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Abstract

Dyslexia is a common learning disability that affects people’s ability to spell, read words and
their fluency in language. Adaptive e-learning is becoming increasingly popular as a tool to help
individuals with dyslexia. It provides more-customised learning experiences and interactions based
on the learners’ characteristics. Each learner with dyslexia has unique characteristics for which
content should ideally be suitably tailored. However, adaptation to satisfy the individual needs
and characteristics of learners with dyslexia is limited. In particular, the benefits of adapting e-
learning based on dyslexia type or reading skill level have not yet been sufficiently explored, despite
the type of dyslexia and the learner’s reading skill level being critical factors. Most previous studies
have focused upon the technological aspects and have been marked by inadequately designed and
controlled experiments to assess the system’s effectiveness. This limits the ability to understand
the effectiveness of adaptation.

This thesis aims to increase understanding about the value of adaptation of learning material based
on individual dyslexia types and reading skill levels and to understand how this affects the learning
experience of learners with dyslexia. To do this, an empirical evaluation through three controlled
experiments with a reasonable number of subjects has been undertaken and assessed using the
following metrics: learning gain, word understanding, learner satisfaction and perceived level of
usability. In all three experiments, careful experimental design and precise reporting of results are
all considered. A dynamic, web-based e-learning system that matches learning material based on
dyslexia type and/or reading skill level was implemented to support these experiments.

Across the three experiments, the findings reveal that matching learning material to dyslexia type,
reading skill level and the combination of both, yields significantly better short- and long-term

learning gains and improves the learners’ perception of their learning.
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Chapter 1

Introduction

1.1 Introduction

In recent years, electronic learning (e-learning) has become increasingly popular and more acces-
sible in many educational fields due to its flexibility in time and place (Rodrigues et al.l 2019).
E-learning can be generally defined as: ‘an innovative web-based system based on digital technolo-
gies and other forms of educational materials whose primary goal is to provide students with a
personalised, learner-centred, open, enjoyable and interactive learning environment supporting and
enhancing the learning processes’ (p. 95) (Rodrigues et al., 2019). It opens an avenue for learn-
ers with learning disabilities and represents a major force towards empowering them by providing
learning, training, assessment or support (Benmarrakchi et al.,[2017c). One target could be learners
who have difficulties with reading, which is considered to be an indicator of dyslexia.

However, most traditional e-learning systems are designed for generic learners, regardless of each
individual’s differences and needs (Broadhead et al., 2018; (Ouherrou et al. |2018; |El Kah and
Lakhouajal [2018; Sasupilli et al., 2019; EL_ Rahman, 2021)). Like non-disabled learners, learners
with dyslexia differ in abilities, knowledge and skills, and personalities and preferences. However,
traditional e-learning systems offer all learners with dyslexia the same learning material in the
same sequence regardless of their different needs and characteristics. This may be problematic and
lead to frustration and dissatisfaction with the learning process, which, in turn, impacts learners’
engagement and learning outcomes and increases dropout rates (Sun et al., 2008)).

Adaptive e-learning systems offer an alternative to the ‘one-size-fits-all’ approach in traditional
e-learning systems by tailoring systems to the end users’ requirements (Brusilovsky, 2012)). Adap-
tive e-learning systems aim to better satisfy learners’ needs by adapting the traditional learning
approach to different learner attributes, such as personality, knowledge level and learning style.

An adaptive e-learning system can customise the sequence of learning materials and presentation



formats, change elements of the user interface or highlight important text according to learners’
characteristics to enhance learning (Brusilovsky and Millan, 2007)). Therefore, to achieve a more
successful learning environment, teaching approaches and learning materials should be adapted to
fit the specific needs of learners with dyslexia rather than treating them all in the same way.

This thesis aims to investigate the impact of adapting learning material based on the different
characteristics of learners with dyslexia by conducting several experiments with an empirical eval-
uation.

This chapter introduces the relevant background and the motivation for this work and the research
questions that are investigated. Then, it provides the research methodology, the contributions of
this research to the existing literature and shows a list of publications resulting from this work.

Finally, the structure of this thesis is outlined.

