the middle letters “o” and
“r” is unknown). Therefore, a migration error will occur in the middle letters by activating

both “form” and “from”.

o If the target word is non-migratable, for instance, “frog”, then no migrations in the middle
letters will occur because the non-word “forg” does not exist in the orthographic input

lexicon.

o If the target word is a non-word and migratable, for instance, “talbe”, then, similarly, a

migration error in the middle letters will occur by activating the word “table”.

e If the target word is a non-word and non-migratable, for instance, “nalbe”, then no migrations
in the middle letters will occur and thus no entry will be activated in the orthographic input
lexicon. So, this non-word will be read by the sub-lexical route, which will provide a better

chance to correctly encode the letter order.

How the migration errors are affected by frequency?
Migration errors affect low-frequency words more than high-frequency words (Kohnen et al., 2012).

For instance (Friedmann and Coltheart, 2016)):
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o If the target word is, for instance, “salt”, then the incomplete information would be: (“s” as
the first letter and “t” as the last one while the order of the middle letters “a” and “1” is
unknown). As the word “salt” is more frequently used than “slat”, then it will be activated

leading to correct reading.

o If the target word is, for instance, “slat”, and the word “salt” is more frequently used than
“slat”, then the word “salt” will be activated leading to incorrect reading due to migration

error.

In addition, individuals with letter position dyslexia can omit repeated letters within a word. For
instance, reading the word “drivers” as “divers”, because these individuals are unable to encode
the position of the middle letters of the word. Thus, they will delete one of the repeated letters.
However, it is very rare for migration errors to occur in symbol sequences or numbers (Friedmann
and Coltheart, [2016).

In terms of languages, letter position dyslexia can be found in different languages such as Hebrew,
English and Arabic. However, it can be diagnosed easily in Hebrew due to the increased number
of migratable words that exist in that language. In English, a list of migratable words is required
to help in detecting letter position dyslexia. Finally, migrating letters in Arabic is affected by
the letters’ positions within the word (Friedmann and Coltheart, [2016). Details on letter position
dyslexia in Arabic are presented later in Section 2.3.

Attentional Dyslexia:

Individuals with attentional dyslexia correctly identify both the individual letters of the target word
and their positions within that word but fail to bind these letters to their target word. Therefore,
migration errors occur between adjacent words instead of within the target word (Friedmann and
Coltheart), [2016; [Friedmann et al. [2010)) as is the case in letter position dyslexia . For instance,
reading the pair “cane love” as “lane cove” (Friedmann and Coltheart) 2016]).

Additionally, the migrating letters between the words maintain their positions within the words
(Friedmann and Coltheart, 2016} |Friedmann et al., 2010). For example, the first letter in a word
migrates into the first position in the other word. Also, migration between words can occur in all
directions: left, right, top or bottom of the target word. The reasons for these migration errors are

(Friedmann and Coltheart), 2016):

e The impact of lexicality especially when the result of migration, in both word and non-word

pairs, is a known word.

e The words’ length especially between long words.
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e The words’ similarity especially when the words differ in more than one letter.

e The letters’ position, especially the final letter, migrates more than others do. Also, migration

from the first to the second word occurs more than the opposite way.

More migration errors can be found in attentional dyslexia. One of these errors is migrating the
letter to the other word in the same position, but the letter remains and is not deleted. For example,
the pair “light fate” can be read as either “flight late” or “flight fate” without deleting the letter
“1” in the first word or the letter “f” in the second one. The other migration error is omitting an
instance of a letter if it appears in two adjacent words and in the same position. For instance,
reading the words “clay plan” as “clay pan”. A possible explanation for this is that individuals
with attentional dyslexia fail to bind the letters to their words and several letters appear in the
same respective positions in the adjacent words. Therefore, they cannot realise the occurrence of
the two instances of a letter and then they delete one of these instances (Friedmann and Coltheart,
2016; [Friedmann et al., 2010).

Similarly to letter position dyslexia, attentional dyslexia can be found in various languages such
as Hebrew, English and Arabic. It can be easily detected in languages with a high probability
of creating known words due to between-word migration. As mentioned in the section on letter
position dyslexia, migrating letters in Arabic is affected by the letters’ positions within the word
(Friedmann and Coltheart} 2016). Details on attentional dyslexia in Arabic are presented later in
Section 2.3.

Letter Identity Dyslexia:

Individuals with letter identity dyslexia fail to identify individual letters due to the deficit in the
abstract letter identities sub-stage of the orthographic-visual analysis component. Therefore,

they fail to:

e Name a letter.
e Identify both the name and sound of a written letter.

e Match the different cases of a letter such as B and b.

On the other hand, individuals with letter identity dyslexia do not have a visual deficit, so they

are able to:

e Match identical non-orthographic forms.

o Match the different sizes of a letter.
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e Copy the letters correctly.

Neglect Dyslexia:

Individuals with neglect dyslexia neglect one side (either the left or right) of the target word or sen-
tence depending on the level at which the neglect occurs. Individuals with neglect developmental
dyslexia that have been discussed in the literature, neglect at the word level and it is known as
neglexia. They usually neglect the left side of the word by deleting, substituting or adding letters
to that side. It occurs more if the result is a known word. Therefore, if a language has a high
probability of creating known words after letter substitution, deletion or addition to the word’s
left side, then more neglect errors will occur. This deficit occurs at the early prelexical stage and
therefore it affects the word comprehension and the lexical decision on non-words. Similarly to
letter position dyslexia, symbol strings and number sequences are not affected by neglexia as it is
orthography-specific and thus affects only letter strings (Friedmann and Coltheart| 2016]).

In terms of languages, neglexia is affected by reading direction. So, the beginning of the words will
be affected by left neglexia if the language is read from left to right while the end of the words
will be affected if the language is read from right to left. In addition, the rate of neglect errors is
also affected by the direction of reading. In left neglexia, the rate of errors is more when reading
in right-to-left languages than in left-to-right ones. Typically, left neglect has been discovered in
languages such as Arabic and Hebrew while right neglect has been discovered in Turkish (Friedmann
and Coltheart, [2016).

Visual Dyslexia / Orthographic Input Buffer Dyslexia:

Individuals with visual dyslexia make visual errors in reading (Friedmann et al., 2012). They
substitute, migrate, delete and add letters to the target word (Friedmann and Coltheart, 2016;
Friedmann et al., 2012) due to a deficit in the output of the orthographic-visual analysis component.

Therefore, a combination of all errors discussed earlier can occur (Friedmann and Coltheart, 2016)):
o Letter identification errors (Friedmann et al., 2012]).
e Letter migrations within and between the words.
e Neglecting one or both sides of the word.

Visual dyslexia differs from the other dyslexia types described above by having a mixture of the
previous errors. These errors appear either within a word or between adjacent words. Additionally,
unlike letter position dyslexia, the migrations occur in both middle and exterior letters. Visual
dyslexia is unlike neglexia by neglecting both sides of the word instead of one side (Friedmann and

Coltheart|, 2016]).
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2.2.4.3 Central Dyslexias
This group of dyslexias face a deficit in the last stages of both lexical and sub-lexical routes which

also leads to reading impairments. It is further classified into the following types:

Surface Dyslexia:
Individuals with surface dyslexia read aloud via the sub-lexical route (grapheme-to-phoneme con-
version) only (Rello and Baeza-Yates| [2012} [Friedmann and Coltheart, 2016) because the lexical

route is impaired, causing (Friedmann and Coltheart, 2016)):

o Errors when reading an irregular word aloud (e.g. stomach) that contains either a silent
letter or a letter that is pronounced differently from the sound produced by the grapheme-

to-phoneme conversion (Rello and Baeza-Yates, 2012).

e Errors when reading a word aloud that may lead to an ambiguous conversion to phonology.

For instance, the word “bear”, can be read as “beer”.

e Errors when reading multi-syllabic words aloud, especially in languages where the stress is
determined lexically and not orthographically. Languages, such as Hebrew and Arabic, that

do not use all vowels in the orthography are also affected.

On the other hand, regular words are read correctly using the sub-lexical route because they have
only a single pronunciation even if they are rarely used (Friedmann and Coltheart], [2016). Similarly,
non-words can be read normally due to the undamaged sub-lexical route (Rello and Baeza-Yates|,
2012; [Friedmann and Coltheart, [2016)).

Besides the affected reading accuracy, surface dyslexia also affects comprehension because this is
accomplished by the orthographic input lexicon, which is already impaired. As a result, the sub-
lexical route will be used to achieve comprehension. The comprehension of non-homophonic words
such as “paper” is achieved correctly while understanding homophonic words (words having the
same sound during reading) can be difficult. For instance, the word “wail” cannot be distinguished
from “whale” as well as the words “which” and “witch”.

Further, surface dyslexia affects reading fluency by slowing the reading process more than normal
even if the word is read correctly and accurately via the sub-lexical route. The reason is that each
letter in the target word should be converted into its phoneme sequentially rather than reading it
as a whole via the lexical route.

Since the lexical route contains multiple components, then a deficit in any of these components or

in their connections will lead to surface dyslexia that affects reading accuracy and fluency. Besides
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these effects, more difficulties may arise depending on the affected component as detailed below:

o Either the orthographic input lexicon or accessing it via the orthographic-visual analyser
is harmed. Therefore, the lexical decision of pseudohomophones is affected. For instance,
difficult in deciding if “anser” is a word or not. Also, understanding homophones and poten-
tiophones is affected. For instance, difficult in deciding if the word “whether” is a question

or is explaining things like rain and temperature.

e The connection from the output of the orthographic input lexicon to the semantic lexicon
and the phonological output lexicon is impaired. Thus, the lexical decision is intact but the

homophone comprehension is affected.

o Inter-lexical surface dyslexia, where the deficit is located in the connection between the or-
thographic input lexicon and the phonological output lexicon. Thus, the lexical decision and

the homophone comprehension are intact but reading aloud is affected.

e The phonological output lexicon itself is impaired which causes a deficit in word production

in the context of reading, naming and casual speech.

Phonological Dyslexia:

Individuals with phonological dyslexia correctly read words that are stored in the orthographic
input lexicon and phonological output lexicon while misreading non-words. This is due to a deficit
at various points of the sub-lexical route. Therefore, leaving the lexical route to proceed with the
reading by itself (Friedmann and Coltheart|, 2016; Khentov-Kraus and Friedmann, [2018). This, in
turn, causes individuals with phonological dyslexia to be unable to read new words. Consequently,
this causes a problem for children with this type of dyslexia when they begin to read. These children
consider each written word as a new word and so they are unable to access the lexical route. Thus,
they need a long time to learn to read and they master their reading after storing an appropriate
number of words in their orthographic input lexicon. They, also, face difficulties when learning to
read new languages (Friedmann and Coltheart| 2016]).

According to (Friedmann and Coltheart, 2016|), phonological dyslexia can be categorised based on

the deficit type in the sub-lexical route into:

e Letter-to-phoneme conversion phonological dyslexia: Individuals with such dyslexia face diffi-
culty in converting single letters into their phonemes. Thus, reading single letters (alongside

non-words) is impaired and pronouncing them is difficult.
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o Multi-letter phonological dyslexia: Individuals with such dyslexia face difficulty in converting
multiple letters into their phonemes. For instance, facing difficulty in pronouncing the “sh” in
“ship” and “ch” in “chip”. Such individuals face difficulty in reading multi-letter graphemes

and not single letters.

e Phonological-output-buffer-phonological-dyslexia: This is the most frequent type of phono-
logical dyslexia. Individuals with such dyslexia face difficulty in reading long words and
non-words. So, they produce errors in long words more than in short ones. This is caused
by a deficit in the phonological output buffer after the conversion process. This buffer, as
mentioned before, is responsible for receiving the output of the conversion process, collecting
and maintaining it until the result is completed. In addition, non-words are affected more
than the words that are supported by activating the phonological output lexicon. As the
phonological output buffer is also responsible for collecting morphologically complex words,
then individuals with such phonological dyslexia misread these words by either deleting or
replacing the non-base parts. Lastly, since the speech production system also contains the
phonological output buffer, then repeating or saying non-words and morphologically complex

ones is also affected.

Vowel Letter Dyslexia:

Individuals with vowel letter dyslexia omit, migrate, substitute and add vowel letters (such as
reading the word “bit” as “but” or “boat”) due to a specific deficit in the sub-lexical route that
is responsible for processing vowels. Such errors appear only in the vowel letters during reading
and not in the vowel phonemes during speech production (Khentov-Kraus and Friedmann, 2018;
Friedmann and Coltheart, |2016|). The most frequent vowel error type reported by (Khentov-Kraus
and Friedmann, [2018]) is vowel migrations whereas vowel substitutions were the least frequent ones
which result from vowel omissions and additions.

Since the deficit is in the sub-lexical route, then individuals with vowel letter dyslexia will have
problems only in reading new and non-words and they do not face problems in reading known words
through the lexical route. As with the previous dyslexia types, the errors occur more frequently
if they result in a known word (Khentov-Kraus and Friedmann, 2018; Friedmann and Coltheart,
2016]).

In terms of languages, vowel letter dyslexia has been identified in several languages such as Arabic
and Hebrew. In such languages, this deficit is obvious because of the existence of vowel letter
omissions or transpositions in the orthographies (Friedmann and Coltheart, [2016).

Unlike letter position dyslexia, vowel letter dyslexia is not affected by the letter’s form. Because
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the deficit is in the grapheme-to-phoneme conversion stage which is not sensitive to the letter’s
form. Therefore, vowel errors occur whether the letter’s form is changed or not (Friedmann and
Coltheart|, 2016]).
Deep Dyslexia:

Individuals with deep dyslexia produce the following errors (Friedmann and Coltheart, [2016)):

o Semantic errors (Khentov-Kraus and Friedmann| 2018]). For instance, reading the word “lime”

as “lemon”.
e Morphological errors. For instance, reading the word “played” as “play”.

e Visual errors. For instance, reading the word “owl” as “own”.

The cause of deep dyslexia is the damage in both the lexical route between the orthographic input
lexicon and the phonological output lexicon and the sub-lexical (grapheme-to-phoneme conversion)
route. Essentially, individuals with deep dyslexia can accurately read the words that have a visual
image by reading via their meaning. However, they have reading problems based on the types of

words, as follows:

e Non-words either cannot be read or can be read as a similar known word. For example,

reading “diger” as “tiger”.

e Function and abstract words either cannot be read or can be read as another function or
visually similar concrete word. This means that concrete words are read better than abstract

ones.

e Morphologically complex words are difficult to read. Morphological affixes are either replaced
or deleted from such words due to the image-ability effect. For instance, trying to imagine

[43

the word “opened” visually may lead to deleting the suffix “-ed”. More precisely, the words
are searched through the lexicon by their stems while the morphological affixes are read using
a direct route to the phonological output buffer from the orthographic input buffer. However,

this route is impaired so the stems are read better than affixes. Therefore, languages with

more morphologically complex words will be more difficult to read.

In terms of languages, deep dyslexia can be found in both English and Arabic. However, Arabic was
identified as a diglossic language where the spoken language is different from the written, standard
one. Consequently, individuals with deep dyslexia read a word by looking into it, understanding

it and then naming it based on its meaning. Therefore, reading the word as a spoken vernacular
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rather than the standard way it was written. For instance, reading the standard Arabic word
“tabib” which means medical doctor as its spoken language “daktor”.

Access To Semantics Dyslexia:

Individuals with access to semantics dyslexia (also known as “direct dyslexia”) can read accurately
and fluently. They can read aloud all types of words such as irregular, function, low frequency and
morphologically complex ones. They can also accurately read non-words and new words.

Despite, the ability of individuals with access to semantics dyslexia to read aloud correctly, they
cannot understand these written words. This signals that both the lexical and sub-lexical routes

are preserved. So, one of the following deficits can cause this problem:

o A deficit in accessing the semantic lexicon from the orthographic input lexicon due to the
disconnection between them. This disconnection affects only the understanding of written
words, which means that reading aloud of both single words and non-words, understanding

heard words and producing words are not affected.

e A deficit in the conceptual or semantic system itself. If this is the case, then it will be called
“semantic deficit” and not “dyslexia”. Such individuals misunderstand both words they hear

and read.

2.2.5 Summary

Dyslexia is a specific learning difficulty that primarily affects individuals’ ability to read. It is
widely believed that dyslexia is neurological in origin. There have been various attempts to define
dyslexia but there is still no formal definition that is universally accepted and generalised. Dyslexia
can be caused by either inheritance and known as “developmental dyslexia” or trauma and known
as “acquired dyslexia”. Since the number of individuals with acquired dyslexia is small, then this
research is focused on developmental dyslexia .

There are different symptoms that identify dyslexia. It is unusual to find two individuals with
dyslexia with the same symptoms. Essentially, individuals with dyslexia face a variety of reading
difficulties such as adding, deleting, migrating or substituting letters of words or words of sentences.
Other difficulties may co-occur with dyslexia such as writing, spelling and behavioural difficulties.
On the other hand, some researchers pointed out that individuals with dyslexia may perform well
in other aspects such as being creative and able to solve problems.

Many researchers have classified dyslexia into different types to understand their difficulties and
thus provide them with suitable support. (Friedmann and Coltheart} 2016) classified dyslexia into
ten different types based on the affected component of the dual-route model for single-word reading.

For instance, letter position dyslexia, vowel letter dyslexia and visual dyslexia. Dyslexia is affected
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by the language’s structure and orthography, therefore its symptoms and types will also be affected.

Since this research targets Arabic, then dyslexia in Arabic is discussed in the next section.

2.3 Dyslexia in Arabic

The Arabic language is the fifth most spoken language in the world in terms of the number of
native speakers. Over 200 million individuals, especially in the Middle East and North Africa,
speak Arabic as their first language. In addition, Arabic is used as a second language by millions
of Muslims because it is the language of the Holy Quran (Mahfoudhi et al| 2011).

Unfortunately, there are very few studies that have explored dyslexia in Arabic. Consequently, this
research focuses on learners with Arabic dyslexia. There are, also, some Arab countries that do
not pay attention to children with dyslexia in schools, such as Morocco (El Kah and Lakhouaja,
2015). (El Kah and Lakhouajal 2015) have made a survey in three different cities of Morocco about
both learning disabled children and Arabic language learning difficulties. In this study, 86 teachers
and 2,304 students participated in order to gather the common mistakes encountered among the
students during their learning of Arabic, based on teachers’ experiences. The different reasons
for the low academic achievement were considered. The results revealed that half of the teachers
lack knowledge about learning difficulties while the other half have little information about them.
None of them attended any training in special education. Therefore, such teachers should better
understand learning difficulties in terms of symptoms and consequences.

As the Arabic orthography is different from that of English, it affects individuals with dyslexia
differently. Different factors may contribute to the manifestation of Arabic dyslexia; unique Arabic
features and cultural characteristics (AlRowais et al., 2013)). Therefore, the following subsections
will present in detail the Arabic orthography, cultural factors that affect Arabic, Arabic features
that contribute to the manifestation of dyslexia and the classification of developmental Arabic
dyslexia types.

2.3.1 Arabic Orthography

The Arabic language, like all languages, has many features. Some of those features are listed below:

o It is an alphabetic system (Elbeheri et al| [2006; [Béland and Mimouni, 2001) that contains
28 letters (Elbeheri et al., 2006; Béland and Mimouni, 2001} [Friedmann and Haddad-Hannal,
2014)) representing 34 phonemes (Elbeheri et al., [2006; Mahfoudhi et al., 2011). All of these
letters are consonants with some of them providing long vowels (Abu-Rabia, [1998) which
are (a, i, u) (‘ (S 49 (Friedmann and Haddad-Hanna, [2014). These letters are originally
made from 17 different shapes with dots added to them and placed either above or below

(Elbeheri et al., [2006; Elbeheri, 2005)). These dots are important and differ in their position
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(above/below the character) and number (one, two or three) (Elbeheri et all, [2006) (See

Figure .

Lower and upper cases are not available in Arabic so the shape of these letters is consistent

(AlRowais et al., 2013; [Elbeheri et al., 2006; Béland and Mimouni, 2001]).

It is a bidirectional script because it is read and written in both directions where the text is

right-left and the numbers are left-right (AlRowais et al 2013; Elbeheri et al., 2006; Béland)

and Mimouni| [2001)) (See Figure [2.3)).

It uses short vowels known as diacritics as listed in Table 2.I] They are not considered

as independent graphemes (Elbeheri et al. 2006; Béland and Mimouni, 2001; [Mahfoudhi

et al.l 2011} |[Elbeheri, 2005} Friedmann and Haddad-Hanna, 2014) and are usually used in

the Holy Quran, poetry, children’s books, early years teaching materials used for reading and

writing skills, etc. (Elbeheri et al., 2006; Béland and Mimouni, 2001} Mahfoudhi et al., [2011)).

However, they are eliminated from the written text once the child begins to master reading

and writing skills (Béland and Mimouni, [2001; Mahfoudhi et al., 2011).

It is a Semitic language with a rich morphological structure in both nouns and verbs. Most

of these nouns and verbs are constructed from three-consonant roots that are incorporated

in verbal or nominal templates (Friedmann and Haddad-Hannal [2014)). In Semitic languages,

most nouns and verbs are derived from a root and a word pattern named a template. The
root and the template are unpronounceable bound morphemes on their own. The skeleton
of consonants is represented by the root to provide the core meaning, or the semantic family
which is inserted into the template to produce “a unique lexical item with a unique meaning

and a well-defined grammatical category directly discernible by the specific word pattern”

(Saiegh-Haddad and Henkin-Roitfarbl 2014} p. 9).

It is special in its transparency. Transparency indicates the relationship between letters and
sounds. If there is a simple one-to-one relationship then this language is said to be transparent

while the language is less transparent (such as English) once the relationship becomes more

complex (Elbeheri et al., 2006 Béland and Mimouni, |2001; Mahfoudhi et al., 2011} |Al-Wabill

2006). In the case of Arabic, the diacritics are used to produce a vowelised text

(shallow orthography) by using short vowels (above or below the letter (Abu-Rabial, [1998)) in

the beginner readers’ texts. In more advanced written texts, these diacritics are eliminated to

produce non-vowelised texts (deep orthography) (Elbeheri et al., |2006; Mahfoudhi et al., 2011}

Elbeheri, 2005). Thus, creating highly ambiguous text by producing homographs (Elbeheri
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et al.l 2006, Mahfoudhi et al., 2011} Elbeheri, 2005) (words containing the same letters but

with different pronunciations and meanings (Béland and Mimouni, 2001} |Abu-Rabial, [1998)).

These homographs can be pronounced and understood correctly either with diacritics (Béland.

and Mimouni, [2001; |Abu-Rabial, [1998)) or via using the context in which they are included

(Elbeheri et al.l [2006; Béland and Mimouni, 2001; [Mahfoudhi et al., 2011} [Elbeheril 2005)

(See Figure [2.4). Further, the effect of vowels in Arabic orthography on reading accuracy

has been investigated by (Abu-Rabia, [1998) and on reading comprehension by (Abu-Rabia

2001)). He found that diacritics have a significant impact on reading accuracy for both poor
and skilled Arabic readers and they affect both the silent reading comprehension and word

recognition whether it is isolated or within a context.

o It is a cursive language (Elbeheri et al., 2006; Friedmann and Haddad-Hanna, 2014) because

letters making up the word are connected by ligatures leading these connected letters to

change their shapes from their isolated original form (Elbeheri et all [2006). The letters can

have up to four different shapes based on their position within a word (beginning, middle,

end or isolated shape) (Elbeheri et al) 2006; Béland and Mimouni, 2001; [Elbeheri, 2005}

[Abu-Rabial, [1998] [2001} [Friedmann and Haddad-Hanna) [2014)) (See Figure [2.5). Twenty-two

of them can be connected from both sides by joining to both preceding and following letters

leading them to form all the four shapes (Elbeheri et al. [2006). The other six letters can

only be connected from one side by joining to only the preceding letter leading them to

form only two different shapes (end or isolated shape) (Elbeheri et al., 2006; Friedmann and|

Haddad-Hannal [2014). Those six letters are: 1 ¢3 ¢ « BEBR2) Friedmann and Haddad-Hanna

2014).

e Spaces between words can be used as word boundaries. However, the existence of one or
more of the six letters (explained in the previous point) may lead to breaking a single-word

into sub-words forming additional spaces within the word. Therefore, identifying the word

boundaries can be difficult for beginners (Elbeheri et al., [2006) (See Figure [2.6)).

< < - -
Tha-a Ta'a Ba'a
Triple dots Double dots Single dots Unknown letter

Figure 2.2: Different Arabic Letters with Similar Shape and Different Number and Position of
Dots
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Direction of writing

Direction of writing

YYye il

Text

Numbers

Figure 2.3: Direction of Arabic Writing

2

% - W -
“Kotobon” “Katab” A homograph

Means books Means wrote Unknown word

Figure 2.4: A Homograph with Different Diacritics

Table 2.1: Arabic Short Vowels

H Vowel ‘ Name ‘ Position ‘ Example H
i Fat-ha Above the letter Lo
i Dammah Above the letter Lolas
| Shaddah Above the letter A
| Sukun Above the letter Sl
i Tanween - Fat-h | Above the letter ;L"..u
i Tanween - Dam | Above the letter S
| Kasrah Below the letter Jw
j Tanween - Kasr | Below the letter Qé;

2.3.2 Cultural Factors
Language can be seen as a cultural trait that may define a cultural group. Therefore, a language

can be influenced by many cultural factors. One such cultural factor that has a significant impact

on dyslexia is dialects of the language (AlRowais et al.,[2013) within the culture known as diglossia

(Mahfoudhi et al., 2011; [Friedmann and Haddad-Hannal, 2014).

Diglossia is an important feature in Arabic that should be considered. This feature means using

two versions of the language within a community: Spoken Arabic Language and Modern Standard

Language (Mahfoudhi et al., 2011)):

e Spoken Arabic Language: is the language that is used every day and the first language

that is learned by the Arabic speaking child (Mahfoudhi et al., [2011). It is one of the Arabic

dialects that is spoken across a country or within a specific region (Mahfoudhi et al., 2011}

\Abu-Rabia et al., [2003; |Friedmann and Haddad-Hannal, 2014)).
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u.um‘ RISTEN L,tlAu o

3

End Middle Beginning Isolated

Figure 2.5: Different Shapes of Arabic Letter “Seen”

i )da il Ca

e

Three-sub-words Two sub-words Single sub-word

Figure 2.6: Different Words with Different Number of Sub-Words

Modern Standard Language: is the classical Arabic form that differs from the Spoken
Arabic Language in terms of lexical items, syntax, morphology, and phonology (Mahfoudhi
et al., [2011}; [Friedmann and Haddad-Hannal 2014)). It is also known as Literary Arabic
(Abu-Rabia et al.l 2003). This form is used in both education and media, in writing and
speaking. Therefore, it is considered the prestigious form of Arabic. Usually, this kind is not
taught and used by children until they enter school. Therefore, teaching Literary Arabic to
children at school can be considered as teaching them a second language (Abu-Rabia et al.

2003; Friedmann and Haddad-Hannal 2014).

2.3.3 Dyslexia and Arabic

Many Arabic features can be partially responsible for the manifestation of dyslexia such as (Elbe-

heri, |2005):

The cursive nature of Arabic where the letters are joined to form a word or sub-word.
Using dots to distinguish between different letters.
Different letter shapes that depend on its position within the word.

Using the deep orthography which is a text that eliminates the diacritical marks (Elbeheri,
2005)). Reading Arabic script without diacritics is a difficult process for beginners and poor
readers (Abu-Rabia et al.}[2003), such as individuals with dyslexia. However, this issue is not
present in English because the vowels are presented explicitly using letters (Al-Wabil et al.
2006; |Abu-Rabial [1998)). For instance, consider the English words “herd”, “hired”, “hard”,
and “heard”. By using a deep orthography in the Arabic text, then these words will be written
as “hrd” and then the reader will be responsible for decoding the word and identifying its
missing short vowels depending on the context. Moreover, using deep orthography in Arabic

electronic content may affect screen readers because they might mispronounce the words
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and therefore misunderstand the content. In addition, the dyslexia group will be forced to
read without diacritics, leading them to combine contextualised cognition and visual memory,

adding more load to their cognitive burden (Al-Wabil et al., [2006).

A study conducted by (Abu-Rabia et al., 2003)) investigated the word identification processes
(phonological decoding and orthographic processing) in Arabic and basic cognitive processes
(syntactic and morphological awareness, working memory, and visual processing) among readers
with dyslexia, normal readers of the same chronological age and normal readers at the same reading
level. Readers with dyslexia have been compared with these normal readers using a series of tests
developed in Arabic and derived from the ones available in both English and Hebrew languages.

Several findings were revealed among the dyslexia group:

e In terms of word identification processes:

— Deficiencies in phonological decoding.

— Strengths in orthographic processing because their reading strategy was through the
visual-orthographic route and not through the phonological route. Due to the ortho-
graphic nature of Arabic, the visual-orthographic route access is considered the most

effective reading strategy.

e In terms of basic cognitive processes:

— Significant deficiencies in syntactic skills. However, their performance is better than
normal readers of the same reading level on the oral test but poorer than both normal

reader groups on the grammatical judgement test.
— Significant deficiencies in morphological measures and working memory skills.

— Severe deficiencies in phonological awareness due to the lack of exposure to Modern

Standard Language at home because parents consider it as a second language.

2.3.4 Developmental Arabic Dyslexia Types

Developmental dyslexia comprises different forms. There are ten types of developmental dyslexia
in the literature, based on the type of deficit in the dual-route model for single-word reading which
was discussed earlier in Section 2.2.4.1. In Arabic, developmental dyslexia is classified into seven
types grouped into peripheral dyslexias and central dyslexias. Peripheral dyslexias contains
letter position dyslexia, attentional dyslexia, visual dyslexia and neglect dyslexia, while central

dyslexias contains surface dyslexia, vowel letter dyslexia and deep dyslexia. Some of them affect
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the reading of individuals with dyslexia at the word level while others affect them at the sentence

level (see Figure [2.7)).
Deficit Level

_— T

\;
/ \—\
—h

Word-Level Sentence-Level

\\;\ . . //
—* Visual Dyslexia
Attentional
Vowel Dyslexia tte to_ 2
Dyslexia
/
Surface /
. Deep Dyslexia
Dyslexia Neglect p Dysiex
Dyslexia

Figure 2.7: Deficit Level of Developmental Arabic Dyslexia

Letter Position
Dyslexia

The differences between individuals with dyslexia are due to (Friedmann and Haddad-Hannal, 2014)):

e The part of the reading process that is affected.

e The properties of the language’s orthography. For instance, the dyslexia type that causes in-
dividuals to read by the sub-lexical route may cause more difficulty in the Arabic orthography

due to the elimination of short vowels which results in different ways of reading.

2.3.4.1 Peripheral Dyslexias

Peripheral dyslexia types result from deficiencies in the orthographic-visual analysis component

(Friedmann and Haddad-Hannaj, 2014)).

Developmental Letter Position Dyslexia:

Letter position dyslexia is letter position errors in reading caused by a reading deficit in the
orthographic-visual analyser stage, specifically the function that is responsible for encoding the
relative position of letters within the word. This dyslexia type migrates the letters within words,

precisely the middle letters, especially when the result is another known word and is used frequently

(Friedmann and Haddad-Hannal, [2014} 2012).

In Arabic, there are plenty of migratable words due to the nature of both the Arabic orthography
and its Semitic morphology. In terms of Arabic orthography, short vowels are usually not used
in the Arabic script leading to a degree of freedom in reading. In other words, letter migrations
may lead to letter combinations that can be read in different ways, which often matches another

known word. In terms of Arabic Semitic morphology, a large number of migratable words can
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be generated from a consonantal root and a template resulting in many word pairs. According to

(Friedmann and Haddad-Hannay, [2014)), these word pairs can result from:

e Changing the root consonants’ order with the same template. For example, the word pair
“O skesy” which is pronounced as “Ya’amaloon” and means “work - masculine plural” and

“O ok which is pronounced as “Ya’alamoon” and means “know - masculine plural”.

o Changing the template (may differ only in the middle letters’ position) with the same root.

43

For example, the word pair “tS” which is pronounced as “ketab” and means “book” and

13 -

g__,uK” which is pronounced as “kateb” and means “writer”.

Based on these considerations, letter position dyslexia tends to cause more errors in Arabic and
therefore will be more easily detected than in English where usually a non-word results from a
migration of the middle letters (Friedmann and Haddad-Hanna, 2014)).

In contrast, the letter forms that depend on the letter’s position within the word lead to a lower
rate of migrations within words than in other languages because (Friedmann and Haddad-Hannal

2014, [2012):

e A letter position error may create another known word while preserving the letter’s form with
a different position. For instance, the words “J«f” which is pronounced as “tamahhal” and

means “slow down” and “_Jeqs” which is pronounced as “tohmil” and means “ignore”.

e A letter position error may create another known word while changing the letter’s form when

«“ ., 9

changing its position. For instance, the words “;l=" which is pronounced as “jehaz” and

means “device” and “ ;als” which is pronounced as “jahez” and means “ready”.

The last issue may lead to migrating the letters without changing their original form and thus
creating an orthographically illegal sequence in all common Arabic fonts. For instance, changing,
the previous words from “ ;=" to “ 4-=" is illegal. Therefore, when considering the letter’s form
then fewer words will be legal and accepted after letter migration (Friedmann and Haddad-Hanna,
2014} 2012)). These two issues have been studied by (Friedmann and Haddad-Hannal 2014) on
third to fourth-grade children with dyslexia to check if they have letter position dyslexia or not. It
has been found that all participants presented the same results. They lead to making fewer letter
position errors if the resultant word causes a change in the letter’s form than if it does not change.
Therefore, migrations are likely to occur less if the resultant word has an illegal orthographic se-

quence.
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Developmental Attentional Dyslexia:
As mentioned in Section 2.2.4.2, developmental attentional dyslexia is a reading deficit that has
one or more of the following problems (Friedmann and Haddad-Hanna, 2014} Friedmann et al.,

2010; Friedmann and Coltheart, 2016):

e The letters are correctly identified but they migrate between words preserving their correct
relative position within the word. For example, reading the words “goat” and “coal”, as

“goal” and “coal”.

e One of the instances of a letter that appears in the same position in both words is deleted.
For example, in the words “goat” and “coal”, the letter “a” can be deleted and thus read

these words as “got” and “coal”.

e The letters are migrated from a word that does not exist anymore in the visual field, instead
it is in the orthographic buffer, to the corresponding position of the target word without
deleting the original letter in that position. This type of error is known as bujffer migration.

However, this issue occurs less frequently than the previous two.

In addition, migrations can appear horizontally (from words that appear right and left of the target
word) and vertically (from words that appear above and below the target word). Again, as in letter
position dyslexia, the error rate increases if the result of the migration is a known word (Friedmann
and Haddad-Hannal 2014).

In Arabic, due to the elimination of diacritics and the Semitic morphological structure, the position-
preserving migrations between words may often create other known words. However, the form
of the letter can affect this type of migration in the opposite direction. As described in letter
position dyslexia, the forms of a letter reduce the rate of between-word migrations in Arabic when
compared with other languages, because any change in the form of the letter blocks migrations.
Further, because the migrations between the words usually occur in the final letters and such
migrations may change the form of the letter, then these migrations are blocked (Friedmann and
Haddad-Hanna, 2014).

The rate of this dyslexia type is low based on the results of the study conducted by (Friedmann and
Haddad-Hannal 2014) that was tested on 74 participants and found that only two had attentional
dyslexia with one of them also having other dyslexia types.

Developmental Visual Dyslexia:

Visual dyslexia is a visual error in reading caused by a reading deficit in the orthographic-visual

analysis stage (Friedmann and Haddad-Hanna, 2014). A visual error can involve additions, substi-
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tutions and omissions of letters and appears when at least half of the letters in the target word are
available in the error response (Friedmann and Haddad-Hannal [2014)). Further, this visual error
cannot be accounted for by a deficit in a specific component of the orthographic-visual analyser.
Thus, this type is different from the other dyslexia types that suffer from a deficit in a specific com-
ponent of the orthographic-visual analyser such as letter position dyslexia and attentional dyslexia
(Friedmann and Haddad-Hannal 2014). For instance, if an individual usually makes letter migra-
tions, then this will be defined more specifically as an letter position dyslexia and not as visual
dyslexia even if half of the letters of the target word were available in the error response (Friedmann
and Haddad-Hannal 2014).

In addition, visual dyslexia can result from a deficit in either the orthographic-visual analysis
system that selectively impairs the ability to encode abstract letter identity or the output of the
orthographic-visual analyser (Friedmann and Haddad-Hannal 2014).

In the study conducted by (Friedmann and Haddad-Hanna, |2014), six of the participants had visual
dyslexia, especially the one that results from a deficit in the output of the orthographic-visual
analyser. This is because the error types that they made during reading aloud were substitutions,
omissions, additions and migrations of the letters within the words and between the words. Also,
they did not have any tendency to produce errors on one specific side of the words. Unlike letter
position dyslexia, it has been found in visual dyslexia that letter migrations do not necessarily
preserve their within-word position and thus may occur in first and last letters of the word.
Developmental Neglect Dyslexia:

Developmental neglect dyslexia (also known as neglexia) is a reading deficit at the word level
that results in neglecting one side of the word, typically the left side of it. This means that letter
omissions, substitutions, or additions occur on that side of the word (Friedmann and Haddad-
Hanna, [2014). Further, the reading direction typically affects the part of the word that will be
neglected. Since Arabic is read from right to left, and because neglexia usually neglects the left
side of the words, then the end of the Arabic word will be affected rather than the beginning
(Friedmann and Haddad-Hanna, |2014)).

2.3.4.2 Central Dyslexias

The following central dyslexia types result from deficiencies in the later stages of the reading process,
precisely the lexical and sub-lexical routes (Friedmann and Haddad-Hannal 2014)).
Developmental Surface Dyslexia:

Developmental surface dyslexia results from a deficit in the lexical route (that links the orthographic
input lexicon with the phonological output lexicon) leading to reading by the sub-lexical route

(grapheme-to-phoneme conversion route) (Friedmann and Haddad-Hanna), 2014; [Friedmann and
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Lukov}, [2008). Therefore, leading to the characteristics below (Friedmann and Haddad-Hannal

2014):

Incorrectly reading irregular words such as “listen” because for these words to be read accu-
rately requires the word-specific knowledge that is available in the orthographic input lexicon

which can be accessed only by the lexical route (the affected route).

e Correctly reading regular words by the sub-lexical route but the reading rate is affected,

leading to slow reading.
e Correctly reading non-words by the sub-lexical route.

e Reading comprehension is affected due to the impairment in the orthographic input lexi-
con. Therefore, homophones will be indistinguishable for individuals with surface dyslexia

(Friedmann and Lukov, 2008).

In Arabic, specifically in the Modern Standard Language orthography, there are almost no homo-
phonic letters (i.e. letters sound the same (Saiegh-Haddad and Joshi, 2014} p. 139)) which reduces
the error rate for reading even if the reading was by the sub-lexical route. Unfortunately, and due
to the absence of short vowels in the Arabic orthography, an individual with surface dyslexia will
have to guess the appropriate vowels for the target word. This issue in Arabic is known as irregu-
larity which leads to reading the target word in different ways. For instance, the word *4&=3" can
be read as either “fat-ha” which is a short vowel or “fataha” which means “he opened” and written
as C’:.'e”. Another form of irregularity occurs with words ending with “ ‘j” such as the word “B.La"”.
This combination of letters produces irregularity because it stands for the masculine plural ending
of the past tense verbs and is pronounced as the long vowel “u” instead of “wa” (Friedmann and
Haddad-Hanna, 2014).

Finally, other frequent errors that were made by individuals with surface dyslexia were related to

the conversion of special orthographic symbols (Friedmann and Haddad-Hanna, [2014) such as:

e Shadda “T”, which indicates doubling the consonant .

(1]

e Hamza “¢”, which indicates a glottal stop and appears either alone or with a vowel.

[13 "77

o Tanwin fat-h “|”, which appears as a double fat-ha (the diacritic mark for the vowel “a” ) but
requires pronouncing an “n” sound, that is not written explicitly. It is sometimes followed by

alif “1”.
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o Taa marboutah “3§”, which appears at the end of the word and sounds like either fat-ha (short
a) in an un-vowelised Arabic text, or “t” in a construct state nominal when it appears at the

end of the first word.

4 [13

o Alef magsuoora “ ¢”, which appears at the end of a word and is written as the letter

L";”
without the dots. It is a short a sound, for example, the word “ 24%we” which is a hospital.

Developmental Vowel Dyslexia:

Vowel letter dyslexia, unlike developmental surface dyslexia, results from a deficit in the sub-lexical
route, which precisely impairs the way the vowels are being processed by that route (Friedmann and
Haddad-Hannaj, 2014). Therefore, individuals with vowel letter dyslexia substitute, omit, transpose
and add vowel letters such as reading the English word “bug” as “big”. In addition, if an individual
has only vowel letter dyslexia then non-words, which are read via the sub-lexical route, will be the
only ones affected while, on the other hand, if an individual has both vowel letter dyslexia and
surface dyslexia then both known words and non-words will be affected because the known words
will be read by the sub-lexical route (Friedmann and Haddad-Hanna, [2014)).

In the Arabic orthography, three aspects should be considered (Friedmann and Haddad-Hanna,
2014]):

o Each vowel letter identifies a single long vowel.

e There is a difference between long and short vowels. Long vowels are encoded orthographically
while short ones are represented using diacritics and usually eliminated from the written

words.

o Vowel letters have different forms, as detailed before, depending on their position.

Vowel letter dyslexia occurs more frequently among learners with Arabic dyslexia based on the
study run by (Friedmann and Haddad-Hannal [2014). All participants with vowel letter dyslexia
made more errors in vowel letters than in consonants. These vowel errors were vowel additions,
migrations, omissions and substitutions. Vowel addition is indicated by the elongation of a short
vowel while vowel omission is indicated by shortening a long vowel.

Further, Arabic participants made errors whether the vowel letter performs as a consonant or as a
vowel. This is because they read by the sub-lexical route that does not have any information about
the function of a vowel letter in a certain word (Friedmann and Haddad-Hanna, [2014]).

Finally, vowel migrations, that result from vowel letter dyslexia, appear even if the resultant word

changed the vowel letter’s form. In fact, this contrasts with letter position dyslexia which blocks
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the letter migration if it results in changing the letter’s form. This feature enables discrimination
between vowel letter dyslexia and letter position dyslexia (Friedmann and Haddad-Hannal 2014).
Developmental Deep Dyslexia:

Developmental deep dyslexia faces a number of difficulties (Friedmann and Haddad-Hanna, 2014;

Johnston, [1983)):

e Semantic, morphological and visual errors in reading.

o Severe deficit in reading function words by either reading them as another function word or

inability to read them.

o Inability to read non-words.
However, developmental deep dyslexia can better read (Friedmann and Haddad-Hannal, 2014]):

e Nouns than verbs and adjectives.

e Concrete words than abstract ones.

These characteristics of deep dyslexia are due to multiple deficits; one is in the sub-lexical (grapheme-
to-phoneme conversion) route and the other is in the lexical route between the orthographic input
lexicon and the phonological output lexicon. Therefore, forcing the individual with dyslexia to read
by meaning (Friedmann and Haddad-Hanna, 2014).

In Arabic, two properties should be considered to identify deep dyslexia (Friedmann and Haddad-
Hanna, 2014)):

e Diglossia: this property affects individuals with deep dyslexia due to the differences between
the written Modern Standard Language and Spoken Arabic Language (dialects) in terms of
phonology, lexicon, and syntax. As reading by meaning characterises deep dyslexia, this may
lead such individuals to read the written text in spoken Arabic rather than the standard
one. For example, reading the word * ¢,>L.:3” which means “charger” as “ & »” which means
“sick” possibly because of the visual error that led to the word * O.>'Lw” which means “sick”

in Palestinian dialect followed by a semantic error which led to the final word “ ,a "

e Morphology: Arabic has a rich morphological structure in both nouns and verbs. Both
nouns and verbs can be constructed from three-consonant roots and either nominal (for
nouns) or verbal templates (for verbs). This leads to the identification of the morphological
error types in deep dyslexia; whether the root is the same and the template has changed or

vice versa.
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Different error types that characterise deep dyslexia (Friedmann and Haddad-Hannay, [2014):

Semantic error: such as reading the word “ " which means “drum” as “(2»>” which means

a “hand drum”.

Morphological error: such as reading the word “4>\&5” which means “an apple” as “ CUJ”

which means “apples”.

Visual error: such as reading the word “4& ,” which means “mercy” as “4l>” which means

“dove”.

“))

Visual-then-semantic error: such as reading the word “C!5” which means “soil” as

[13

“ ) s2ac” which means “bird”. This might be due to the visual error ! £” which means

“crow” and then a semantic error which is “bird”.

Individuals with deep dyslexia read by the semantic route and therefore, they have severe difficulty

in reading words that do not have precise semantic content, such as reading function words and

abstract words, as explained below:

13

« Function word error: such as reading the word “ JI” which means “to” as o which

means “from”.

+ Abstract word error: such as reading the word “&~” which means “candle” as “ "

which means “sun”.

Since morphological errors are one of the error types that characterise deep dyslexia, therefore,

reading morphologically complex words (verbs and nouns) is difficult, as discussed below:

e In terms of morphologically complex verbs: Such verbs either cannot be read or can

be read with several errors, such as morphological, morphological and visual, visual, visual-
then-semantic and visual, semantic or morphological errors. An example of the morphological-
then-semantic errors is reading the word “ &l ” which means “they both are answering him”
as “8,l” which means “car”. This might be due to the morphological decomposition of the

[4

word that extracted its root which is “Cw=" and means “Jeep” and then a semantic error

that leads to the final word “car”.

In terms of morphologically complex nouns: Reading such nouns can produce similar
errors to the previously discussed verbs; morphological errors (such as reading “ , 9d=" which
means “roots” as “ ,d=" which means “root”) and semantic errors (such as reading “o!,L”

which means “cars” as “3L.” which means “drove”.)
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Further, individuals with deep dyslexia either cannot read non-words or produce errors to read
them as a known word such as reading the non-word “stf” as “845” which means “big” due to
a visual error.

Finally, seven developmental Arabic dyslexia types have been identified and explained by (Fried-
mann and Haddad-Hanna, 2014). However, when comparing them with the ones explained in
Section 2.2.4, three missing types have not been identified in Arabic dyslexia (one belongs to pe-
ripheral dyslexias while the other two belong to central ones). These are (1) letter identity dyslexia,
(2) phonological dyslexia and (3) access to semantics dyslexia. This might be due to the lack of
either diagnoses lists that diagnose these types in Arabic or participants who do not have these
dyslexia types or it might be due to its absence in this language.

In letter identity dyslexia, individuals with such dyslexia are unable to name a letter, identify
both the letter’s name and its sound and match the upper and lower cases of the same letter.
These problems occur due to a deficit in the orthographic-visual analyser, precisely the function
that is responsible for identifying abstract letters and not due to a visual deficit (Friedmann and
Coltheart|, 2016)). The question is; can individuals with Arabic dyslexia have this type? The answer
is probably yes. An individual with Arabic dyslexia can have a deficit in this function that results
in similar problems except for the different cases of a letter. There are no upper and lower cases
for letters in Arabic, instead, there are different forms for each letter based on its position within
a word which might cause an individual with Arabic dyslexia to fail in matching these forms.

In phonological dyslexia, individuals with such dyslexia are unable to read non-words and mor-
phologically complex words (usually long words). These problems were due to a deficit in different
parts of the sub-lexical route leaving the lexical route to proceed with the reading by itself. There-
fore, words that have been stored in the orthographic input lexicon and phonological output lexicon
are read correctly while non-words are not. In addition, three phonological dyslexia types have been
addressed in phonological dyslexia and explained by (Friedmann and Coltheart} 2016). Now, the
question is; can individuals with Arabic dyslexia have any of these phonological dyslexia types? The

answer is probably yes, as explained below:

e Letter-to-phoneme conversion phonological dyslexia faces problems in converting each letter
to its single phoneme, which is also applicable in Arabic where each letter has its own single

phoneme.

e Multi-letter phonological dyslexia faces problems in converting a group of letters to their
single phoneme, which can also be found in Arabic. For instance, converting the letters “‘j”

(that indicates the plural past tense of a masculine verb) in the word “ W” into its phoneme
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“u”. Unfortunately, these letters can be pronounced mistakenly by an individual with dyslexia

as two single letters “wa”.

e Phonological-output-buffer-phonological-dyslexia faces problems in reading complex long words,

which also exists in Arabic due to the Arabic morphological rules that produce Arabic words.

Finally, individuals with access to semantics dyslexia are able to read aloud correctly but
unable to understand written words. This problem results from a deficit in either accessing the
semantic lexicon from the orthographic input lexicon or the conceptual or semantic system itself
(Friedmann and Coltheart) 2016). Now, the question is; can individuals with Arabic dyslexia have
this type? The answer is probably yes, because it does not relate to a certain language; in fact, it
is a general deficit that affects reading comprehension.

To end, the discussions of the previous types and their relatedness to Arabic are just arguments
that are based on theory, so empirical studies are needed to prove or disprove them.

2.3.4.3 Frequency of Arabic Dyslexia Types

As discussed earlier, the reading difficulties and the reading error rates are sensitive to language.
Therefore, some dyslexia types are common and frequent in specific languages but uncommon in
others. As this research targets Arabic, the frequency of each Arabic dyslexia type is illustrated in

Table according to (Friedmann and Haddad-Hanna, 2014).

Table 2.2: Frequency of Arabic Dyslexia Types in (Friedmann and Haddad-Hanna, [2014)

H Arabic Dyslexia Type | Frequency (%) H
Letter Position Dyslexia 51%
Atentional Dyslexia 3%
Letter Identity Dyslexia NA
Visual Dyslexia 8%
Neglect Dyslexia 1%
Surface Dyslexia 12%
Phonological Dyslexia NA
Vowel Letter Dyslexia 18%
Deep Dyslexia ™%
Access to Semantics Dyslexia NA

2.3.5 Summary

Arabic is one of the most used languages in the world. It is spoken by millions of individuals as
their first or second language. Since dyslexia is affected by the language and therefore by Arabic,
so this research focuses on Arabic dyslexia especially due to the lack of research in this area.
Arabic has many features that contribute to the manifestation of dyslexia. For instance, the cursive

nature of Arabic, the use of dots to discriminate between letters and the different shapes a letter
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can have based on its position within the word (Elbeheri, [2005]).

Developmental dyslexia can be classified into different types in Arabic, based on the impaired
component of the dual-route model for single-word reading as discussed in Section 2.3.4. The
differences between these types are due to the part of the model which is impaired and the features
of the Arabic orthography (Friedmann and Haddad-Hanna), 2014)). The majority of Arabic dyslexia
types affect reading only at the word level such as letter position dyslexia and vowel letter dyslexia.
Letter position dyslexia and vowel letter dyslexia are considered by (Friedmann and Haddad-
Hanna, 2014) as the most frequent Arabic dyslexia types that are encountered among individuals
with Arabic dyslexia. However, each Arabic dyslexia type has special difficulties that should be
considered. Therefore, this research aims to consider such difficulties in order to provide suitable
support by combining the theoretical framework of dyslexia, discussed in the previous sections,
with current practices towards it. So, the current interventions toward dyslexia must be explored
in order to discover their gaps and weaknesses and then overcome them in this research. This is

what the next section will discuss.

2.4 Interventions

Individuals with dyslexia, as mentioned earlier, face different difficulties. However, there are no
medication treatments that can be used to cure them. But, it is important to provide early
interventions and treatments to reduce the long term problems that they face and promote future
success in both school and the workplace. These early interventions can help in increasing confidence
that may prevent anxiety and depression towards this difficulty (Walker, [2014)).

Different interventions may overcome different dyslexia problems. These interventions can be cat-
egorised into technological and non-technological interventions as illustrated in Figure [2.8] Each

has been detailed in the sub-sections below.
2.4.1 Non-Technological Interventions

Non-technological interventions refer to the interventions that do not use technology, such as teacher
intervention, parent intervention, school intervention, etc. They can be divided into human inter-
ventions and non-human interventions. Each one is explored below.

2.4.1.1 Human Interventions

Human interventions refer to the interventions used by people to help individuals with dyslexia.
Teachers are examples of such people. As there are no two learners with dyslexia with exactly
the same symptoms, teachers can use an individualised approach for each learner with dyslexia to
(1) identify their problem, (2) work at their speed, (3) teach them what they need (Béland and

Mimouni, [2001; [Sampath et al., 2010 and (4) provide the teaching strategies and techniques that
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Figure 2.8: Classification of Different Interventions for Dyslexia

suit their needs (Sampath et al.; 2010)).

Teachers may also use the preferred learning styles of learners with dyslexia to improve their
learning. has investigated the impact of teaching students with dyslexia based on
their preferred learning style on their learning. The visuospatial/kinesthetic learning style was the
preferred style by the majority of these students. It improved their learning and understanding in
both math and spelling. However, the number of participants was small and more investigation is
required.

2.4.1.2 Non-human Interventions

Non-human interventions refer to the interventions used by organisations to help individuals with
dyslexia such as education centres and workplaces and the guidelines to be followed to treat such
individuals.

In terms of education centres, schools, for instance, have systems that provide several accom-
modations for children with dyslexia such as no spelling penalisations, reading aloud assessment
questions to them and giving them extra time on reading tasks and major assessments
2014).

Other education centres aim to improve the phonological awareness of children with dyslexia.

(Aboras et all [2012) have designed and evaluated an Arabic remediation program using materials

appropriate for male and female Arabic speaking children with dyslexia in the age range 6% to
10% years old. The program contained different activities covering both analytic and synthetic
phonological skills to provide a better effect on the reading skills. These activities included sound
blending, sound segmenting, reading and spelling. The children were evaluated twice via the Arabic

dyslexia assessment test. The first evaluation was applied directly after attending the training
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sessions while the other one was applied one year after attending these sessions. The evaluation
considered both the improvement and the stability in the children’s condition. The first evaluation
revealed a significant difference between the scores before and after attending the training sessions
in all test items. Younger children scored higher than older ones. The second evaluation revealed
the same results.

On the other hand, the workplaces adapted themselves in a more convenient way to help their
employees with dyslexia. For instance, giving such employees more time to finish specific tasks, pro-
viding them with assistive technology such as a digital recorder and giving them verbal instructions
instead of written ones (Béland and Mimouni, 2001; Sampath et al., 2010).

In terms of guidelines, there are various guidelines which, if followed, can help to minimise dyslexia

difficulties, as listed below:

e Reading difficulties: different methods can be used to decrease dyslexia reading difficulties

based on developmental dyslexia types detailed earlier (Friedmann and Coltheart, 2016).

1. Letter position dyslexia: Since this type tends to migrate letters within the target word,
then using the finger to trace the words letter-by-letter and avoiding using different

colours for each letter will tend to decrease the rate of migration errors.

2. Attentional Dyslexia: Since this type tends to migrate letters between adjacent words,
then covering the neighbouring words will prevent letters from migrating between them
and thus decrease the rate of migration errors. This can be applied by using cardboard

with a word-sized hole in its centre.

3. Neglect Dyslexia: Since this type tends to neglect the left side of the target word, then
attracting the attention to the left side of the word will tend to decrease the rate of
neglect errors by:

(a) Using the left-hand index finger to trace the word, letter-by-letter.
(b) Using the left finger to the left of the target word.

(c) Placing a small blinking light or a coloured vertical line to the left of the target

word.
(d) Presenting the target word vertically.

(e) Doubling spaces between the letters in the target word.

4. Surface Dyslexia: this type, as mentioned earlier, comprises other sub-types that can be

treated as follows:
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(a) Inter-lexical surface dyslexia: Since this sub-type affects reading aloud, then indi-
viduals with this sub-type should not be forced to read aloud.

(b) A deficit in the orthographic input lexicon: Since this sub-type affects both the
lexical decision of pseudohomophones and the understanding of homophones and
potentiophones, then individuals with this sub-type can be treated by repeatedly
displaying words, reading intensively and connecting between the written word with
its phonemes. Another treatment that can be used is strengthening the multi-letter,
grapheme-to-phoneme conversion, and morphological orthographic rules.

5. Phonological Dyslexia: this type, as mentioned earlier, comprises other sub-types that
can be treated as follows:

(a) Letter to phoneme conversion phonological dyslexia: Since this sub-type faces prob-
lems in converting single letters into their phoneme, then teaching them explicitly
the rules of letter-to-phoneme conversion might be helpful.

(b) Multi-letter phonological dyslexia: Since this sub-type faces problems in converting
multiple letters into their phoneme, then explicitly teaching them the rules of multi-
letter conversion might be beneficial.

(¢) Phonological output buffer dyslexia: Since this sub-type faces problems in reading
long words and non-words, then breaking the target word into smaller units, such
as units of consonant-vowel or syllables during reading might decrease the problem

and lead to reading such words correctly.

o Writing and spelling difficulties: Several strategies can be used to help learners with dyslexia
to write and spell words correctly. For example (Béland and Mimouni, 2001 [Sampath et al.,

2010)):

1. Using rhyme words such as drink, think, stink, etc.

2. Using syllables to help in spelling long words.

3. Using funny pictures to link them to their sounds and facilitate splitting the syllables.
4. Using pictures to link them to words and ease learning.

5. Using the phonics-learning technique in creating words by combining letters and then

creating sentences by using these words.

2.4.2 Technological Interventions
Technological interventions refer to the interventions that use technology to support individuals

with dyslexia by providing learning, training and assistance. These interventions can be categorised

50



based on the type of support as shown in Figure Each category is explored below.

2.4.2.1 Learning Support

Different techniques have been used to support the learning of individuals with dyslexia. A study
has described a number of user involvement issues during the development of standalone interactive
learning systems for Arabic dyslexia and dyscalculia (Al-Abdulkarim et al., 2010). They found that
involving special learning difficulty specialists during the design process was essential. They helped
in transferring the domain knowledge efficiently. Moreover, exploratory design approaches faced
challenges in language, culture and context. Therefore, they should be taken into consideration.
Another proposal was suggested by (Alsobhi et al. [2015a) who proposed a Dyslexia Adaptive
E-learning framework that adapts itself according to individuals’ dyslexia types to improve the
educational process taking into consideration four dimensions: presentation, hypermediality, ac-
ceptability and accessibility and user experience. In the presentation dimension, the information
should be presented and organised in small paragraphs to decrease the cognitive load of learners
with dyslexia. In terms of the hypermediality dimension, the information should be presented us-
ing media that tackles all forms of senses, including touch, to accommodate the differences between
learners with dyslexia and thus improving the learning process. In terms of the acceptability and
accessibility dimension, both attributes and needs of the users should be considered. Finally, in
terms of the user experience dimension, the quality of the system’s design along with its inter-
action with the learner should be considered. For instance, consider the learners’ needs and the
activities they want to perform before developing the e-learning system.

On the other hand, (Gooch et al., |2016) preferred the gamification technique. They have inves-
tigated the effect of a gamification platform known as ClassDojo on learners with dyslexia in
primary school. They offered these contributions: establishing a number of practices based on
the pedagogical use of gamification and analysing the design of the gamification platform from the
teacher practices’ perspective which revealed the importance of encouraging students in customising
their badges, where badges represent achievement rewards.

Another group of researchers developed their learning systems in the context of games instead of
only adding gamification elements as in (Gooch et all, [2016)). For instance, (Vasalou et al., 2017)
have designed digital game-based learning ( Words Matter) for children with dyslexia. Qualitative
data was collected from children’s verbal and non-verbal interactions along with their game logs.
(Vasalou et al., [2017) have found that the children were spontaneously engaged regarding content,
performance, experiences and actions. Further, a variety of new opportunities for learning were
catered for by tutor and student-initiated interventions.

Another attempt was by (Al-Wabil et al., 2010) who described the design phase of a multimedia
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educational game known as Memory Challenge. The game was intended for children with Special
Learning Difficulty especially dyslexia and attentional deficit disorder who have problems in their
short-term memory, by teaching them the learning strategies for memory to improve their cognitive
skills. Children with Special Learning Difficulty, domain specialists and practitioners have been
involved in the different stages of the design phase. Unfortunately, the game has not been fully
developed and tested with the target children, therefore it has not been evaluated.

Finally, (El Kah and Lakhouajay, |2018]) proposed a set of Arabic games to strengthen the reading
and spelling skills by combining therapeutic goals (training and assisting) and the basic aspects
of electronic games (entertainment and joy). The games targeted Arabic children (from five to
eight years old) with either dyslexia or dysgraphia. The games considered problems in short-
term memory, disturbed visual memory, poor phonological awareness (sound-letter association and
sound discrimination), difficulty in word building, and lack of vocabulary. The games proved their
efficiency in terms of validity and reliability and their distinctive role in enhancing the learning
process for both children with and without dyslexia.

2.4.2.2 Training Support

Different proposals have been published in the literature to train individuals with dyslexia in reading
and spelling. It is important to differentiate between the training intervention and the learning one
described above. Training is about practicing already known knowledge by learners while learning
is about teaching them new unknown knowledge.

(Martins et al., 2016 have developed a mobile application to train individuals with dyslexia in
reading the Portuguese language. A list of pre-defined words was embedded in the system. These
words appear randomly to the user one at a time. Each time the individual should read the word
aloud and the system, by using a speech recognition tool, checks the validity of the reading. A
maximum of five attempts were given to the individual to read each word correctly. If the reading
was incorrect, then the application will display a suggested word that reflects the incorrect reading.
The application was evaluated using four different tests. Unfortunately, none of these tests checked
the reading improvement of individuals with dyslexia after using the proposed system.

On the other hand, (Lyytinen et al.l |2007)) have developed a mobile game-based application known
as Literate to enhance the accuracy of perceiving and memorising phonemic sounds in the Finnish
language and (2) learn to fluently connect them to their equivalent orthographic stimuli. The game
was intended for children with dyslexia between five and eight years old. They first listen to a spoken
letter and then choose its written counterpart from a list of choices that appears as falling balls to
increase their enjoyment. The exercises’ difficulty increases by introducing the spoken phonemes

followed by syllables and words. Similarly to other games, the experience of success was the most
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natural reward. The results revealed that the Literate game improved participants’ blending
performance and such participants performed better than the others who were only supported by
the school. Additionally, children can be helped in reaching their level of reading by applying
intensive practice mixed with enjoyment in order to increase their fluency and thus comprehension.
Also, (Rello et al.l 2014)) have developed a mobile game-based application Known as DysEggxia
to train and improve the Spanish spelling skills of children with dyslexia. The exercises present
misspelt words to be solved. These words were created based on the linguistic knowledge extracted
from the errors found in the written texts of individuals with dyslexia. The proposed game was
evaluated in terms of the improvement in reading and writing skills. After four-weeks of playing
the game, the individuals with dyslexia made fewer writing errors but without a significant effect
in improving reading errors. They concluded that error-based exercises improved the spelling skills
of individuals with dyslexia more than correct word-based exercises.

A final intervention to discuss is the framework developed for evaluating Arabic training tools for
dyslexia (AlRowais et al., [2013} [2014)). The framework has integrated both the Arabic features and
its related cultural context to guide the designers of Arabic dyslexia training tools through a set of
guidelines supporting the evaluation of such tools. Thus, helping Arabic students with dyslexia to
obtain literacy skills and achieve their potential. The framework was evaluated by experts through
interviews and questionnaires. The findings suggested approving the majority of the framework’s
elements but excluding some of them. Further, some elements were improved and new ones were
added. However, the effectiveness of the framework has not been evaluated.

2.4.2.3 Assistive Support

A variety of approaches have been used to assist individuals with dyslexia with their reading.
Developing a reader was one of these approaches used by (Lukes, 2015). This reader supports
features such as text highlighting, linguistic guidance, text-to-speech control and text formatting
presets. It targeted 9 to 11 years old English students who need assistance with literacy. The
results revealed the simplicity of the reader’s design and its ability to encourage students who have
a negative attitude towards reading to access text regularly.

However, when we look carefully at the reader’s design, we find very small icons and low contrast
between the foreground and background colours. Therefore, the icons are difficult to read. Also,
the results were presented using terms such as “several” and “many” without mentioning the exact
number or percentage of the participants, which makes it hard to understand the benefits of this
reader.

(Kanvinde et al., 2012)) also used the reader approach by developing an eBook reader for Android

users. This reader displays eBooks in a more accessible format, that suits individuals with dyslexia.
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It supported several features that already exist in other readers such as text-to-speech technology
(Lukes, 2015) while others were new, such as displaying the text layout based on the reader’s
preferences. The reader targeted Spanish individuals with dyslexia where their reading was tested
whilst using the reader to measure the readability of the text layout. Several parameters were
considered such as font, size, character and line and paragraph spacing.

(Rello et al 2013) have also developed an eBook reader but for iOS users known as Dys Webzxia.
This reader’s settings can be customised based on the preferences of individuals with dyslexia. It
supports several features such as font size and type, colour and displaying synonyms for complex
words. Unfortunately, the effectiveness of both readers (Kanvinde et al., 2012} Rello et al., 2013)
has not been tested.

Proposing a customised toolbar known as Firefixia was another approach used by (de Santana
et al., [2013) to assist individuals with dyslexia with their reading. This toolbar targeted adult web
users with dyslexia to enable them to customise the presentation of their web content based on
their preferences. A variety of features were offered by that toolbar such as specifying text size,
text alignment, background colour and line spacing. The results revealed that the most useful
characteristics, based on the participants’ opinions, were text alignment, colour and size. However,
the number of participants was small and the evaluation method was unreliable.

Developing an add-on module was a third approach used by (Gregor and Newell, |2000) to assist
individuals with dyslexia with their reading. The module was for Microsoft Word. It provided a
highly configurable word processing environment to minimise the reading problems of individuals
with dyslexia during reading or writing a document. The proposed system provided individuals
with dyslexia with two distinct programs: a Preference program and a Reading/Editing program.
The Preference program enables the individual to change a number of display parameters to deal
with their visual problems such as changing colour settings (background and foreground), spacing
(character, line, and paragraph), and colouring reversible characters. The result of this customisa-
tion is used by the Reading/Editing program for all the word-processing of the individual and offers
more valuable options. For instance, The Speak text option reads all or part of the document to the
individual. This may help individuals with dyslexia to identify misspelt words and learn the correct
pronunciation of multi-syllabic ones. The results revealed that this module was simple, preferred
by the participants and provided them with an easily configurable environment that assisted them
in reading documents. However, the number of participants in the evaluation was also small and
thus the results cannot be guaranteed.

Similar to (Gregor and Newell, [2000), a prototype developed by (Gregor et al., [2003) (known as

See Word) focused on investigating whether the visual changes to the word processing environment
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in which individuals with dyslexia work, would improve their reading and writing of text. The
results revealed that using the preferred settings reduced the number of reading errors. Again, the
number of participants was small and thus the results cannot be guaranteed.

Following a set of guidelines that promote the accessibility of electronic content for dyslexia is
another approach that can be used to assist individuals with dyslexia. (Al-Wabil et al., 2006|) was
one of the works that adapted these guidelines to suit the Arabic text due to its specific nature.

An example of these guidelines:

o Using a font size of 16-20 points.

o Using right alignment for the text because of the Arabic nature.

e Using Arabic Transparent or Simplified Arabic Fixed font.

o Using bold to emphasise text or a combination of bold and colour.

o Using diacritics in the Arabic text for reading accuracy and comprehension.

A different study has proposed usability features to improve Arabic assistive technologies for
dyslexia such as (Aldabaybah and Jusohl 2018). They applied these features to a prototype which
was then evaluated by a special education expert. They showed that the added usability features
increased the dyslexics’ assessment of the usability and enhanced their academic achievement level.
Finally, there are other ways that may benefit from technology and help individuals with dyslexia,

such as (Béland and Mimouni, [2001; Sampath et al.l 2010):

o Using speech recognition software to convert the speech of an individual with dyslexia into

written text due to the excellent verbal skills that some of them may have.

o Using electronic organisers to facilitate such individuals in their writing and organising daily

activities.
o Using word processors to auto-correct spelling mistakes.

e Using “text-to-speech” tool in web browsers to read the text on the computer’s screen. This

may help individuals with dyslexia to overcome their poor reading.

2.4.3 Summary
As dyslexia is a lifelong reading difficulty, there were various interventions provided to individuals
with dyslexia to help compensate for or minimise their difficulty. Some of these interventions were

human, such as teachers, who, for instance, teach individuals with dyslexia using their preferred
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learning style (Exley, |2003). Other interventions were non-human such as regulations and policies
offered by workplaces to their employees with dyslexia to help them complete their tasks in a
convenient way (Béland and Mimouni, 2001; Sampath et al. 2010). On the other hand, other
interventions used technology to offer learning, training or assistance to individuals with dyslexia.
For instance, using mobile games to learn a certain language (Martins et al., 2016) or using e-book

readers to display the text layout based on the reader’s preferences (Lukes, [2015).

2.5 Conclusion

Reading opens the way to learn other concepts. Unfortunately, if reading is impaired, as in dyslexia,
then the individual’s life will be negatively affected. It is widely believed that dyslexia is neurological
in its origin and runs in families regardless of ethnicity. However, there is still no formal definition
for dyslexia. It is well known that the phonological awareness of individuals with dyslexia is affected,
resulting in other academic problems such as problems in writing, spelling and mathematics and

behavioural problems such as low levels of self-esteem.

Since dyslexia is a lifelong difficulty, then it should be understood in order to offer them suitable
support and overcome their difficulty and thus succeed in school and work. To better understand
dyslexia, different attempts exist in the literature to classify them into different types. One attempt
classified dyslexia based on the impaired component of the dual-route model for single-word reading.
This classification is adopted by this research because the model is straightforward and reliable.
Each type has its own symptoms which, if understood, then appropriate support can be provided.
Dyslexia is also affected by language which, in turn, affects the manifestation of dyslexia. Because
this research is targeting Arabic, then Arabic orthography is considered. For instance, the cursive

nature of Arabic and using dots to discriminate between letters.

Different interventions are available for individuals with dyslexia to help them cope with their diffi-
culties. These interventions can be classified into non-technological and technological interventions.
The non-technological interventions refer to interventions that do not use technology such as the
policies and regulations used by workplaces to help their employees to complete their tasks in a
convenient way. In contrast, technological interventions refer to the interventions that use different
technologies to offer learning, training or assistance support. For instance, using games to improve

short-term memory, visual memory and phonological awareness.

In this chapter, we have reviewed both (1) the theoretical framework of dyslexia to better under-
stand it by exploring its definition, causes and different types and (2) the existing interventions
for dyslexia to identify their limitations to overcome them in this research. Thus, this research is

building on theory and practice, to provide suitable support for individuals with dyslexia.
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Based on theory, it was obvious that individuals with dyslexia are different especially in their
difficulties, and according to practice, these individuals should be supported by what is called
“Adaptation”. Adaptation is one of the powerful techniques that can be used to provide each
individual with dyslexia with the appropriate support for their needs. A detailed discussion about

adaptation and its related work is provided in the next chapter.
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Chapter 3

Adapting E-learning Systems

3.1 Introduction

The previous chapter explored dyslexia in terms of its definition, causes, symptoms and types. Since
this work focuses on Arabic, therefore Arabic dyslexia was also highlighted. To help individuals
with dyslexia overcome their difficulties, different interventions were proposed in different domains
such as workplaces and e-learning. With regard to e-learning, the majority of these interventions
treated individuals with dyslexia as a single class even though most research pointed out that
they differ in, for instance, reading difficulties and therefore the dyslexia type they have. So, it is
important to tailor these e-learning systems to their needs and interests by using the “Adaptation”
technique. Hence, this chapter presents the concept of e-learning, adaptation in e-learning along

with some examples of adaptive e-learning systems.

3.2 E-learning Systems
E-learning technology has gained interest due to the popularity of the Internet. E-learning is any
type of learning that is delivered through online communication resulting in a very broad e-learning

scope (Nagyl 2005). So, e-learning is defined as (Holmes and Gardner} 2006, p. 14):
“Online access to learning resources, anywhere and anytime”.

E-learning provides learning to any person such as students, trainees and lifelong learners. Unlike
traditional learning, e-learning usually conducts asynchronous learning by offering flexibility in both
location and time for learning. This includes learners who are least mobile (such as children in hos-
pitals) and most mobile (such as aeroplane pilots) (Holmes and Gardner, 2006, p. 30-31)(Vassileva,
2012)). On the other hand, e-learning systems are usually based on a “one-size-fits-all” approach
that delivers the same content to learners using the same teaching method regardless of their in-
dividual differences. Precisely, the diversity of learners, their abilities and knowledge and learning

context are neglected by these e-learning systems (Maravanyika et al., [2017; Alshammari et al.,
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2014)). This may result in presenting the learning content at either too low or too high a cognitive
level. Consequently, learners may become bored or frustrated (Maravanyika et al., [2017)) and there-
fore the efficiency of the learning process is negatively affected. To overcome this problem, adaptive
e-learning systems are used (Vassileva, 2012)). Adapting e-learning systems enables considering the
different needs of learners by personalising and recommending the learning material to suit their

needs (Alshammari et al., 2014). Details are provided below.

3.3 Adapting E-learning

3.3.1 Adaptation

Adaptation means tailoring the system’s interaction to individual user’s needs. For instance, chang-
ing the starting point in an e-learning system for each learner based on their current knowledge
level (Brusilovsky, |2012; Maravanyika et al., 2017)).

Regarding adaptation, two terms are often used interchangeably; adaptive and adaptable. An
adaptive system is one that is able to adapt automatically to the users based on its assumptions
about the user needs. Omn the other hand, an adaptable system is one that allows the user
to change its parameters and then adapts its behaviour accordingly (Surjono, 2014). In short, an
adaptive system adapts its behaviour automatically whereas the behaviour of the adaptable system
is personalised by the user (Klasnja-Mili¢evié et al., [2017)).

Adaptation can be used to minimise the problems the user encounters without adaptation or to
enhance the user’s experience. In other words, the adaptation aims to enhance the system usability
and user satisfaction (De Bral 2008)).

Now, the question is: how can a system adapt?

To accomplish adaptation, three essential stages should be followed (see Figure :

e Collect data about the user, whether offline or dynamically, to build the user model.
e Provide adaptation by employing the user model to build the adaptive system.

o Keep track of any changes in the user model to update the adaptation model accordingly.

To develop an effective adaptive system, it must be properly planned. To do so, the six questions,
illustrated in Figure must be considered and answered carefully (Knutov et al.; 2009; Ghaban,

2020; Alshammaril, 2016):

o Where can we apply adaptation? (Where?)
o Why do we need adaptation? (Why?)

o What can we adapt? (What?)
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o How can we adapt? (How?)
o What can we adapt to? (To What?)

o When can we apply adaptation? (When?)

Data about user ’

<«— User Modelling

A 4

User Model ’

l <«——— Adaptation

Adaptation Effect

Figure 3.1: Adaptation Stages (]BrusilovskyL |1996[)

User Features

Adaptation
Technologies

Context

Method
Conceptual Level

Adaptation Goal

Application Areas

Technique
Implementation Level

|

Figure 3.2: Classification of Adaptive Hypermedia System’s Methods and Techniques (Knutov!

The “Where can we apply adaptation?” question refers to the domain application area to
which the adaptation can be applied. Any system with a huge amount of information and/or

different features and interfaces can be adapted such as educational systems, on-line information

systems, on-line help systems, adaptive search engines and shopping sites (De Bra and Ruiter,

2001; Brusilovskyl 1998; |Alshammari, 2016; |Ghaban, 2020). An example of a shopping site is
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Amazon that recommends a customer different products based upon their previous behaviour and
the system’s goals.

The “Why do we need adaptation?” question refers to the main goal and importance of
designing such an adaptive system. For instance, some e-learning systems apply adaptation to
increase learner outcomes while others aim to enhance usability and satisfaction (Ghaban, 2020;
Alshammari, [2016; [Motti and Vanderdonckt) [2013)).

The “What can we adapt?” question refers to the part of the system that will appear differently
for different users, in short, the part that will be adapted. For instance, adapting the content of
the system (Brusilovsky, (1998).

The “How can we adapt?” question refers to the methods and techniques that will be used in
the adaptation process. For instance, using the conditional text technique to adapt the system’s
content by hiding from the learner, some pieces of information that are irrelevant to their knowledge
or goals (Brusilovskyl 1998; (Ghaban, |2020; |Alshammari, [2016; Motti and Vanderdonckt, 2013).
The “What can we adapt to?” question refers to the attributes that can be considered as a
source of adaptation. Some of these attributes are related to the learner while others are related
to the environment. Learner attributes can be stable attributes such as the learner’s background,
knowledge, learning style and personality or volatile attributes such as emotion, interests and goals.
Environmental attributes may include the physical environment itself, devices used or context
(Brusilovskyl, [1998; |Ghabanl, 2020; [Nguyen and Do, 2008} |Garzotto and Cristeal, 2004).

The “When can we apply adaptation?” question identifies the time at which the adaptation
process will be performed. It could be performed at run time, design time or compilation time
(Motti and Vanderdonckt, 2013; (Ghaban [2020)).

As the learning context is the focus, the adaptive e-learning systems are discussed below.

3.3.2 Adaptive E-learning Systems

Over the last few decades, adaptation in e-learning has gained a huge interest among researchers
in computer education (Klasnja-Milicevi¢ et al., 2017). Adapting e-learning systems considers
the individual differences of learners and their learning situation which in turn can enhance the
learner’s progress, outcome and the quality of the learning environment and can enable learners to
learn with less effort leading to a higher level of satisfaction. Adaptive e-learning systems provide a
personal learning experience to the learner by adapting the learning material to, for example, learner
characteristics. These characteristics can be the learner’s prior knowledge, cognitive traits, preferred
learning style, affective states, interest, goal, etc. (Graf et al., 2012; Kamceva and Mitrevski, 2012).
This personal learning experience is usually accomplished by using an explicit learner model that

keeps the learner’s information such as knowledge, preferences, goals and any other feature that
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can be used as a source for the adaptation process (Brusilovskyl, [2012)).

Further, adaptive e-learning systems attempt to protect the learner from cognitive overload and

from getting lost in the hyperspace of large-scale learning materials (Surjono, 2011). Therefore,

adaptive e-learning systems aim to (1) deliver the right content to the right learner at the right time

using the most appropriate way (Shute and Towle, [2003; |[Esichaikul et al., 2011]) and (2) enhance

the usability of the learning material which in turn improves the efficiency of the adaptive e-learning

systems and therefore improves the learning and results in better learning outcomes ([Esichaikul
2011).

Each adaptive e-learning system contains mainly, three models: learner model, domain model and

adaptation model (Esichaikul et al., 2011; Surjono, 2014; Triantafillou et al), 2003)) as shown in

Figure [3.3] Each model is detailed in the following sub-sections.

Environment

|

Interactions

Learner

Learner Model = characteristics +
interactions + history

Adaptation Model = adaptation rules +
functions

Domain Model = learning materials +
subjects + fields

A y

Figure 3.3: Adaptive E-learning System’s Components (]Ennouamani and Mahani|, |2017[)

3.3.2.1 Learner Model

The learner model is the main component of the adaptive e-learning system that represents the

learner characteristics in a structured way (Ennouamani and Mahani, |2017). An effective learner

model accurately diagnoses the learner and predicts their needs to adapt the learning material and

process accordingly (Chrysafiadi and Virvou, |2013). The learner model involves three main stages

(Ghaban, 2020):

e Learner model information: which refers to what is being modelled.
e Learner model representation: which refers to the way of representing the learner’s char-

acteristics.
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e Learner model elicitation: which refers to the way of obtaining these characteristics.