1.2 Background and Motivation

Language, a communication tool between individuals, is fundamental to human development by
providing a way for people to express their thoughts and question the world around them. Language
learning includes four basic skills: reading, writing, listening and speaking. Reading is a signifi-
cant branch of language. Reading is: ‘the process of extracting and constructing meaning through
interaction and involvement with written language’ (p. 11) (Snow, 2002). It is a major focus of the
early school years because it develops the mind and opens the door for individuals to the world of
knowledge. Most readers can read grade-level appropriate written texts comfortably. In contrast, a
proportion of readers faces difficulty in reading, resulting in their social and educational exclusion
(Mastropavlou and Zakopoulou, 2013]). Such readers are known as individuals with dyslexia.
Dyslexia is defined by the main International Classification of Diseases, ICD-10, 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’ (p. 245) (World Health Organiza-
tion), [1992)). It may affect the following skills: reading comprehension, word recognition and the
performance of tasks that require reading skill (World Health Organization) 1992). The reading
performance in children with dyslexia is significantly below the expected level based on age, intel-
ligence and school placement (Lyon et al., 2003).

In today’s society, dyslexia is one of the most prevalent learning disabilities in childhood (Ziegler
et al., 2003), making up 80% of the population with learning disabilities (Lerner, 1989). Dyslexia
affects a wide range of people, regardless of their abilities and background (Nordqvist} [2017)). How-

ever, its form and intensity vary depending on the language’s orthographyﬂ (El Kah and Lakhouaja,,

Languages have various levels of orthographic depth: [Transparent (shallow) orthographyl non-transparent (deep)
orthography, and both.




2015; |Aldabaybah and Jusoh) 2018)). For instance, English dyslexia differs from Arabic dyslexia
(Elbeheri and Everattl [2007)). Moreover, according to Spencer| (1999)), readers in transparent or-
thographic languages, such as Turkish, Italian and Spanish, face fewer difficulties in reading than
readers in non-transparent orthographies, such as Dutch, English and French.

Some existing research has considered different characteristics of learners with dyslexia in adaptive
e-learning systems in different languages to achieve a more appropriate learning experience and in-
teraction. For example, studies have examined learning style, dyslexia type, knowledge level, user
experience and cognitive traits (Alsobhi et al., [2015a,b; Benmarrakchi et al.l 2017c; |/Abdul Hamid
et al., |2017; [Alsobhi and Alyoubi, 2019] 2020} |Srivastava and Haider, 2020; |[El Fazazi et al., 2021
Al-Dawsari and Hendley, 2021). However, most previous studies have been marked by a lack of
well-designed and careful experimental evaluations in terms of assessing learning experience. This
leads to difficulty in evaluating the effectiveness of the proposed systems, and so the benefit remains
unclear. It has been argued that designing controlled evaluations of adaptive e-learning systems is
more important than simply proposing new and innovative ones (Gauch et al., [2007). It is rare to
consider the characteristics of learners with dyslexia in adaptive e-learning systems and even more
rare to include an empirical evaluation.

This thesis bridges this under-investigated gap by investigating and understanding the impact of
matching learning material based on different characteristics of learners with dyslexia, particularly
their dyslexia type and reading skill level. This research targets dyslexia in Arabic as few stud-
ies target dyslexia in this language (Alsswey et al.| [2021)), even though Arabic is widely spoken
and has a considerable rate of dyslexia (El Kah and Lakhouajal 2015; Benmarrakchi et al., [2017b;
Alghabban and Hendley} |2020a; |Al-Dawsari and Hendley, 2022). Several controlled experiments
were conducted to achieve this understanding and evaluate the learning experience of learners with

dyslexia.

1.3 Research Questions

Three questions are addressed in this work, all of which relate to the impact of matching learning
material based on different characteristics of learners with dyslexia, and the findings are evaluated
in terms of learning gain, satisfaction and perceived level of usability.

The key research question for this thesis is:

Does matching e-learning material based on the characteristics of learners with

dyslexia improve those learners’ experience of learning?