Learner Model Information

This stage determines the learner features that can be used in the adaptation process (Ghaban,
2020). Some of these features are static while others are dynamic. The static features are set before
starting the learning process by collecting them from the learner and remain stable throughout the
learning process. On the other hand, the dynamic features change frequently and are collected
during the system-learner interaction process (Chrysafiadi and Virvou, 2013)). In addition, the
learner features can be domain-specific or domain-independent (Esichaikul et al., 2011} Chrysafiadi

and Virvou, 2013; Nguyen and Dol 2008).

Domain-Specific Features
These features represent the learner knowledge level and their understanding of the curriculum

(Esichaikul et al. 2011]).

Knowledge

The learner’s knowledge is the most important feature to be modeled which represents the learner’s
knowledge level about a certain subject or domain. Learner’s knowledge might change over time
by either increasing the learner’s understanding or through their forgetting. Therefore, the system
should be able to track these changes and reflect them to the learner model accordingly (Brusilovsky
and Millan, [2007)).

Domain-Independent Features

The domain-independent features represent information about the learner’s skills which are col-
lected from their behaviour (Esichaikul et al., 2011). These features may include the learner’s

motivational states, background and interest (Nguyen and Do, [2008; Esichaikul et al.l |2011)).

Background

The learner’s background is the learner’s knowledge beyond the adaptive system’s domain (Brusilovsky
and Millan, 2007). It covers knowledge that the learner gained in the past (Nguyen and Dol 2008)
and not part of the learner’s current domain (Ghaban), [2020)). It includes different features such as
language ability (native or non-native speaker) and profession (student, assistant, teacher). It is
mostly used for content adaptation. However, the learner’s background differs from the learner’s
knowledge by not going into details as in the learner’s knowledge (Brusilovsky and Millan, [2007)).
Interests

Learner interest is one of the essential parts of user modelling for adaptive information retrieval

and filtering systems. It is typically used with systems that handle a large amount of information

(Brusilovsky and Millan, [2007)).
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Goals

The learner’s goals answer the question of what a learner wants to achieve from the adaptive e-
learning system. Goals can be classified into short-term and long-term. Long-term goals can
be a long-term plan for lifelong study whereas short-term goals are directed towards solving a
certain problem such as doing an exercise (Nguyen and Do, 2008). Goals can be represented using
the goal catalogue approach. In this approach, a list of pre-defined goals and tasks is included. This
list can be, in its simple form, a small list of independent goals or can be in a hierarchical form
(Brusilovsky and Millan, [2007)).

Demographic Information

Some adaptive e-learning systems use learner’s demographic information to perform adaptation.
This information might include gender, culture and age (Ghaban, 2020; Nguyen and Do, [2008)).
Personal Traits

The learner’s personal traits determine a range of characteristics that together define a learner as an
individual such as learning styles, cognitive styles and personality traits (Brusilovsky and Millan,
2007; Brusilovskyl, [2001; Nguyen and Do, 2008]). Similarly to the learner’s background, these traits
are stable and do not change or change slowly. However, they differ from the learner’s background
in the way they are extracted. Typically, special designed psychological tests are used (Brusilovsky
and Millan, 2007; Brusilovsky, [2001)).

e Cognitive style: determines the user’s preferred way of organising and processing informa-
tion and experience (Brusilovsky and Millan) 2007; |Sadler-Smith) 2001)). It is also defined as
the learner’s preferred way to perceive and undertake problem-solving, thinking, remembering
and creativity (Isaksen et al., 2003; Riding and Cheemay, 1991)). Different dimensions exist
in the literature to differentiate between learner’s cognitive styles (Brusilovsky and Millan
2007} |Sadler-Smith, 2001]). These dimensions are divided into two fundamental cognitive style
families; wholist-analytic dimension and verbaliser-imager dimension. In the first dimension,
the learner tends to process and organise the information in whole or in parts whereas they
tend to represent the information during thinking, in the second style, verbally or visually

(Riding and Cheemal, 1991} Sadler-Smith) |2001)

e Learning style: determines the preferable way of learning. It is narrower than the cognitive
style as it focuses on the learner’s learning (Brusilovsky and Millanl [2007)). More precisely,
learning style refers to the learning preferences that impact the way of perceiving, gathering
and processing the learning materials. For example, some learners prefer audio materials while

others prefer graphical or textual representation (Chrysafiadi and Virvou, 2013)). Different
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learning style models exist in the literature to identify the learner’s learning style. The
Felder-Silverman learning style is one of the most popular models adopted by many Intelligent
Tutoring Systems. It categorises the learners into four dimensions (Alshammari, 2016} |Felder

et al., (1988):

— Active/Reflective: determines the preferred way of processing the information. Active
learners learn by exploring things and interacting with peers while reflective learners

learn by thinking deeply before acting.

— Sensing/Intuiting: determines the preferred type of information. Sensory learners prefer
concrete information such as facts while intuitive learners prefer abstract concepts such

as theories.

— Visual/Verbal: determines the preferred way of presenting the information. Visual
learners prefer information in a pictorial format such as charts and diagrams while

verbal learners prefer information in textual or audio formats.

— Sequential/Global: determines the preferred way of structuring the information. Se-
quential learners prefer to learn in linear, logical steps until they get the big picture
of the lesson while global learners prefer to be provided with the big picture and the

objective of the lesson before the steps are introduced.

In contrast, other researchers do not believe in learning styles. (Kirschner, 2017) argued
that there are some problems with the concept of learning styles: (1) the preferable way of
learning is not a learning style, (2) learning styles classify learners into groups which received
very little support from objective studies and (3) most studies which present evidence for
learning styles fail to meet all major criteria of scientific validity. In addition, (Riener and
Willingham), 2010) believe that learners differ in their abilities, backgrounds, knowledge and
interests but not in their learning styles. Learners may prefer to learn in a certain way but
there is no strong evidence that suggests considering these preferences will lead to effective
learning. However, the information should be presented in an appropriate manner for the
content taking into account the knowledge level, ability and interest of the learner.

Personality traits: determine a set of characteristics that affect an individual’s feeling,
thinking, interaction and communication with others (Ghaban) 2020). Different models have
been used to describe and classify personality. The most widely used and stable model is the

Big Five model or the Five-Factor Model. This model classifies the personality traits into
(Mattheiss et al.l 2017):

1. Eztraversion: the tendency to be outgoing, seek new opportunities and be ambitious.
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Individuals, who have a high score in this trait, are described as excited, confident,

energetic and talkative.

2. Conscientiousness: the tendency to be well-organised and self-disciplined. Individuals,

who have a high score in this trait, follow rules and prioritise tasks.

3. Neuroticism: the tendency to be emotionally unstable. Individuals, who have a high

score in this trait, are nervous, sensitive and unable to manage stress.

4. Agreeableness: the tendency to be considerate and cooperative. Individuals, who have a

high score in this trait, are caring, helpful and prefer to cooperate over compete.

5. Openness: the tendency to be imaginative and creative. Individuals, who have a high

score in this trait, are adventurers, explorative and open to trying new things.

The relationship between the previous three personal traits (cognitive style, learning style and
personality traits) is illustrated using the Onion model developed by as shown in
Figure [3:4] The outer layer is the most observable layer and interacts directly with the learning
environment. This layer reflects the way a learner prefers to learn which is the learning style. The
middle layer reflects the information processing which is the cognitive style. Finally, the inner layer

is the cognitive personality layer that reflects the personality trait of an individual.

INSTRUCTIONAL FORMAT
PREFERENCE INDICATOR

INFORMATION PROCESSING
STYLE

COGMNITIVE PERSONALITY
STYLE

Figure 3.4: Onion Model Layers

These characteristics are relevant to all types of learners. However, there are special cases of learners
with unique characteristics such as dyslexia, dysgraphia or ADHD. As dyslexia is the focus of this

research, one of its particular characteristics, adopted here, is its reading difficulties which have

been classified into dyslexia types (Friedmann and Haddad-Hanna, [2014; Friedmann and Coltheart,

2016)) as mentioned in Section 2.3.4.
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Dyslexia types have not been widely considered in the existing research as a characteristic in the
learner model. As detailed in Chapter 2, dyslexia is a lifelong reading difficulty that barely changes
so it is stable but the severity of dyslexia may change over time. Further, dyslexia types are the
mirror of dyslexia reading difficulties which identify dyslexia and therefore, can be considered one
of the dyslexia personal traits.

Learner Model Representation

This stage describes the way of modelling and presenting the chosen learner characteristics in the
learner model. Different models are used for this purpose such as the overlay model and stereotype
model (Alshammari et al 2014} Chrysafiadi and Virvou, [2013).

The overlay model is one of the most frequently used models that assumes a learner has partial but
correct information of the domain (Chrysafiadi and Virvou, 2013). Thus, it represents the learner
model as a subset of the domain model. It is widely used to represent the learner’s knowledge
level simply and effectively (Alshammari et al., 2014; Brusilovsky and Millan, 2007; Nguyen and
Do, [2008; |Chrysafiadi and Virvou, 2013). In this model, the domain is divided into fragments
and the learner’s knowledge level for each domain fragment is estimated. The early form of the
overlay model used a Boolean value, yes or no, to indicate whether a learner knows this knowledge
or not. Later, a qualitative value (such as good, average and poor) was used to indicate the
degree of learner’s knowledge level (Brusilovsky and Millan, 2007} [Chrysafiadi and Virvou, 2013)).
Unfortunately, the overlay model cannot represent either the incorrect knowledge that a learner
acquired or the learner’s behaviour and preferences. Therefore, the overlay model is used with
other models (Alshammari et al., [2014; Chrysafiadi and Virvou, [2013) to increase the efficiency
and accuracy of the learner model.

The stereotype model is one of the oldest and commonly used models in learner modelling
(Brusilovsky and Millan, 2007; |Chrysafiadi and Virvou, 2013). It classifies the learners who share
certain attributes such as preferences, learning styles, backgrounds, interests and behaviour into
groups known as stereotypes (Brusilovsky and Millan, |2007; Alshammari et al., [2014; Nguyen
and Do, 2008; |Chrysafiadi and Virvou, 2013). A user will be assigned to one of the predefined
stereotypes if some of that user’s attributes match those in that stereotype (Chrysafiadi and Vir-
voul, [2013). Stereotype is often classified into default and fixz. In the fix stereotype, the learner
is assigned to a predefined stereotype permanently whereas, in the default stereotype, they are
assigned to an initial stereotype which then can be changed through the learning process based
on the system’s observation. A stereotype typically contains three components; trigger, inference
and retraction. The trigger component is a condition that activates a stereotype by assigning

a stereotype to a learner. The inference component is an inferring engine that infers from a
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stereotype, information about the learner. Retraction component are conditions that deactivates
a stereotype from a learner (Nguyen and Do, 2008). This model is useful to quickly initialise the
learner model. However, it may end up with learners who cannot be matched to the pre-defined
stereotypes (Alshammari et al., 2014} |Chrysafiadi and Virvou, 2013).

Learner Model Elicitation

This stage describes the way of identifying the learner’s characteristics. Two different approaches
are used to gather the learner’s characteristics which are then used for building the learner model:
explicit approach and ¢mplicit approach. In the explicit approach, the learner is asked directly
and explicitly via ratings, surveys, questionnaires and even interviews to get feedback about, for
example, their knowledge and interests. Other reliable tests can be used to determine the learners’
traits (Ghabanl 2020; |Zigoris and Zhang), 2006; |Alshammari, 2016|). For instance, determining the
learner’s preferred learning style by using the learning style inventory tool (Alshammari, 2016]).
The explicit approach is more reliable and accurate than the implicit one. In the explicit approach,
the learners put in extra effort as they need to answer questions or give feedback on certain items
(Zigoris and Zhang) 2006).

On the other hand, in the implicit approach, the learners’ characteristics are collected implicitly.
They are collected easily without any extra effort from the learner. For instance, tracking the
number of clicks on a specific page or the clicks on arrow keys and time spent on a certain page
(Zigoris and Zhang, 2006).

Once the required learners’ characteristics are collected, they are combined and analysed to con-
struct a learner model which is then used to generate the adaptive version for each individual learner.
Analysing these characteristics can be performed manually or automatically. In the former, the
learners’ characteristic is analysed manually whereas, in the latter, the learners’ characteristic is
fed into a machine learning algorithm for automatic analysis (Ghabanl, 2020)).

3.3.2.2 Domain Model

The domain model represents the e-learning content. It includes two parts; domain structure and
content. The structure is usually modelled using abstract representations of units of information.
It also includes both concept relationships such as preconditions and results and how pieces of
information relate to concepts and how they are stored. The content of the domain contains both
the information units such as text documents and images and a description of how they are stored
and invoked (Vassileva, [2012).

In short, the domain model consists of concepts and relations between these concepts related to a
specific domain (Knutov et al.,|2009; Ding et al.| [2018; Brusilovskyl 2012; |Alshammari et al., 2014]).

These concepts are a set of small domain knowledge elements. Each domain knowledge element
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represents a primary fragment of the domain knowledge (Alshammari et al., [2014; Brusilovsky,
2012). Domain knowledge element may have different synonyms in different systems such as learning
objectives, learning outcomes and topics (Brusilovsky, [2012).

Different techniques can be used to structure the domain model. The simplest technique is repre-
senting the domain model as a set of unconnected domain knowledge elements. This is known as a
set model or a vector model (Brusilovsky and Millan, 2007; Brusilovsky, 2012). The main draw-
back of this technique, once a specific domain knowledge element is linked to the learner model, is
the difficulty of moving to the next domain knowledge element (Ghabanl [2020). This issue was ad-
dressed in tree and network models where the domain knowledge elements are interconnected. In
the tree model, a tree of educational objectives is formed and gradually decomposed into smaller
domain knowledge elements. The more popular model is the network model where the domain
knowledge elements are connected using different types of links forming a complex network. The
most common links are known as prerequisite links. These links represent the fact that one re-
lated domain knowledge element must be learned before the other (Brusilovsky and Millan, 2007}
Brusilovsky, 2012).

3.3.2.3 Adaptation Model

The adaptation model is the core element that provides adaptation (Ding et al., [2018) through a
collection of rules and functions which specifies the adaptation process (De Bra and Ruiter, 2001;
Mustafa and Sharif, 2011)). This collection helps in selecting the appropriate pedagogical materials
from the domain model and determining the time and way to deliver them (Ennouamani and
Mahani), 2017). This model bridges the gap between the learner and domain models by matching
the learner’s attributes and learning material (Alshammari et al., [2014; Mustafa and Sharif, 2011]).
Different ways can be used to provide the adaptation effect to the e-learning systems using what is
called adaptation technologies (Aroyo et al., 2006} Brusilovskyl [1999). Among these technologies
are adaptive presentation and adaptive navigation support (Brusilovsky, 1999) (see Figure .
Adaptive Presentation Technology: presents the most relevant information to the learner based
on their knowledge level, goals and other learner model characteristics (Brusilovskyl, {1999; |Aroyo
et al., [2006} [Brusilovsky, 1998). In short, it determines what information is shown to the learner
(Ding et al.l |2018). For instance, the system can suggest reading part of its content (adaptive text
presentation) (Knutov et al., 2009) or choose the most suitable content format (text, audio and
image) for presentation according to, for instance, learner learning style (adaptation of modality)
(Brusilovskyl, 2001]).

Adaptive Navigation Support Technology: determines the learner’s navigation path according

to their knowledge, goals and other learner model characteristics (Ding et al., 2018; Brusilovsky,
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Figure 3.5: The Updated Taxonomy of Adaptive Hypermedia Technologies QBrusilovsky|7 |2001D

1998). Precisely, the learner is guided towards the relevant information by playing with the visible

links to support their navigation (Aroyo et al., 2006; Brusilovsky and Pesinl [1995; Brusilovsky,

. The learner’s navigation can be either enforced or suggested (see Figure . The guidance
techniques fall in the first case where the learner is forced to select a link from computed links by
either hiding irrelevant links or generating a directed navigation path. The second case is preferred
by most adaptive navigation research where a number of links are suggested to the learner over
others. In this case, the learner is not forced to follow these links. A list of links can be sorted

starting from the strongest recommendation or can be annotated using colours or icons to help the

learner decide on the appropriate links (Knutov et al., [2009)).

Among adaptive navigation support techniques, direct guidance, adaptive link annotation and

adaptive link hiding are the most popular in adaptive e-learning systems (Brusilovsky, [1999). In

direct guidance, the system decides the next best link for the learner to follow according to the

learner’s parameters in the learner model (Brusilovskyl, 1998, 2007, 1999)). In adaptive link annota-

tion, the system provides the learner with the current node’s state by augmenting it with dynamic

comments (Brusilovskyl 1998 [2007; Brusilovsky and Pesin| [1995]). These annotations can be text-

based or pictorial. The pictorial annotations can be icons, colours or font sizes (Brusilovsky, 1998,

2007)). Finally, the system, that uses adaptive link hiding, hides the irrelevant links according to,

for instance, the learner model attributes (such as the learner’s current goals) by hiding, remov-

ing or disabling such links (Brusilovsky, 1998, [2007)). e-Teacher is a system that has used the

adaptive navigation support technology by guiding the learner through a course according to their
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characteristics in the learner model and their current stage within the course (Schiaffino et al|

2008).

Adaptive Navigation
Support Technologies

/\

Technologies force the user Technologies suggest to the user

Direct guidance Map adaptation

Adaptive link generation Adaptive link sorting

Adaptive link annotation
Adaptive link hiding

Hiding
Disabling
Removal

Figure 3.6: Classification of Adaptive Navigation Support Based on Forcing or Suggesting to
Learner

To conclude, the adaptation process is a challenging, nontrivial task. It is achieved by the adap-
tation model which cannot be isolated from the other models. The data stored in these models
(learner and domain) are required to trigger the adaptation model. So, the key challenge to devel-
oping an effective adaptive e-learning system is to determine both the learner characteristics that
will be used in the adaptation process along with the part of the system that will be affected by
the adaptation. Further, the most suitable adaptation technique should also be determined as well

as the time of providing the adaptation.
3.3.3 Evaluating Adaptive E-learning Systems

The spread of adaptive e-learning systems demonstrates the need to evaluate the effectiveness of

such systems. Evaluating adaptive e-learning systems is a complicated task (Paramythis et al., 2010}

\Genal, [2005) but is an important issue because it determines the worth of that system (Worthenl
1997). Adaptive e-learning systems should be accurately evaluated in order to correctly

measure the effectiveness of the learning process (Shute and Towle, 2003). There are a variety

of evaluation approaches in the literature to evaluate adaptive systems which can be classified

based on their goals into formative and summative evaluations (Paramythis et al. 2010). The

formative evaluation aims to explore the early-stage design issues (Triantafillou et al.;2003)) in order

to improve the system design and development whereas the summative evaluation, which is often
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based on learner assessments, aims to determine the extent to which a learner model was accurate
or the extent to which the applied adaptation methods has improved the adaptive e-learning system
(Paramythis et al., 2010).

Different approaches can be used to evaluate adaptive systems. One approach is using formative
evaluation to evaluate, for instance, the effectiveness of the system’s instruction (Triantafillou
et al.l 2003). Another approach is collecting learners’ opinions using, for instance, a ques-
tionnaire as in (Esichaikul et al., 2011) that evaluated, in general, the system’s usability. Other
tools can also be used to obtain learner opinions such as interviews and focus groups (Genay, 2005)).
A third approach is observing and monitoring usage such as observing the learning paths
that the learners follow in the adaptive e-learning system (Van Seters et al., 2012)). A final ap-
proach to mention is evaluating the system using an experimental evaluation. This approach
evaluates the effectiveness and usability of adaptive e-learning systems in a structured setting to
reflect real-world situations (Alshammari, 2016]). It helps in estimating the benefits of adaptation
and may prove/disprove the success of the chosen adaptation decision. Several studies have used
the experimental evaluation approach to evaluate the effectiveness of their adaptive e-learning sys-
tems. One study conducted by (Bajraktarevic et al., 2003) to measure the achievement differences
between matched and mismatched sessions of learning material with the same group of learners.
Other studies measured achievement differences between matched and mismatched groups instead
such as (Alghabban et al., [2021; Al-Dawsari and Hendley, [2021; |[Fatahi, |2019). Usability issues
were also considered in studies conducted by (Alshammari et al.l 2015a; |Alghabban and Hendley,
2021)) where the former considered the learning style and knowledge level in the adaptation process
whereas the latter considered dyslexia types.

Different metrics have been used to evaluate adaptive e-learning systems. Among these metrics are
learning gain and learner satisfaction. Each one is explained below.

Learning Gain: The effectiveness of the learning is a key factor when evaluating adaptive e-
learning systems (Alghabban and Hendleyl 2022). Learning gain, computed using pre- and post-
tests, is typically used to reflect the improvement level in the learner’s knowledge after using a
particular intervention. To assess learning gain, the pre-test is used to group the learners based on
their knowledge level. Two balanced groups of learners are created; one group interacts with the
adaptive version of the system whereas the other group interacts with the non-adaptive version.
If the first group scores higher in their learning gain than the second group, the adaptation is
successful (Gena, 2005).

In the case of learners with dyslexia, it is important to evaluate the adaptive e-learning systems

based on their needs by assessing their learning gain. Previous research has explored this and found
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that adaptive e-learning systems have succeeded in improving the learning gain of learners with
dyslexia as seen in (Alghabban et al., 2021; |Alghabban and Hendleyl 2020a).

Another important outcome in education, is assessing the generalisation performance which is
assessing the learner’s ability to generalise learned content to other contexts (Nist and Josephl
2008)). However, the generalisation performance is rarely assessed. Generalisation performance can
be considered as another metric to evaluate the effectiveness of adaptive e-learning systems. It
can be measured using pre- and post-tests that differ systematically in terms of similarity with the
material used in the adaptive e-learning system (Alghabban and Hendleyl [2022).

Learner Satisfaction: Learner satisfaction plays an important role in the learning process, there-
fore, it is an important metric for evaluating the effectiveness of the e-learning system (Alshammari
et al., 2015d; |Alakkas, [2016; Siritongthaworn and Krairit, [2006). According to (Gatian, [1994), the
learner satisfaction is considered a valid predictor for the effectiveness of the system. Satisfaction
refers to the pleasure that a user feels when they do something or receive something that they
needed. In the Human-Computer Interaction (HCI) field, user satisfaction is usually conceptu-
alised as an expression of feelings acquired from interaction (Shee and Wang, [2008)). In e-learning,
learner satisfaction can refer to the learner’s motivation and engagement in the learning process.
It also can show to what extent the system fits the needs of the learner (Alshammari et al., [2015d;
Alakkas|, 2016} Siritongthaworn and Krairit, 2006). To assess the learner satisfaction, interviews
can be used, after interacting with the system, to obtain learner opinions that reflect their satis-
faction with that system (Gena, 2005). The post-test questionnaire can also be used for such an
assessment by asking questions to the learners about their satisfaction with the system they used
(Alghabban and Hendley) |2022)). There are many tools that can be used to measure satisfaction
such as (Jung, 2014; [Wang;, |2003; [Bailey and Pearson), |1983). Among these tools, the satisfaction in
e-learning questionnaire tool (Siritongthaworn and Krairit} |2006) is a reliable and validated tool to
assess the learner satisfaction with the e-learning system, especially if that system is used as a sup-
plementary tool to the classroom teaching instead of being the main method of instruction delivery
as in (Wang, 2003). It contains 15 questions categorised into four dimensions: delivery method,
communication facilitation, system operations, and content with an extra question to measure the
overall satisfaction. These items have a 5-point Likert scale ranging from 1 “strongly disagree” to
5 “strongly agree”.

In the case of children, using the original 5-point Likert scale in its verbal form is not useful as it is
difficult for them to understand and interpret and thus choose the appropriate response (Read and
MacFarlane, 2006). One widely used alternative scale is the Smileyometer, as shown in Figure

It is ranked from one to five and codes the responses from awful to brilliant in a pictorial

74



format (Sim et al. |2006). The good thing about the Smileyometer is that it is easy to use because
it can be completed quickly, easily, without writing and requires limited reading (Read, 2008). In

this scale, the children can identify their feelings towards the system by selecting one face.

Awful Not very good Really good Brilliant
Figure 3.7: Smileyometer

In the case of learners with dyslexia, it is useful to assess their degree of satisfaction with the
system. It provides an indirect measurement of the suitability of the system to their needs. These
learners will be satisfied with the system if it meets their needs and characteristics which in turn
will positively affect the effectiveness of the learning (Alghabban and Hendley, 2020b)).

Obviously, there are different approaches to evaluating different aspects of the adaptive e-learning
system using different metrics to accomplish a particular goal. Therefore, to properly evaluate adap-
tive e-learning systems, the evaluation goal should be identified in order to choose the appropriate
evaluation approach and metrics. This leads to well-reported results and to proper conclusions.
3.3.4 Examples of Adaptive E-learning Systems

There are different examples of adaptive e-learning systems proposed in the literature that have used
different learner characteristics to provide adaptation. For instance, the learner’s knowledge level
was used by ANATOM-TUTOR and C-Book systems to adapt the learning material of anatomy
and C programming language respectively. Both systems used the adaptive text presentation
technique (Beaumont| 1994; Brusilovskyl 1998; Kay and Kummerfeld, 1994al). The ANATOM-
TUTOR system hides pieces of the information about a specific concept that is irrelevant to the
learner’s knowledge level about that concept whereas the C-Book system provides all prerequisite
concepts that are new to the learner before presenting the required concept (Brusilovsky), |1998; Kay
and Kummerfeld} [1994b). ELM-ART, another adaptive educational system, also used the learner’s
knowledge level to adapt the LISP Programming content using adaptive annotation and adaptive
link sorting techniques (Brusilovsky et al., [1996; Weber and Brusilovsky, 2016). However, ISIS-
Tutor system used both learner’s knowledge level and educational goals to provide adaptation.
It provides the print formatting language of the ISIS information retrieval system by using direct
guidance, adaptive link hiding and annotation techniques. It hides the nodes that are irrelevant
to the current educational goal (Brusilovskyl 1998). Additionally, colour annotations were used

to lead from current links to related links based on the learner’s knowledge and educational goals
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(Brusilovsky and Pesin, (1995).

The learning style was another learner characteristic that is used to provide adaptation such as
the adaptive educational systems proposed by (Alshammari et al.,|2015d) and (Kolekar et al., 2018]).
The former adapts computer security teaching according to the learner’s learning style by using the
link generation technique to provide the adaptation process (Alshammari et al., [2015d]) whereas
the latter (Kolekar et al., [2018) proposed an adaptive educational system based on the Moodle
framework that adapts the learning material of a Java programming language course according to
the learner’s learning style. It used the adaptation of modality approach to provide the adaptation
process.

The previous examples of adaptive e-learning systems targeted the characteristics of normal learn-
ers. There are other examples that targeted the characteristics of learners with dyslexia. For
example, the dyslexia learning style was used to provide adaptation by (Benmarrakchi et al.,
2017b) who aimed to identify the relationship between dyslexia and learning styles. They found
that the majority of eight learners with dyslexia were activist and visual learners. Then, they
developed an adaptive game-based m-learning system taking into account this preferred learning
style. The proposed system aimed to enhance the students’ reading, comprehension, writing, con-
centration, short-term memory and Arabic orthography. In the end, they observed an increased
motivation and achievement. Unfortunately, the evaluation methodology was not presented, the
number of participants was small and thus its effectiveness is not guaranteed.

The dyslexia types was another characteristic for learners with dyslexia that is used to provide
adaptation such as (Alghabban and Hendley, 2020b)) who investigated how personalising learning
material based on dyslexia types affects children’s satisfaction. An adaptive e-learning system
was implemented to improve the reading performance of children in elementary schools. The system
was evaluated by a controlled experimental study. The results showed that children with dyslexia
were more engaged with their learning experience when the learning content was matched to their
dyslexia type. However, the learning performance and effectiveness were not considered in this
study.

Another study was conducted by (Alghabban and Hendley, 2021) who considered the dyslexia
reading skill level in the adaptation process to evaluate an adaptive Arabic educational system
in terms of usability. They found that learners with Arabic dyslexia were more satisfied with the
e-learning system when its learning material was adapted to their reading skill level.

Other adaptive e-learning systems used a combination of two characteristics such as (Alsobhi and
Alyoubi), |2020)) who suggested adapting the learning material of adaptive educational systems ac-

cording to both dyslexia learning style and dyslexia types. As a start, they studied the
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relationship between the four dimensions of the Felder-Silverman learning style model and dyslexia
types of the Dyslexia Symptoms and Classification Model. Most of the learners with dyslexia were
visual learners. However, the proposed system lacks evaluation in terms of learning gain.

One last example to mention is the proposal of (Hamid et al., 2015 who preferred the adaptation
technique by developing an adaptive computer-based learning model based on learners’ needs to
help them in learning the Malay language. This model considered both the cognitive and emotional
difficulties that learners with dyslexia may face. The study also explored the uses of the machine
learning approach in order to improve the effectiveness of learning. Unfortunately, they did not
mention the learner characteristic that is used to provide adaptation and the model has not been

tested and therefore its effectiveness is uncertain.

3.4 Conclusion

Building adaptive e-learning systems is a nontrivial, challenging and complicated task. Most adap-
tive e-learning systems contain three models (learner, domain, adaptation) that should be well-
designed to provide effective adaptation. The most important model that has a significant impact
on the adaptation process is the learner model. Learner characteristics, used as a source of adap-
tation, must be accurately identified and elicited using reliable tools and the impact of adaptation,
according to these characteristics, must be deeply understood before building a complete adapta-
tion model. Therefore, this research seeks to understand the impact of adaptation on learners with
Arabic dyslexia according to their characteristics, for instance, their Arabic dyslexia types. To do
so, the different interventions to help individuals with dyslexia have been reviewed and analysed in
Section 2.4 and Section 3.3.4 to capture their limitations and the issues that should be considered.
In the case of this research, the technological interventions are highlighted. From the analysis, four

major limitations have been explored:

e Very little work has been driven by the theoretical model of the reading process.

e The majority of research treated individuals with dyslexia as a single class while research has
pointed out that they are each different. In other words, most of the proposed interventions

directed to dyslexia have treated them as a single group and not different groups.

e Lack of well-designed controlled experiments and unclear hypotheses.

e Where evaluations have been undertaken, they have a small number of participants and thus
no statistically significant results have been found and no conclusions can be drawn from

these results.
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Additionally, five issues have been captured and should be considered when designing a technological

intervention to support dyslexia:

¢ Goal: is the intervention intended to help individuals with dyslexia to read better or to cope

with their difficulties?

o Domain: what skill(s) do(es) the intervention target?

o Language: each language has a different structure and orthography and therefore affects the
manifestation of dyslexia which in turn affects the interventions targeted to individuals with

dyslexia.

o Age: the age of individuals with dyslexia impacts the intervention. Dealing with a 5 year

old child, for instance, is not the same as dealing with those in higher education.

o Evaluation: what aspects of the intervention will be evaluated (measurements)? Measuring
learning improvement after using an intervention, for instance, is different from measuring
usability. Once the measurements are determined, how will this aspect be measured? Using

tests, for instance, or questionnaires.

The previous limitations and issues are discussed in detail in the following sub-sections.
3.4.1 Design
Most of the technological interventions reviewed suffer from a number of design issues that must

be overcome in our research:

e They were designed based on data-driven practice rather than on a particular theory. Specifi-
cally, these interventions were designed based on practice rather than a theoretical model such
as the reading model (Al-Abdulkarim et al., 2010; Benmarrakchi et al., 2017a; El Kah and
Lakhouajal 2018]). However, designing an intervention based on a theoretical model may offer
a number of benefits because theory guides the design of the intervention by understanding
the main problem that the intervention will target and then choosing the goal that the in-
tervention seeks to achieve. This leads to a well-designed intervention, which in turn enables
the results to be discussed effectively. However, this does not mean that taking benefit from
practice is useless. Some teachers, who teach students with dyslexia, have used practices that
do not relate to any theoretical model and produced promising results. Therefore, it may be
best to design an intervention based on both theory and practice (by using data from the real

world).
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o They treated all individuals with dyslexia similarly such as the research of (Al-Abdulkarim
et al 2010} |[Gooch et al.| [2016; [Vasalou et al., [2017; [E1 Kah and Lakhouajal, 2018} [Alsobhi
and Abeysinghe, 2013|) while these individuals differed according to their symptoms and the
difficulties they face. However, once the interventions considered the differences between
individuals with dyslexia, such as considering their preferences in the working environment
by adapting that environment to their preferred text presentation (page format, text and
background colour), the group of individuals with dyslexia who may benefit from this type
of adaptation has not been determined and therefore the results have not been properly

discussed.

e Their hypotheses were unclear which resulted in poor methodologies.

e They lack rigorous controlled experiments and if they were conducted, they were not evaluated
effectively by for example evaluating the proposed intervention with real learners as in the
case of (Al-Abdulkarim et al., 2010; Alsobhi et al.l 2015a; Hamid et al., [2015; Benmarrakchi
et al., [2017a).

3.4.2 Goal

In the aforementioned research, the proposed interventions to support individuals with dyslexia
addressed different goals. These goals are (1) learning support as in (Al-Abdulkarim et al. 2010,
(2) training support as in (Martins et al., 2016) and (3) assistive support as in (Lukes, [2015]).
The learning support aims to teach an individual with dyslexia a new concept by, for example,
presenting an explanation of that concept in different modes (text, audio, video) and supporting it
with examples. For instance, teaching individuals with dyslexia a new reading skill. The training
support aims to provide additional exercises on an already known concept. For example, training
individuals with dyslexia on an already known (taught) spelling skill by providing extra exercises
on that skill. Finally, the assistive support is intended to help individuals with dyslexia overcome
their difficulties such as using the spelling checker to overcome and compensate for their spelling
errors. Because of the different goals that each intervention may target, it is critical to choose the
appropriate goal as it will influence the design of the intervention.

3.4.3 Domain

As mentioned earlier, individuals with dyslexia face different difficulties in different domains such
as difficulties in reading, writing, spelling and mathematics, as well as they may face behavioural
difficulties such as low levels of self-esteem. It is essential to choose the domain of the intervention

because it will influence the design of the learning content. For instance, if the reading domain is
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chosen, then the learning content will be designed to focus on teaching reading which, obviously
will be different from teaching spelling.

3.4.4 Language

Since dyslexia is about difficulty with words, another important issue to consider when designing an
intervention is which language to target. In fact, languages differ in terms of the alphabet, grammar,
being cursive or not, reading direction, including regular and/or irregular words, consistent or
inconsistent orthography, etc. Therefore, different difficulties appear in individuals with dyslexia
while others disappear accordingly. Actually, improving the literacy skills of dyslexia depends
mainly on the language of learning.

In the research reviewed, different languages such as English (Lukes, 2015), Malay (Hamid et al.,
2015)), Finnish (Lyytinen et al., [2007) and Spanish (Rello et alJ 2014) were studied. Obviously,
some of these languages are consistent while others are not. It is easier to learn consistent languages
for individuals with dyslexia than inconsistent ones because of the direct connection between the
letter and its phoneme.

3.4.5 Participants

Another important issue to consider is the number of participants and their characteristics that will
influence the design of the intervention such as age and gender. As this research targets learners
with dyslexia, then their dyslexia type should be considered as it also affects the design of the

intervention.

o Number: the number of participants was small in the previous research (Gooch et al. 2016}
Benmarrakchi et al., [2017b; [El Kah and Lakhouajal 2018) and therefore no statistically sig-
nificant results were found and no conclusions were drawn. So, the number of participants

must be adequate to analyse the results effectively.

e Age: dealing with participants in Kindergarten, primary school, high school or even university
is different from one another. For instance, a primary school may provide a whole spectrum
of individuals while a university may provide only the most intelligent individuals. Therefore,
each age group has its own characteristics, which once identified, will help to consider these

characteristics and design the appropriate intervention for that age group.

e Gender: determining the gender of the participants may be useful. Males may respond
differently to the intervention than females. Unfortunately, the previous research reviewed
such as (Kolekar et al., [2018]) did not take this aspect into account and thus most of the

proposed interventions were used by participants regardless of their gender. Further, the
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gender of the participant may influence the design of the interface and/or the content of the

intervention.

o Dyslexia type: this research targets dyslexia and therefore the participants must be formally
diagnosed with dyslexia and their dyslexia type must be identified. It is critical to identify
their dyslexia type in order to address the difficulties they face and then design the appropriate

intervention for them.

3.4.6 Evaluation

Each intervention can be evaluated from different aspects using different measurements. For ex-
ample, measuring the learning effect of an intervention on the student through pre- and post-tests
before and after using that intervention.

After reviewing, analysing and identifying the limitations of the previous interventions and high-
lighting the issues that need to be considered when designing an intervention, this research will
consider these limitations and issues. Details are provided in the next chapter along with the overall

framework of this research.
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Chapter 4

Understanding The Impact of
Adaptation on Learners with Arabic

Dyslexia

4.1 Introduction

The previous chapter discussed adaptive e-learning systems in terms of the concept and the models
that make up this system. It was clear that building an adaptive model is complex and, especially
the learner model, must rely on reliable tools to extract the learner’s characteristics required for
adaptation. Further, the effect of adaptation must be well understood and produce promising
results before building an effective adaptive model.

To our knowledge, there are insufficient studies to explore the effect of adaptation on learners
with Arabic dyslexia and therefore, it is impossible to build an effective adaptive model without
investigation of the effect of adaptation. Consequently, this research seeks to understand the impact
of adaptation on learners with Arabic dyslexia. More precisely, we want to understand whether
adapting e-learning content based on Arabic dyslexia types improves the learners’ learning. In this

chapter, we present the overall framework and methodology for this research.

4.2 Motivation

Since learners with Arabic dyslexia have different reading problems from those in other languages
and each learner faces their own reading problems, it is important to provide each learner with
appropriate support that takes into account their individual needs by adapting e-learning systems.
As this research targets adaptive e-learning systems for learners with Arabic dyslexia and unfortu-
nately, few studies have explored this area, we cannot build an effective adaptation model for these

learners before understanding the impact on them of adaptation. Therefore, we seek to:
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Understand the impact of adapting the training material of an e-learning
system to Arabic dyslexia types on the learner’s reading, satisfaction and

behaviour.

This research considered the limitations and issues found in previous research, which were detailed

in the previous chapter as follows:

e Design: The experiments in this research were designed based on a combination of the
dual-route model for single-word reading (theoretical model) and practice. According to this
theoretical model, learners with Arabic dyslexia were categorised into different groups (Arabic
dyslexia types) which were targeted by this research. This led to providing clear hypotheses

and designing well-controlled experiments.

e Goal: The goal of this research is to understand the effect of adaptation on learners’ reading,

satisfaction and behaviour.

e Domain: According to the previous point, the reading skill was chosen to be the domain of

the experiments.

o Language: Due to the limited research on the Arabic language and a large number of native

Arabic speakers, the experiments targeted this language.

o Participants: The participants were primary school learners with Arabic dyslexia with one

of the two Arabic dyslexia types targeted in each experiment in this research.

e Evaluation: The experiments were evaluated by identifying the metrics to be measured and
the tools for measuring them in order to discuss the results effectively. Here, learning gain

and learner satisfaction were measured using tests and a questionnaire.

To achieve the aim of this research, three controlled experiments were conducted with different
e-training materials and Arabic dyslexia types. The effect of adaptation on learner’s reading and
satisfaction was measured using learning gain and learner satisfaction. The learners’ behaviour was

also observed. An overview of these experiments is provided in the following section.