Some studies have attempted to investigate the benefits of adapting learning material based on



one or more characteristic(s) of learners with dyslexia. However, the benefit of those adaptations
remains unclear due to the lack of experimental evaluation. Different characteristics can be
considered in adaptive e-learning, such as dyslexia type, learning style, personality and knowledge
level. However, including all learners’ characteristics to answer this broad question is difficult
due to practical and time constraints. Therefore, this research makes the question more specific
by focusing on two characteristics of dyslexia: dyslexia type and reading skill level. These char-
acteristics are significant factors in education (Felder and Silverman, |1988; [Essalmi et al., 2010}
Klasnja-Milicevi¢ et al. 2011; [Friedmann and Haddad-Hannal 2014; [Friedmann and Coltheart]
2016]).

Adaptation based on dyslexia type and reading skill level (as a separate characteristic of learners
with dyslexia) in different languages is under-investigated and has received little attention in
published research (Alsobhi et al. |2015alb; Al-Dawsari and Hendley, |2021). There is also a debate
surrounding the effects of adaptation based on the combination of dyslexia type and reading skill
level (Alsobhi and Alyoubi, 2019). These facts warrant a study to investigate whether matching
learning material based on 1) each characteristic and 2) the combination of both characteristics is
beneficial, and its evaluation in terms of learning gain, satisfaction and perceived level of usability.

Therefore, the key research question can be broken down into three specific sub-questions as follows:

Research Question 1: Does matching e-learning material based on dyslexia type
improve learning gain compared to non-matched material, and does it achieve a

high level of learner satisfaction and perceived level of usability?

Research Question 2: Does matching e-learning material based on reading skill
level improve learning gain compared to non-matched material, and does it achieve

a high level of learner satisfaction and perceived level of usability?

Research Question 3: Does matching e-learning material based on a combination
of dyslexia type and reading skill level improve learning gain compared to non-

matched material, and does it achieve a high level of learner satisfaction and

perceived level of usability?

The effectiveness of matching learning material based on dyslexia type is investigated in the first
research question. The effectiveness of matching learning material based on reading skill level
is investigated in the second research question. Finally, the effectiveness of matching learning
material based on combining dyslexia type and reading skill level is investigated in the third research

question.



1.4 Research Methodology

The scope of this research encompasses learners with dyslexia and adaptive e-learning systems, so
an overview of the theoretical foundation of dyslexia and the concept of adaptive e-learning was
conducted before beginning the research. The next step was to investigate the issues related to
adaptation based on the different characteristics of learners with dyslexia in e-learning systems. As
a result, the research highlighted current issues that need further study.

In this work, a framework for evaluating the impact of matching learning material based on the
characteristics of learners with dyslexia was proposed to address current research issues. Three dif-
ferent experiments were conducted to investigate whether matching learning material to dyslexia
type and reading skill level is beneficial. Each experiment follows the same approach with different
learner characteristics. Experiment 1 targets dyslexia type; Experiment 2 targets reading skill level;
and Experiment 3 combines dyslexia type and reading skill level. To support these experiments, a
dynamic, web-based e-learning system was built. The system provides different reading activities
for Arabic learners with dyslexia using two versions to support the experimental conditions. The
matched version matches learning material to the targeted learner characteristic(s), and the non-
matched version provides generic learning material. In all other aspects, the two versions of the
system are the same. Between-subjects experimental design was used in all experiments.

After identifying the main research questions and designing the e-learning system, the schematic
process for each experiment was developed by: 1) defining its hypotheses, 2) identifying measure-
ments and data collection tools, 3) developing the experimental procedure, 4) selecting participants,
5) running the experiment, 6) collecting and analysing data and 7) drawing conclusions regarding

the hypotheses (Alshammaril 2016)).

1.5 Research Contribution

The contributions of this thesis can be summarised as follows:

It contributes to the recent literature on dyslexia and adaptation by highlighting the importance
of adapting learning material to the individual’s dyslexia type and reading skill level. This is a
significant gap in current research targeted at dyslexia in Arabic (Alghabban et al., 2017; Benmar-
rakchi et al.| [2017alblict |El Kah and Lakhouajal [2018}; |Ouherrou et al., 2018; |Aldabaybah and Jusohl
2018; |Al-Dawsari and Hendley, 2021)), and also other languages, such as English (Broadhead et al.|
2018; [Sasupilli et al., |2019; [Srivastava and Haider], |2020; Burac and Cruz, 2020} El Fazazi et al.|
2021)), Malay (Noor et al., [2017; |/Abdul Hamid et al., |2017; Pang and Jen, [2018) and Spanish (Rello
et al., 2017; |Arteaga et al.| 2018)). This gap has not been investigated, addressed or appropriately

evaluated in an adaptive e-learning system for learners with dyslexia.