4.3 Overview of Experiments

There are different learner characteristics that can be used to drive adaptation such as personality
and learning style. In this work, the Arabic dyslexia type was chosen. It is a special characteristic
of learners with Arabic dyslexia. According to (Friedmann and Haddad-Hannal 2014)), there are

seven Arabic dyslexia types known in the literature. The frequency of each Arabic dyslexia type
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among learners with Arabic dyslexia was calculated as shown in Table For practical reasons,
this research targeted the two most frequent Arabic dyslexia types: letter position dyslexia and
vowel letter dyslexia. Then, the dyslexia diagnostic test was designed to determine the Arabic
dyslexia type of the learner as detailed in Section 4.5.2.

So, to understand the impact of adapting the training material to learner’s Arabic dyslexia type
on their reading performance, satisfaction and behaviour, a series of controlled experiments were
conducted. Each experiment targeted two Arabic dyslexia types. Hence, different training material
was embedded within the e-learning system for each experiment.

Experiment One, originally, targeted vowel letter dyslexia and letter position dyslexia to understand
the impact of matching the training material to learners with vowel letter dyslexia on their reading
performance compared to learners with letter position dyslexia. The training material in this
experiment targeted vowel letter dyslexia. The control group was learners with letter position
dyslexia while the experimental group was learners with vowel letter dyslexia. Unfortunately, while
conducting the first experiment, letter position dyslexia did not appear among learners with Arabic
dyslexia at Saudi primary schools in Riyadh. So, this type should be replaced by another common
dyslexia reading problem among these learners. This was done by searching for this reading problem
among the learners with Arabic dyslexia in primary schools in Riyadh. That is why the mistakes
of these learners in the dyslexia diagnostic test were analysed. Mixing the phonemes of the three
essential short vowels (diacritical marks) in a word was another common reading mistake among
these learners and this was confirmed by the special education teachers. This reading mistake was
named short vowel dyslexia and used instead of letter position dyslexia in the research. Experiment
One targeted short vowel dyslexia and vowel letter dyslexia. The control group became learners
with short vowel dyslexia. Details of this experiment are covered in Chapter 5.

The contradiction between what was found in practice and what was published by (Friedmann
and Haddad-Hanna, 2014) in terms of the frequency of Arabic dyslexia types could be due to the
location where the research was conducted (KSA). The research of (Friedmann and Haddad-Hanna,
2014)) was conducted in Palestine which has a different dialect from KSA, especially Riyadh city.
This provides evidence of what (AlRowais et al.l 2013) stated, that different dialects affect the
manifestation of dyslexia.

To complement Experiment One, Experiment Two matched the training material to learners with
short vowel dyslexia instead of learners with vowel letter dyslexia. That is, this experiment targeted
the same two Arabic dyslexia types: short vowel dyslexia and vowel letter dyslexia, but it switched
their positions. The control group became learners with vowel letter dyslexia and the experimental

group became learners with short vowel dyslexia. Now, the training material matched short vowel
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dyslexia instead of vowel letter dyslexia. Details of this experiment are covered in Chapter 6.

Both experiments were pilot studies to validate the training materials, system, tools and experi-
mental design in order to refine our approach for the final and main experiment. Once the data in
these experiments were analysed, surprising results were found. There was no statistically signifi-
cant difference in either learning gain or learner satisfaction between the experimental group and

the control group in either experiments.

The first and second experiments were designed based on our understanding of the difficulties faced
by learners with Arabic dyslexia from a literary point of view. But we have found that what has
been published in the literature does not quite match what we have found in practice, with evidence
that letter position dyslexia is mentioned in the literature as a common Arabic dyslexia type, and
practice has denied this. In addition, we have found that what is found in practice does not also
quite match the literature, as evidenced by the fact that short vowel dyslexia is common in practice,
which is not mentioned in the literature. From this point of view, we have found it necessary to
understand the difficulties faced by these learners from the expert’s point of view who are special

education teachers, and then to combine the literature with practice.

So, an exploratory questionnaire was designed and published to special education teachers. This
was to explore the field and to understand the difficulties faced by learners with Arabic dyslexia
from the perspective of special education teachers. Details of this questionnaire in terms of the

design process, results, analysis and discussions are provided in Chapter 7.

The questionnaire revealed a number of results. The most important was finding another common
Arabic dyslexia type (in addition to vowel letter dyslexia); visual dyslexia. So, the last experiment
targeted vowel letter dyslexia and visual dyslexia. Its aim was still to understand the impact
of adapting the training material to Arabic dyslexia types on learners’ reading performance. The
control group became a non-adaptive group and the experimental group became an adaptive group.
The adaptive group was exposed to an adaptive version of the e-learning system while the non-
adaptive group interacted with the non-adaptive version. The adaptive version provided training
material that is adapted to the learner’s Arabic dyslexia type (vowel letter dyslexia or visual
dyslexia) while the non-adaptive version provided non-adapted generic training material. More

details of this experiment are covered in Chapter 8.

The hypotheses tested in these experiments are presented in the next section.

4.4 Hypotheses

Several hypotheses were formulated to test the research’s aim. It was hypothesised that providing

training material adapted to the needs of learners with Arabic dyslexia has an overall benefit,
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especially in short-term learning gain and satisfaction.

In this research three controlled experiments were conducted. The first two experiments tested
two hypotheses while the last experiment tested four hypotheses. In Experiment One, the training
material was matched to vowel letter dyslexia using the matched /mismatched experimental design.

Therefore, these hypotheses were tested:

H1.1: Matching training material to learners with Arabic vowel letter dyslexia achieves

significantly greater learning gain compared to learners with Arabic short vowel dyslexia.

H1.2: Matching training material to learners with Arabic vowel letter dyslexia achieves
significantly greater learner satisfaction compared to learners with Arabic short vowel

dyslexia.

In Experiment Two, the training material was matched to short vowel dyslexia, to complement the

previous hypotheses, which led to another two further hypotheses:

H2.1: Matching training material to learners with Arabic short vowel dyslexia achieves

significantly greater learning gain compared to learners with Arabic vowel letter dyslexia.

H2.2: Matching training material to learners with Arabic short vowel dyslexia achieves
significantly greater learner satisfaction compared to learners with Arabic vowel letter

dyslexia.

Once the previous hypotheses were tested, there were no statistically significant results in either
measurements; learning gain and learner satisfaction, and thus they were rejected. According
to the results of the questionnaire, the last experiment replaced short vowel dyslexia with visual
dyslexia and targeted both vowel letter dyslexia and visual dyslexia using an adaptive /non-adaptive
experimental design. In this experiment, the learner’s ability to generalise learned content to other
contexts was also tested. This is achieved by measuring the learning gain of unseen words in both

conditions. Now, these hypotheses were tested:

H3.1: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learning gain compared to non-adapted material.

H3.2: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learning gain of seen words compared to non-adapted material.

H3.3: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learning gain of unseen words compared to non-adapted material.
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H3.4: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learner satisfaction compared to non-adapted material.

4.5 Design

To conduct the research, three controlled experiments were designed and developed. In each ex-
periment, an e-learning system was developed and a number of tools were used. The system and
the tools are presented in the following sub-sections.

These experiments followed the between-subjects experimental design. In a between-subjects de-
sign, the participant experiences only one condition of the experiment while in the within-subject
design, the participant experiences two different conditions. The former is more appropriate for this
research (Alshammari et all [2014), because a learning effect might be carried from one condition
to another. In contrast, more participants are needed in the between-subjects design which might
raise noise and variations that will affect the results. These should be explained or eliminated
before drawing conclusions (Alshammari, [2016]).

In all experiments, participants were divided into two groups: an experimental group and a control
group. The first two experiments used the matched /mismatched groups design where the experi-
mental group represents the matched group and the control group represents the mismatched group.
Both groups used the same version of the system with different training material used in each ex-
periment. In the first experiment, the training material matched the vowel letter dyslexia whereas,
in the second experiment, the training material matched the short vowel dyslexia. Further, the
designed system and tools were validated in these two experiments. The framework for these two
experiments is shown in Figure 4.1

The last experiment used the adaptive/non-adaptive groups design where the experimental group
represented the adaptive group and the control group represented the non-adaptive group. Here,
the experimental group used the adaptive version of the system whereas the control group used
the non-adaptive version. The adaptive version provides training material that is adapted to the
learners’ Arabic dyslexia type while the non-adaptive version provides training material that is not
adaptive. The framework of this experiment is shown in Figure The procedure of the entire

research is presented in Section 4.7.

4.5.1 DysTypeTrain E-learning System

To conduct the experiments, we designed and implemented a dynamic web-based e-learning system,
named DysTypeTrain (http://arab-dyslexia-learning.com/). Its interface is shown in Fig-
ure [4.3] DysTypeTrain was implemented to train learners with Arabic dyslexia via eight reading

sessions where each contained ten activities giving a total of 80 activities. The difficulty of these ac-
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Figure 4.1: Framework of Experiments 1 and 2

tivities gradually increased. Since most learners with dyslexia have the same profile in preferring to

use visuospatial/kinesthetic style (Exley, [2003)), (Benmarrakchi et al., 2017a)) recommended using

a multi-sensory approach. For each activity, the system pronounces a word and displays its corre-
sponding image along with three choices. Each choice displays a different word. The learner listens

to the spoken word (question) and should choose the correct choice. If the learner chooses a correct

answer, then the system gives encouraging positive feedback (Benmarrakchi et al.l 2017a), and they

gain a point (Dymora and Niemiec, [2019). Otherwise, the system gives remedial feedback. The

system also presents the total point score on the screen and provides feedback on training progress
in the form of activity number (between 1 and 10) at the top of the screen, as shown in Figure
In addition, the system enables the learner to re-play the question, as many times as they want,
by clicking on the audio icon presented on the screen and they can use the displayed image as a

hint. The layout of the training sessions was consistent; that is keeping the audio icon, the image
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Figure 4.2: Framework of Experiment 3

and all three choices in the same place. These training sessions only differ in the training material

that they provide. More details about the system are given in the following sub-sections.

Framework: The framework of the system used in this research is illustrated in Figure This

framework includes:

e Domain Model: which represents the content of the e-learning system.

e Learner Model: which represents the characteristics of the learner that are used in the

adaptation process.
e Adaptation Model: which uses the previous two models to adapt the e-learning system.

e Auxiliary Components: These are:

— Interaction Data Modeller: which monitors the interactions between the learner and

the system to feed it, in our case, into the learner model to be updated.
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— Interface: which facilitates the interaction between the system and the learner.
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Figure 4.4: Updated Version of The Adaptive E-learning Framework QAIShammari et al.L |2015b[)

Architecture: The previous framework was used to build the DysType Train system architec-
ture. The architecture of DysTypeTrain is a three-tier client/server architecture as shown in
Figure This architecture divides the components of DysTypeTrain into three layers of ser-
vices: client, server and storage. The client tier contains the system interface through which the
learner can register in the system and interact with the training material provided by this system.
Learner actions with the interface are sent to the server tier. For instance, If the learner makes a
specific choice, it will be sent to the server tier to handle.

The server tier contains the interaction data modeller and the business logic. The interaction
data modeller takes learner actions with the interface from the client tier and feeds them into the
learner model in the storage tier to be updated. For instance, once a learner selects an option in

the last exercise of a particular session, the interaction data modeller will compute the total score
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for the learner in that exercise and store the completion status of that session along with the calcu-
lated score in the learner model. The business logic uses the macro-adaptive approach (an adaptive
learning approach that provides adaptation based on a predefined static learner characteristic (En-
nouamani and Mahanil, 2017))) to provide (static) adaptation by selecting the appropriate training
material from the domain model according to the predefined characteristic, Arabic dyslexia type,
in the learner model to be presented in the system interface at the client tier. The macro-adaptive
approach was used because the aim of the research is to understand the impact of adaptation and
not to build an effective adaptive model. Further, the business logic keeps the exercise number that

the learner interacts with, to move to the next exercise, once the current one is completed.

The storage tier contains the database that holds the learner model and domain model. The
learner model stores the learner characteristics, such as demographic information (age, gender,
grade, initial reading level), score of each completed session, and the learner’s Arabic dyslexia type
that was identified through an offline dyslexia diagnostic test and fed manually into the learner
model. The domain model contains the training material of the DysTypeTrain system in various
forms; text, image and audio.

The domain model is represented in the DysTypeTrain system using the network model because
the exercises in the training material are ordered where the learner cannot move to the next exercise
before completing the current exercise. The learner model is represented using the stereotype
model because the learners are grouped into stereotypes which are in our case the Arabic dyslexia
types. Adaptation is provided using the adaptive content technique (Stern and Woolf, 2000) where
the training material that matches the learner’s Arabic dyslexia type is presented in the system

interface.

The DysTypeTrain system was implemented in the NetBeans development environment. Net-
Beansﬂ is an open-source integrated development environment (IDE) that is used by many devel-
opers and users. It supports many programming languages and enables coding, running, testing
and deploying different types of software applications. In this environment, the HTML5 markup
language was used to design the interface of the DysTypeTrain system.

The functionality of the Dys Type Train system was written using the server-side scripting language
Hypertext Pre-Processor (PHP) ﬂ PHP is widely used for developing web applications to generate
dynamic content. The object-oriented programming style is supported by PHP to facilitate creating

more compact and effective code by grouping related operations on objects into specific classes.

Training material and the learner characteristics and progress in the e-learning system were repre-

"https://netbeans.org/
*https://wuw.php.net/
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sented, stored, encrypted, retrieved and maintained along with any data relating to the learner’s
interaction with the system in a secure database. MySQIEl was used to facilitate database creation
and management. It is an open-source relational database management system (DBMS) compatible
with PHP.

Once the design of the DysType Train system was completed, Bluehostﬂ was used to provide web
hosting and make the system accessible on the Internet by renting space on their physical server
to store all data and files of the DysTypeTrain system. It also protects all data with encrypted

connections.

HTML 5 Code o e (e s

Jé
/ ; D
« N\
Learner with —

Arabic dyslexia

v

A

Web browser
Interface

Server
PHP Script

—1 Interaction data modeller

v

Business logic —

Learner
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Figure 4.5: DysTypeTrain System Architecture

Training Material: The training material was chosen from the academic textbooks of Saudi
primary school to target the reading problems of the chosen Arabic dyslexia types (vowel letter
dyslexia, short vowel dyslexia, visual dyslexia). The training material was designed following the

cognitive theory of multimedia learning. The underlying design draws on dual coding theory,

cognitive load theory and constructivist theory (Mayer and Morenoj, 2002; Benmarrakchi et al.,

2017b). According to (Mayer and Moreno, 2002), the following five instructional design principles

were considered when designing the training material of the DysTypeTrain system:

o Multimedia aids: Represent the training material using both words (as narration) and

pictures.

Shttps://www.mysql.com/
‘https://www.bluehost.com/
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o Contiguity aids: Represent the training material using both words (as narration) and
pictures simultaneously.

e Coherence aids: Exclude extraneous words and sounds from the training material.

e Modality aids: Represent the words in the training material as spoken text instead of
on-screen text to reduce the load on the visual channel for deeper cognitive processing.

e Redundancy aids: Represent the training material using only animation and narration and

avoid using on-screen text which could overload the visual working memory.

As shown in Figure [4.6] the training material is divided into four main reading topics where each
topic is also divided into two reading sessions and each session included 10 activities with which

the learner interacts.

Training Material

Topic 1 Topic 2 Topic 3 Topic 4

< O\

[ 512 ] [ 21 | $2.2 [ $3.1 ] [ $32 ] [ 1 | ‘ $4.2 ]

" N N N N

ALLL ... ALLI0 A121 ... AL210  A2.11 .. A2110 A221 .. A2210 A3L1 .. A3110 A321 ..A3210 A4Ll .. A4L10 A421 ... A42.10

Figure 4.6: Training Material Structure in DysTypeTrain System (S=Session, A=Activity)

Interface: The interface of DysTypeTrain system was designed following the guidelines sug-

gested by (Al-Wabil et al., [2006) for web design accessibility of Arabic content:

o Text size: Use the range of 16-20 points. Sixteen points was used as a minimum text size.

e Font type: Use Arabic Transparent or Simplified Arabic Fixed Font. The Simplified Arabic

Fixed font was used.

o Font colour: Use high contrast colours between text and background. Black text on either

a light grey or orange background was used.
e Background: Avoid dark backgrounds. The background colour used was light grey.

o Emphasizing text: Avoid using italic or underline and use bold or a combination of bold

and colour instead. The latter was used.

e Diacritization: Use diacritics to improve both reading accuracy and comprehension espe-

cially for beginners and poor readers. As this research targets learners with Arabic dyslexia
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in primary schools to improve their reading, the diacritics were used in the training material.

4.5.2 Tools

In addition to the e-learning system described above, five more tools were used when running the

three experiments:

e Consent Form: This form was used to obtain the school’s and parents’ consent for their
children to participate in the experiment because they are under 18 years old. The form
introduced the experiment, explained its methodology, withdrawal policy and time duration,
the benefits for the children and also indicated that the data collected were anonymised (see
Appendix A).

e Dyslexia Diagnostic Test: This is a reading test conducted with learners with Arabic
dyslexia. It was used to determine their Arabic dyslexia type. It focuses on two Arabic
dyslexia types depending on the Arabic dyslexia types that the experiment is targeting. In
the first and second experiments, the test focused on vowel letter dyslexia and short vowel
dyslexia whereas it focused on vowel letter dyslexia and visual dyslexia in the last experiment
(see Appendix B). After taking the test, it is determined whether the learner can participate
in the experiment or not. The learners who can participate in the experiments are those
diagnosed with one of the target Arabic dyslexia types. Learners who cannot participate are
those who have been diagnosed with both Arabic dyslexia types (at a similar level of severity)
or have none of the target Arabic dyslexia types (i.e. have other Arabic dyslexia types). The

test was validated by:

— Building the test upon the official diagnostic test for determining the type of learn-
ing difficulty (not Arabic dyslexia type) published on the Saudi Ministry of Education
website. The diagnostic test was designed to determine two Arabic dyslexia types. It
includes two sections and each section includes 10 words for the learner to read. Each
section targets an Arabic dyslexia type according to the Arabic dyslexia type that the
experiment is targeting.

— Reviewing and validating the test with special education teachers.

— Comparing the learners’ results of the test with the assessment of their special education
teachers because (1) there is no reliable diagnostic test in the literature determining
the Arabic dyslexia type of the learner and (2) the teacher is the only person who
communicates directly with the learner and knows exactly what their reading problems

are and therefore knows their Arabic dyslexia type.
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¢ Structured Interview: This interview was conducted with special education teachers to
gather the demographic information of their learners with Arabic dyslexia participating in
the experiment. This information included the demographic information of the learner (age,
gender, grade), reading problems and non-reading problems based on the teacher’s assessment
which is used to validate the results of the dyslexia diagnostic test as mentioned earlier (see
Appendix C).

¢ Pre- and Post-tests: The pre-test was used to measure the initial reading level of the
learner before using the e-learning system. The post-test was conducted immediately after
using the system in the last experimental session. The pre-test score was used to balance the
two groups of learners in each experiment. Then, both pre- and immediate post-test results
were used to measure the learner’s short-term learning gain score which is used as a proxy
for the learner’s reading improvement. These tests were identical for each experiment and

included 10 words targeting the training material for that experiment (see Appendix D).

e Learner Satisfaction Questionnaire: This questionnaire is used to measure the learner
satisfaction with the e-learning system. Because the learners are children, their satisfaction
was collected by taking their opinions about the system after using it. This questionnaire was
supported with a Smileyometer (see Figure (Appendix E). As the learners were highly
satisfied with the system in the first and second experiments, their satisfaction was measured
in more detail to determine the reason for this high level of satisfaction. Therefore, in the
third experiment, the satisfaction in e-learning questionnaire was used (Siritongthaworn and
Krairit, [2006) (Appendix E). It contained 10 questions to assess the content, systems, delivery

method and overall satisfaction. This questionnaire was used for the following reasons:

— Its role corresponds to that of DysTypeTrain system, that the e-learning is voluntary

and supplementary (Siritongthaworn and Krairit,, 2006]).

— It covers all satisfaction aspects necessary for this experiment including the content of

the e-learning system that is targeted by this research.

— It is a 5-point Likert scale questionnaire that can be adapted to the Smileyometer due

to learners’ young age.

4.6 Participants
Learners with Arabic dyslexia were the participants in all three experiments. They were diagnosed
with vowel letter dyslexia, short vowel dyslexia or visual dyslexia. These learners were at different

primary schools in Kingdom of Saudi Arabia (KSA) (from second grade to sixth grade). First grade
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learners were not included because they were new to the school and had just started learning to
read, so it was unknown to their teachers whether or not they had dyslexia.

This age group of learners was chosen because it is easily accessible. High school learners were diffi-
cult to access due to the large number of classes they attend weekly. In universities, unfortunately,
there were very few learners who were known to have dyslexia. Therefore, these other age groups
were not suitable. Restricting the age group also provides more control over the experiments by
recruiting only primary school learners.

Primary schools were visited to obtain their consent for conducting the experiments. Then, parental
consent forms were sent to parents on behalf of their children because they are under 18. Partic-
ipants were aware that they could withdraw from the experiment at any time. The role of these

participants in all experiments was:

¢ Conducting the dyslexia diagnostic test, pre- and post-tests.
e Interacting with DysTypeTrain system for eight experimental sessions.

 Filling out the learner satisfaction questionnaire.

4.7 Procedure

Once the ethical approval from schools, parents and learners was obtained, the practical part
of the research started. It is composed of three different experiments. All three experiments were
conducted in KSA. Due to COVID-19, which led to schools’ closure, part of the first two experiments
were conducted face-to-face while the other part was conducted remotely using Zoom meetings and
MS Teams. The last experiment was conducted entirely remotely. The participants were registered

to the system by following this procedure:

e The learners were diagnosed using the dyslexia diagnostic test to determine their Arabic

dyslexia type.

e The learners who were diagnosed with the targeted Arabic dyslexia types became participants

for the experiment. Others were excluded.

e The demographic information, reading and non-reading difficulties of these participants were

collected via interviewing their special education teachers.

e The participants were welcomed and introduced to the goals of the experiment. Then, they
took a pre-test to determine their initial reading level. After that, the participants were

registered to the system.

After registration was completed, the three experiments were conducted consecutively. In each
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experiment, participants were divided into two groups (experimental and control), balanced in the
number of learners, Arabic dyslexia type, age, and initial reading level. In the first two experiments,
both experimental (matched) and control (mismatched) groups used the same version of the system
as shown in Figure In the last experiment, the experimental (adaptive) group used the adaptive
version of the system whereas the control (non-adaptive) group used the non-adaptive version as
shown in Figure 4.2

Experiments were conducted either in person or remotely in the presence of the experimenter, in
a quiet room. Only the participant was in the room. The participant sat in front of a desk with
either a smartphone or laptop to interact with the DysType Train system while the experimenter
observed them either in person or through the camera of their smartphone/laptop and resolved any
technical issues. Participants worked with the system on their own, without any assistance, during
eight experimental sessions. Two sessions per week were conducted for each participant. Each
session lasted for approximately 35 minutes. At the beginning of the first session, the experimenter
explained the layout of the system interface. During each session, the participants were observed
by the experimenter and notes were taken about their interaction with the system and their facial
expressions. Neither the experimenter nor the participant was aware of the experimental condition
to which the participant was assigned. After completing the experiment, the participants were
asked to take the post-test and to fill out the learner satisfaction questionnaire.

The data of all participants: usernames, passwords, pre- and post-test scores and satisfaction scores
were stored in the database. The participants’ progress was tracked through the e-learning system

and also stored in the database.

4.8 Data Collection

All three experiments in the research used a mixed-methods approach in which both quantitative
and qualitative data were collected. Quantitative data were collected to measure the learner’s
learning gain and satisfaction whereas qualitative data were used to monitor the learner’s behaviour
while interacting with the system. Both data types are presented in detail in the following sub-
sections. It is worth noting that there was an attempt to measure reading speed in the last

experiment. Unfortunately, because the sessions were conducted remotely, two issues appeared:

e Poor Internet connection at the participant’s side.

o Participants were distracted by their families.

These problems (from the participant’s side) led to a delay in making the choice and/or reading

the pre- and post-tests. As a result, the accuracy of the reading speed measurement was negatively
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affected and cannot be guaranteed.

4.8.1 Quantitative Data

Quantitative data were collected in the form of pre- and post-tests and the learner satisfaction
scores which were then used to measure both the learner’s learning gain and satisfaction. These

data were statistically analysed using IBM SPSS Statistics software with standard condition p <

0.05 for significant results (Andrade, 2019).

Learning Gain Since the main aim of the research is to examine the impact of adapting the
training material to Arabic dyslexia type on the learner’s reading, their reading level was measured
before and after using the e-learning system.

The amount of reading improvement for each learner was measured by calculating their learning

gain as follows:

Learner’s Learning Gain = Learner’s Post-test Score - Learner’s Pre-test Score

After calculations were completed, the data was analysed to find out if there is a statistically sig-
nificant difference in the learning gain between the experimental and control groups. The analysis,

results and discussions are provided for each experiment separately in Chapters 5, 6 and 8.

Learner Satisfaction The second measurement in this research used to assess both the effective-
ness of the system and the effect of adaptation is learner satisfaction. It is measured to determine
whether the learners were satisfied with the adapted training material more than the non-adapted
one. Precisely, learner satisfaction was measured to determine whether the learners were aware of
the appropriateness of the training material for them. So, learner satisfaction provides an indi-
rect way of understanding the effect of adaptation. The tools that were used to measure learner

satisfaction were reported in Section 4.5.2 (Appendix E).

4.8.2 Qualitative Data

Qualitative data were collected by the experimenter while observing each learner in each session.
For privacy reasons, the sessions are not video recorded, therefore, the observations were collected
from the notes taken by the experimenter. During the observation process, the way each learner
interacted with the system was recorded. This included taking notes on their verbal and non-verbal

(facial) expressions. Facial expressions included happiness, sadness, engagement and boredom.

Happiness and sadness are identified by the schematic faces shown in (Gao and Maurer, 2009)

whereas boredom denotes a lack of interest and loss of attention resulting in eye closure and lack

of mouth movements such as opening and closing the mouth and jaw drop (Kim et al., 2018; Craig

2004). Engagement is determined by staying on the task without any admonition (Whitehill
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et al., 2014).

These observations were analysed using the Thematic Content Analysis method, following the
approach given by (Braun and Clarke, [2006). In this method, codes (and sub-codes if needed) are
generated from data collected from observations. They are created gradually one by one starting
from the first observation and ending on the last one. Then, the codes are grouped into themes
(and sometimes sub-themes) and theoretical concepts. These codes must be related to each other

within a theme and the themes must also be related to each other and to the entire data set.

4.9 Research Ethics

e The entire research followed the procedure of the ethics review at the University of Birming-
ham (Appendix F).
e The researcher took the consent of all parents to enable their children to participate in the

experiments because they were underage.

e The results of the learners in the dyslexia diagnostic test, pre- and post-tests were anonymised
in a way that neither the researcher nor the teachers could identify these learners. This data

was encrypted and stored securely in a database.

e The researcher took the consent of all interviewees. They were informed about the aim of the
interview and the way their data will be used. The interview data were anonymised in such a
way that the respondents themselves and the learners they were referring to in the interview

could not be identified.

4.10 Conclusion

Most research treated individuals with dyslexia as a single category. This conflicted with what
has been published in the literature, where dyslexia can be classified into different types. One of
these classifications, adopted by this research, was based on the dual-route model of a single-word
reading which identified different classes of dyslexia. Each class should be treated differently by
using adaptation technology. Further, due to the limited research on Arabic dyslexia, this research
aimed to understand the impact of adapting the content of an e-learning system to Arabic dyslexia
types on learner’s reading performance, satisfaction and behaviour. The entire methodology and
framework for this research were presented in this chapter. To achieve the aim of this research,
three controlled experiments were conducted. The first experiment is detailed in the next chapter

while the other two experiments are detailed in Chapters 6 and 8, respectively.
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Chapter 5

Matching Training Material to
Learners with Arabic Vowel Letter

Dyslexia

5.1 Introduction

Chapter 4 presented the framework of this research, which aims to understand the effect of adapting
the training material to the learner’s Arabic dyslexia type on learner’s reading performance, satis-
faction and behaviour, and the methodology used to conduct the three experiments of this research.
Only two out of seven Arabic dyslexia types were targeted in each experiment to understand the
effect of adaptation for practical reasons; time limitations, more control over the experiment and
the limited number of learners with Arabic dyslexia with the other Arabic dyslexia types. The first
experiment targeted vowel letter dyslexia and short vowel dyslexia as they are common among the
learners, according to the literature and practice. It studied the impact of matching the training
material to vowel letter dyslexia on the learner’s learning. Details of this experiment and results

are introduced in this chapter.

5.2 Experiment One

Experiment One was conducted as a pilot in order to (1) understand the effect of matching the
training material to learners with vowel letter dyslexia on their reading performance, satisfaction
and behaviour and (2) validate the developed system and tools used in this experiment. As men-
tioned in Section 4.5.1, a dynamic web-based e-learning system, Dys Type Train, was designed and
developed to support this experiment. The training material in this experiment was selected to

7
9

target vowel letter dyslexia. It included the three essential short vowels (fat-ha “/a/”, kasra “/i/
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dammah “/u/”), (1« 1« b and the three long vowels (alef “a”, ya-a “i”, waw “u”), (¢ ¢ D,
starting from simple words (i.e. three-letter words containing only fat-ha short vowel and alef long
vowel) and progressing to advanced ones (i.e. five-/six-letter words containing all three short vowels

and the three long vowels) as shown in Table

The experience of success in the system was a natural reward that is automatically calculated and

controlled (Lyytinen et al., [2009). The learner must achieve 80% in each activity (Lyytinen et al.,

2009; |Al-Rubaian et al., 2014) to win and unlock the next activity. Otherwise, they repeat the

activity. Repeating activities is beneficial for learners with dyslexia (Aljojo et al., [2018)). Incorrect

words were carefully selected to target vowel letter dyslexia difficulties: they were similar to the
correct word in terms of letters and positions. They differed from the correct word in either deleting
a long vowel (changing long to short vowel), adding a long vowel (changing short to long vowel) or
changing the position of a long vowel. An example of this is shown in Figure [5.1}

Table 5.1: Training Material in Experiment 1

Content I
Activity Short Vowels Long Vowels #Letters within a word
Fat-ha | Kasrah ‘ Dammah | Alef ‘ Yaa ‘ Waw | 3-4 ‘ 5-6
1 v v v
2 v v v
3 v v v v
4 v ve v v
5 v v v v
6 v v v v
7 v v v v v v v v
8 v v v v v v v v
(7 Jdsm 1 Jsma  [1 ]k
N
PR
—~ ~
Incorrect choices y .
are similar to the W
correct answer in )/
terms of letters ~\

and positions.

They differ only in
either deleting the
long vowel “alef”
or adding a new
long vowel “alef” —/
to the end of the N Correct

| G

N\
V4
2N
=

word. answer

‘4\
o

Figure 5.1: Example of Incorrect Choices in Experiment 1
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5.2.1 Hypotheses
Two hypotheses were tested:

H1.1: Matching training material to learners with vowel letter dyslexia achieves signif-

icantly greater learning gain compared to learners with short vowel dyslexia.

H1.2: Matching training material to learners with vowel letter dyslexia achieves signif-

icantly greater learner satisfaction compared to learners with short vowel dyslexia.

5.2.2 Procedure

To understand the impact of matching the training material to vowel letter dyslexia, a controlled
experiment was conducted. It was subject to ethical approval by the institution and explicit
consent for each learner. A mixed-methods approach was used for data collection and analysis.
Quantitative data were collected from (1) pre- and post-tests to derive learning gain scores and
(2) learner satisfaction questionnaire to derive learner satisfaction scores. Qualitative data were
collected from observations. The experiment took place in Riyadh, Kingdom of Saudi Arabia
(KSA). It followed the procedure detailed in Section 4.7. The dyslexia diagnostic test used in this
experiment determines only two Arabic dyslexia types; vowel letter dyslexia, short vowel dyslexia
or other. The matched (experimental) group included learners with Arabic vowel letter dyslexia
while the mismatched (control) group included learners with Arabic short vowel dyslexia. Both
groups used the same e-learning system. The training material of the system matched the Arabic
dyslexia type difficulties of the experimental group while it did not match the Arabic dyslexia type
difficulties of the control group.

As mentioned in Chapter 4, the experiment was conducted both face-to-face and then online after

COVID-19 led to the closure of all schools:

o Face-to-face Mode: Conducting the experiment personally in schools.

e Online Mode: Conducting the experiment remotely using Zoom meetings.

The online mode was challenging because a number of steps were required before starting the

experiment:

o Getting the contact numbers of special education teachers to search for learners with Arabic

dyslexia.
e Obtaining initial consent from parents via the teachers.

e Getting the contact numbers of the parents who agreed for their children to participate in

the experiment.
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e Describing the experiment to the parents via WhatsApp.
e Sending the consent forms to the parents via WhatsApp.

e Checking with the parents about the availability of either a laptop or a smartphone to be

used for the experiment.
e Creating a schedule with the parents for conducting the sessions.

¢ Recording a video demonstrating the steps of installing Zoom Meetings and sending it to the

parents.

e Following up with parents during Zoom installation and verifying that the installation is

successful.

e Directing the parents to the use of both the microphone and the camera to run a video

meeting and observe the learner during the experiment.

e Ensuring that the learner is by themselves in a quiet room to get their full attention and that

they can use the system without any external assistance and distraction.

e Starting the experiment following the procedure explained earlier in Section 4.7.

5.2.3 Participants

The experiment targeted 20 learners with Arabic dyslexia by conducting it twice. The first run was
conducted during the autumn term 2019/2020 while the second was conducted during the spring
term 2019/2020. In each run, the experimenter was able to recruit no more than 10 learners due

to practical reasons:

e A maximum of 20 sessions per week were used to conduct the experiment as shown in Table
As there were few participants who met the conditions of the experiment (learners with
Arabic vowel letter dyslexia/short vowel dyslexia) in each school and the experimenter had
to conduct the experiment herself to observe the learners, one by one, and to take notes in
an equal manner, she had to go to other schools to recruit more participants and therefore

some sessions were excluded (highlighted in grey).

e Each learner should attend two experimental sessions per week. Considering the previous
point (20 sessions available per week), a maximum of 10 learners will be able to participate

in the experiment in each run.

Twenty female learners, already diagnosed with Arabic dyslexia, were recruited from different Saudi
primary schools located in Riyadh. The ages of the learners ranged from 9 to 12 years (Grades four
to six) and one learner was 14 years old (see Figure[5.2)). This learner was exceptional because she

was in the sixth grade and not in high school, and according to the education policy, she could only
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Table 5.2: Example for The Ideal Distribution of 20 Experimental Sessions in a School Schedule

HDay—Sessionlll2|3|4|5|6|7H

Sunday 112 3| 4
Monday 5| 6 7] 8
Tuesday 9 | 10 11 | 12
Wednesday 13 ] 14 15 | 16
Thursday 17 | 18 19 | 20

be transferred to the next higher grade if she had mastered certain skills. All learners have previous
experience using electronic devices. Learners were assigned either to the mismatched group (n=12)
or the matched group (n==8). Participants had approximately the same initial reading skill level
(measured by the pre-test), with no statistically significant difference between the two groups.
Thirteen out of 20 learners completed the experiment in school. Three other learners completed
it remotely via Zoom Meetings due to the closure of schools (COVID-19). Zoom Meetings made
it possible to open the camera and observe these learners while using the system. The remaining

four learners did not complete the experiment, because:

e Learner’s parents refused their participation remotely.
o Learner refused to participate in the experiment remotely, thinking that they were on holiday.
e Learner had poor Internet connection.

e Learner did not have a device to conduct the experiment remotely.

Therefore, the sample size dropped to 16 learners with eight learners in each condition.

ARABIC DYSLEXIA TYPE GRADE

=]

Figure 5.2: Demographic Information of Participants in Experiment 1

5.2.4 Results and Discussions

The groups of learners were homogeneous in terms of number of learners, initial reading level and
age. The mean age of the matched group was 10.13 (Standard Deviation = 1.25) whereas for the
mismatched group was 10.75 (Standard Deviation = 1.58). The learners were encouraged to take
part in the experiment to improve their reading. Quantitative and qualitative results are detailed

below.
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5.2.4.1 Quantitative Results

The pre- and post-test and the learner satisfaction scores were collected to measure both the
learning gain and learner satisfaction. Table illustrates the mean and standard deviation of

these data.

Table 5.3: Means and Standard Deviations (SD) of Pre- and Post-Test, Learning Gain (LG) and
Learner Satisfaction (LS) Scores for Both Groups in Experiment 1

Pre-test Post-test LG LS
Meanl SD Mean‘ SD Meanl SD Mea,n‘ SD

Matched Group 8| 213 | 1.73 | 5.75 | 1.75 | 3.63 | 1.41 | 4.75 | 0.71
Mismatched Group | 8 | 1.75 | 2.05 | 5.75 | 2.25 | 4.00 | 2.00 | 4.50 | 1.41

Group N

Learning Gain. Hypothesis H1.1 was tested in this experiment. Figure [5.3|shows that the mean
learning gain of both the matched and mismatched groups was positive (the mean of the post-test
score was higher than the mean of the pre-test score). This indicates that the reading of both
groups improved regardless of their Arabic dyslexia type. Whilst this suggests that the system and
the training material were effective and the learner’s learning was enhanced, it should be noted that
the learners were also taking conventional lessons over the period of the experiment. We should,
therefore, be cautious in drawing any conclusion. It also should be noted that Arabic societies
speak different Arabic dialects. Some of these dialects are close to Modern Standard Arabic while
others are far, which may affect the manifestation of Arabic dyslexia (AlRowais et al., 2013) and
therefore the reading of the learners. Also, Modern Standard Arabic is the Arabic language version
that was used in the system as the training material was chosen from the academic textbooks of

Saudi primary school (which are written in Modern Standard Arabic).

Mean of pre-test, post-test and LG of both groups in Experiment 1

M Pre-test Post-Test Learning Gain

7.00
6.00
5.00
4.00
3.00
2.00
1.75

1.00

0.00
Mismatched Group Matched Group

Figure 5.3: Means of Pre- and Post-Test and Learning Gain Scores of Both Groups in Experiment
1
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The mean learning gain score of the mismatched group was higher than that of the matched
group. We cannot, therefore, conclude that matching learning material to vowel letter dyslexia
enhances learner’s learning. Hypothesis H1.1 is, therefore, rejected. This is not the result that was
expected. It may be that this is just a consequence of the small number of experimental subjects
and that repeating the experiment with a larger number of learners would produce a different
result. Alternatively, it may just be that the skill targeted (reading words with short and long
vowels) was one that the control group (learners with short vowel dyslexia) had still not mastered.
The assumption of the experimental design was that learners with short vowel dyslexia would not
benefit significantly from learning targeted at learners with vowel letter dyslexia (since this is not
a difficulty that they have). However, if this was a skill that these learners had yet to learn, then
it may be that they would acquire this skill more quickly than those learners for whom it would
represent a greater challenge. However, these findings contradict those of (Alghabban and Hendley,

2020a)) and, therefore, more investigation is needed.

Learner Satisfaction. Learner satisfaction for both groups was measured by asking the partic-
ipants for their opinions of the system (see Appendix E). The mean learner satisfaction score for
the matched group (Mean = 4.75, Standard Deviation = 0.71) is approximately the same for the
mismatched group (Mean = 4.50, Standard Deviation = 1.41). This indicates that both groups
were highly satisfied with the system regardless of their Arabic dyslexia type. As the satisfaction
scores for both groups were extremely high and there was, in effect, no opportunity to discriminate
between the satisfaction of the two groups, it cannot be concluded that matching the training
material to vowel letter dyslexia has an effect on the level of learner satisfaction. Therefore, H1.2
is rejected.

This is not the expected result. There are several reasons that could explain this:

o Convergence of learning gain scores for both groups of learners.

e Young age of learners might lead them to:

— Be unaware of to what extent the content was appropriate.
— Choose the extreme scores (Wilson and Conroy}, [1999; [Sim et al., 2006).

— Focus more on the system interface rather than its content as both groups used the same

system interface and facilities.

Finally, all learners regardless of their experimental group were highly satisfied with the system
and therefore highly motivated, engaged (Kangas et al. [2017; Alghabban and Hendley, |2020b) and

enjoyed using the system (Lin et al.,2017)). This, perhaps explains why none of the learners dropped
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voluntarily from the experiment once they had started using the system as high satisfaction leads

to continue use of the system (Chou and Chenl 2009) and indicates the system’s ease of use and

usefulness (Lin et al,, 2017). It is worth mentioning that the quantitative findings are true only

for this sample of learners and cannot be generalised due to the small sample size, therefore more
investigation is required.

5.2.4.2 Qualitative Results

The qualitative data were collected by the experimenter while observing each learner at each session

as detailed in Section 4.7. The thematic map of the observations is illustrated in Figure [5.4

Experiment Mode E-learning System

Face-to-face Mode Online Mode Emotions Opinions
{Positive effects [Negative effectsJ Practices Repetition
[Positive effects [Negative effects

Figure 5.4: Thematic Map of Observations in Experiment 1

During observation of the learners while interacting with the system, several findings were noted
in terms of experiment mode, learners and e-learning system. In terms of experiment mode,
13 learners completed the experiment in person (face-to-face mode) while the remaining three
completed the experiment remotely using Zoom Meetings (online mode). However, the online mode
affected the experiment both positively and negatively. In terms of positive effects, the learner
used the system regardless of location and time. In terms of negative effects, both the clarity
of the system’s audio and the ability to observe the learner’s facial expressions were negatively
affected. Some learners could not hear the system’s audio clearly (“The sound is not clear”, or
physically brought their ears close to the device) and the experimenter had to re-pronounce
the target word to proceed, as well as re-pronounce the positive/negative feedback. Observing the
facial expressions of some learners was also difficult for the experimenter, as the video quality for
these learners was poor which affected the observation process.

In terms of learners, a majority of them in both groups were happy and engaged each time
they started a new experimental session. They reported that the system was “better than the
textbook” and cited different reasons such as “because it has audio”, “because it has audio
and I can choose”, “I liked it because there is a challenge to win and better than the

textbook because it has audio”, “because it let me know my mistakes”. The audio feature
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was the dominant reason for their happiness and engagement towards the system. However, late
sessions were negatively affected. For instance, a learner was tired and demotivated because the
session was conducted towards the end of the school day. Another learner was not engaged because
the session took place during a school play. Further, the learners followed some practices to help
them figure out the correct answer as illustrated in Table

Table 5.4: Learner Practices in Experiment 1

Practice Matched Group | Mismatched Group
N(%) N(%)

Listening carefully to target word’s audio | 8 (100%) 7 (87.5%)

Spelling out target word (decoding the $ (100%) 7 (87.5%)

word)

Removing the short vowel of the last letter | 0 (0%) 1 (12.5%)

Using finger to spell out the target word

on the table L (12:5%) 0 (0%)

Using the displayed image 1 (12.5%) 1 (12.5%)

One learner in the mismatched group had a lack of focus and therefore read randomly as her teacher
mentioned during the interview.

In terms of the e-learning system, a number of findings were revealed. Some of them had to
do with the choices that are displayed to the learner to select from. Others had to do with the
repetition feature provided by the system and the breaks that were taken by the learner during the
session.

Choices:

o Five learners in each group insisted that their incorrect choices were correct.

e Three learners in the mismatched group and one in the matched group were able to notice
their failure in advance when they made more than two mistakes in a certain activity before
this activity ends. So, they completed the exercises by choosing quickly and randomly in

order to start afresh.
e A learner in the mismatched group focused on the points awarded and became happy and
motivated each time she gained a point for a correct choice (Dymora and Niemiec, 2019).

e A learner in the matched group faced difficulty in choosing the correct choice and complained,
“The choices are too similar”. This is true because these choices were carefully chosen to

target the vowel letter dyslexia’s symptoms as mentioned earlier in Section 5.2.

Repetition Feature: Repeating exercises is reported to be useful for learners with dyslexia (Aljojo
et al., 2018) and enhances the learner’s short-term memory (Alghabban et al. 2021). In this

experiment, none of the learners in either group was able to complete all of the eight activities at
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the first attempt. They repeated some of these activities many times until they succeeded. This
repetition had positive and negative effects as shown in Table

Further, more than half of both groups completed either six or seven reading activities within the
eight experimental sessions. However, one learner in the matched group completed only half of the
activities. This learner was exceptional as she had an additional problem that led her to lose focus

and therefore choose wrong answers.

Table 5.5: Positive and Negative Effects of Repetition Feature on Both Groups in Experiment 1

Matched Mismatched

Effect Type | Effect Group N(%) Group N(%)

Improved focus in later attempts 3 (37%) 3 (37%)
Positive Recalling mistakes and thus avoid repeat- 1 (12%) 0 (0%)

ing them

Memorising correct choices leading to re-

choosing them quickly without re-listening | 5 (62%) 3 (37%)

to the target word

Boredom which led to losing focus and

thus choosing their answers randomly-
Negative perhaps to either waste time or to win by 5 (62%) 4 (50%)

chance

Unable to complete all eight training ac-

tivities during the eight experimental ses- | 5 (62%) 5 (62%)

sions

The choices of each activity are re-ordered each time the learner restarts that activity. This ensures
that the learners did not memorise the position of the correct answers. Instead, they had to re-
read the choices to figure out the new position of the correct choice. However, a learner in the
mismatched group fell into the trap of memorising the position of the correct choice rather than
re-searching for that choice.

Breaks: A learner in the mismatched group reported “it is hard and I prefer to use paper”.
This is, perhaps, because the paper does not force her to repeat until she succeeds, as in the system.
So, she took breaks during the sessions and was agitated. She was different from others by moving a
lot and being unstable during the session and thus losing her focus. Another learner in the matched
group took a break during one of the sessions. It might be that she was tired because she had a
math session before conducting the experimental session.

To sum up, the observations revealed that the system affected learners differently regardless of their

enrolled group:

e The majority of learners were happy and engaged with the system due to its interactivity

feature. It enabled them to choose and provided them with visual and verbal feedback.
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e Learners followed different practices to identify the correct answer. The majority of them, for
instance, listened carefully to the audio of the target word while others spelt it out to decode
it.

e The majority of learners insisted on their incorrect choices being correct because they could

not figure out the problem with their choices.

e The repetition feature had two side effects. It either made the learners more focused when

solving the activity for success or it made them bored with repetition of the activity.

5.2.5 Lessons Learnt

During this experiment, several lessons were learned. Some were related to the participants while
others were related to the e-learning system.

Participants:

o Few participants were found to have either vowel letter dyslexia or short vowel dyslexia in
each school because the experiment only targeted learners in high-level grades (4th, 5th, and
6th grades). These levels were chosen because the training material included five-/six-letter
words that are more suitable for them than learners in lower levels. Thus, to increase the
number of participants, learners in low-level grades (2nd and 3rd grades) should also be
included. This will influence the training material of the system by including appropriate

words for these lower-level learners.

e Not all learners enrolled in the learning difficulty program within the school have a learning
difficulty. Some of them lack diligence while others have language problems. Therefore,
before recruiting a learner from this program, we must verify that this learner is indeed
having dyslexia.

e Similar verbal and non-verbal expressions were recorded among the participants as they
interacted with the system. Therefore, designing a checklist that includes these expressions

would simplify the observational process.

E-learning System:

¢ Repeating the same activity with the learner until they succeed was a good practice. It forced
the learner to focus more on the word they had heard in order to choose the correct answer.
Unfortunately, some learners repeated the activity several times until they got bored. In this
case, the number of repetitions should be limited or another way of re-presenting the activity

should be considered.
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Some learners repeated their incorrect choices over and over again, insisting that this is the
correct answer. Therefore, using verbal feedback that pronounces any incorrect answer will
enable the learner to listen to the correct pronunciation of their incorrect choices. This might

avoid them from re-choosing these incorrect choices and improve their reading.

Re-ordering the choices, once the activity was restarted, was a good practice. This prevented
the learner from memorising the position of the correct choice and thus choosing the position

instead of the choice.

The choices in each question were similar to the correct choice in terms of the letter identity
and positions. This approach forced the learner to think carefully, try to figure out the correct

answer and help them to distinguish between the sounds of short and long vowels.

The learner could not move to the next activity until they reached the threshold score (80%).
Further, they were forced to solve all the exercises in a given activity even if they knew
in advance that they would not reach this threshold score and would therefore restart the
activity. However, forcing learners to complete the activity, with prior knowledge of failure,
was not a good practice. Some learners preferred to randomly answer the remaining exercises

in order to restart the activity afresh. Thus, another situation should be considered.

Since the system is aimed at children, its voice has been modified to mimic a child’s voice.
Unfortunately, the intelligibility of the sound was negatively affected, which in turn negatively
affected the sound’s clarity for some of the letters within the word. So, using the original

adult voice will be better.

Using five- and six-letter words in some activities was a challenge for learners with dyslexia.
Therefore, using shorter words would be appropriate, because the main goal of the experiment
is to train learners to distinguish between the sounds of short and long vowels and not force

them to fail which may cause them to become depressed and lower their self-esteem.

5.3 Conclusion

This chapter introduced the first experiment of this research. It investigated the impact of matching

training material to Arabic vowel letter dyslexia on learner’s reading performance, satisfaction

and behaviour. A mixed-methods approach of qualitative and quantitative data was used. The

experiment was conducted with 16 learners with Arabic vowel letter dyslexia and short vowel

dyslexia. Quantitative findings showed a positive effect on learners’ learning gain and a high level

of learner satisfaction regardless of their Arabic dyslexia type. Overall, learners in both conditions

seem to learn according to their significant positive scores in learning gain and learner satisfaction.
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However, we did not find any statistically significant difference in either metric in either condition.
Qualitative findings showed that the majority of learners were happy and engaged during their
interaction with the system. In addition, learners followed some good practices to find out the
correct answer such as listening carefully to the target word and spelling it out. However, many
learners insisted on the correctness of their errorful answers and it might be beneficial to add
auditory feedback to remedy this. It was also clear that many learners had additional problems
that affected their ability to perform the experiment. The question is: what if short vowel dyslexia
was targeted instead of vowel letter dyslexia? This is what the next experiment will focus on,
taking into account the lessons learned from this experiment, which will lead to update the training

material and change some functions of the system. Details are provided in the next chapter.
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Chapter 6

Matching Training Material to
Learners with Arabic Short Vowel

Dyslexia

6.1 Introduction

Chapter 5 introduced the first experiment of this research that aimed to understand the impact of
matching training material to learners with Arabic vowel letter dyslexia on their reading perfor-
mance, satisfaction and behaviour. A complementary experiment, “Experiment Two”, was designed
and conducted. Similarly to “Experiment One”; it targeted vowel letter dyslexia and short vowel
dyslexia. However, it studied the impact of matching training material to short vowel dyslexia
(instead of vowel letter dyslexia as in Experiment One) on the learner’s learning. This chapter will

introduce this experiment and its results.

6.2 Experiment Two

Experiment Two was conducted as a pilot in order to (1) understand the impact of matching the
training material to learners with short vowel dyslexia (instead of vowel letter dyslexia) on their
reading performance, satisfaction and behaviour and (2) validate the updated version of the system
and tools used in this experiment. The training material of the DysTypeTrain system used in
Experiment One was modified to fit the aim of this experiment. It was chosen to target short vowel
dyslexia instead of vowel letter dyslexia by combining only the three essential short vowels (fat-ha
“/a/”, kasra “/i/”, dammah “/u/”), (iz ) \) in a word. It progresses from simple words (i.e.
three-letter words with only fat-ha short vowel) to advanced ones (i.e. four-letter words with a mix
of all the three short vowels) as illustrated in Table Incorrect options were carefully selected to

target short vowel dyslexia difficulties. This was achieved by choosing words similar to the correct
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answer in terms of letters and positions and differing only in the short vowels (diacritical marks)
of each letter. An example of this is shown in Figure [6.1

Table 6.1: Training Material in Experiment 2

Content
Activity Short Vowels ‘ #Letters within a word
Fat-ha ‘ Kasrah ‘ Dammah ‘ 3 ‘ 4 I
1 v v
2 v v v
3 v v v
4 v v v v
5 v v v
6 v v v v
7 v v v v v
8 v v v v v

[ Jaie 1 i [ 1]k

/- \ Correct
oo answer
A S /
3
\o /
(= 1\
2
Y
Incorrect choices / &
are similar to the . - )))
correct answer in
terms of letters \ J/
and positions. (v
They differ only in P & 2
short vowels \ ‘ : :S
(diacritical marks) .
\_ J

Figure 6.1: Example of Incorrect Choices in Experiment 2

Based on the lessons learned from Experiment One, the following updates were applied to this

experiment:

o The learner’s incorrect choice is read aloud by the system to (1) provide them with the correct
pronunciation of their incorrect choice and (2) prevent them from insisting on their mistakes

being correct.

o The repetition feature is modified. After a learner has three goes, one of the incorrect choices

will be removed so that they will have only two choices.
o The recorded audios are kept in their original (adult) voice to maintain their clarity.

e The learners recruited for this experiment are in grades from two to six.
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e The training material in Experiment One was difficult for learners with dyslexia, especially the
five- and six-letter words. Therefore, in this experiment, the training material was restricted

to three- and four-letter words.

o To simplify the observation process, two checklists were designed based on Experiment One’s

qualitative results; observed fun and observed usability checklists (see Appendices G and H).

6.2.1 Hypotheses

Two hypotheses were tested:

H2.1: Matching training material to learners with short vowel dyslexia achieves signif-

icantly greater learning gain compared to learners with vowel letter dyslexia.

H2.2: Matching training material to learners with short vowel dyslexia achieves signif-

icantly greater learner satisfaction compared to learners with vowel letter dyslexia.

6.2.2 Procedure

This experiment followed the same procedure as Experiment One as described in Section 5.2.2.
This experiment targets short vowel dyslexia and thus the matched (experimental) group includes
learners with Arabic short vowel dyslexia while the mismatched (control) group includes learners
with Arabic vowel letter dyslexia. Additionally, during the observation process, learner’s fun and
usability of the system were observed and the corresponding checklists were filled in. These were
observed to determine whether the learners were motivated as they interacted with the system and
to capture what worked and what did not work in the system. Other issues were also recorded.
More details are available in Section 6.2.4.2.

6.2.3 Participants

Twenty-three female learners, already diagnosed with Arabic dyslexia, were recruited from different
primary schools in Riyadh, Kingdom of Saudi Arabia (KSA). The age of the learners was from 7 to
11 years (Grades two, three, four and six) (see Figure . All learners have previous experience
using electronic devices. Learners were assigned to either the mismatched group (n = 10) or the
matched group (n = 13). There was no statistically significant difference in the initial reading skill
level (measured by the pre-test) between the two groups. Fourteen out of 23 learners completed
the experiment in school. Eight other learners completed it remotely via Zoom Meetings due to
school closures (COVID-19). The remaining learner did not complete the experiment because the
experimenter could not reach their contact number to conduct the experiment remotely. Therefore,
the sample size dropped to 22 learners who completed the experiment with nine learners in the

mismatched group and 13 in the matched group.
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ARABIC DYSLEXIA TYPE

8 years
55%

Figure 6.2: Demographic Information of Participants in Experiment 2

6.2.4 Results and Discussions

The groups of learners were homogeneous in terms of initial reading level and age. The learners
were in the second, third, fourth and sixth grades. The mean age of the matched group was 8.69
(Standard Deviation = 1.18) whereas for the mismatched group it was 8.44 (Standard Deviation
= 0.73). The learners were encouraged to take part in the experiment to improve their reading.
Quantitative and qualitative results are detailed below.

6.2.4.1 Quantitative Results

The pre- and post-test and the learner satisfaction scores were collected to measure both the
learning gain and learner satisfaction. Table [6.2] illustrates the mean and standard deviation of
these data.

Table 6.2: Means and Standard Deviations (SD) of Pre- and Post-Test, Learning Gain (LG) and
Learner Satisfaction (LS) Scores for Both Groups in Experiment 2

Pre-test Post-test LG LS
Mean ‘ SD | Mean ‘ SD | Mean ] SD | Mean ‘ SD

Matched Group 13| 3.38 | 1.76 | 7.54 | 2,57 | 4.15 | 2.38 | 4.92 | 0.28
Mismatched Group | 9 2.89 | 252 | 844 | 181 | 5.56 | 1.74| 5.00 | 0.00

Group N

Learning Gain. Hypothesis H2.1 was tested in this experiment. Similarly to the results of
Experiment One, Figure[6.3]shows that the mean learning gain of both the matched and mismatched

groups was positive. Again, this:

o Indicates that the reading of both groups improved regardless of their Arabic dyslexia type.

e Suggests that the system and the training material were effective and the learner’s learning

was enhanced.

However, it should be noted that the learners were also taking conventional lessons over the period
of the experiment, therefore we should be cautious in drawing any conclusion. It also should
be noted that Arabic societies speak different Arabic dialects. Some of these dialects are close to

Modern Standard Arabic while others are far, which may affect the manifestation of Arabic dyslexia
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Mean of pre-test, post-test and LG of both groups in Experiment 2

M Pre-test Post-Test Learning Gain
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

0.00
Mismatched Group Matched Group

Figure 6.3: Means of Pre- and Post-Test and Learning Gain Scores of Both Groups in Experiment
2

(AlRowais et al., 2013)) and therefore the reading of the learners. Also, Modern Standard Arabic is

the Arabic language version that was used in the system as the training material was chosen from
the academic textbooks of Saudi primary school (which are written in Modern Standard Arabic).
The mean learning gain score of the mismatched group was higher than that of the matched group.
We cannot, therefore, conclude that matching learning material to short vowel dyslexia enhances
the learner’s learning. Hypothesis H2.1 is, therefore, rejected. Like Experiment One, this is not
the expected result. It may be that this is just a consequence of the small number of experimental
subjects and that repeating the experiment with a larger number of learners would produce a
different result. Alternatively, the control group (learners with vowel letter dyslexia) did not have
a problem with the skill targeted in this experiment (reading words with only short vowels), because
they have a problem with another higher-level skill. The assumption of the experimental design
was that learners with vowel letter dyslexia would not benefit significantly from learning targeted
at learners with short vowel dyslexia (since this is not a difficulty for them). So, the learners in the
control group would acquire this skill more quickly than those learners for whom it would represent

a greater challenge. Similarly to Experiment One, these findings contradict those of (Alghabban

land Hendley| 2020al). This may be due to several reasons which are detailed in Section 6.3.

Learner Satisfaction. Learner satisfaction was measured for both groups by asking the partic-
ipants for their opinions of the system (see Appendix E). Like Experiment One, the mean learner
satisfaction score for the matched group (Mean = 4.92, Standard Deviation = 0.28) is approx-
imately the same for the mismatched group (Mean = 5.00, Standard Deviation = 0.00). This
indicates that both groups were highly satisfied with the system regardless of their Arabic dyslexia

type. As the satisfaction scores for both groups were extremely high and there was, in effect, no
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opportunity to discriminate between the satisfaction of the two groups, it cannot be concluded
that matching the training material to short vowel dyslexia has an effect on the level of learner
satisfaction. Therefore, H2.2 is rejected.

This is not the expected result. There are several reasons that could explain this:

o Convergence of learning gain scores for both groups of learners.

e Young age of learners might lead them to:

— Be unaware of to what extent the content was appropriate.

— Choose the extreme scores (Wilson and Conroyl (1999} |Sim et al, 2006).

— Focus more on the system interface rather than its content as both groups used the same

system interface and facilities.

Similarly to Experiment One, all learners regardless of their experimental group were highly satisfied

with the system and therefore highly motivated, engaged (Kangas et all 2017; |Alghabban and

Hendley|, [2020b) and enjoyed using the system (Lin et al., 2017)). This, might explain why none

of the learners dropped voluntarily from the experiment once they have started using the system

as high satisfaction leads to continue using the system (Chou and Chen| [2009)) and indicates the

system’s ease of use and usefulness (Lin et al., 2017). Again, the quantitative findings are true only

for this sample of learners and cannot be generalised due to the small sample size.

6.2.4.2 Qualitative Results

The qualitative data were collected by the experimenter while observing each learner at each session.

The thematic map of the observations is illustrated in Figure

Experiment Mode E-learning System

Face-to-face Mode Online Mode Observed Fun Practices Observed Usability Negative Feedback

/\

Positive effects] [Negative effects

Repetition

A/\A

Positive effectsJ [Negative effects

Figure 6.4: Thematic Map of Observations in Experiment 2

Again, the observations were categorised into experiment mode, learners and e-learning system. In
terms of experiment mode, six learners of the mismatched group and eight learners of the matched
group completed all their eight experimental sessions in person (face-to-face mode). Whereas,

three learners of the mismatched group completed only the first two sessions in person while the
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remaining sessions were completed remotely via Zoom Meetings (online mode) and five learners of
the matched group completed all of their eight experimental sessions remotely. However, conducting
the experiment remotely had positive and negative effects. In terms of positive effects, the learner
can conduct the experiment from anywhere, at any time without being restricted to school day and

classes. In terms of negative effects, the online mode affected the:

o Ability to observe the learner’s facial expressions: The facial expressions of some learners was
difficult for the experimenter to observe, because the quality of video calling for these learners

was poor and thus affected the observation process.

o Clarity of the system’s audio: The system’s audio was not clear to some learners (“I cannot
hear the sound”, so the experimenter had to repeat it (whether the target word or the

positive/negative feedback).

o Clarity of the system choices: The size of the short vowels in the choices was too small (“The
choices are all the same”) so the experimenter had to enlarge the screen to make them

clearer. Probably because the learners were using smartphones instead of a laptop.

In terms of learners, their fun was observed and a checklist was filled during the first experimental
session. Table illustrates that the majority of learners in both groups were happy and engaged

(“The game is nice”). This is might be due to these reasons:

o The system used a training strategy different from that of their teachers (either in the class-
room or in their personal sessions) and therefore this strategy captured the learner’s interest.
e The interactive feature of the system- such as feedback, on-demand audio playback of the
target word and displaying the overall progress- is missing from the textbooks and thus also

captured the learner’s interest.

Table 6.3: Observed Fun Results of Experiment 2

Tl Engaged | Bored Happy Sad Compliment | Criticism
° N%) | N%) | N®%) | N%) || N@%) N(%)

Matched

Gfoﬁpe 9(69%) | 0(0%) 8(62%) | 0(0%) 10(77%) 0(0%)

Mi tched

Giii?ﬁ T 889%) | 000%) || T(78%) | 000%) | 8(89%) 0(0%)

Furthermore, the learners followed some practices to help them figure out the correct answer as
illustrated in Table [6.41
In terms of the e-learning system, a number of findings were revealed. Some of them were related

to its usability while others to the repetition feature and negative feedback from the system.
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Table 6.4: Learners Practices in Experiment 2

Practice Matched Group | Mismatched Group
N(%) N(%)

Listening carefully to target word’s audio

to discriminate between the short vowels 11 (84.6%) 7 (T7.8%)

Re-playing the target word more than 6 (46.2%) 5 (55.6%)

once

Spelling out target word either aloud or

by whispering (decoding the word) 8 (61.5%) 8 (88.9%)

Identlf.ylng the c'orrect @nswers by pattern 1(07.7%) 2 (22.2%)

matching in a given activity

Thinking then choosing 3 (23.1%) 2 (22.2%)

Observed Usability. The usability of the system was determined by observing the learner’s
interaction with the system and the checklist was filled out during the first experimental session
without helping the learner in using the system (Ismail et al. 2011). Table shows that the
image, text and buttons were clear for all learners in both groups whereas audio was not clear for
some of them because they conducted the experiment remotely, as mentioned earlier. Additionally,
the majority of learners understood the buttons’ roles and system feedback and did not have to
return to the previous page to correct their actions. However, the experimental instructions in the
first session might be unclear to some learners which affected their interaction with the system as
illustrated in the last row of Table So, later on, the instructions were further clarified to help

learners to proceed with the experiment.

Table 6.5: Observed Usability Results of Experiment 2

H Usability Issue H Matched Group N(%) ‘ Mismatched Group N(%) H
Is sound clear? 8(62%) 7(78%)
Is image clear? 13(100%) 9(100%)
Is text clear? 13(100%) 9(100%)
Choosing correct buttons? 13(100%) 9(100%)
Knowing what is going on? 11(85%) 9(100%)
Not going back? 13(100%) 9(100%)
Knowing what to do? 6(46%) 8(88%)

Repetition Feature. All learners of the mismatched group and 12 learners of the matched group
completed all of the eight reading activities within the eight experimental sessions. The remaining
learner of the matched group completed only seven instead of eight as one activity spanned over
two sessions. This learner has various problems such as slow reading, severe reading difficulty
(difficulties with letter recognition and inability to blend the phoneme of letters to form a word),
choosing quickly and randomly and problems with concentration. While working with these ac-

tivities, the learner either completed the activity on the first attempt or repeated it several times
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until successful. Repeating the activity positively affected four learners of the mismatched group
and two of the matched group by increasing their focus on the target word.

Negative Feedback. Two learners of the mismatched group did not like the system to spell out
their mistakes when the negative feedback was launched. Therefore, they skipped to the next
exercise. In the matched group, only one learner did that. This learner had difficulties such as
hyperactivity and problems in concentration.

Generally, the observations exposed that:

o Both face-to-face and online modes have pros and cons in terms of observation, system audio

and experiment time and location.
e The majority of learners in both groups were happy and engaged with the system.

o Different practices were followed by the learners to figure out the correct answer such as

re-playing the target word to identify its phonemes.
e The system was usable and understandable.
e The repetition feature increased the learner’s focus to choose correctly.

o A minority of learners did not like their mistakes to be highlighted and skipped to the next

exercise.

6.3 Experiments One and Two Discussion

Experiments One and Two are complementary. Both (1) targeted learners with Arabic vowel letter
dyslexia and short vowel dyslexia in Riyadh primary schools, (2) used the matched /mismatched ex-
perimental design, (3) collected quantitative and qualitative data, (4) followed the same procedure,
(5) measured the learning gain, learner satisfaction and behaviour and (6) validated the system and
the tools. The results of these experiments were similar and there was no statistically significant
difference in learning gain and learner satisfaction between the control and experimental groups.
However, these results are in conflict with the results of (Alghabban and Hendley, 2020a,b)) which
also targeted Arabic dyslexia types and measured the same quantitative measurements. This may
be due to the differences between them as shown in Table [6.6]

Therefore, these issues should be considered in the third experiment:

e Experiment Location: Due to the COVID-19 pandemic, all schools in KSA were closed
and the teaching was conducted online. So, the third experiment must be conducted remotely

with learners regardless of their location in KSA.

e« Number of Participants: Regarding the previous point, the experiment can be conducted

at any time during the day outside the school schedule. In other words, we do not have
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Table 6.6: Comparison Between Our Experiments and (Alghabban and Hendley, 2020alb) Ex-

periment
(Alghabban and
Issue Our Experiments | Hendley, 2020a,b) | Discussion
Experiments
Location could affect the experiment
Experiment results as dyslexia is sensitive to lan-
Location Riyadh, KSA Jeddah, KSA guage and dialects. Riyadh and Jed-
dah are the biggest cities in KSA with
extreme differences in dialects.
Number  of The more participants recruited, the
Participants 16 and 22 4 more significant results can be found.
Experimental | Matched/  Mis- | Adaptive/ Non- | Experimental design could also affect
Design matched adaptive the experiment results.
Repeating exercises enhances learn-
Repetition Available NA ing. Therefore, repetitign enl.lar.lced the
Feature learning of both groups in a similar way
and did not yield significant results.
Our experiments targeted vowel let-
ter dyslexia which is common in prac-
tice and is known as an Arabic
dyslexia type in the literature (Fried-
Arabic Vowel ‘ Letter Letter Position | Han and Haddad.—H'anna, 2014) while
Dyslexia Dyslexia and Dyslexia and Vowel short'vowel dy.slexm is not k'nown as an
Type Short ‘ Vowel Letter Dyslexia Ara'blc dyslexia type. Unlike the ex-
Dyslexia periments of (Alghabban and Hendley,
2020aljb) which targeted letter position
dyslexia and vowel letter dyslexia, Ara-
bic dyslexia types known in the litera-
ture, and also common in practice.

to be restricted to the school day anymore. This provides more sessions during the day for
the experiment to be conducted in and therefore, more learners can participate in the third

experiment.

o Experimental Design: The previous experiments were designed using the matched/ mis-
matched approach in which only one Arabic dyslexia type was targeted in the training material
in each experiment. That is why the second experiment complemented the first by targeting
the other Arabic dyslexia type in the training material. So, the third experiment will be
designed using an adaptive/non-adaptive approach to target two Arabic dyslexia types in
the training material at the same time without the need to conduct another complementary

experiment.

e Repetition Feature: Repetition of exercises enhances the learner’s learning. This means
that once the exercises were repeated in the previous experiments, the learning gain scores

for both groups improved similarly which may have resulted in no significant difference being
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found between the two groups. So, this feature will be removed in the third experiment.

o Dyslexia Type: Dyslexia reading difficulties (Arabic dyslexia types) reported in the lit-
erature (Friedmann and Haddad-Hannal 2014) did not exactly match the practice and vice
versa. Letter position dyslexia was reported as common in the literature while not found in
practice and short vowel dyslexia was found to be common in practice but not reported in
the literature. Therefore, we need to understand dyslexia difficulties in practice from the per-
spective of experts to find the common Arabic dyslexia type to replace short vowel dyslexia.

Once we find it, the third experiment will target it along with vowel letter dyslexia.

6.4 Conclusion

This chapter introduced the second experiment of this research. It is complementary to Exper-
iment One presented in Chapter 5. It investigated the impact of matching training material to
Arabic short vowel dyslexia on learner’s reading performance, satisfaction and behaviour. A mixed-
methods approach of qualitative and quantitative data was used. The experiment was conducted
with 22 Arabic learners with vowel letter dyslexia and short vowel dyslexia. Similarly to Experi-
ment One, the quantitative findings showed a positive effect on learners’ learning gain and a high
level of learner satisfaction regardless of their Arabic dyslexia type. Qualitative findings showed
that the majority of learners were happy and engaged during their interaction with the system.
In addition, learners followed good practices to figure out the correct answer such as decoding the
target word and re-listening to it. Also, it was clear that one learner had additional problems that
affected their ability to complete all sessions. From the results of Experiments One and Two, it
appears that the learners in both conditions learn according to their significant positive scores in
learning gain and learner satisfaction which are in line with the findings of (Alghabban and Hend-
ley, 2020alb). However, we did not find any statistically significant difference in either metric in
either condition and therefore contradicts the findings of (Alghabban and Hendley}, 2020alb).
Various issues could explain this situation; the experiment location, number of participants, ex-
perimental design, repetition feature and Arabic dyslexia type. So, the third experiment will
consider these issues by (1) conducting the experiment remotely to eliminate location restrictions,
(2) increasing the number of participants, (3) using an adaptive/non-adaptive experimental design
approach, (4) removing the repetition feature and (5) understanding dyslexia reading difficulties in
practice from the experts’ (special education teachers) perspective and combining it with literature
(Friedmann and Haddad-Hannal, 2014)) to find an Arabic dyslexia type common in practice. To
implement the last issue, an exploratory questionnaire was designed and published among special

education teachers. More details are available in the next chapter.
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Chapter 7

Understanding Dyslexia From

Teachers’ Perspective

7.1 Introduction

Chapters 5 and 6 presented the first two experiments of this research, respectively. They targeted
learners with Arabic short vowel dyslexia and vowel letter dyslexia. The results of these experiments
were not statistically significant. These experiments were built on our understanding of learners
with Arabic dyslexia from literature which unfortunately did not match practice, as was the case
with letter position dyslexia (Friedmann and Haddad-Hannal, 2014]). Likewise, what we found in
practice did not actually match the literature, as was the case with short vowel dyslexia. So, in
addition to our understanding of the literature, we need to build an understanding of the difficulties
that frequently occur among learners with Arabic dyslexia in practice from the perspective of special
education teachers and find another common Arabic dyslexia type. This will lead to combining
literature and practice which in turn will refine our approach in the last experiment. Therefore, a
questionnaire was designed and published to special education teachers, who are experts in the field,
to build this practical understanding from their point of view and on the basis of their experience.
This chapter presents the objectives of the questionnaire, its design, the methodology followed and

discussion of the results.

7.2 Design

To design an effective questionnaire, we must (see Figure [7.1]):

e Determine the objectives of the questionnaire.
e Specify the respondents.

e Formulate the questions.
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e Order these questions.
o Pilot the questionnaire.

e Refine and produce the final version of the questionnaire.

Determine Order Questions Pilot
Objectives Questionnaire

Produce Final

Refine
Questionnaire

Formulate
Questions

Specify
Respondents

Version of
Questionnaire

Figure 7.1: Design Steps of Questionnaire

7.2.1 Objectives

This questionnaire aimed to understand the difficulties faced by learners with Arabic dyslexia in

Saudi schools (in practice) from the perspective of special education teachers through:

o Discovering the common reading and non-reading difficulties among learners with Arabic

dyslexia.

o Determining the common Arabic dyslexia types (Friedmann and Haddad-Hanna, 2014) among

learners with Arabic dyslexia in Saudi schools.

e Searching for justifications for the frequency of letter position dyslexia in Jeddah city and
their infrequency in Riyadh city.

o Finding evidence for the prevalence of vowel letter dyslexia and short vowel dyslexia among

learners with Arabic dyslexia in Saudi schools.
o Identifying teaching strategies that worked well with learners with Arabic dyslexia.

e Determining the technical features that special education teachers suggest to include or avoid

in the design of the interactive educational tool.

7.2.2 Respondents

The best respondents to this questionnaire to achieve its objectives are special education teachers.
They teach learners with Arabic dyslexia in individual sessions in which they give the learner their
full attention. So, they are able to determine the difficulties of the learners from which Arabic
dyslexia types can be identified. Also, these teachers are able to identify the teaching strategies

that have worked well with these learners.
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7.2.3 Questions Formulation

While formulating the questions; we have taken into account the objectives of the questionnaire,
the simplicity of the questions, the type of question and the first language of the respondents.

In terms of questionnaire objectives, the questions are formulated to achieve them. There are
questions about the reading problems and non-reading problems that learners with Arabic dyslexia
may encounter in practice. Questions about reading problems were actually descriptions of Arabic
dyslexia types. Keywords for Arabic dyslexia types were not used because they are often used by
researchers and are not used or known by teachers who are the respondents to the questionnaire.
This is to make the question wording familiar to these respondents. Questions about teaching
strategies that worked well with these learners were also included. Some teaching strategies require
the use of technology, so questions about the technical features that can be included/avoided in
the design of interactive educational tool have been included.

In terms of question simplicity, one question was asked at a time to make it brief. For instance,
“Please list three common reading difficulties you have encountered among learners
with dyslexia.”. Negative expressions have also been avoided to simplify the question.

In terms of question type, questions can be either open-ended or closed. In open-ended questions,
the respondents can answer freely using their own words, such as “Why do you think these
are the most common reading difficulties from your perspective?”. In closed questions,
pre-coded answers must be prepared from which the respondents can choose, such as “During
your teaching journey, have you ever encountered any students with dyslexia? (Yes,
No)”.

Finally, the questionnaire was written in Arabic because it is the first language of special education
teachers.

The questionnaire was designed with 40 questions which were divided into three sections: the de-
mographic section (with nine questions), the dyslexia section (with 22 questions) and interactive
educational tool section (with nine questions). The demographic section collected demographic in-
formation about the special education teachers such as academic level, gender and years of teaching
experience. The data collected from this section can be used to analyse the data using different
criteria such as gender and city. The dyslexia section explored the common dyslexia reading and
non-reading difficulties of learners with Arabic dyslexia in the Kingdom of Saudi Arabia (KSA), the
teachers’ explanation for their frequency and the teaching strategies that improved their reading
from the special education teachers’ perspective. The interactive educational tool section discov-
ered the features that special education teachers suggest adding and avoiding in the design of the

interactive educational tool, the justifications for their suggestions and the teaching strategies that
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they propose to include in the design of such a tool.

7.2.4 Questions Ordering

The questionnaire was ordered starting with the demographic section as it checks whether the
respondent is a special education teacher. If not, they will be excluded and the questionnaire
will be terminated. The dyslexia section, rather than the interactive educational tool section, was
chosen as the second section for these reasons; (1) it contains another filtering question that only
accepts the special education teachers with experience in teaching learners with Arabic dyslexia
while others are excluded and (2) it contains questions that begin with an understanding of the
difficulties faced by learners with Arabic dyslexia and end with questions about different teaching
practices that have been used and worked well for them.

7.2.5 Questionnaire Piloting

After preparing the questionnaire, it was piloted (pre-tested) with a small number of Saudi special
education teachers. This was to validate the questions and options, make sure they are clear and
understandable and to increase the accuracy of responses. If not, the questions and/or options are
modified. To do so, both criticisms and responses from special education teachers were collected.
Teachers were asked (1) to read the questions to criticise them and (2) to answer the questionnaire
as respondents which then were analysed to pick up any misunderstood questions.

Respondents

Eleven Saudi special education teachers (eight females and three males) participated in the pilot
phase. Figure [7.2] illustrates their demographic information.

ACADEMIC LEVEL GENDER YEARS OF TEACHING EXPERIENCE cITy

N

EDUCATIONAL STAGE TEACHING GRADES TAUGHT IN OTHER CITIES

Figure 7.2: Demographic Information of Special Education Teachers in The Pilot Phase

Method
To pilot the questionnaire, the next steps were followed (see Figure [7.3):
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1. Take a consent from the 11 special education teachers to participate in the pilot phase.
2. Send the questionnaire in the form of a MS Forms link to them via WhatsApp.
3. Collect their data (in the form of responses).

4. Take general comments about the questionnaire from each special education teacher along

with detailed comments on each question.
5. Review the comments and the data collected from the questionnaire.
6. Revise the questions and the options of the closed questions based on the results of Step 5.

7. Produce the final version of the questionnaire.

Send the Collect SPETs'
Take consent . .
from SPETs guestionnaire responses and
link to the SPETs comments
Produce final Revise the Review the
X . . comments and
version questionnaire

the responses

Figure 7.3: Framework of Pilot Phase

Results

The results of the pilot phase are categorised into: questionnaire length, general comments, detailed
comments and special education teachers’ responses and overall results.

Questionnaire length: The special education teachers were asked about the appropriateness of the
questionnaire length. 40% of them claimed that the questionnaire was long while 60% claimed that
the length was appropriate.

General comments: General comments were taken from the special education teachers about the
questionnaire. The positive comments are that the questionnaire was (1) very detailed, (2) (“per-
fect and complete”), (3) clear (“I was able to answer the questions”), (4) appropriate for
everyone, (5) (“good and the sections are excellent”) and (6) reflected what is in the field.
The negative comments along with our comments are illustrated in Table [7:1]

Detailed comments and special education teachers’ responses: Comments on each question were
taken from special education teachers and their responses were analysed to capture the unclear and

misunderstood questions and/or options. This resulted in the following updates:

« Demographic Section: All questions of the demographic section were clear and no updates
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Table 7.1: Special Education Teachers’ Negative Comments on The Questionnaire

Special Education Teachers’” Negative
Comments

Our Comments

Some questions are similar (repeated).
So, rephrasing could be an option.