The major contribution of this work comes from carefully investigating and examining the effec-
tiveness of adaptation based on dyslexia type (Alghabban and Hendley, 2020ayb)), reading skill
level (Alghabban et al., 2021; |Alghabban and Hendley| 2021, [2022b]) and a combination of both
dyslexia type and reading skill level (Alghabban and Hendleyl 2022a). This research is unique in
that it is based on careful experimental design and controlled experimental evaluation that involved
a reasonable number of subjects, and it analyses and reports the quantitative findings in terms of
learning gain, learner satisfaction and perceived level of usability. This work is also distinctive in
assessing whether the learned content can be generalised to another context, both in the short and
long term, by assessing performance on new material that was not taught in the system. Also, this
work assesses word understanding in the short and long term. This adds originality and novelty
by providing evidence for the significance of adapting learning material to meet the different needs

of learners with dyslexia in e-learning systems.

1.6 List of Publications
A number of research papers arising from this work have been published. These papers are outlined
below.

Peer-reviewed journal papers

o Alghabban, W.G., Hendley, R. (2023). Adaptive E-Learning and Dyslexia: an Empirical
Evaluation and Recommendations for Future Work. Interacting with Computers. iwad036,

pp. 1-10. https://doi.org/10.1093/iwc/iwad036.

o Alghabban, W.G., Hendley, R. (2022). Perceived level of usability as an evaluation metric
in adaptive e-learning: A case study with dyslexic children. SN Computer Science. Volume

3, pp. 1-11. https://doi.org/10.1007/s42979-022-01138-5
Conference papers—Full

o Alghabban, W.G., Hendley, R. (2022). Exploring the effectiveness of adaptation based
on dyslexia type and reading skill level to support learners with dyslexia. In Proceed-
ings of the 35'"" International BCS Human-Computer Interaction Conference, pp. 1-10.

http://dx.doi.org/10.14236 /ewic/HCI2022.11

o Alghabban, W.G., Al-Dawsari H.M., 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: Fang X. (eds) HCI in games: Serious and immersive games. HCII
2021. Lecture notes in computer science, Volume 12790. Springer, Cham. pp. 135-154.
https://doi.org/10.1007/978-3-030-77414-1_11



o Alghabban, W.G., Hendley, R. (2021). Student perception of usability: A met-
ric for evaluating the benefit when adapting e-learning to the needs of students with
dyslexia. In Proceedings of the 13" International Conference on Computer Supported
Education, Volume 1: CSEDU, ISBN 978-989-758-502-9; ISSN 2184-5026, pp. 207-219.
https://doi.org/10.5220/0010452802070219

Conference papers—Late breaking

o Alghabban, W.G., Hendley, R. (2020). Adapting e-learning to dyslexia type: An exper-
imental study to evaluate learning gain and perceived usability. In: Stephanidis C. et al.
(eds) HCI International 2020 - Late breaking papers: Cognition, learning and games. HCII
2020. Lecture notes in computer science, Volume 12425. Springer, Cham. pp. 519-537.
https://doi.org/10.1007/978-3-030-60128-7__39

o Alghabban, W.G., Hendley, R. (2020). The impact of adaptation based on students’
dyslexia type: An empirical evaluation of students’ satisfaction. In Adjunct publica-
tion of the 28" ACM Conference on User Modeling, Adaptation and Personalization
(UMAP’20 Adjunct), Association for Computing Machinery, New York, NY, USA, pp. 41-46.
https://doi.org/10.1145/3386392.3397596

1.7 Thesis Structure

This thesis comprises six chapters, including this introduction. Chapter [2] presents the theoretical
foundations of dyslexia in terms of definition, causes, symptoms and classifications. It also covers
how dyslexia varies in different languages and cultures. The co-occurrence of dyslexia with other
developmental disorders is covered. Different interventions that support people with dyslexia are
presented.