Some questions were asked twice; One was closed
while the other was open-ended. The closed ques-
tion provided predetermined options from which
the teacher had to choose while the open-ended
question gave the teacher space to answer freely.
The two questions were identical so that the teacher
knew we want a different answer from the previous
options.

A lot of questions to complete.

To collect information as much as possible.

Merge each question with its “WHY?”
to decrease the length of the question-
naire.

Splitting such questions into two parts will force
the special education teacher to answer both parts
by providing two answer boxes.

Repeat some questions in a different
form to check the reliability of the an-
SWerSs.

This will increase the size of the task and will result
in an insufficient number of responses.

were needed.

e Dyslexia Section:

— Three questions were modified by either changing keywords or adding more explanation.

— The options of another three questions were updated by either adding more options or

splitting a current option into two.

— One question was deleted and another was added.

e Interactive Educational Tool Section:

— One question was rephrased.

— The options of another question were updated by adding more options.

Overall Results:. Eleven modifications were applied to the initial version of the questionnaire based

on feedback (see Table[7.2)). The details of these modifications are available in Appendix 1.

Table 7.2: Number of Questions in The Questionnaire Affected by The Pilot Results

Questionnaire Section Number of Questions H
Deleted | Added ‘ Rephrased | Total
Demographic 0 0 0 0
Dyslexia 1 1 6 8
Interactive Educational Tool 0 0 2 2
Ending 0 1 0 1
Total 11
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7.2.6 Questionnaire Final Version

Based on the pilot results, the final version included 41 questions instead of 40 as in the initial

version (Appendix J):

e« Demographic Section: this section contained nine demographic questions about the special
education teachers such as academic level, gender and years of teaching experience. It, also,

verified that the person responding to the questionnaire is a special education teacher.

e Dyslexia Section: this section contained 22 questions to determine the common reading
and non-reading difficulties that learners with Arabic dyslexia face and how the likelihood
that their dialect or their first (non-Arabic) language affects their dyslexia. It, also, verified

that the special education teacher had encountered dyslexia during their teaching journey.

e Interactive Educational Tool Section: this section contained nine questions to identify
any technical features that special education teachers suggest to either include or avoid in

the design of interactive educational tool.

e Ending Section: this section contained a single ending question to give the special education

teacher the opportunity to add anything they think is important and not covered.

7.3 Data Collection

The questionnaire was sent in the form of a MS Forms link to special education teachers via
WhatsApp, Telegram and Twitter. Two hundred and sixty-three participants responded to the
questionnaire. They went through two filters to ensure that the questionnaire was answered by the
correct participants (special education teachers who have taught learners with Arabic dyslexia).

These filters were (see Figure [7.4)):

e Are you a special education teacher? This question was used to extract only the special
education teachers and enable them to continue with the questionnaire. Only 157 out of 263

respondents were special education teachers.

e During your teaching journey, have you ever encountered any students with dyslexia? This
question was used to extract only the special education teachers who have taught learners
with dyslexia. Only 101 special education teachers had actually taught learners with dyslexia

and were able to complete the whole questionnaire.

So, 101 special education teachers whose data was collected and analysed. Figure illustrates

their demographic information.
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263 Participants

Filter 1

Are you a SpET?

l[ 106 participants were excluded ]

157 SpETs

Filter 2 i

During your teaching journey, have you ever
encountered any students with dyslexia?

[ 56 SpETs were excluded

101 SpETs who taught learners with

Arabic dyslexia

Figure 7.4: Filters Applied to Responses to Exclude Noise

7.4 Results and Discussions
The questionnaire contained both closed and open-ended questions. The closed questions were

analysed using IBM SPSS Statistics software. The open-ended questions were analysed manually

using Thematic Content Analysis (Braun and Clarke, 2006). The results of the analysis are clas-

sified into common dyslexia reading difficulties, common dyslexia non-reading difficulties, dyslexia
difficulties suggested to be targeted by special education teachers, teaching strategies, interactive
educational tool and additional findings. Each class is presented below. It should be noted that
we discarded responses that were either empty or “I do not know” responses.

7.4.1 Common Dyslexia Reading Difficulties

The common dyslexia reading difficulties were explored, from the special education teachers’ per-

spective, by:

o Listing four common dyslexia reading difficulties plus an “other” option (see Table [7.3).

o Giving the opportunity to add any other common dyslexia reading difficulty they encountered

among their learners.

The special education teachers’ responses to the common dyslexia reading difficulties list is given in

Table [7.3] Vowel letter dyslexia is the most common dyslexia reading difficulty, followed by letter

position dyslexia (which is inline with (Friedmann and Haddad-Hannaj, 2014)) and finally short

vowel dyslexia.

134



ACADEMIC LEVEL GENDER YEARS OF TEACHING
EXPERIENCE Qassim
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5%
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87%

EDUCATIONAL STAGE TEACHING GRADES

Figure 7.5: Demographic Information of Special Education Teachers in The Exploratory Ques-
tionnaire

Table 7.3: Common Dyslexia Reading Difficulties From Special Education Teachers’ Perspective

H Common Dyslexia Reading Difficulties ‘ Percent of Responses ﬂ

Difficulty 1: Migrating the letters within a word
that results in a known word. E.g. reading the 78.2%
word “Ya’mal” as “Ya’lam”.

Difficulty 2: Migrating the letters within a word
that results in a non-word. E.g. reading the word 64.4%
“Yahmel” as “Yamhel”.

Difficulty 3: Substitute a short vowel with an-

other short vowel. E.g. reading the word “kotob” 69.3%
as “katab”.

Difficulty 4: Substitute a long vowel with a short

vowel and vice versa. KE.g. reading the word 84.2%
“Katab” as “Kaateb”.

Other Dyslexia Reading Difficulties. 6.9%

However, 6.9% of the special education teachers chose the “other” option and added these dyslexia

reading difficulties:

e Reading letters individually without blending their phonemes to form the whole word.
o Difficulty in spelling.

o Mixing between letter phonemes.

e Adding, substituting and deleting letters within a word.

e Changing a word to its synonym: reading by meaning.

« Difficulty in reading syllables that have a Sakin letter. A Sakin letter is a letter with a Sukun

diacritic (°) which indicates an un-vowelised letter (Abandah et al., [2015]), such as the letter
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“s”, in the word “c” illustrated in Table

In KSA, male teachers teach male learners and female teachers teach females. Therefore, the special
education teachers’ gender (male and female) was considered and their responses were re-analysed
(see Table giving consistent results with those shown in Table where vowel letter dyslexia is
the most common reading difficulty followed by letter position dyslexia then short vowel dyslexia.
The same was found when considering the two largest Saudi cities: Riyadh and Jeddah (see Table

7.5).

Table 7.4: Common Dyslexia Reading Difficulties From Special Education Teachers’ Perspective
Based on Gender

Percent of Male | Percent of Female

Dyslexi ing Difficulti
Common Dyslexia Reading Difficulties Responses Responses

Difficulty 1: Migrating the letters within the word
that result to a known word. E.g. reading the | 73.33% 79.07%
word “Ya’mal” as “Ya’lam”.

Difficulty 2: Migrating the letters within the word
that result to a non-word. E.g. reading the word | 46.67% 67.44%
“Yahmel” as “Yambhel”.

Difficulty 3: Mixing short vowels only. E.g. read-

ing the word “kotob” as “katab”. 66.67% 69.77%
Difficulty 4: Mixing between long and short vow-

els. E.g. reading the word “Katab” as “Kaateb”. S0 B
Other Dyslexia Reading Difficulties. 6.67% 6.98%

Table 7.5: Common Dyslexia Reading Difficulties From Special Education Teachers’ Perspective
Based on City

Percent of Riyadh | Percent of Jeddah

Common Dyslexia Reading Difficulties Responses Responses

Difficulty 1: Migrating the letters within the word
that result to a known word. E.g. reading the | 80.35% 80.00%
word “Ya’mal” as “Ya’lam”.

Difficulty 2: Migrating the letters within the word
that result to a non-word. E.g. reading the word | 67.86% 70.00%
“Yahmel” as “Yamhel”.

Difficulty 3: Mixing short vowels only. E.g. read-

ing the word “kotob” as “katab”. 75.00% 60.00%
Difficulty 4: Mixing between long and short vow-

els. E.g. reading the word “Katab” as “Kaateb”. e 0007
Other Dyslexia Reading Difficulties. 5.36% 10.00%

The justifications given for these choices were analysed and coded manually, giving a total of 123
responses. Forty-six were discarded. The remaining 77 were categorised into: student (53.25%),
teachers and teaching (15.58%), reading (23.38%), parents (5.19%) and other (2.60%). In terms

of students, a group of teachers claimed that developmental problems, poor attention, focus loss,
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problems in visual discrimination and visual perception cause reading difficulties. In terms of
reading, student’s lack of reading training and their rushing to read were common reasons given.
Other teachers mentioned that possible reasons are teacher neglect, teacher’s lack of familiarity
with dyslexia and poor foundation and teaching. Further, parents were reported as affecting
their children’s reading ability by their neglect, and by not correcting their children’s mistakes.
Sometimes delays in intervention and problem identification were raised.

As mentioned earlier, special education teachers reported other common dyslexia reading difficulties
they have encountered. The responses were analysed and coded manually, giving a total of 241
responses. Forty-six were discarded. The remaining 195 responses were categorised into letter,
word and sentence level difficulties. In terms of letter level, there was a variety of problems such
as pronouncing the name of the letter instead of its phoneme and difficulty in identifying letters.
Most of the special education teachers’ responses regarding the word level were symptoms of visual
dyslexia. These were adding (4.62%), deleting (14.36%) and substituting letters (consonants not
vowels) within a word (17.44%) giving a total of 36.41% of the reading difficulties. Finally, at the
sentence level, lack of fluency was the dominant dyslexia reading difficulty given. It is obvious
that the most common dyslexia reading difficulty from the special education teachers’ perspective
is visual dyslexia. However, this conflicts with (Friedmann and Haddad-Hanna, 2014)) where visual
dyslexia is not common. This could be because the research was conducted in a different Arab
country (Palestine) from the one in this research (KSA) with different dialects (AlRowais et al.,
2013)). Again, the special education teachers justified their choice in 115 reasons. Sixty-two of
them were discarded. The remaining 53 were analysed and coded manually into teaching, student,
reading, parents and others. 20.75% of these reasons were about the teaching itself. For instance,
using inappropriate teaching strategies and a lack of early intervention. In terms of the student,
some of the teachers’ justifications include student’s developmental problems, genetic origin and
lack of diligence. Justifications in terms of the reading and parents category include a lack of
reading and parental interest and unwillingness to enroll their children into the learning difficulty

program.

Dialect /First non-Arabic Language

Arabic societies speak different dialects: Najdi, Hijazi, Bedouin, Syrian, etc. Some of these dialects
pronounce some of the Arabic letters differently such as pronouncing “Thal” as “Dal” while others
migrate letters within the word such as pronouncing “Melagah” as “Maalagah” Therefore, the
special education teachers were asked to what extent they agree that the dialect of learners with
Arabic dyslexia affects their reading. As shown in Figure 54.45% of the special education

teachers agreed that dialect affected dyslexia reading while 45.54% disagreed. (AlRowais et al.
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2013)) reported that dyslexia is affected by Arabic culture and dialects.

How strongly do you agree on that the dialect affects the reading of
Learners with Arabic Dyslexia?

M Percent of SpETs' Opinions
45.00%
40.00%

0,
35.00% EEEY

36.63%

30.00%
25.00%
20.00%
15.00%
10.00%

14.85%
5.00% 8.91%
0.00%

Strongly Disagree Disagree Agree Strongly Agree

Figure 7.6: How Do Dialects Affect Individuals with Dyslexia From Special Education Teachers’
Perspective?

Then, teachers were asked to determine the dialects that they believed either affected or did not
affect dyslexia reading. Their responses are illustrated in Table [7.6] A majority of the special
education teachers agreed that the Saudi dialects generally affect dyslexia reading especially the
Bedouin dialect.

In addition, some learners with Arabic dyslexia, who study in KSA, are Saudis by nationality but
not by origin. They may came from other Arab countries (e.g. Syria and Egypt) or from non-Arab
countries (e.g. Pakistan and Indonesia). Thus, the non-Arab learners might speak their original
language as their first language instead of Arabic. Special education teachers were asked if they
have taught non-Arab learners with Arabic dyslexia. Only 6% of them, all female, taught non-
Arab learners with Arabic dyslexia. These were originally from Somalia, Pakistan, Malaysia, India,
Ethiopia, and Germany.

Frequency of Letter Position Dyslexia

In the literature, letter position dyslexia is the most common Arabic dyslexia type among learners

with Arabic dyslexia (Friedmann and Haddad-Hanna, 2014). But, in practice, letter position

dyslexia was rare -almost none- among these learners in Riyadh schools. Therefore, the special
education teachers were asked if they have encountered letter position dyslexia. 84% of them have
encountered letter position dyslexia and reported that letter position dyslexia was frequent in their
cities (for reasons presented in Table . 70.6% of these teachers reported that teaching using
inappropriate teaching strategies led to the frequency of letter position dyslexia. However, 18.8%
of them chose the “other reasons” option and specified reasons such as developmental problems,

cognitive impairment, reading from memory and malfunction of the brain.
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Table 7.6: Influence of Dialect Type on Reading of Dyslexia

H Strongly Agree ‘ Agree | Total ‘ Dialect Type | Disagree ‘ Strongly Disagree | Total H
4 3
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Table 7.7: Special Education Teachers’ Responses to Reasons for Letter Position Dyslexia Fre-
quency

H Reasons for Letter Position Dyslexia Frequency Percent of Responses H
They were not Arabs by origin and speak Arabic as their 11.8%
second language. ’
They were taught using inappropriate teaching strategies. 70.6%
They were originally Arabs but they migrate letters posi-
tions within a word in their dialect which affects their read- 16.5%
ing at school (e.g. Arabs from the Syria region).
Other reasons. 18.8%

The special education teachers’ responses were re-analysed considering their gender and the two
largest Saudi cities (Riyadh and Jeddah). The results were the same and no significant variation

was found.

The questionnaire enabled the special education teachers to add any other reasons for letter po-
sition dyslexia frequency. Most did not add anything beyond the reasons presented in Table [7.7]
The answers of the others were analysed and coded manually into reading/non-reading problems,
teaching, external factors and dialect/non-Arabic language. In terms of reading problems, 28.2%
of special education teachers mentioned that impulsive reading, reading from memory, random
reading and switching phonemes were the dyslexia reading problems that increased the frequency

of letter position dyslexia. They, also, mentioned other non-reading problems such as malfunc-
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tion in the brain, focus loss, developmental problems, cognitive impairment, distraction/impaired
attention, psychological problems, low levels of self-esteem and memory, spelling and vision prob-
lems. 10.6% of the special education teachers mentioned poor teaching in the foundation stage,
lack of early intervention and inappropriate teaching strategies as the dominant teaching problems
that led to the frequency of letter position dyslexia. In terms of external factors, 12.9% of the
special education teachers reported that elderly parents who do not know about dyslexia, poor
parental education, lack of home follow-up, parental disinterest, not practicing Arabic at home and
student’s lack of diligence have increased letter position dyslexia from their perspective. Finally,
one teacher disagreed that the dialect increased letter position dyslexia while one agreed. One last
teacher disagreed on the relationship between nationality and dyslexia.

16% of special education teachers had not encountered letter position dyslexia and they reported
that letter position dyslexia was infrequent in their cities due to the reasons mentioned in Table
50% of these teachers justified that the members of the society pick up mistakes in real-life
and correct them. Again, similar justifications to those shown in Table [7.8] were found when the

responses were re-analysed taking into account the gender and city of the special education teachers.

Table 7.8: Special Education Teachers’ Responses to Reasons for Letter Position Dyslexia Infre-
quency

H Reasons for Letter Position Dyslexia Infrequency \ Percent of Responses H

They were taught using appropriate teaching strategies. 30.0%
They were taught using Qa’eda Al-Nawraniah. 0.0%
Their dialect was pure and very close to the Standard Mod- 90.0%
ern Language. '

Self-correction between the society’s members who catch this 50.0%
mistake (and other mistakes) then correct them. '

Other reasons. 0.0%

Similarly to letter position dyslexia frequency, special education teachers were asked to add any
other reasons (if any) to the infrequency of letter position dyslexia but no additional reasons were

added.

7.4.2 Common Dyslexia Non-Reading Difficulties

The common dyslexia non-reading difficulties that co-occur with dyslexia were also explored by:

o Listing 10 common dyslexia non-reading difficulties plus an “other” option (see Table [7.9)).

e Giving the opportunity to add any other common dyslexia non-reading difficulty the special

education teachers encountered among their learners.

The special education teachers’ responses to the dyslexia non-reading difficulties list are given in

Table Dictation difficulty is the most common dyslexia non-reading difficulty that was selected.
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This is consistent with the literature in other languages (Knivsberg et al., [1999).

Table 7.9: Common Dyslexia Non-Reading Difficulties From Special Education Teachers’ Per-
spective

H Common Dyslexia Non-Reading Difficulties \ Percent of Responses H
Math Difficulty 34.7%
Writing Difficulty 52.5%
Dictation Difficulty 87.1%
Focus Loss 53.5%
Phonological Problems 14.9%
Hyperactivity 30.7%
Vision Problems 8.9%
Problems in differentiating between directions 28.7%
Remembering problems 37.6%
Emotional /behavioural problems (e.g. low self-

28.7%
esteem)
Other Non-Reading Difficulties 1.0%

Similarly to the “Common Dyslexia Reading Difficulties”, the special education teachers’ responses
were re-analysed considering their gender and city and no significant variation was found. Again,
the teachers’ justifications for their choices were analysed and coded manually, giving a total of 105
responses. Fifty-five of them were discarded leaving 50. 54% of the remaining responses cited that
the previous non-reading difficulties were chosen because they are related to the reading difficulty
and dyslexia. Other reasons were reported such as parents’ refusal to enroll their children in the
learning difficulty program, student’s lack of diligence, developmental problems, lack of interest,
and inappropriate teaching strategies.

As mentioned earlier, the special education teachers were able to add any other common dyslexia
non-reading difficulties. The 101 responses were analysed, coded manually, giving a total of 224
responses where 172 were discarded leaving 52. The majority of the responses (26.92%) included
attention deficit which is in line with (Willcutt et al., [2010). Again, they justified their choices
giving a total of 106 responses where 57 were discarded leaving 49. 36.73% of these responses cited
that they chose these difficulties because they are associated with reading difficulty and dyslexia.
Other reasons included student’s lack of diligence, developmental problems, lack of interest and
inappropriate teaching strategies.

7.4.3 Dyslexia Difficulties Suggested to be Targeted by Special Education Teach-

ers

The special education teachers were asked to list the dyslexia reading or non-reading difficulties they
suggest the research to capture. One hundred and one responses were analysed and coded manually,
giving a total of 216 responses (see Table [7.10). The majority of the responses suggested reading

difficulties. The next difficulty was spelling, due to the relationship between reading and spelling
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skills. The responses targeting the reading difficulties were analysed and found that “changing a
letter to another one” scored the largest number (22.35%). In other words, substituting letters
within the word (especially similarly shaped letters) was the dominant dyslexia reading difficulty.
Then, “difficulty with reading comprehension” (12.94%) followed by “deleting letters from the word”
(10.95%) followed by “reading fluency, mixing between short and long vowels (vowel letter dyslexia)
and migrating letters within the word (letter position dyslexia)” (7.06%). Then, their justifications
were analysed and coded manually, giving a total of 108 responses. The majority of the respondents
suggested the previous reading difficulties to be focused on due to their frequency (29.62%) and
importance (10.19%), to overcome them (10.19%) and their essence in reading correctly and learning
other subjects (6.48%). 18.81% of the special education teachers did not justify their choices.

Table 7.10: Reading and Non-Reading Difficulties for Addressing From Special Education Teach-
ers’ Perspective

H Difficulty ‘ Percent of Responses H
Reading Difficulty 39.35%
Spelling Difficulty 10.19%
Writing Difficulty 6.02%
Math Difficulty 4.17%
Memory Problems 7.40%
Attention Deficit 4.17%

7.4.4 Teaching Strategies

The questionnaire also explored the teaching strategies that improved the learning of learners with
Arabic dyslexia from the special education teachers’ perspective. Their responses were analysed and
coded manually giving a total of 251 responses. Sixty-four were discarded leaving 187 responses
that suggested 47 different reading teaching strategies. The top five teaching strategies given
are; Hierarchical teaching strategy (8.56%), Modeling teaching strategy (6.95%), Word Analysis
teaching strategy (5.88%), Role play teaching strategy (5.35%) and Task analysis and Analytical
method teaching strategies (4.81%). Then, the teachers justified their answers which were also
analysed and coded manually giving 134 responses. Twelve responses were discarded leaving 122
responses. The majority of the justifications for choosing the previous teaching strategies cited
teachers’ experience, ease of use, student reading improvement, attracting students’ attention and
targeting their senses.

7.4.5 Interactive Educational Tool

The special education teachers’ opinions about using an interactive educational tool as an aid for
training rather than just using a textbook were obtained. Their answers are illustrated in Figure
96.04% of them agreed that using an interactive educational tool as an aid for training is

better than just using a textbook.
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Using Interactive Educational Tool as an Aid

M Percent of SpETs' Opinions
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Figure 7.7: Using an Interactive Educational Tool From Special Education Teachers’ Perspective

These teachers justified their choice by giving 127 responses where eight were discarded to decrease
the responses to 119. There was a variety of reasons to use the interactive educational tool related
to different aspects; student (38.66%), interactive educational tool (34.45%), reading skill (12.61%),
textbook (10.08%), and other (4.20%). In terms of student, most of the teachers reported that
the interactive educational tool attracts the student’s attention and focus and increases their mo-
tivation. There were also a variety of justifications related to interactive educational tool itself.
For instance, interactive educational tool is diverse, effective and interactive, simplifies information
and targets a specific problem. Regarding the reasons related to the reading skill, teachers have
mentioned that interactive educational tool improves, encourages, helps, and simplifies reading.
Moreover, there were other reasons related to the textbook. The dominant justification is that the
textbook does not suit the student’s needs and abilities.

Technical Features

The interactive educational tool section also explored the features that the special education teach-
ers think are useful to be included within the design of interactive educational tool. Their choices
are shown in Figure The majority of special education teachers (87.1%) suggested adding
both audio and image to the design of interactive educational tool. This is consistent with the

cognitive theory of multimedia learning discussed in Section 4.5.1. It is also recommended by

(Benmarrakchi et al.l 2017b) to use the multisensory approach since learners with dyslexia prefer

the visuospatial /kinesthetic style (Exley} |2003)). A few teachers (31.7%) suggested using the points

and a progress bar. However, this contradicts with (Dymora and Niemiec| 2019) where points are

considered to be one of the main elements for motivating users.
In addition, the special education teachers were able to add any other useful features not listed in

Figure[7.8l Their responses were analysed and coded manually giving a total of 154 responses where
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Interactive Educational Tool Features Preferences

M Percent of Cases

100.00%

90.00%
73.30%

PN <7.10% [l 67.10%
70.00%
70.30%
60.00%
50.00%
20.00% 47.50%
30.00% 709 35.60%
° Bt " I 31.70% [ 31.70%
20.00%
10.00%
0.00%

Audio Image Interactivity Verbal Textual Image  Animated Progress Points  Repetition  Other
Feedback Feedback Feedback Feedback Bar Features

Figure 7.8: Interactive Educational Tool Features Suggested to be Embedded From Special Ed-
ucation Teachers’ Perspective

78 were discarded. 71.05% of the remaining 76 responses were features related to the interactive
educational tool interface and functionality and 28.95% were features related to the students. In
terms of interface, a majority suggested using colours and special/cartoon characters whereas, in
terms of functionality, a majority suggested including direct and automatic correction. However,
86.36% of the responses that targeted students were directed to students’ emotions. For instance,
they suggested that the educational tool should be attractive, encouraging, motivating and engag-
ing.

The teachers justified their choices in 111 responses where 40 were discarded. The remaining
responses were analysed and coded manually into the student (60.56%), reading (14.08%), inter-
active educational tool features (11.27%), teacher experience (7.04%), memory (5.63%) and others
(1.41%). 62.79% of the responses that targeted the student were directed to their emotions
(62.79%). For instance, the teachers chose these features (colours, large font, interaction, feedback
and modelling strategy) to motivate the students and attract their attention. In terms of reading,
a majority of teachers chose the previous features because they help students in reading.

The features that the special education teachers suggest to avoid were also explored. Their re-
sponses were analysed and coded manually giving a total of 180 responses. Forty-six of them
were discarded. Most of the remaining responses targeted colour (22.40%), image (12.80%), audio
(12.00%) and other features. Most teachers suggested avoiding using many colours and annoy-
ing/unclear ones, whereas in terms of émages, they suggested avoiding using many and distracting
images. In terms of audio, they suggested avoiding the use of loud and distracting sounds. There
were a variety of different responses that were included in the other interactive educational tool

features category such as avoiding long learning periods, distraction, small fonts, and complexity.
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This is consistent with the guidelines of the British Dyslexia Association (BDA) (BDA, |2018)) where
distracting surroundings should be avoided.

Finally, the teachers justified their decisions in 123 responses (after coding and analysis) where 25
were discarded leaving 98. The majority targeted the student, especially their emotions (73.24%).
Teachers suggested avoiding features in order to: avoid distracting students, simplify their reading,
avoid complexity and focus on the goal to be achieved.

Teaching Strategies

Finally, the special education teachers were given the opportunity to suggest teaching strategies they
would like to be included within any interactive educational tool. Their responses were analysed
and coded manually giving a total of 171 responses where 87 were discarded. The remaining 84
determined 30 different teaching strategies. The top five strategies given are: Repetition (14.29%),
Learn by play (11.90%), Modelling and simulation (10.71%), Multi-sensory (9.52%), and Word
Analysis (5.95%).

Then, the teachers’ justifications were also analysed and coded manually, giving 119 responses
where 34 were discarded. The majority of the remaining 85 responses targeted the student and
the teaching strategy. In terms of student, the teachers suggested these teaching strategies to
increase the student’s motivation and attract their attention. In terms of teaching strategies,
the justifications included that these teaching strategies were beneficial, effective, simplified reading

and because of previous good results.

7.4.6 Additional Findings

At the end of the questionnaire, the special education teachers were given a space to add anything
else they think is important. 75.25% of the 101 special education teachers did not add anything.

However, the remaining special education teachers added these points:

e Learners with dyslexia are slow learners, with low motivation, need time to learn and must

be psychologically prepared to receive any information.

e The progress of learners with dyslexia becomes slower if they are also diagnosed with speech

disorders.

e The rise and fall of the confidence of learners with dyslexia positively and negatively affects

their progress in the session.

o Learners with dyslexia should be taught individually or in small groups (2-4) in a separate

room at an average of two sessions weekly.

e The chronological age, needs, strengths, weaknesses, preferences and learning styles of learners

with dyslexia should be considered when introducing any teaching tool.
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e The abilities of learners with dyslexia are different.

o The individualised plan for learners with dyslexia should include both their unmastered skills

and the grade level skills they must master.

e Sometimes, direct methods are more beneficial than using tools when teaching a new reading

skill. Then, the tool can be used for mastering that skill.
e The skill should be segmented into small fragments when teaching.
e The teacher should be patient with the learner, care for them and help them.

e The task should be designed in a way that they can complete it and gradually increase its

complexity.

e Involving parents in the learning process is very important.

7.4.7 Summary

To summarise, the questionnaire explored the practice from special education teachers’ perspective

and found that:

o Vowel letter dyslexia and visual dyslexia are common reading difficulties among Saudi learners
with Arabic dyslexia due to their, for instance, developmental problems, poor attention, lack

of reading training and the use of inappropriate teaching strategies.

o Along with vowel letter dyslexia and due to the impact of Arabic dialect on dyslexia reading
symptoms (AlRowais et al., 2013), visual dyslexia is considered a common Arabic dyslexia

type in Saudi primary schools.

o Letter position dyslexia is one of the common Arabic dyslexia types among Saudi learners
with Arabic dyslexia, regardless of their city and gender, because they were taught using
inappropriate teaching strategies. However, this was not true when Experiment One was
conducted in Riyadh schools where letter position dyslexia was rare among the learners. A
possible explanation for this is that special education teachers (according to their responses
in the questionnaire) might experience letter position dyslexia among the learners in their
writing, not in their reading. For instance, writing the word “form” instead of “from”. There-
fore, further research in this area by special education researchers is needed to prove/disprove

that letter position dyslexia is common as a reading problem among Saudi learners.

o Vowel letter dyslexia and short vowel dyslexia are common dyslexia reading difficulties among

Saudi learners with Arabic dyslexia.

e Dictation difficulty and attention deficit are the common non-reading difficulties among Saudi

learners with Arabic dyslexia.
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o Hierarchical, Modelling, Word Analysis, Role play, Task analysis and Analytical method
teaching strategies are the top teaching strategies suggested being used because they improve

student’s reading and attract their attention.

e The majority of special education teachers chose both audio and image components to be
included in the interactive educational tool design to attract student’s attention whereas the

progress bar and points were chosen by a few teachers.

« Using colours and special characters in the design of interactive educational tool is preferable

while loud sounds and distracting colours should be avoided.

7.5 Conclusion

The results of the first two experiments of this research were not statistically significant. One
possible reason for this is that we built our understanding of the difficulties faced by learners with
Arabic dyslexia based on the literature (Friedmann and Haddad-Hanna) [2014)) that has not been
consistent with practice. This led us to understand the common difficulties faced by these learners
in practice from the point of view of experts (special education teachers) in order to combine our
understanding from these two perspectives: literature and practice.

Vowel letter dyslexia and visual dyslexia were common dyslexia reading difficulties encountered
by special education teachers in practice and identified as Arabic dyslexia types in the literature
(Friedmann and Haddad-Hannay, 2014). Therefore, the final experiment targeted these two Arabic

dyslexia types. More details are available in the next chapter.
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Chapter 8

Adapting Training Material to

Learners’ Arabic Dyslexia Type

8.1 Introduction

The previous two experiments, detailed in Chapters 5 and 6, targeted vowel letter dyslexia and
short vowel dyslexia. However, there were no statistically significant differences in terms of learners’
learning gain or satisfaction between the vowel letter dyslexia and short vowel dyslexia groups. An
exploratory questionnaire was designed to explore practice from the perspective of special education
teachers in order to understand the common difficulties faced by learners with Arabic dyslexia.
The analysis of the questionnaire results revealed that vowel letter dyslexia and visual dyslexia
are common Arabic dyslexia types in those Saudi primary schools targeted. So, the third and
last experiment targeted vowel letter dyslexia and visual dyslexia taking into account the lessons
learned from the first two experiments, to understand the effect of adaptation. The details of this

experiment are introduced in this chapter along with its results.

8.2 Experiment Three

This experiment was conducted to understand the impact of adapting training material to learners’
Arabic dyslexia type on their reading performance, satisfaction and behaviour. The experiment
targets vowel letter dyslexia and visual dyslexia. The training material of the DysTypeTrain
system used in Experiment Two was modified to fit the aim of this experiment. It was chosen
to target both vowel letter dyslexia and visual dyslexia. In terms of vowel letter dyslexia, the
training material combined the three essential short vowels (fat-ha “/a/”, kasra “/i/”, dammah
“Iu/7), ()“ ¢l \) and long ones (alef “a”, ya-a “i”, waw “u”), (g ¢ S ¢ ;\), progressing from simple
words (i.e. three-letter words with only fat-ha short vowel and alef long vowel) to advanced ones (i.e.

three-/four-letter words containing all three short vowels and all three long vowels) as illustrated
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in Table

Table 8.1: Training Material of Vowel Letter Dyslexia in Experiment 3

Content
Activity Short Vowels Long Vowels #Letters within a word
Fat-ha I Kasrah ‘ Dammah | Alef ‘ Yaa ‘ Waw | 3 ‘ 4 |
1 v v v
2 v v v
3 v v v v
4 v v v v
5 v v v v
6 v v v v
7 v v v v v v v v
8 v v v v v v v v

In terms of wvisual dyslexia, the training material started with three-letter words where their
choices resulted from adding only a letter to the target word and ended with a combination of
three-, four- and five-letter words where their choices resulted from either letter addition, letter

deletion or substituting a letter with another similar in shape or sound as shown in Table

Table 8.2: Training Material of Visual Dyslexia in Experiment 3

Content
Activity Error Type #Letters within a word
Add ‘ Delete ‘ Substitute | 3 ‘ 4 ‘ 5 I
1 v v
2 v v
3 v v
4 v v
5 v v
6 v v
7 v v v Vv v
8 v v v Vv v

Further, the incorrect words were chosen to target the difficulties of the Arabic dyslexia type
(vowel letter dyslexia/visual dyslexia). In terms of vowel letter dysleria, the incorrect words
were similar to the correct word in terms of letters and positions. They differed only from the
correct word in either deleting a long vowel (changing long to short vowel), adding a long vowel
(changing short to long vowel) or changing the position of a long vowel as shown in Figure In
terms of visual dyslexia, the incorrect words were similar to the correct word in terms of letters
and positions. They differed only from the correct word in either adding a letter, deleting one or
substituting a letter with another similar in shape or sound as shown in Figure

Based on the discussions of Experiments One and Two in Section 6.3, these updates were applied

to this experiment:
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Figure 8.1: Example of Incorrect Choices for Vowel Letter Dyslexia in Experiment 3

Repetitions were not included because they may have affected the results of the previous two
experiments. Therefore, all learners were able to unlock the next activity even though they

did not score 80%.

The learner’s incorrect choices were not read aloud by the system, as some learners did not

like this feature and skipped to the next exercise.

Two versions of the system were designed and named: adaptive version and non-adaptive
version. The adaptive version offered training material adapted to the learner’s Arabic
dyslexia type whereas the non-adaptive version offered generic training material regardless of

the learner’s Arabic dyslexia type.

The learners in both groups in the previous experiments were highly satisfied with the system.
This indicated that they liked the system and were motivated. However, we needed to measure
the satisfaction in more detail. For this purpose, the satisfaction in e-learning questionnaire,
illustrated in Appendix E, was used (more details regarding this questionnaire is available in

Section 3.3.3). The reasons for choosing this particular tool was detailed in Section 4.5.2.

As the teaching in Saudi schools during the period of running this experiment was conducted

remotely, the experiment was conducted entirely remotely.

The generalisation performance was assessed to evaluate the effectiveness of the DysType-

Train system (Nist and Joseph| [2008]). This was achieved by measuring the learning gain

of unseen words in both conditions (adaptive and non-adaptive groups). To measure such
a metric, the pre- and post-tests included seen and unseen words, where the seen words are

seen by the learner through the system while the unseen words are not seen.

151



[ X [ Jsao [0 Jsn [ s

( 5 )
~
Incorrect choices 2 bl T3
are similar to the /
correct answer in .
terms of letters
and positions. - /
They differ only in (- 5 N\
adding a consonant 2 ./.
to either the \ ‘
beginning or end of
the word. L] ))
e _J
(o o_ 1\
Cala
. N\
Correct
- J answer

Figure 8.2: Example of Incorrect Choices for Visual Dyslexia in Experiment 3

8.2.1 Hypotheses

Four hypotheses were tested:

H3.1: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learning gain compared to non-adapted material.

H3.2: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learning gain of seen words compared to non-adapted material.

H3.3: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learning gain of unseen words compared to non-adapted material.

H3.4: Adapting training material to learners’ Arabic dyslexia type achieves significantly

greater learner satisfaction compared to non-adapted material.

8.2.2 Procedure

This experiment followed exactly the same procedure as Experiments One and Two as detailed
in Section 5.2.2. However, this experiment was designed using adaptive (experimental) and non-
adaptive (control) groups. Both groups included learners with either vowel letter dyslexia or visual
dyslexia. The adaptive group used the adaptive version of the system while the non-adaptive group
used the non-adaptive version. The framework of this experiment is shown in Figure 8.3

8.2.3 Participants

Since the experiment was conducted remotely, there was no need to attend schools in person and

thus we could recruit male and female learners to increase the number of participants. We were
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Figure 8.3: Framework of Experiment 3

able to reach them via our contacts. 54 male and female, native Arabic-speaking learners, already
diagnosed with Arabic dyslexia, were recruited from different Saudi primary schools. The age of
learners was from 7 to 13 years (Grades two to six) (see Figure [8.4). All had previous experience
with electronic devices. Learners were assigned to either the adaptive group (n=28) or the non-
adaptive group (n=26). There was no statistically significant difference in the initial reading skill

level (measured by the pre-test) between the two groups.

8.2.4 Results and Discussions

The groups of learners were homogeneous in terms of Arabic dyslexia type, number of learners,
initial reading level and age. The mean age of the adaptive group was 10.25 (Standard Deviation
= 1.38) whereas for the non-adaptive group it was 10.23 (Standard Deviation = 1.42). The learn-
ers were encouraged to take part in the experiment to improve their reading. Quantitative and

qualitative results are detailed below.
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8.2.4.1 Quantitative Results

The pre- and post-tests and the learner satisfaction scores were collected to measure both the learn-
ing gain (overall learning gain and learning gain of seen and unseen words) and learner satisfaction.

Table shows the mean and standard deviation of these data.

Table 8.3: Means and Standard Deviations (SD) of Pre- and Post-Test, Learning Gain (LG) and
Learner Satisfaction (LS) Scores for Both Groups in Experiment 3, (SW = Seen Words, UW =
Unseen Words)

Pre-test Post-test LG LG of SW LG of UW
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD |
Adaptive Group 28 | 243 | 1.77 | 4.61 | 256 | 2.18 | 1.81 | 1.61 | 1.37 | 0.57 | 1.23
Non-adaptive Group | 26 | 2.27 | 2.27 | 3.77 | 244 | 1.50 | 1.03 | 0.85 | 0.83 | 0.65 | 0.94

Group N

Learning Gain. Hypothesis H3.1 was tested in this experiment. Figure [8.5|shows that the mean
learning gain scores of both the adaptive and non-adaptive groups were positive. This indicates
that the reading of both groups was improved. This suggests that the system and the training
material were effective and the learner’s learning was enhanced. However, it should be noted that
the learners were also taking conventional lessons over the period of the experiment, therefore, we
should be cautious in drawing any conclusion. It also should be noted that Arabic societies speak

different Arabic dialects. Some of these dialects are close to Modern Standard Arabic while others

are far, which may affect the manifestation of Arabic dyslexia (AlRowais et al., 2013) and therefore

the reading of the learners. Also, Modern Standard Arabic is the Arabic language version that
was used in the system as the training material was chosen from the academic textbooks of Saudi
primary school (which are written in Modern Standard Arabic).

The mean learning gain of the adaptive group was higher than that of the non-adaptive group,
therefore, a statistical test was run to determine any significant difference in the learning gain
scores between the adaptive and non-adaptive groups. As there were outliers in the data of the
non-adaptive group, as assessed by inspection of a boxplot (see Figure , the Mann-Whitney

U test was used as an alternative to the independent sample t-test. Distributions of the learning

154



Mean of pre-test, post-test and LG for both adaptive and non-adaptive

groups
M Pre test M Post-Test
M Learning Gain W Learning Gain of Seen Words

[ Learning Gain of Unseen Words

5.00

4.00

3.00

2.00

1.00

0.00
Adaptive Non-adaptive

Figure 8.5: Means of Pre- and Post-Test and Learning Gain Scores for Both Groups in Experiment
3

gain scores for adaptive and non-adaptive groups were not similar, as assessed by visual inspection
(see Figure . Therefore, the mean of the learning gain scores were compared. The learning
gain scores for adaptive (mean rank = 30.32) and non-adaptive (mean rank = 24.46) were not

statistically significantly different, U = 443.000, z = 1.404, p = 0.160 > 0.05. This is not the result

that was expected and is inconsistent with (Alghabban et al., [2021]).