Chapter [3] explores the meaning of learning and outlines different fundamental learning theories
with a discussion of each theory and its limitations. Then, the chapter covers the advantages and
disadvantages of e-learning, followed by the concept of adaptive e-learning and the main compo-
nents of an adaptive e-learning system. The literature on e-learning and adaptive e-learning for
learners with dyslexia is also covered, highlighting research issues that need further investigation.
Chapter 4] presents the motivation behind this work and describes the proposed framework for eval-
uating the impact of adapting learning material based on characteristics of learners with dyslexia.
It also presents an overview of the experimental design used to achieve the research’s aims.
Chapter [5] presents the results of the experimental evaluation of adapting learning material based

on learners’ characteristics: dyslexia type and reading skill level. It explains the different exper-



iments that have been conducted to investigate whether adapting learning material to these two
characteristics is beneficial. Three experiments are presented, each with its objectives, hypotheses,
procedure, results and interpretation of the results in relation to previous work. Experiment 1 is
concerned with the effectiveness of adaptation based on dyslexia type; Experiment 2 addresses the
effectiveness of adaptation based on reading skill level; and Experiment 3 investigates the effective-
ness of adaptation based on the combination of dyslexia type and reading skill level.

Finally, the thesis is summarised, and the research questions are revisited in Chapter [6] which also
highlights the main contributions of this work. This chapter also examines the study’s limitations

and suggests a possible future research agenda.



Chapter 2

Dyslexia Background

2.1 Introduction

Dyslexia, or specific reading disability, belongs to the family of learning disabilities (Shaywitz et al.,
2008)). It is one of the most common learning disabilities, affecting about 80% of those people
identified as learning disabled (Lerner, |1989). This chapter presents the theoretical foundations of
dyslexia in terms of definition, causes, symptoms and classifications. It covers how dyslexia varies
between different languages and cultures and some of the developmental disorders that occur as

comorbidities. At the end of this chapter, interventions for people with dyslexia are presented.

2.2 Definition of Dyslexia

German ophthalmologist Rudolf Berlin coined the term dyslexia (Wagner, |1973) from a combina-
tion of two Greek words: dys- meaning difficulty or impaired and lexis meaning word. The literal
translation is difficulty with words (Critchley|, [1968; |Berninger et al., |2008; |Alsobhi et al., 2014)). It
is widely accepted to be one of the most important learning disabilities (de Quirds and Schrager,
1978; |Stanovich, (1994).

Various communities, researchers and international organisations have proposed definitions of
dyslexia. Three definitions are commonly cited (Wajuihian and Naidool |2011)), including one given
by the World Federation of Neurologists in 1968: ‘a disorder manifested by difficulty in learning
to read, despite conventional instruction, adequate intelligence and socio-cultural opportunity. It is
dependent upon fundamental cognitive disabilities, which are frequently constitutional in origin’ (p.
7) (Krupska and Klein, [1995).

At the beginning of the 215 century, this definition was expanded to ‘a specific learning disabil-
ity that is neurobiological in origin. It is characterised by difficulties with accurate and/or fluent
word recognition and by poor spelling and decoding abilities. These difficulties typically result from

a deficit in the phonological component of language that is often unexpected in relation to other



cognitive abilities and the provision of effective classroom instruction. Secondary consequences may
include problems in reading comprehension and reduced reading experience that can impede growth
of vocabulary and background knowledge’ (p. 2) (Lyon et al., [2003).

Thirdly, the British Dyslexia Association (2010)) offers the following definition, adopted from Rose
(2009): ‘Dyslezia is a learning difficulty that primarily affects the skills involved in accurate and
fluent word reading and spelling. Characteristic features of dyslexia are difficulties in phonological
awareness, verbal memory and verbal processing speed. Dyslexia occurs across the range of intellec-
tual 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, mark-
ers 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’.

The main International Classification of Diseases, ICD-10, provides the following formal definition

of dyslexia:

‘The main feature of this disorder is a specific and significant impairment in the de-
velopment of reading skills, which is not solely accounted for by mental age, visual
acuity problems, or inadequate schooling. Reading comprehension skill, reading word
recognition, oral reading skill, and the performance of tasks requiring reading may all
be affected. Spelling difficulties are frequently associated with the specific reading dis-
order and often remain into adolescence even after some progress in reading has been
made. Children with the specific reading disorder frequently have a history of specific
developmental speech and language disorders, and comprehensive assessment of current
language functioning often reveals subtle contemporaneous difficulties. In addition to
academic failure, poor school attendance and problems with social adjustment are fre-
quent complications, particularly in the later elementary and secondary school years.
The condition is found in all known languages, but there is uncertainty as to whether
or not its frequency is affected by the nature of the language and of the written script’

(p. 245) (World Health Organization, 1992).

To sum up, many definitions of dyslexia exist; however, no consensus has been reached. People
with dyslexia are often called dyslectics or dyslexics. However, following the general guidelines
on writing about people with disabilities (Cavender et al., |2008), we do not use these terms and

instead use this descriptive phrase: individuals/people/learners/children with dyslexia.

10



2.3 Causes of Dyslexia

Dyslexia can be linked to genes and, therefore, runs in families. Imaging scans show the brain in
people with dyslexia processes language differently. The following sections describe these differ-
ences.

2.3.1 Genetic Basis of Dyslexia

Dyslexia has a genetic component. Research has linked reading difficulties to genes (Stein, 2001}
Olson, 2002; Taipale et al., [2003)). Initially, the phonological skill was seen as hereditary and linked
to a specific genetic component. Later, the orthographic skill was also discovered to be inherited
and linked to other unique genetic components (Steinl 2001} |Olsonl, 2002).

Molecular studies have associated dyslexia with several candidate genes. The first candidate gene,
dyslexia susceptibility 1 candidate 1 (DYX1C1), was discovered in 2003 (Taipale et al., 2003). In
2005, three different genes were discovered and observed as being linked to dyslexia. These genes
are: KIAA0319 (Cope et al., [2005), roundabout drosophila homolog 1 (ROBO1) (Hannula-Jouppi
et al.l 12005) and doublecortin domain-containing protein 2 (DCDC2) (Meng et al., 2005). These
genes are located on various chromosomes, such as 6 and 15 (Cope et al., 2005).

Overall, as the molecular genetics of dyslexia are discovered, many potential treatments have
emerged. One is the modifications of genetic chromosomal material to prevent the expression
of dyslexia in future generations (Olson, [2002). Also, there is the possibility of early assessment of
dyslexia by genetic screening (McGrath et al.) 2006]).

2.3.2 Neuroimaging Techniques

The reading process involves widely distributed areas of the brain and various component oper-
ations (Fiez and Petersen, |1998; Brown et al., 2001). Modern neuroimaging techniques, such as
functional magnetic resonance imaging (fMRI) and positron emission tomography (PET), have
produced clear images of the different activities and areas of the brain that may be involved in the
reading process (Brown et al., [2001)).

In dyslexia, brain-imaging studies have focused on several targets. The fMRI technique, for exam-
ple, has been used to examine the size and symmetry of the plana temporal in people with and
without dyslexia (Larsen et al.|1990]). The planum temporal is a gross anatomical structure in the
brain. According to [Larsen et al.| (1990), 70% of people with dyslexia were more likely to exhibit
planum symmetry, whereas only 30% of those without dyslexia showed symmetry.

Other fMRI studies have compared brain activation patterns among individuals with and with-
out dyslexia (Shaywitz et al., [1998). They found that the brain activation patterns in people
with dyslexia are under-activated in the posterior brain regions and over-activated in the anterior

regions. This provides a neurological connection to the phonological difficulties associated with
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dyslexia (Shaywitz et al. 1998). fMRI and PET studies have also shown that the brain’s left
hemisphere in people with dyslexia is not activated in the same way as in people without dyslexia
(Dulude, [2012). There are impaired patterns of brain activity in the left temporal partial and
interior frontal lobes (Brown et al., 2001).

Overall, neuroimaging techniques will remain valuable tools for dyslexia research, as their results

can support the findings from other methodologies (Fiez and Petersen, [1998).