4l

Leaming Gain

Mon Adaptive Adaptive
Group

Figure 8.6: Boxplot of Learning Gain for Both Groups in Experiment 3

Learning Gain of Seen Words. To test Hypothesis H3.2, the learning gain score of seen words
was measured by subtracting the pre-test score of the seen words from the post-test score of these
words. Figure [8.5] shows that the mean learning gain scores of seen words for both adaptive and
non-adaptive groups were positive. This indicates that the reading of the adaptive and non-adaptive
groups for the seen words was improved because both groups have seen these words in the system

and were trained on their correct pronunciation. As the mean learning gain of seen words for
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Figure 8.7: Distributions of Learning Gain for Both Groups in Experiment 3

the adaptive group was higher than that of the non-adaptive group, a statistical test was run to
determine any significant difference in the learning gain scores of seen words between the adaptive
and non-adaptive groups. There were outliers in the data of the non-adaptive group, as assessed
by inspection of a boxplot (see Figure so, the Mann-Whitney U test was used as an alternative
to the independent sample t-test. Distributions of the mean learning gain scores of seen words
for both adaptive and non-adaptive groups were not similar, as assessed by visual inspection (see
Figure . Therefore, the mean of the learning gain scores were compared. The learning gain
scores of seen words for the adaptive (mean rank = 32.23) and non-adaptive (mean rank = 22.40)
groups were statistically significantly different, U = 496.500, z = 2.368, p = 0.018 < 0.05. This
indicates, that adapting the training material to Arabic dyslexia type leads to significantly greater

learning gain of seen words than in the non-adaptive group and therefore, H3.2 is accepted.

Learning Gain of Unseen Words. To test Hypothesis H3.3, the learning gain score of unseen
words was calculated for both adaptive and non-adaptive groups. As shown in Figure the
mean learning gain scores of unseen words for both groups were similar and positive. Whilst this
indicates that the reading of both groups for unseen words was improved, it suggests that the
system has improved the learners’ ability to blend the phoneme of the individual letters within a
word and pronounce the whole word correctly. Since the learners in both conditions were at the
same level of their initial reading performance (indicated by the pre-test) and the same group of
academic level (primary school) and were not trained to read these words, this may explain why

they improved similarly and therefore, H3.3 is rejected.
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Figure 8.8: Boxplot of Learning Gain of Seen Words for Both Groups in Experiment 3

In summary, the reading performance of the adaptive group improved significantly more than the
non-adaptive group for the seen words whereas it improved similarly for the unseen words which
affected the overall learning gain statistical results. Therefore, H3.1 is partially accepted, and it
can be inferred that adapting the training material to the learner’s Arabic dyslexia type leads to
significantly better reading than in the non-adaptive condition for only trained (seen) words and
no opportunity to conclude that what has been learned can be generalised to other contexts, which

in our case is the untrained (unseen) words.

Learner Satisfaction. Learner satisfaction was measured for both groups to test Hypothesis
H3.4. The satisfaction in e-learning questionnaire was used (see Appendix E). The questionnaire
contained ten questions which were grouped into four sections. A content section with two ques-
tions, systems section with three questions, delivery method section with four questions and overall
satisfaction section with a single question. The mean learner satisfaction score for each section along
with the mean overall satisfaction score for both adaptive and non-adaptive groups are shown in
Figure [8.10]

Content Section. The mean learner satisfaction score of the content section for the adaptive group
(Mean = 4.48, Standard Deviation = 0.67) is approximately the same for the non-adaptive group
(Mean = 4.31, Standard Deviation = 0.75). Thus, both groups were highly satisfied with the

content (training material) of the system.

Systems Section. The mean learner satisfaction score of the systems section for the adaptive group
(Mean = 4.73, Standard Deviation = 0.42) is approximately the same as for the non-adaptive group
(Mean = 4.86, Standard Deviation = 0.28) and therefore both groups were highly satisfied with the

usability of the system. This may be because the interface (such as font type, size and colours) of
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Figure 8.9: Distributions of Learning Gain of Seen Words for Both Groups in Experiment 3

both versions (adaptive and non-adaptive) of the system was the same and the system responded
similarly to learners in both versions (such as given feedback). So, both versions are usable at the
same level.

Delivery Method Section. Like the previous sections, the mean satisfaction score of the delivery
method section for the adaptive group (Mean = 4.72, Standard Deviation = 0.38) is nearly the
same as the non-adaptive group (Mean = 4.87, Standard Deviation = 0.18). Again, both groups
were highly satisfied with the way the system delivered the content.

Owverall Satisfaction Section. The mean satisfaction score of the overall satisfaction section for the
adaptive group (Mean = 4.96, Standard Deviation = 0.19) is nearly the same as the non-adaptive
group (Mean = 4.89, Standard Deviation = 0.32). In other words, the learners in both groups
were, in general, highly satisfied with the system.

Finally, the mean learner satisfaction score for all satisfaction sections (content, systems, delivery
method and overall satisfaction) was calculated. The mean for the adaptive group (Mean = 4.70,
Standard Deviation = 0.30) is approximately the same for the non-adaptive group (Mean = 4.76,
Standard Deviation = 0.26).

As the satisfaction scores of both groups were extremely high and there was, in effect, no oppor-
tunity to discriminate between the satisfaction of the two groups, so, it cannot be concluded that
adapting training material to Arabic dyslexia types has an effect on the level of learner satisfaction.
Therefore, H3.4 is rejected.

This is not the expected result. Since this research studies the effect of content adaptation based
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Figure 8.10: Means of Overall Learner Satisfaction and Learner Satisfaction Scores of Each
Section for Both Groups in Experiment 3

on Arabic dyslexia type, we believed that there would be a significant result in the content section
of the learner satisfaction questionnaire.

From this experiment, it might be clear that we cannot capture the learner satisfaction in detail

from young learners. They also seem to tend to choose the more extreme options (Wilson and

|Conroy, 1999; [Sim et al., 2006) and focus more on the system’s interface rather than its content.

Finally, all learners regardless of their experimental group were highly satisfied with the system

and therefore highly motivated, engaged (Kangas et al [2017; Alghabban and Hendley, [2020b]) and

enjoyed using the system (Lin et al., [2017)). This might explain why none of the learners dropped

voluntarily from the experiment once they have started using the system as high satisfaction leads

to continue using the system (Chou and Chen, 2009) and indicates the system’s ease of use and

usefulness (Lin et al.,[2017)). Whilst our results conflict with the results of (Alghabban and Hendley,

2020b)), this suggests that the way the training material was designed in our experiment and in

the experiment of (Alghabban and Hendley, [2020b), possibly explains this contradiction. In our

case, the system offers the audio and the image of the training material and the learner chooses the

correct choice between three different textual choices. This forces the learner to read the choices

and then choose what they think is correct. Whereas in (Alghabban and Hendley, [2020b), the

system offers the audio and the text of the training material and the learner chooses the correct
image from three pictorial choices. It is a kind of visual discrimination by choosing the image that
matches the spoken and written word.

8.2.4.2 Qualitative Results

Again, qualitative data were collected by the experimenter while observing each learner at each

session. The thematic map of the observations is illustrated in Figure [8.11
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Figure 8.11: Thematic Map of Observations in Experiment 3

Here, the observations were categorised into only learners and e-learning system. There is no
experiment mode category as in Experiments One and Two, because this experiment was conducted
entirely remotely. In terms of learners, their fun was observed and a checklist was filled during
the first experimental session. Table [8.4] illustrates that a majority of learners in both groups were
happy and engaged during their interaction with the system for the same reasons reported in the
second experiment.

Table 8.4: Observed Fun Results of Experiment 3

e Engaged | Bored Happy Sad Compliment | Criticism
. N(%) | N(%) N(%) | N(%) N(%) N(%)

Adapti

Group 16(57%) | 00%) | 17(61%) | 0(0%) || 4(14%) 0(0%)

Non-adapti

Gy (P 15(58%) | 0(0%) || 19(73%) | 00%) | 6(23%) 0(0%)

On the other hand, most of the learners in both groups did not compliment and/or criticise the e-
learning system. Feeling that they were isolated could be a reason for that, as the whole experiment
was conducted online. However, some learners did compliment by saying (“It is really nice” and
“T liked it”).

Additionally, 79% of the adaptive group and 77% of the non-adaptive group were happy when they
answered correctly. Some of them overreacted either verbally by, for instance, saying “Yyyyyeesss”
or physically by dancing. In the case of choosing incorrectly, 75% of the adaptive group and 85%
of the non-adaptive group were sad accordingly. Also, some of them overreacted by saying “Oh
no” or by hitting their hands or face.

Moreover, the learners followed some good and bad practices that affected their choices positively
and negatively respectively (see Table . It was obvious that spelling out the question word,
thinking before answering and re-listening to the question word were widely used by both groups.
These practices might help learners to decode the word into its phonemes and then determine its
letters, short and long vowels.

On the other hand, the widely followed bad practice by both groups was rushing to answer. Of

course, this will often lead them to select wrong answers. The severe reading difficulty experienced
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by the majority of these learners can explain the reason for this rush which in turn led them to
choose quickly and sometimes randomly to escape reading. Other minor reasons can explain this

issue: eating while interacting with the system, moving a lot and waking up directly before using

the system.
Table 8.5: Learners Practices in Experiment 3

Practice Practice Adaptive Non-adaptive

Type Group N(%) | Group N(%)
Spelling out the question word. 27(96%) 26(100%)
Re-pronouncing the question word. 11(39%) 16(62%)
Thinking before answering. 28(100%) 25(96%)

Good Re-listening to the question word when needed. | 25(89%) 23(88%)
Reading all choices before answering. 4(14%) 2(8%)
Taking the time to think then answer. 4(14%) 2(8%)
Being focused. 13(46%) 17(65%)
Removing the short vowel of the last letter. 1(4%) 0(0%)
Moving a lot. 8(29%) 4(15%)

Bad Rushing. 11(39%) 11(42%)
Sitting in front of TV. 0(0%) 1(4%)

Finally, in terms of the e-learning system, its usability was observed and a checklist was filled
during the first experimental session (Ismail et al., 2011)). As illustrated in Table the sound,
image and text were clear for both adaptive and non-adaptive groups. Also, all learners were
aware of the functionality of each button. For instance, they knew that the speaker button is for
re-playing the question word. Additionally, all learners were aware of their role in the system and

its behaviour. Overall, this suggests that the system was usable and efficient.

Table 8.6: Observed Usability Results of Experiment 3

| Usability Issue | Adaptive Group N(%) | Non-adaptive Group N(%) ||
Is sound clear? 28(100%) 26(100%)
Is image clear? 28(100%) 26(100%)
Is text clear? 28(100%) 26(100%)
Choosing correct buttons? 28(100%) 26(100%)
Knowing what is going on? 28(100%) 26(100%)
Not going back? 28(100%) 26(100%)
Knowing what to do? 28(100%) 26(100%)

8.3 Conclusion

This chapter introduced the third and final experiment of this research. It investigated the impact
of adapting training material to learners’ Arabic dyslexia type on their reading performance, satis-
faction and behaviour. Vowel letter dyslexia and visual dyslexia were targeted in this experiment.

A mixed-methods approach of qualitative and quantitative data was used. The experiment was
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conducted with 54 learners with Arabic dyslexia. Similarly to the previous experiments, the quanti-
tative findings of this experiment showed a positive effect on learning gain and a high level of learner
satisfaction regardless of their Arabic dyslexia type. However, there was a statistically significant
difference in only the learning gain scores of seen words between the adaptive and non-adaptive
groups when a Mann-Whitney U test was used. As in the previous experiments, the qualitative
findings of this experiment revealed that the majority of learners were happy and engaged during
their interaction with the system. In addition, the learners followed good and bad practices during
their interaction with the system that affected their choices positively and negatively respectively.
Spelling out the question word, thinking before answering and re-listening to the question word
were examples of the good practices, whereas rushing to answer was an example of the bad ones.
From the results of this experiment, it was clear that the reading of learners who experienced e-
learning content directed to their needs (Arabic dyslexia types in our case) improved better than
that of those who experienced generic content which is in line with the results of (Alghabban et al.
2021)). Also, the reading of learners in both conditions improved similarly in the case of new words
and therefore contradicts the results of (Alghabban et al., 2021) and more research is needed in this
area in the future. Therefore, we can conclude that adapting e-learning content to Arabic dyslexia
types is beneficial in the case of trained words but we cannot conclude that what is learned from
the content can be generalised to other new words. In addition, the young age of the learners has
made an obstacle to understanding the effect of content adaptation by measuring their satisfaction
with the system in detail. These learners evaluated the system interface which was the same for
both conditions and they tended to choose the extreme scores. Here this research ends and is

summarised in the next chapter. Suggestions for future work are also highlighted.
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Chapter 9

Conclusion

9.1 Introduction
This chapter summarises the whole research of this thesis and provides the answers to the main
research questions. The main contributions to the field are presented along with the research

limitations. A suggestion of potential resolutions to these issues is also provided for future research.

9.2 Summary of The Work

Reading is one of the main language skills (Mastropavlou and Zakopoulou, 2013) that affects our
lives both academically and socially. Some readers have problems with reading and understand-
ing written text and therefore are often excluded socially and educationally (Mastropavlou and
Zakopoulou, 2013). These readers may have dyslexia. We focused on this class of people, so we
searched the literature to understand them and the different difficulties they face. We found that
they face a variety of difficulties, some with reading, writing, spelling and others with behavioural
difficulties. Then, we searched deeper into the literature to understand and focus on the dyslexia
reading difficulties, because dyslexia is, first, a reading difficulty and reading is our focus.
Reading difficulties of dyslexia are affected by language. Unfortunately, there are few studies that
have explored dyslexia in Arabic (Alghabban et al. [2021) (particularly reading difficulties) despite
the frequency among native Arabic speakers and Muslims (Mahfoudhi et al.| [2011)). Therefore, this
research focused on Arabic dyslexia.

To deeply understand the reading difficulties of Arabic dyslexia, these difficulties have been cate-
gorised into different dyslexia types. The causal classification, reported by (Friedmann and Haddad-
Hannal, [2014), has been adopted by this work. They classified Arabic dyslexia into seven Arabic
dyslexia types such as letter position dyslexia and vowel letter dyslexia. From these types, we
understood that individuals with dyslexia differ in their difficulties.

Next, we searched and analysed the literature for various interventions (technological and non-
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technological) that have been proposed to help, in particular, young children with dyslexia. Many
of these interventions were not built on theory and treated individuals with dyslexia as a single
group with the same difficulties. Further, these interventions lacked well-designed experiments and
unreliable evaluations. We have considered these limitations in our work.

Some technological interventions have used e-learning technology (Nagy, [2005). E-learning provides
online access to educational materials with flexibility in time and location (Holmes and Gardner,
2006}, p. 14). Unfortunately, the same educational material is provided to all learners using the same
teaching method while ignoring their individual differences and needs (Maravanyika et al., 2017}
Alshammari et al., [2014). So, e-learning in its original form is not suitable for dyslexia because
they differ in their difficulties. The solution to this is to “adapt” the e-learning system.

Adapting e-learning systems is tailoring the learning material or content to, for example, learner’s
characteristics such as the learner’s prior knowledge and cognitive traits (Graf et al., 2012; Kamceva
and Mitrevski, 2012)). Building an adaptive e-learning system requires building three main models:
the adaptation model, the learner model and the domain model. The domain model represents
the e-learning content, the learner model represents the characteristics of the learner used in the
adaptation process and the adaptation model bridges the gap between the learner and the domain
models by applying the adaptation process. Building an adaptation model is complex and, in par-
ticular, the learner model must rely on reliable tools to extract the learner’s characteristics required
for adaptation. So, it is important to first understand the effect of adaptation before building the
adaptive e-learning system and that is what this research seeks to achieve. To understand the effect
of adaptation, it is important to determine (1) the learner’s characteristic that will be used in the
adaptation process as considering all learner characteristics is difficult and (2) the skill that will be
used to study the impact of adaptation on it. There is a set of learner’s characteristics that can be
addressed and used as a source of adaptation and a variety of skills that can be improved.
Because the target population of this research is learners with Arabic dyslexia, it was appropriate to
consider their Arabic dyslexia types to be the chosen learner’s characteristic used in the adaptation
process. These types are reading difficulties categorised according to the affected component of
the dual-route model for single-word reading (Friedmann and Haddad-Hannal 2014)). Since these
Arabic dyslexia types represent reading difficulties, improving the reading skill was targeted. To
measure the improvement of the learner’s reading skill, learning gain was calculated. To improve
the reading, the learning process must be effective. For this purpose, another metric was measured
in this research; learner satisfaction. Learner satisfaction plays an essential role in the learning
process and therefore it can be considered an important factor in evaluating the effectiveness of the

e-learning system. It can also reflect the learner’s motivation and engagement in the learning process
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(Alshammari et al., 2015d; |Alakkas| 2016)). So, the metrics: learning gain and learner satisfaction
were calculated to understand the effect of adaptation directly (learning gain) and indirectly (learner
satisfaction). As a result, this research aims to understand the impact of adapting the training
material to Arabic dyslexia types on learners’ reading and satisfaction.

To accomplish this aim, a series of controlled experiments were conducted. Due to practical reasons,
each experiment targeted only two (out of seven) Arabic dyslexia types by directing the training
material to these types. Therefore, a dyslexia diagnostic test was designed and reviewed by special
education teachers to determine whether a learner has one of the target Arabic dyslexia types or
other non-target types. Learners who were diagnosed with one of the target Arabic dyslexia types
became participants in the experiment while others were excluded.

The first experiment originally targeted vowel letter dyslexia and letter position dyslexia because
they are the most frequent types as reported in (Friedmann and Haddad-Hannal, 2014). However,
letter position dyslexia did not appear among the sample of learners with Arabic dyslexia in Riyadh.
So, we searched among these learners for another common reading mistake by analysing their
mistakes in their dyslexia diagnostic test. A common mistake found is mixing between the phonemes
of the three essential short vowels (fat-ha “/a/”, kasra “/i/” and dammah “/u/”), (i e \) within
a word and named as short vowel dyslexia. Therefore, the first two experiments targeted vowel
letter dyslexia and short vowel dyslexia where the training material matched vowel letter dyslexia
in Experiment One and matched short vowel dyslexia in Experiment Two. These two experiments
were conducted as pilot studies in order to (1) understand the effect of matching the training
material to one of the Arabic dyslexia types on their reading performance and satisfaction and (2)
validate the developed system and tools. The findings of these experiments showed that the reading
of the learners with Arabic vowel letter dyslexia and short vowel dyslexia improved similarly and
all learners were highly satisfied with the system. Unfortunately, no significant differences were
found between the groups in these experiments (see Table .

Previous experiments were built based on our understanding of dyslexia from the literature point
of view. However, after conducting these experiments, we noticed that the literature and practice
were inconsistent. So, we thought we need to understand the dyslexia difficulties in practice from
the perspective of experts, who are special education teachers and then combine our understanding
from the two perspectives (literature and practice) together to refine our approach and conduct the
final experiment.

Therefore, a questionnaire was designed and published to special education teachers primarily to
find another common Arabic dyslexia reading problem among learners with Arabic dyslexia that is

identified as an Arabic dyslexia type (Friedmann and Haddad-Hannay, 2014]). Visual dyslexia was
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Table 9.1: Overview of Experiments One and Two

H Criteria ‘ Experiment One ‘ Experiment Two H

o Matching training material to learners with vowel letter
dyslexia (short vowel dyslexia) achieves significantly greater
learning gain compared to learners with short vowel dyslexia
(vowel letter dyslexia).

Hypotheses
o Matching training material to learners with vowel letter

dyslexia (short vowel dyslexia) achieves significantly greater
learner satisfaction compared to learners with short vowel
dyslexia (vowel letter dyslexia).

Arabic Dyslexia Types Vowel letter dyslexia and short vowel dyslexia

Academic Level 4™ grade - 6' grade ‘ 27 grade - 6' grade

Experimental Design Matched /mismatched design

Experiment Location Hybrid (In person “Riyadh city”+ Online “COVID-197)

o Mismatched group improved better in learning gain than the
matched group.

MBI Do e Both groups were highly satisfied with the system.

o Majority of learners were happy and engaged as they learned.

found and thus the final and main experiment targeted vowel letter dyslexia and visual dyslexia
taking into account lessons learned from the first two experiments. In this experiment, the train-
ing material was adapted to the learner’s Arabic dyslexia type. The results of this experiment
were promising as the reading of learners, who experienced training material adapted to their Ara-
bic dyslexia type, improved significantly in the case of trained words. More details about these

experiments are presented in the next section (see Table[9.2)).

During this research, the world suffered from the Coronavirus pandemic, which positively and
negatively affected the experiments. The positive effect was that the experiment was conducted
remotely without being restricted to the school’s location and schedule. The experiment was
conducted on weekdays and weekends, day and night. The negative effect was that the observational
process was negatively affected since the experimenter must be available when the learner interacts
with the system to observe their behaviour. However, some learners had poor Internet connections

and this reduced the quality of the video connection (lens of observation).

9.3 Research Questions Re-visited

This thesis tried to address this main question:
Q: Does adaptation based on the characteristics of learners with dyslexia improve

their skills?
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Table 9.2: Overview of Experiment Three

H Criteria Experiment Three H

¢ Adapting training material to learners’ Arabic dyslexia type
achieves significantly greater learning gain compared to non-
adapted material.

o Adapting training material to learners’ Arabic dyslexia type
achieves significantly greater learning gain of seen words
compared to non-adapted material.

Hypotheses

¢ Adapting training material to learners’ Arabic dyslexia type
achieves significantly greater learning gain of unseen words
compared to non-adapted material.

o Adapting training material to learners’ Arabic dyslexia type
achieves significantly greater learner satisfaction compared
to non-adapted material.

Arabic Dyslexia Types Vowel letter dyslexia and visual dyslexia
Academic Level 27d grade - 6™ grade
Experimental Design Adaptive/non-adaptive design
Experiment Location Online “COVID-19”

o Adaptive group improved better in learning gain than the
non-adaptive group.

Clanfincnes e Both groups were highly satisfied with the system.

o Majority of learners were happy and engaged as they learned.

However, this question is very broad and covers many aspects that this research cannot address in
the time available and for other practical reasons. So, we have identified the learner’s characteristic
and skill that will be addressed. As detailed in the previous section, Arabic dyslexia type (learner
characteristic) and reading skill were selected. Further, learning gain and learner satisfaction were

the metrics in this research.

Now, the previous main question was narrowed down into two smaller ones:

Q1: Is there a significant difference in learning gain when adapting training material
of an e-learning system to Arabic dyslexia types compared to the non-adapted version?
Q2: Is there a significant difference in learner satisfaction when adapting training
material of an e-learning system to Arabic dyslexia types compared to the non-adapted
version?

To answer these two questions, we need to understand the impact of adapting training material
to Arabic dyslexia types on the learner’s reading and satisfaction. To do so, three controlled

experiments were conducted with two Arabic dyslexia types. The first two experiments targeted
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vowel letter dyslexia and short vowel dyslexia whereas the third experiment targeted vowel letter
dyslexia and visual dyslexia.

In each experiment, the Arabic dyslexia type of each learner was determined using the dyslexia di-
agnostic test followed by taking their demographic information from their special education teachers
and obtaining their initial reading level via the pre-test. After that, the learners were divided into
two groups (control and experimental) that were balanced in terms of number of learners, Arabic
dyslexia type, age, and initial reading level. The control group in the first experiment included
learners with short vowel dyslexia, while the experimental group included learners with vowel let-
ter dyslexia. Both groups used the same version of the system which provided training material
directed to vowel letter dyslexia. The second experiment complemented the first experiment. The
control group included learners with vowel letter dyslexia, while the experimental group included
learners with short vowel dyslexia. Again, both groups used the same version of the system that,
at this time, provided training material directed to short vowel dyslexia. In the third experiment,
both groups included learners with vowel letter dyslexia and visual dyslexia. The control group
used the non-adaptive version of the system (general non-adapted training material) whereas the
experimental group used the adaptive version (training material adapted to Arabic dyslexia type).
After completing these steps, each learner used the e-learning system in eight experimental sessions
in the presence of the experimenter either in person or online. At the end of the last experimental
session, the learner completed a post-test and filled out the learner satisfaction questionnaire.
During the whole experiment, the experimenter observed each learner and took notes about their
fun and behaviour and the usability of the system. The learning gain was calculated using the pre-
and post-tests scores to measure the reading improvement of each learner.

The results of the first two experiments showed improvement in the learner’s reading and they
were highly satisfied with the system regardless of their Arabic dyslexia type. But, there were no
statistically significant differences in reading improvement and satisfaction between the control and
experimental groups.

The results of the third experiment were promising in terms of the reading improvement of learners
with Arabic dyslexia. The pre- and post-tests of this experiment included both seen and unseen
words, where the seen words are used in the system while the unseen words are not. Therefore,
the learning gain of the seen and unseen words were calculated. We found that reading improved
significantly better when the training material was adapted to the learner’s Arabic dyslexia type.
However, this is true for the seen words not for the unseen ones, indicating that what has been
learned cannot be generalised to other contexts, which in our case are unseen words. Like the other

two experiments, learners were highly satisfied with the system regardless of their Arabic dyslexia
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type. This convergence of the learner satisfaction with the training material is likely due to the
young age of the learners as they seem to have been unaware of the suitability of the content to
them and they have been exposed to the same system’s interface and facilities. From this point of
view, we conclude that measuring learner satisfaction in detail did not add any valuable results to
the learner satisfaction results of the first two experiments. Therefore, it is best to measure learner
satisfaction for young learners only by taking their opinions of the system, as was the case in the
first two experiments.

Going back to the aim of the research:

“Understanding the impact of adapting the training material to Arabic dyslexia types

on learners’ reading, satisfaction and behaviour”

We can conclude that adapting the training material to learner’s Arabic dyslexia type had a positive
impact on their reading. However, we cannot conclude that what the learners have learned can
be applied to other words with similar features. Further, the young age of learners tended to
evaluate the system interface rather than the training material and to choose the extreme learner
satisfaction scores. Therefore, learner satisfaction, in our case, was unable to evaluate the effect of
adaptation. Finally, the learners were happy and engaged as they learned and they followed some

good practices to improve their learning.

9.4 Summary of Research Contributions

The contributions of this research were discussed in Section 1.5.

o Analysing the literature on Arabic dyslexia and the current e-learning systems to support
such individuals to understand dyslexia and identify the weaknesses and limitations of these

Systems.

o Designing a controlled experiment to evaluate the effect of adaptation to Arabic dyslexia types
on learners’ learning gain, satisfaction and behaviour which in turn built an understanding

of the effect of adaptation on learners with dyslexia.

o Designing a dyslexia diagnostic test (reading test) to determine the learner’s Arabic dyslexia
type (vowel letter dyslexia, visual dyslexia, both or another Arabic dyslexia type) (Appendix
B).

o Supporting the satisfaction in e-learning questionnaire (Siritongthaworn and Krairitl 2006])

with a Smileyometer instead of using the original 5-point Likert scale to use the questionnaire

with children (Appendix E).
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Discovering a new common Arabic dyslexia reading difficulty among learners with Arabic
dyslexia in Saudi primary schools. This is mixing between phonemes of the three essential
short vowels (fat-ha /a/, kasra /i/ and dammah /u/), (i Y b within a word during reading
aloud. This, in turn, may lead to reading another known word such as reading the word

“lo’ab” which means “toys” as “la’eb” which means “played”.

Building an understanding of dyslexia from practice and what teachers believe works well
for them by identifying important user attributes (e.g. dyslexia type, motivation, attention),
successful teaching strategies, important interaction issues and important metrics when eval-
uating e-learning systems.

Informing the design of adaptive systems for teaching learners with dyslexia: by determin-
ing the features that should be represented in the learner model and then determining the

appropriate adaptation strategies.

A number of papers relating to both areas have been published:

9.5
This

Chapter 5 “Quantitative Results” - Al-Dawsari, H., & Hendley, R. (2021). The Effect of
Matching Learning Material to Learners’ Dyslexia Type on Reading Performance, In Advances

in Software Engineering, Education, and e-Learning, p. 837-845. Springer.

Chapter 5 “Qualitative Results” - Al-Ghabban, W., Al-Dawsari, H., & Hendley, R. (2021).
Understanding the Impact on Learners’ Reading Performance and Behaviour of Matching
E-Learning Material to Dyslexia Type and Reading Skill Level, In International Conference

on Human-Computer Interaction, p. 135-154. Springer.

Chapter 6 - Al-Dawsari, H., & Hendley, R. (2022). The Impact of Matching E-Training
Material To Dyslexia Type On Reading Performance and Learner Satisfaction & Behaviour.

In 35th International BCS Human-Computer Interaction conference. In Press.

Chapter 7 - Al-Dawsari, H., & Hendley, R. (2022). Understanding the Needs of Arab
Learners with Dyslexia for Adaptive Systems. In 35th International BCS Human-Computer

Interaction conference. In Press.

Limitations and Future Work

research has some limitations that should be addressed in future work. The majority of

learners who participated in the experiments in this research were female. It is well known that

boys

and girls differ in their learning. So, re-running the experiments with boys is necessary to

study the ability to generalise the training material to boys.
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The training materials in this work were intended for primary school-age learners. Thus, this
content may not be appropriate for older learners and therefore, the training material must be
redesigned to suit their age.

This research targeted the Arabic language. There are other languages either in the same Semitic
family or in other families such as European languages. Therefore, in the future, such languages
can be considered by redesigning training materials to target these languages.

The reading domain was the focus of this research whereas other domains, such as mathematics,
can be studied in the future.

In all experiments, the reading improvement was evaluated in the short term by conducting the
post-test directly after completing all the experimental sessions. Therefore, it is impossible to
guarantee that the positive effect will be maintained for the longer-term. This leaves future studies
to consider the long-term by conducting the same post-test after at least two weeks of completing
the experimental sessions.

One of the metrics used in the first two experiments was to examine the difference in learning gain
between the two conditions. These experiments included a repetition feature where the learner
could not unlock the next activity until they had succeeded in the current one. Some learners
in both conditions could not complete all activities within the eight experimental sessions. This
affected the post-test score of these learners. Therefore, future work should address this by, for
instance, conducting the post-test after completing all activities regardless of the number of sessions
held.

Further, the learners were taking conventional lessons while the experiments were being conducted
which may have affected the learning gain score of the learner. So, future studies may consider
re-running the experiment during the holidays to accurately study the effect of adaptation without
any learning effect that could come from these conventional lessons.

Learning gain of reading improvement and learner satisfaction were the main metrics used in this
research. However, other metrics can be used in future studies such as reading speed, reading
fluency, reading comprehension and spelling improvement. For instance, if the spelling improve-
ment was addressed, then the training material should train the learners on the spelling skill and
spelling pre- and post-tests should be designed and used to measure the learning gain of spelling
improvement.

Personalising the content of the e-learning system is a challenging task. There are different Arabic
dyslexia types that were not addressed here. Therefore, we suggest designing further experiments
with other Arabic dyslexia types such as deep dyslexia and attentional dyslexia. Further, dyslexia is

not binary as many learners can have the same Arabic dyslexia type with different levels of severity.
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However, this research did not address that. Thus, we suggest considering the degree of an Arabic
dyslexia type in future studies by providing more reading activities to learners with a high degree
of severity than for learners with a low degree in a particular dyslexia type and then studying the
adaptation effect. In addition, a learner with dyslexia may have more than one Arabic dyslexia
type which future studies should consider. In this case, we suggest providing reading activities that
fit these types.

Moreover, the Arabic dyslexia types used in this research are reading difficulties faced by learners
with Arabic dyslexia. However, there are also non-reading difficulties that these learners may
encounter such as writing and spelling difficulties. Addressing these difficulties in future studies
is essential. In the case of spelling, for example, the content of the e-learning system can ask the
learner to order a list of letters to make up the spoken word where this word is chosen based on
the learner’s common spelling mistakes.

Arabic dyslexia type was the learner’s characteristic used in the adaptation process to tailor the
training material of the system because it reflects the dyslexia reading symptoms. However, other
learners’ characteristics, beyond the dyslexia symptoms, can be used in the adaptation process such
as the learners’ affective state which, based on the results discussed in Chapter 7, can be considered
an important characteristic for keeping the learner motivated and thus gaining further learning.
For instance, the system can present the content in a different way once the learner becomes bored
to keep them motivated. A learner’s grade can also be addressed. For instance, the learner can
be trained on content extracted from their grade’s curriculum which will be beneficial in keeping
the learner at the same level as their classmates and reduce their boredom by not offering them
reading content that they are familiar with or too difficult for them.

More than one learner characteristic can be considered in future research. For example, if the
learner’s grade and dyslexia type are combined, then the content of the e-learning system will be
chosen from the learner’s grade curriculum that suits their type.

The system was directed to web users regardless of their devices. Different devices have different
screen presentations which affect the clarity of the courses if not considered. For instance, presenting
a course on a laptop screen is different from presenting it on a mobile screen. However, the
mobility of the courses where the learners can access the lessons from any connected device was
not considered. Thus, we suggest redesigning the experiments using mobile learning on which the
screen presentation is adjusted on any mobile or tablet screen.

In the last experiment, the number of exercises in each activity was fixed and the learner was able
to unlock the next activity regardless of their score. Thus, we suggest adjusting the number of

exercises based on the learner score in future research. Increasing the number of exercises in a
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particular activity once the learner gets a bad score or decreasing it once they get a good one. This
will leave the learner spending more time on unmastered activities rather than wasting their time
on the ones they have already mastered.

The dyslexia diagnostic test used in all experiments was in an offline format. The learner’s reading
errors were analysed manually in order to determine the Arabic dyslexia type of the learner which
in turn fed into the learner model manually. Therefore, we suggest that future studies design an
online format of the test and embed it with the adaptive system where the Arabic dyslexia type
is determined automatically and then also fed automatically into the learner model which is then
used to provide the learner with the appropriate content. Such a test would require analysing the
learner’s reading and comparing it with the original words of the test in order to find out (if any)
the learner’s errors which are then mapped to dyslexia reading symptoms and then dyslexia types.
Finally, as a consequence of the Coronavirus pandemic, experiments were conducted remotely
which negatively affected the observational process. Thus, future studies may consider re-running
the experiments in person to accurately observe learners. Also, different results can be achieved in

learning gain and learner satisfaction than in our experiments.

9.6 Summary

Reading is an important language skill for all individuals. However, individuals with dyslexia mainly
face difficulties with their reading. Because everyone is different, learners with dyslexia are also
different and, therefore, their reading difficulties are different. Some migrate letters within a word
while others misunderstand what is written. So, their individual differences should be considered to
provide appropriate support. From this point of view, this research considered Arabic dyslexia types
that reflect the reading difficulties of learners with Arabic dyslexia and then aimed to understand
the impact of adapting the training material to Arabic dyslexia types on the learners’ learning
gain, satisfaction and behaviour. Three controlled experiments were conducted for this purpose
and showed promising results in this field.

Adapting e-learning systems to Arabic dyslexia types is still new and has been considered in a
few studies. This research demonstrated the effectiveness of adapting the content of the e-learning
systems to learners’ Arabic dyslexia types, as only two Arabic dyslexia types were focused. Due
to practical reasons such as time constraints, this research can be considered as a starting point
for further investigation that includes other Arabic dyslexia types and builds a dynamic adaptive

Arabic dyslexia model to improve learners’ reading.
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Appendix A

Consent Form (English Version)

Dear parent or guardian,

Thank you for your interest in allowing your child to participate in our study. The aim of this study is
to improve one of the reading skills of your child by offering a range of exercises using different
techniques through a training system. We will observe the child’s reading improvement in both
techniques to decide which one suits him/her based on his/her dyslexic type through testing
his/her reading skill before and after applying the training system.

Before starting, we require that you carefully read the following information about this study and
indicate whether you agree or disagree to enrol your child.

1. Introduction:
Your child will be enrolled in a study on human computer interaction at the University of
Birmingham’s School of Computer Science. We are seeking your permission as your child
is younger than 18 years, and we will ask her to complete a dyslexic diagnostic test and
use our training system. For your child to do so, we need your permission.

2. The steps of the study your child will participate in:
e Your child will take a dyslexic diagnostic test to identify the dyslexia type he/she
suffers from.
e His/her teacher will register him/her in the system by providing some personal
information, such as age, gender, etc.
e Your child will complete a pre-test form to assess one of his/her existing reading
skill before using our training system.
e Your child will use our training system during school sessions to train him/her on
previously studied reading skills.
e If your child completes the study, then he/she will take:
¢ A post-test to assess his/her reading skill after using our training system.
¢ A usability questionnaire to measure his/her confidence in using our system.
e A video will be recorded for your child or some pictures will be taken of him/her
during the study for the study purposes if you agree.

3. Withdraw from the Study:
Your child is free to withdraw from the study at any time. You can contact at least one of
the researchers within 8 weeks of their commencing the study (using one of the email
addresses below).

4. Timerequired:
The training will require using reading sessions that are given during school’s day for three
to four weeks, and your child may withdraw from the study at any time he/she wants.

5. Benefits to Participants:
Your child will gain free reading training in a previously taught reading skill to improve
his/her reading weaknesses in that skill.

6. Risks to Participants:
e We will only collect information about your child, including their results from the
diagnostic test, pre and post-tests and satisfaction questionnaire.
e All the collected information will be anonymous and safely secured and encrypted
before being stored in a database.
e Only the researchers will be able to access the database using unique student
identifiers (IDs) associated with each child participates in the study.
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Participation in this study is voluntary (optional), and your child may withdraw at any time
he/she wants. Please read the preceding information carefully, and then indicate below
whether you agree or disagree to allow your child to: participate in the study, record a
video and/or take some pictures of him/her during his/her participation.

Participating in the study:
o | agree to let my child to participate in the study.

o | disagree to let my child to participate in the study.

Recording a video during the study:
o | agree to the recording of a video of my child during the study.
o | disagree to the recording of a video of my child during the study.

Taking some pictures during the study:
o | agree to the taking of some pictures of my child during the study.

o | disagree to the taking of some pictures of my child during the study.

For further information, please do not hesitate to contact us by email:
or

If you would like to see the final published results of this study you should contact
one of the researchers at the above addresses.

Name of parent / guardian: ... ... ... .o e
D 2= (= PPN
SIONA U .. e
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Consent Form (Arabic Version)
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Appendix B

Dyslexia Diagnostic Test of Experiment 3

Caoalh L yal Jlayl 5l Cads gl ALl & g0 A s 36l B LS 361 53 /0 61 acadl)
s Al

Section one/ Read the words correctly without adding, deleting, or replacing their

letters with other letters (VSD).
il L i3

é’ - /// . -2 // _ . ““
}/i P }‘go, . _2% 0~
Ja D I a

B uatll g 4y ghall LeAlS & Gl 36 j3 /g.ﬂ:\]\ euﬁ\
Section two/ Read words with their long and short vowels (VD).