2.4 Symptoms of Dyslexia

Symptoms of dyslexia differ from one person to another (Alsobhi et al., 2014; National Health
Service, [2021)), and the forms and degrees of severity of the difficulties also vary among individuals
(Al-Wabil et al.,|2006). As a result, most individuals with dyslexia have specific needs and different
experiences of learning (Vaughn and Linan-Thompson, 2003; |Alsobhi et al., [2014; Jones, [2015).
Many early symptoms of dyslexia exist before children enter school, such as poor performance in
phonological processing skills (Eden) 2016)) and difficulty in decoding words when starting reading
(Understood Team, [2018b). Decoding words (which means matching letters to sounds) is the first
step towards reading accurately and fluently.

As mentioned earlier, dyslexia’s symptoms differ from one person to another. From the educational
view, symptoms of dyslexia that can be used when identifying dyslexia at different ages are outlined
below.

Symptoms of dyslexia in pre-school individuals can include:

e Delay in speech development compared to their peers, such as being unable to pronounce long
words correctly and jumbling between letters; for example, helicopter as hecilopter (Brazier,

2020; National Health Service, [2021)).

o Difficulties in using spoken language to express themselves, inability to put sentences together
and difficulty in remembering information such as numbers, colours and alphabets (National

Health Service, |2021)).
o Struggling to learn new words (Understood Team) [2018b).

o Difficulties in recognising letters and matching them to their sounds (Understood Team,

2018b; [Brazier, [2020).
Symptoms of dyslexia in individuals in primary school can include:

e Phonological awareness difficulties: inability to recognise the phonemes that make up the
complete word and how variations in these phonemes lead to the creation of other words

(Kamala, [2014; Brazier, [2020; National Health Service, [2021)).
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o Confusing directions (up-down, right-left, yesterday-tomorrow) (Brazier, 2020; National

Health Service, 2021)).

o Difficulties in learning and remembering sequences, such as alphabets and days of the week

(National Health Servicel |2021]).

o Difficulties in writing and spelling that include one or a combination of the following problems:

— Inconsistent and unpredictable spelling that causes difficulties in recognising letters and

words (Kamalaj, 2014; |[National Health Service, 2021)).

— Letter and number reversal, for example, b instead of d and 9 instead of 6 (Pirani et al.

2013; Kamalal, 2014} Brazier, 2020; National Health Service, [2021)).

— Good when answering questions orally but difficulty when asked to write answers down

(National Health Servicel |2021]).

— Poor handwriting and slow writing speed (Kamalal, 2014; |National Health Service, |2021)).

— Difficulty in copying written words from the board and the need for more time to com-

plete written work (National Health Servicel 2021)).

o Difficulties in reading that include one or a combination of the following problems:

— Slow reading, frequent stopping and mistakes when reading aloud. These problems are

due to difficulties in either combining the sounds of a word or extracting the sounds

(Pirani et al., [2013; Kamala, 2014} National Health Service, 2021)).

— Difficulty in reading familiar words such as cat, skipping over small words such as to

(Kamala, 2014; [Understood Team)| [2018al) and confusing the letter order in a word

(Kamalal 2014; National Health Service, [2021]).

Symptoms of dyslexia in individuals in intermediate and secondary schools:

In addition to previous symptoms, learners may have the following symptoms:

o Avoiding reading and writing when possible (Understood Team) |2018a} |[National Health Ser-|

2021) and becoming frustrated when reading (Understood Team, 2018a)).

+ Not reading at the expected grade level (Kamalaj, 2014; |[Understood Team)|, |2018b)).

« Difficulty in writing and organising reports or essays (National Health Servicel 2021)).

o Always preferring multiple-choice questions over short answer or fill-in-the-blank (Understood
2018Db).
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e Having trouble in expressing their ideas even though they may have the knowledge (Under-

stood Team, |2018a}; National Health Servicel 2021)).
e Experiencing the following symptoms due to issues in short-term memory:

— Many spelling errors (Understood Team), 2018alb; National Health Service, 2021]).

— Difficulty in remembering things such as telephone numbers or PINs (National Health

Service, |2021)) and common abbreviations (Understood Team, [2018al).

— Difficulty in revision for exams (National Health Service| 2021]).