:sﬁubﬁi

;

o
Cae
N =
(o
B

¢
{5
b
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Appendix C

Structured Interview

Section 1: Demographic Information Luadldl) cila glaal) 1Y) £ 5ad)
1. Name (OPLioNQ): ...t s e (okal) awsY)
N 0 T=Y (=Y LR daalall da )
3. IMIAJOF: witiieiieeeteerie ettt e sttt sttt bt es e bttt sae e et et et eas era b s et enens Uaadil)
B, CATEEI: cuuveeereereereesessesesss e e s s st stssassas st et essens et enseesess st e ses s sttt Agall
5. EXPEII€NCE (I YEAIS): .c.ooeeeeeretereeeeeee ettt aer s e et st e e e bes s e sn s ens (&) sims) 3_nal)
B. SCROOI: <ttt ettt es s e et ettt s Ayl

Can I record the interview? (Yes / No) (Y / axd) £l faudi HlSaYls S
Section 2: Student Adal) /quildal) 3 AU ¢ 5ad)

S /Al e Canall La /Ay 30l daiial) 48, pal) aLa g 3o AN & A/qilal) Lgda Alay Al JSLEal) Al v
v What are the problems that the student face in reading? What is the method used to teach the
student to suit their problems?
all e il 4y ra
S (9 oS Anine iy Bel i e 3 al) axe
A ga e L ge Cojall aul 3¢l 3
(el A085) Bas) gl AW ol oSLel Jaa
G statie OialS o oY) (SWl Jaas
ARl S sl 8 AT G G s Jlasial /Ca e Cida /o s ddl)
A 8k aad A AT Goan o Jladiod /s ja Cada /s ja Al
.:&AXSXL.}O\SAL;;‘5;_).;iMJJMM&JPJ\J%E&‘/M&.’OPQ;\;/MQP%L.AJ
(Bopadl) WS ja e il Gany il 36l 8 (5f) 5 _juaill S jall c dalall
laliag LKl 3e) 431
) 5 Ada gy pall Ul 3 gl il (o5 Al () sihaal) delaall o) e (5 gind Sl B3LAN il 3¢) 811
3 seailal
A gl B prn 12
Aidayse) .13
A ghe 3¢) 8 14
L Agliie Al Caagl) AalSll Jlagind 15
fs0a0 .16

©COoNOOUAWNP

Difficulties in identifying letters.
Inability to combine letters to form the word.
Reading the name of the letter instead of its phoneme.
Migrating the letters within the word.
Migrating the letters between two adjacent words.
Adding / deleting / substituting letters within a word.
Adding / deleting / substituting letters at one end of a word.
Adding / deleting / substituting long vowels within a word.
Mixing between short vowels only.

. Reading the word by its meaning.

. Reading irregular words which contain: phoneme WA: Shaddah, Tanween fatha, Hamza, Taa
Marbootah and alef magsoorah.

©oNoOAwWNE

N
= O
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12. Difficulties in reading comprehension.

13. Slow reading.
14. Random reading.

15. Replacing the target word with a word similar to it.

16. Other?
il A4y jh el il A Jslia il A8
Teaching Method Reading Problems Student
16 |15|14|13|12|11|10|9|8|7(|6|5|4|3]|2 ID

1ilal ¢4 /callall adiall oY) Al e 4/l ga i Ja v
v Do you agree with the student's diagnostic test result? Why?

)
Reason

¥ axd
Yes/No

i) ?§J
Student ID

Ay ) cilaglll gaa) 4 /cudUal) Gty Ja v

v" Does the student speak an Arabic dialect?

SAagll dlli 4 Lad anty Al cuils 1) Vs llal) 8
If yes, what is that dialect? Yes/No | Student ID

#13Lal Aalell /s B Akl o & 3 A/callal) dagd o s JA v/
v Do you think the student's dialect affect their reading? Why?

t*\u.“
Reason

V[ axd
Yes/No

allal) ?SJ
Student ID
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(a9 o ST LA @liSay) (g pail) cilealy oL Lgalaiiiend 4/Gallal) Judaiy A0 A0 5 013 £ 630 G 6 v/
v Which of the following types of memory do the student prefer to use during teaching sessions
(you can choose more than one).

A Baal 5,00 4 pad) 5 9040 Lnad) 5 I3 alhal) a8
Verbal Memory Visual Memory Auditory Memory | Student ID

:(Mwﬁ\j._ﬁi\da&g)m\ COlCEal) e JST gl SAAU&.\S&AQAL/@LH\QJIL_:& v
v" Does the student face one or more of the following problems? (You can choose more than

one).

Ao e g elaas¥ g cald Y15 5l 5f Alagh) Capal) Juduas e oLl S5 8 JSLE.

S A e

gl i oL

Aalat¥) Sl 3 JSU

oaa¥! ol s gl g dadabiall o) s o 5 (g zle 33

T );l
Problems with remembering such as; sequences (e.g. alphabets, months, numbers), names, etc.

Problems with concentration and focus.

Problems with vision.

kW=

Other?

Problems in differentiating between directions.
Being upset due to sensitivity to the glare of bright lights and backgrounds with white colour.

iUl o8
Student ID

oA Wi

.(AA\JQA):\S\JQ:\i\sﬂ:\SA:n)g.‘gLAA):\S\J\ .\AU‘_,QAQL/Q.“.HM}Q v
v" Is the student good in one or more of the following (you can choose more than one).

?u)'ai S8 )gal OISR Ja sall e gl gy BaLAl & jlga ' ?s
Other? Strong Problem Spatial Creativity | Leadership * <
: TN . . Student ID
visualization solving awareness skills

194




[(5anls oa ST L) eliSag) A il Ja¥) i sl Ga SSH i 5215 Con A/l s b

v" Does the student face one or more of the following difficulties or disorders? (You can choose
more than one).

(gl Ly ) A2l 3 2y pnac

Al Al iy gmaa

pbail)l Ay gea

(sl 3 Lpn) Claall jut 4

() S 3 2y guac) L) 3 e 5

(ADHD 38 sl s ji 5 oLEi¥) e ol jlaal) oY) 3 dysen 6

S Al el i clgua) Y JIA 7

(2l Ay gha s I gf cgaall 5 pmd 5 ,SIAM (ALLall 3 Q1) 5 SIAN 3 JSLE. 8

(LUEEY) i il 8 AR Cania Jia) 48 glus g dgibale il jhnl 9

S 110

W=

Difficulty with oral language

Difficulty with written language

Difficulty with organization.

Dyscalculia (Difficulty with math).

Dysgraphia (Difficulty with handwriting).

ADHD (Difficulty with attention (Attention Deficit Hyperactivity Disorder)).
Dyspraxia (Difficulty with motor skill).

Memory problems (working memory, short-term memory or long-term memory).
Emotional and behaviour disorders (such as, poor self-esteem, or depression).

0. Other?

B O 0NN W =

10 9 8 7 6 5 4 3 2 1 llhl) a8
Student ID

g S /ASe) B (s glana (e b aguation B il o A/l Gy patl Ly gealss Laall y; aladiad O a3 Ja v/
sl
v" Do you think that using a computer program to train students to read will improve their
reading? Explain your answer.
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6 Shena (it A aguadion Be 8l o A/qilal) Gu i B gailad) el B lad) aladiad of SEies Ja v
S Sla/ads) B
v Do you think that using games in the computer program to train students to read will improve
their reading? Why.

O S /i) B Cpuntion A/calldal) W/Ade lay i) dpaladl) ASdal) Ciagiod cilalS aladiia ¢ S Ja v/
913lal SAIC G Al Chagind ¥ Al gde cilalS aladin)
v Do you think that using words targeting the student’s problem will improve their reading
more than using random words? Why?

(Yes)ax o
(No)¥ o
Section 3: Diagnostic Test (el JLaaY) (&I ¢ 3al)

851 Al e cililUa/cda ¢y Aaild Sas gl AalS) Ci el Slal o Joaiil) AlCEa Ja v
v"Is migrating letters within a word common between students with dyslexia?
(Yes) s o
.(No)¥ o

881 Al e cililUa/cids ¢y daild AL glall g 5 jualll S al) oy Jaldl) AlCEa JA v
v"Is mixing between short and long vowels common between students with dyslexia?
(Yes)a o
.No)¥ o

501 AN e b/ (yy Aail JaBh 5 _yuaall) cilS jald) (s Jaldd) A JA v
v Is mixing between short vowels only common between students with dyslexia?
(Yes) s o
.No)¥Y o

5018 e cilalda/cdUa ¢y dadld AalY JA0a i g ja JI) /cdds /ALl ASEa JA v
v Are adding/deleting/substituting letters within a word common between students with
dyslexia?
(Yes) a2 o
.No)Y¥Y o
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#13Lal g AB L) DAY JSLiiall 1) A aalud A0 cilalsl 6§ v
v Which of these words contribute to highlighting the previous four problems and why?

)
Reason

Aciall £ o
Problem Type

S ol ¢y Jalal)
Jagd 3).34’!.“
Mixing between
short vowels Only

S jall gy alll)
z.h‘._,hll‘, B _juaill
Mixing between
long and short
vowels

JIy) /cdda /AdLa)
ALl Jala G 98
Adding/ deleting/
substituting letters
within a word

OSal O Gl
Baal gl AalS) b jai
Migrating letters

within a word
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Bl Al e /oM (p dnil s AT JSLde 2 i bV
v" Are there other problems common between students with dyelxia?
(Yes) s o
.No)¥ o

USLall Al ALad candy LYl cuils 1Y) v
v If yes, what are these problems?
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Appendix D

Pre and Post-Tests of Experiment 3

La
Read the following:
o f. o -~ ° - o 0 %
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Appendix E

Learner Satisfaction

First Name:....cccocveivveeieencnnns JAV=1 -
Grade:(2, 3,4, 5, 6) Gender:(Male, Female)

What is your opinion about the system?

Awful Not very good Really good Brilliant
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Satisfaction in E-learning (English Version)

Grade:(2,3,4,5,6) Gender:(Male, Female)

Section English Version Not

Awful | very | Good
Good

Really

Brilliant
Good

| am satisfied with examples of the real world
situation/practice, in the EL part of this course

Content

| feel that the content provided in the EL part of this course
is sufficient.

| am satisfied with the ease-of-use of the EL system

| agree that the EL system usually performs well.

Systems

This EL system makes it easy for me to find the content |
need (i.e. course title, additional resources, material, topics,
activities, web board discussions etc.)

| feel that the presentation of material provided in the EL
part of this course is easy to understand

| am satisfied with the format (or software application) of
material provided in the EL part of this course.

| can learn a lot and have fun at the same time with the EL
system

Delivery Method

| am satisfied with the way quizzes, exercises, and additional
activities in the EL part of this course improve my learning.

Overall, | am satisfied with the EL system

Overall
Satisfaction
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Satisfaction in E-learning (Arabic Version)

 yaall /I el
&1 ¢ 4S3) il (Lesladl ¢ pualsdl (ol (Il ¢ W) raualydl Ayl
ololela® o ]
ae | 2= o
J i o e | 5
(hats Lo) 39 ASIY! ealadll ol el e (o G _
duadls) 1
L) 39UV ealatll pUa3 § pdiall (Sgimeal) OF yasil ‘o
.6 (odai
L) oA palaill plaS pliil Uggas o 21 Ul
e
Bale (elats L) 39 ASIYI eadaddl pllas Ol (de 319

2siall (oS L) 39 AV pualaild plasll e Jguu
Mlgally polll Olsis Jha) dxlil Al sgimall Yo
d>4lg da2Nlg Oile 40 gallg dualall B3lallg LY
(3 ) by oladlal) Cog

NS

L) J9ASIY! el pUas (§ 8392gall Slgall O yasil

ped)l dguw dasylay A9 a0 (@las
palad)l a3 (3 daddall slgall Gauds e ol Ul “95
(e L) G940 :i
Pl ao CBgll i (§ piaiwly i1 @ladl O (iSe }"
(et L) Go S euladdl]
I 0 (g s (@) Ayl e (2] O :i
S LY Aaz¥lg poyladlly uadll ohtasV|
(e La) 39 ASIYI @alasl pllas Lgodds
L) (3 AIY! ealasll pllas e (o)) Bl ¢ ple S 23
fes] 3 =
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Appendix F

Research Ethics Statement
HCI: Adaptive Learning for Dyslexic Users
Name of PGR student: Mrs Hadeel Al-Dawsari
Principal supervisor: Robert Hendley

Study Details

The study took place at primary schools in Saudi Arabia. The participants were dyslexic
primary school students who were aged 9 to 12 years old Arabic native speakers.

Their parents’ / guardians’ consent was taken with full awareness of the requirements of the
study, including the knowledge of exactly what data would be collected.

At the beginning of the study, participants were asked to provide primary information, such
as demographic information and completed both, a diagnostic test to identify their dyslexic
type and a pre-test to determine their level of reading skill. Diagnostic tests to identify the
learning difficulty type were available from the Ministry of Education. The reading exercises
used were those available in the Saudi curriculum with input from teachers.

This project explored ways in which to improve the reading skill of an Arabic dyslexic student
by offering a range of reading exercises through an adaptive learning system. The exercises
were provided to the student using the appropriate techniques for him/her based on his/her
dyslexic type.

At the end of the study, the participants were asked to complete both a post-test to identify
the level of improvement in their reading skill and a satisfaction questionnaire
to measure their confidence in using the developed learning system.

Participant recruitment

After obtaining permission from the Ministry of Education and from the primary school
head teachers, the researcher visited participating schools and identified potential students

to take part in the research with the assistance of the school staff. The study was undertaken
in the child’s school during the school reading session with their teacher present.

Each participant was free to withdraw from the study at any time. His/her parents/guardians
could withdraw their children from the study by contacting at least one of the researchers
before the completion of the study

Data Management

The teacher registered participants in the system by providing their demographic
information. Picture and video recordings of the participants using the learning system were
captured in order to analyse the participants’ behaviour and emotions, with the permission of
their parents/guardians.
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All data collected from the participants was encrypted and stored in a secured database.
Each participant’s data was identified with an ID only accessible to the researchers who had

access to the database. A secured connection was used to protect all communication to and
from the database. Data was retrieved by using the anonymous participant IDs. Participant
IDs were saved along with his/her dyslexic type and the results of the pre and post-tests.
Data was backed up using the university BEAR service. Data was archived in the university
storage facility for ten years.

Research Ethics and Governance Assessment

This project was submitted for research ethics review on the 26.7.2019 and feed-back from
the review was provided on the 30.9.19 but a response to the research ethics review was not
received.

On the 29.9.22 the Research Ethics Team received notification that this project had been
completed and a review of the way in which the study was adapted in line with the feed-back
from the research ethics review was undertaken by the Head of Research Governance &
Integrity, the Research Ethics Manager and the Co-Chair of the Science, Technology,
Engineering and Mathematics Ethics Review Committee to establish if ethical issues were
considered sufficiently to allow data to be used and to identify corrective actions that would
need to be considered for this project.

There is evidence that ethical issues in relation to the identification of participants,
information and consent processes and participant withdrawal were considered. There was
consideration for the need of appropriate data management.

Based on this review, it was agreed that the project had considered ethical issues and data
from this project can be used for the research. This ethics statement was approved by the
Director of Research and Head of College.

Dr Birgit Whitman

Head of Research Governance & Integrity
Research Strategy and Services Division
University of Birmingham
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Appendix G

Observed Fun Checklist (English Version)

Learner ID

Issues

Engaged

Bored

Happy

Sad

Compliment

Criticism

Other
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o
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Observed Fun Checklist (Arabic Version)
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Appendix H

Observed Usability Checklist (English Version)

Learner ID

Issues

Is sound clear?

Is image clear?

Is text clear?

Choosing
correct
buttons?

Knowing what
is going on?

Not going
back?

Knowing what
to do?

Yes No

Yes No

Yes

No

Yes No

Yes No

Yes No

Yes No

Other
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Observed Usability Checklist (Arabic Version)
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Appendix 1

Demographic Section Updates

Initial Version Teacher . . . Final Version
# : Requires modification? -
Question Answers Comments Question | Answers
Yes
1 Are you a special educational teacher? . No Comments No Same as initial version
o)
Bachelor
. . Master . .
2 What is your academic level? oD No Comments No Same as initial version
Other
. Male - .
3 What is your gender? No Comments No Same as initial version
Female
. i Open ended . .
4 How many years of teaching experience? . No Comments No Same as initial version
question
. . Open ended . .
5 Which city do you teach in? ) No Comments No Same as initial version
question
) i . Primary Stage L .
6 What is the educational stage you are teaching? No Comments No Same as initial version
High Stage




01¢

O INJOO|Ln]H_JWIN]E-

Which grades do you teach? No Comments No Same as initial version
10
11
12
If you have taught before in another city, then please specify? Lej No Comments No Same as initial version




T1¢

Dyslexia Section Updates

Initial Version

Requires

Final Version

# = Teacher Comments Researcher Comments e L. -
Question Answers modification? Question Answers
1. All teachers agreed on
During your teaching Yes its clarity. .
) All teachers did not "
journey, have you 2. Only one teacher misunderstand this Use "developmental Same as initial
10 | ever encountered suggested changing i -+ will Yes issues" instead of .
uestion, so it wi version
any TRUE students "genetic" to rc:amain u;1chan od "genetic"
with dyslexia? No "developmental gec.
problems".
MD.iffictl'JItytlhz 1. Split Difficulty 1
igrating the into 2 options >
letters within the Difficulty 1:
word. E.g. reading 1. The question Migrating th.e
the word "Ya'mal" | 1- All teachers agreed on | enables the teachers letters within the
as "Ya'lam". its clarity. to choose more than word that ma
2. One teacher suggested one option, so no ) y
Please choose the . . A result in a known
most common adding a fourth option need for the "ALL word such as
reading difficulties | Difficulty 2: Mixing ALL” because sometimes | - option. They just reading the word
a student may suffer from select all of the
you have short vowels only. all of these difficulties options "Ya'mal” as "Ya'lam*
11 encountered E.g. reading the ’ P ' Yes Same as initial version| and Difficulty 2:

between dyslexic
students (you can
choose more than

word "kotob" as

"katab".

one option):

Difficulty 3: Mixing
between long and
short vowels. E.g.
reading the word
"Katab" as
"Kaateb".

3. One teacher suggested
adding another example
for migrating letters in
Difficulty 1 that result in a
nonword because
migration may result in a
nonword.

2. Adding the "Other"
option may be a good
suggestion in order
not to force the
teacher to choose
from the available
ones in case non of
them was appropriate.

Migrating the
letters within the
word that may
result to nonword
such as reading
"Yahmel" as
"Yamhel".

2. Add Option 5:
"Other" with a
specific text box.




¢1e

Why do you think
these are the most

There was a variety of

: Open ended All teachers agreed on its answers. So it will N .
12 common reading . . . No Same as initial version
e 1L question clarity. remain an open ended
difficulties from your )
. question.
perspective?
"Arabic societies
speak different Arabic
1. 63% of teachers agreed
Strongly Agree ] . g dialects such as; Najdi
on its clarity. . .
. dialect, Hijaz dialect,
2. One teacher claimed )
L Bedwens dialect,
that the question is not ) .
o Syrian dialect, etc.
clear because dyslexia is a
e Some of these
difficulty due to a .
) ) dialects pronounce
malfunction of the brain )
If you have found and there is no some Arabic letters
y ) Agree ) ) Based on teachers differently such as
these reading relationship between )
e . . . comment, | suggest to pronouncing Thal as
difficulties between dyslexia and dialects. ) ) .
. rephrase the question Dal while others mix L
Arab dyslexics, then 3. One teacher . . . Same as initial
13 ) with an explanation Yes letters within the i
how strongly do you commented that a dialect version
] ) ) about the way that a word such as
agree on that their is not considered a i ) .
. . . dialect might affect pronouncing
dialect affected their difficulty. dvslexics readin "Melagah" as
reading? Disagree 4. One teacher did not y & " d "
) Maalagah".
agree with the word
- ) So, If you have found
dialect" and suggested )
) e these reading
either explaining it, e 1L
rephrasing the question difficulties among
P . g 9 Arab dyslexics, then
or writing a note about
: how strongly do you
the way that a dialect .
Strongly Disagree agree that their

might affect the reading.

dialect affected their
reading? "




€1¢

14

What is their dialect?

Open ended
question

1. 40% of teachers agreed
on its clarity.

2. One teacher claimed
that the question is not
clear.

3. One teacher claimed
that the dialect does not
differ from the Standard
Modern Arabic so she
does not think that dialect
affects dyslexia.

4. One teacher did not
agree on asking a
question about dialect.
5. One teacher
misunderstood between
dialect and the first
language in the case of
Non-Arab dyslexics.

6. One teacher
misunderstood the
question by thinking that
the question meant the
dialect of the mother and
not the dyslexic herself.

Based on teachers'
comments and their
answers:

1. Only one correct
answer.

2. 50% wrong answers.

3. 25% mentioned
unclear question.
It seems that some
teachers
misunderstood the
question. So once the
previous question is
rephrased then this
question will be clear.
Note: | do not agree
with point 3 of the
teachers' comments
because there are
many dialects where
some of them are
close to the Standard
Modern Arabic while
others are far from it.

No

Same as initial version
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15

If you have found
these reading
difficulties between
non-Arab dyslexics,
then what is their
origin?

Open ended
question

"1. 50% of teachers
agreed on clarity.

2. One teacher claimed
that the question is not
clear.

3. One teacher suggested
rephrasing the question
by using the word
"nationality" instead of
"origin".

4. One teacher
misunderstood the
question.

5. One teacher claimed
that she did not teach
non-Saudis.

6. One teacher
misunderstood between
dialect and the first
language in the case of
Non-Arab dyslexics."

Based on teachers'
comments and their
answers:

1. 63% did not teach
Non-Arab dyslexics.
2. 1 wrong answer.
3. 1 suggested
rephrasing the
question.

It seems that some
teachers
misunderstood the
question. So it should
be rephrased, add
examples to some
origins and add an
extra question
checking whether a
teacher taught Saudis
in nationality but Non-
Saudis in origin to be
asked this question.

Yes

Add this question
before question 15:
Some dyslexics are

Saudis by nationality
but not by their
origin. So, some of
them came from
other Arab countries
such as Syria and

Egypt while others

came from non-Arab
countries such as
Pakistan and
Indonesia. Thus, they
might speak their
origin language as
their first language in
instead of Arabic. So
Have you taught non-
Arab dyslexics
(whether their
nationality is Saudi or
not)?

Yes/No question

If you have found
these reading
difficulties between
non-Arab dyslexics
(whether their
nationality is Saudi or
not), then what is
their origin?

Same as initial
version
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16

What is their first
language?

Open ended
question

1. 60% of teachers agreed
on its clarity.

2. One teacher claimed
that the question is
unclear.

3. One teacher suggested
deleting the question
because the previous one
is adequate.

4. One teacher
misunderstood between
dialect and the first
language in the case of
Non-Arab dyslexics.

5. One teacher claimed
that she did not teach
non-Saudis.

Based on teachers'
comments and their
answers:

1. 2 did not teach Non-
Arab dyslexics.

2. 3 wrong answers.
3. 1 suggested
rephrasing the
question.

4. 1 claimed that the
question is unclear.
It seems that some
teachers
misunderstood the
qguestion while others
did not teach such
students. Due to its
similarity with the
previous question, So |
suggest deleting the
question and sticking
to the previous one.

Yes

Delete this question

17

Have you
encountered

Yes

No

All teachers agreed on its
clarity.

No comments.

No

Same as initial version
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18

If Yes, then why do
you think it is
common in your city
schools? (you can
choose more than
one option).

They were not
Arabs in their
origin and speak
Arabic as their
second language.

They were taught
using
inappropriate
teaching strategies.

They were
originally Arab who
mix letters
positions in their
dialect which
affected their
reading at school
(e.g. Arabs from
Syria region).

All teachers agreed on its
clarity.

Adding the "Other"
option may be a good
suggestion in order
not to force the
teacher to choose
from the available
ones in case non of

them was appropriate.

Yes

Add the "Other"
option with a
specify text box.

Same as initial version

19

If you have other
reasons, please list
below.

Open ended
question

All teachers agreed on its
clarity.

There was a variety of
answers. So it will
remain an open-ended
question.

No

Same as initial version
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20

If No, then why do
you think it is rare in
your city? (you can
choose more than
one option).

They were taught
using appropriate
teaching strategies
such as Qa'eda Al-
Nawraniah.

Their dialect was
pure and too close
to the Standard
Modern Language.

Self-correction
between the
society's members
who catch this
mistake (and other
mistakes) then
correct them.

"1. All teachers agreed on
its clarity.

2. One teacher suggested
removing " Qa'eda Al-
Nawraniah" from the first
option because it caused
reading problems for
some dyslexics."

1. One teacher
suggested removing "
Qa'eda Al-Nawraniah"

from the first option
while 33% of teachers
chose this option. So, |
suggest splitting the
first option into two
options: They were
taught using
appropriate teaching
strategies and They
were taught using
Qa'eda Al-Nawraniah.
2. Adding the "Other"
option may be a good
suggestion in order
not to force the
teacher to choose
from the available
ones in case non of

them was appropriate.

Yes

Same as initial version

1. Split option 1 into
2: They were taught
using appropriate
teaching strategies
and They were
taught using Qa'eda
Al-Nawraniah.

2. Add"Other"
option with a
specify text box.
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If you have other

Open ended All teachers agreed on its N .
21 | reasons, please list F; estion clar'%( No Same as initial version
uesti ity.
below.
Please list three
other common
reading difficulties . |Th : f
Open ended All teachers agreed on its erewasa variety o o i
22 you have s clarity. answers. So it will No Same as initial version
encountered _ remain an open-ended
between dyslexic question.
students
Why do you think
these are the most
23| common readin Open ended All teachers agreed on its No Same as initial version
i
difficulties from ysur question clarity.
perspective?
Focus loss
Psychological
Problems. 1. All teach d
Hyperactivity e?t(; jgsriz’:yg/ree E Adding the "Other"
Please choose the Yp : ’ option may be a good
most common non- | Vision Problems. 2. One teacher suggested suggestion in order
reading difficulties Problems in dusmlg the phrlase not to force the i r:or:cop;clons:
. - "developmental non- "Math Difficulty",
ou have differentiating teacher to choose
enycountered between academic difficulties" from the available "Writing Difficulty",
) directi instead of the keyword ) L . "Spelling Difficulty"
24 | between dyslexic irections. ones in case none of Yes Same as initial version

students and
effected their
reading (you can
choose more than
one option)

Remembering.

Memory problems.

Emotional and
behaviour
problems (such as,
poor self-esteem,
or depression).

"non-reading".
3. One teacher suggested

adding the "Other" option.

4. One teacher suggested
adding two more options:
"Math Difficulty" and
"Writing Difficulty".

them was appropriate.

2. Adding the two
options suggested by
the teacher along with
a third one "Spelling
difficulties".

and "Other" option
with a specific text
box.
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Why do you think
these are the most

1. All teachers agreed on
its clarity.
2. One teacher suggested

1. There was a variety
of answers. So it will
remain an open-ended
question.

2.1 do not agree with
the teachers'
suggestions because |
target any non-reading
difficulties either
developmental or
academic.

25 common non- Open ended to use the phrase
reading difficulties question "developmental non
from your academic difficulties"
perspective? instead of the keyword
"non-reading".
1. All teach d
Please list three ez.ac ers .agree on
its clarity.
other common non-
. e 1o 2. One teacher suggested
reading difficulties
Open ended to use the phrase
26 you have . "
question developmental non
encountered e o
. academic difficulties
between dyslexic .
instead of the keyword
students. B o
non-reading".
1. All teachers agreed on
its clarity.
Why these are the ty
2. One teacher suggested
most common non-
. e 1 Open ended to use the phrase
27 | reading difficulties . "
question developmental non

from your
perspective?

academic difficulties"
instead of the keyword
"non-reading".

1. There was a variety
of answers. So it will
remain an open-ended
question.

2.1 do not agree with
the teachers'
suggestions because |
target any non-reading
difficulties either
developmental or
academic.

No Same as initial version
No Same as initial version
No Same as initial version
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Please list three
reading or non-
reading difficulties

1. All teachers agreed on
its clarity.

1. There was a variety
of answers. So it will
remain an open-ended
question.

you have 2. One teacher suggested .
2.1 do not agree with
encountered Open ended to use the phrase . N .
28 . , " the teachers No Same as initial version
between dyslexic question developmental non .
e e suggestions because |
students that you academic difficulties .
. target any non-reading
prefer the instead of the keyword e
p o difficulties either
researcher to non-reading".
developmental or
capture. .
academic.
Why do you want
the researcher to Open ended All teachers agreed on its L )
29 . ) No Same as initial version
capture these question clarity.
difficulties?
Please list three
teaching strategies .
& . : Open ended All teachers agreed on its | There was a variety of N .
30 f(ways) that improved i . L No Same as initial version
) question clarity. answers. So it will
the reading of i
. remain an open ended
dyslexic students: .
question.
Why do you think
these strategies are
. € ) Open ended All teachers agreed on its L )
31 | helpful in improving . ) No Same as initial version
question clarity.

the reading of
dyslexic students?
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Interactive Educational Tool Section Updates

Initial Version Final Version
# - Teacher Comments|Researcher Comments| Requires modification? -
Question Answers Question | Answers
All teachers agreed on
Strongly Agree 1. All teachers its clariFy and only t.wo
How strongly do you . questions used this
) agreed on its . .
agree on that using an clarit type of question with
interactive Agree Y- these answers. So, |
. 2. One teacher )
educational tool as an suggest leaving the o )
32 . . . suggested ) o No Same as initial version
aid to train dyslexic . question as it is in its
. changingitinto a .
students to read is Disagree form to standardize
) sentence form )
better than using only nstead of a the way of asking
the textbook? Why? question questions and avoid
Strongly Disagree distracting the
respondents.
There was a variety of
All teachers agreed | answers. So it will
33 Reason: Open ended question ) .g ) No Same as initial version
on its clarity. remain an open-
ended question.
Audio.
| suggest adding three
Please choose the g8 . 8 .
Image. more options: the 1. Add Option 9:
feature(s) that you ; . ;
. Image Feedback Image
think are useful to Interactivity. . "
. . . option, "Animated Feedback".
include in the design Feedback" option and 2. Add Option
of an interactive Verbal Feedback. I teachers agreed " ,F,) . . . A P
34 educational tool for on its clarit the "Other" option Yes Same as initial version| 10: "Animated
R Textual Feedback. Y- not to force the Feedback".
raining dyslexic
studentsgonyreadin Progress bar teacher to choose 3. Add Option
E g i from the available 11: "Other" with
(you can choose more ) . )
. Points. options in case non of specify text box.
than one option): .
them was appropriate.
Repetition.
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Initial Version

Question

Answers

Teacher Comments

Researcher Comments

Requires modification?

Final Version

Question |

Answers

35

Please list other three
feature(s) that you
think are useful to

include in the design

of an interactive
educational tool for

training dyslexic
students on reading.

Open ended question

All teachers agreed
on its clarity.

There was a variety of
answers. So it will
remain an open-
ended question.

No

Same as initial version

36

Why do you want to
include these features
to the design of the
interactive
educational tool for
training dyslexic
students on reading?

Open ended question

All teachers agreed
on its clarity.

There was a variety of
answers. So it will
remain an open-
ended question.

No

Same as initial version

37

Please list three
feature(s) that you
think should be
avoided when
designing an
interactive
educational tool for
training dyslexic
students on reading.

Open ended question

All teachers agreed
on its clarity.

1. There was a variety
of answers. So it will
remain an open-
ended question.

2. 63% of wrong
answers. This led to a
misunderstanding of
the question. | suggest
either rephrasing it or
adding some
examples.

Yes

Please list three
feature(s) that you
think should be
avoided when
designing an
interactive
educational tool for
training dyslexic
students on reading
for example: avoid
using distracted
audio such as plyaing
a sound in the
background.

Same as initial
version
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Initial Version

Final Version
# - Teacher Comments|Researcher Comments| Requires modification? -
Question Answers Question | Answers
1. 50% of answers
were about
Why do you want to
,y v distraction while 38%
avoid these features )
. were about losing
to the design of the
) ) . JAll teachers agreed focus. . .
38 interactive Open ended question ) ) . No Same as initial version
. on its clarity. 2. | suggest leaving
educational tool for i
. . the question as an
training dyslexic )
. open-ended question
students on reading? )
to capture different
answers.
. 1. 38% of answers
Please list three ) i
) . were using modelling
teaching strategies .
as a teaching strategy.
(ways) that you prefer
o 2. There was also a
to embed it in the . JAll teachers agreed ) I .
39 . . Open ended question ) ) variety of answers. So No Same as initial version
interactive on its clarity. . .
) it will remain an open-
educational tool for )
. i ended question to
training dyslexic .
) capture different
students on reading. .
answers if any.
Why do you prefer
these teaching
strategies (ways) to be
gies ( y ) There was a variety of
embedded in the All teachers agreed | answers. So it will
40 design of the Open ended question 6 No Same as initial version

interactive
educational tool for
training dyslexic
students on reading?

on its clarity.

remain an open-
ended question.
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Final Section Updates

Final Version

Question

Answers

41

Is there anything else would be important for me to know when
teaching the student?

Open ended question




Appendix J

Exploratory Questionnaire (English Final Version)

(The Most Common Reading Difficulties between Students with Dyslexia in Saudi Schools)
Introduction:

| am a PhD student at the University of Birmingham in UK. My aim is to determine the most common
reading difficulties between dyslexic students in Saudi Arabia schools from special educational
teachers' perspective in order to provide them with the suitable training system that would target
their needs and thus improve their reading skill. Therefore, to accomplish this aim, this survey was
designed. It consists of three sections: demographic information, dyslexia and interactive
educational tool. It will take 5 to 10 minutes. | hope you go through it and fill it.

Thanks for your cooperation.
Researcher: Hadeel Mohammed Al-Dawsari

Email:

Section 1: Demographic Information

1. Are you a special educational teacher? (Yes, No) - if the answer is no, the questionnaire will
terminate

What is your academic level? (Bachelor, Master, PhD, Other:..)

What is your gender? (Male, Female)

How many years of teaching experience?

Which city do you teach in? (e.g. Riyadh, Jeddah, Makkah, Dammam, etc.)

What is the educational stage you are teaching? (Primary stage, High stage)

Which grades do you teach? (1-12)

If you have taught before in another city, then please specify?

PNV A WN

9. Please type in your email to contact you if more information is needed (optional)

Section 2: Dyslexia

10. During your teaching journey, have you ever encountered any TRUE students with dyslexia?

(Yes, No) - if the answer is no, the questionnaire will terminate
(Note: True students with dyslexia suffer from dyslexia due to developmental issues and not due to academic
neglect)

11. Please choose the most common reading difficulties you have encountered between
dyslexic students (you can choose more than one option):
o Difficulty 1: Migrating the letters within the word that result to a known word. E.g.
reading the word "Ya'mal" as "Ya'lam".
o Difficulty 2: Migrating the letters within the word that result to a non-word. E.g.
reading the word "Yahmel" as "Yamhel".
o Difficulty 3: Mixing short vowels only. E.g. reading the word "kotob" as "katab".
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12.

o Difficulty 4: Mixing between long and short vowels. E.g. reading the word "Katab" as
"Kaateb".
o Other, please specify: .....cccovevmevecerceevesesenne
Why do you think these are the most common reading difficulties from your perspective?

13.

14.

15.

16.

17.

18.

Arabic societies speak different Arabic dialects such as; Najdi dialect, Hijaz dialect, Bedwens
dialect, Syrian dialect, etc. Some of these dialects pronounce some Arabic letters differently
such as pronouncing Thal as Dal while others mix letters within the word such as pronounce
"Melagah" as "Maalagah".

a) So, If you have found these reading difficulties between Arab dyslexics, then how
strongly do you agree on that their dialect affected their reading? (Strongly agree,
agree, disagree, strongly disagree)

b) What is their dialect?

Some dyslexics are Saudis by nationality but not by their origin. So, some of them came from
other Arab countries such as Syria and Egypt while others came from non-Arab countries
such as Pakistan and Indonesia. Thus, they might speak their origin language as their first
language in instead of Arabic. So, have you taught non-Arab dyslexics (whether their
nationality is Saudi or not)? (Yes, No) = if the answer is no, the questionnaire will go to Q16.
If you have found these reading difficulties between non-Arab dyslexics (whether their
nationality is Saudi or not), then what is their origin?

Have you encountered " Difficulty 1 or Difficulty 2: Migrating the letters within the word that
result to a known word or a non-word"? (Yes, No)
If Yes, then:
a) Why do you think it is common in your city schools? (you can choose more than one
option).
o They were not Arabs in their origin and speak Arabic as their second
language.
o They were taught using inappropriate teaching strategies.
o They were originally Arab who mix letters positions in their dialect which
affected their reading at school (e.g. Arabs from Syria region).
o Other, please specify: ... vvvrvereieireneeneeens
b) If you have other reasons, please list below:

If No, then:
a) Why do you think it is rare in your city? (you can choose more than one option).
o They were taught using appropriate teaching strategies.
o They were taught using Qa'eda Al-Nawraniah.
o Their dialect was pure and too close to the Standard Modern Language.
o Self-correction between the society's members who catch this mistake (and
other mistakes) then correct them.
o Other, please specify: ... vvvrveceieinenecneee,
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19.

20.

b) If you have other reasons, please list below:

Please list three other common reading difficulties you have encountered between dyslexic
students:

o 1.
o 2.
o 3.

Why do you think these are the most common reading difficulties from your perspective?

|

21.

22.

Please choose the most common non-reading difficulties you have encountered between
dyslexic students and effected their reading (you can choose more than one option):

O

O O O 0O O 0O O O O O

Math Difficulty.

Writing Difficulty.

Spelling Difficulty.

Focus loss.

Psychological Problems.

Hyperactivity.

Vision Problems.

Problems in differentiating between directions.
Remembering problems.

Emotional and behaviour problems (such as, poor self-esteem, or depression).
Other, please specify: ......ccoceeveveveceieineeeeeeee

Why do you think these are the most common non-reading difficulties from your
perspective?

23.

24,

Please list three other common non-reading difficulties you have encountered between
dyslexic students:

o 1.
o 2.
o 3.

Why these are the most common non-reading difficulties from your perspective?

25.

26.

Please list three reading or non-reading difficulties you have encountered between dyslexic
students that you prefer the researcher to capture:

o 1.
o 2.
o 3.

Why do you want the researcher to capture these difficulties?
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27. Please list three teaching strategies (ways) that improved the reading of dyslexic students:

o 1.
o 2.
o 3.

28. Why do you think these strategies are helpful in improving the reading of dyslexic students?

| |

Section 3: Interactive Education Tool

29. How strongly do you agree on that using an interactive educational tool as an aid to train
dyslexic students to read is better than using only the textbook? (Strongly agree, agree,
disagree, strongly disagree)

30. Why?

| |

31. Please choose the feature(s) that you think are useful to include in the design of an
interactive educational tool for training dyslexic students on reading (you can choose more
than one option):

Audio.

Image.

Interactivity.

Verbal Feedback.

Textual Feedback.

Image Feedback.

Animated Feedback.

Progress bar.

Points.

Repetition.

Other, please specify: ......cccoceeeeeveceieinreceeeeee

0O O 0O O 0o 0O o 0O o O ©

32. Please list other three feature(s) that you think are useful to include in the design of an
interactive educational tool for training dyslexic students on reading:

o 1.
o 2.
o 3.

33. Why do you want to include these features to the design of the interactive educational tool
for training dyslexic students on reading?

34. Please list three feature(s) that you think should be avoided when designing an interactive
educational tool for training dyslexic students on reading (for example: avoid using
distracted audio such as playing a sound in the background):

o 1.
o 2.
o 3.
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35. Why do you want to avoid these features to the design of the interactive educational tool
for training dyslexic students on reading?

36. Please list three teaching strategies (ways) that you prefer to embed it in the interactive
educational tool for training dyslexic students on reading:

o 1.
o 2.
o 3.

37. Why do you prefer these teaching strategies (ways) be embedded in the design of the
interactive educational tool for training dyslexic students on reading?

Finally:

38. Is there anything else would be important for me to know when teaching the students?
(optional)
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Exploratory Questionnaire (Arabic Final Version)
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