In addition, individuals with dyslexia have difficulties in concentration and may feel mentally
exhausted after a period of struggling to read or write (Brazier, 2020). They may also have
difficulty with time management tasks and organisational skills (Abdullah et al., 2009), and they
are often demotivated and experience low self-esteem (Lalkrance, |1997).

Although dyslexia affects people in different ways, on the plus side, individuals with dyslexia have a
variety of abilities and strengths. They can be considered to have a gift or talent (Davis and Braun),
2011)). Different researchers have highlighted some common positive characteristics of people with
dyslexia, including musical ability, flexibility in problem-solving, imagination (Waterfield} 2002),
an ability to gain information through physical senses (LaFrance, [1997), intuition and creative
thinking (Amesburyj, 2007).

According to West/ (2005), some studies noted that people with dyslexia are often represented in
creative occupations such as engineering, art, medicine, mathematics or science. Some well-known
people with dyslexia have made significant contributions in their fields: Thomas Edison, Albert
Einstein and Isaac Newton (Stein, 2001} Sekovanic¢ et al., 2012]).

To sum up, the symptoms of dyslexia vary from one person to another. Each individual has a
different pattern of strengths and difficulties. Therefore, early identification of dyslexia followed
by intervention based on specific needs and strengths may be required to compensate for their

weaknesses and achieve positive learning outcomes (Karolyi et al., [2003; [Everatt et al 2008]).

2.5 Classifications of Dyslexia

The first person who suggested a classification for developmental dyslexia was the educational psy-
chologist Helmer Myklebust in 1965 (Friedmann and Coltheart, 2016]). Myklebust indicated that
developmental dyslexia can be divided into auditory dyslexia and visual dyslexia. Auditory
dyslexia is a difficulty in reading due to the inability to acquire the auditory equivalents of letters,
while visual dyslexia is a difficulty in visualising letters mentally (Friedmann and Coltheart, 2016]).

Boder| (1973)), a paediatric neurologist, characterised Myklebust’s auditory dyslexia and visual
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dyslexia in more detail. Myklebust’s auditory dyslexia is known as dysphonetic dyslexia, which
means the inability to sound out and blend a word’s letters and syllables. These days, this type
is called developmental phonological dyslexia (Friedmann and Coltheart, |2016). In contrast,
Boder| (1973) referred to Myklebust’s visual dyslexia as dyseidetic dyslexia, which is an issue
in reading irregular words, and nowadays is called developmental surface dyslexia (Friedmann
and Coltheart, [2016).

Various classifications of dyslexia exist. Much research has attempted to classify dyslexia to un-
derstand their difficulties and then provide suitable solutions. Broadly, dyslexia can be classified

by:

o Symptoms (Alsobhi et al., 2014).

o Difficulties that individuals with dyslexia may face (Jones, 2015).

e Impairments in components of the reading model and the connections between

these components (Friedmann and Coltheart, 2016)).

These different classifications are presented in the following sections.

2.5.1 Classification Based on Symptoms

Some researchers considered the classification of Ingram, which classifies dyslexia according to three

groups of symptoms (Alsobhi et al.l 2014):

1. Visuo-spatial difficulties: difficulties in the following:

e Letter recognition and guessing a letter by its shape rather than its context.
« Differentiating between letters, phrase orders and reproducing them.
o Confusion in reversible letters, such as b and d, and they may also read words backwards,

such as saw instead of was.

2. Speech sound difficulties: difficulties in understanding spoken language, which leads to
the following challenges:
e Breaking words into syllables.
e Sentence forming.
3. Correlating difficulties: writing difficulties due to the inability to link a letter to its ap-
propriate speech, especially monosyllabic words.
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2.5.2 Classification Based on Difficulties

In contrast to the previous classification of dyslexia based on symptoms, other classifications of

dyslexia are based on the difficulties faced by people with the condition (Jones, [2015):

1. Hearing processing dyslexia: experiences loss of attention, noise distraction and forgetting

instructions.

2. Phonological dyslexia: difficulty with processing phonemes and splitting a word into syl-

lables (as speech sound difficulties in Ingram’s classification (Alsobhi et al., |[2014))).

3. Slow-speed processing dyslexia: experiences slow information processing when studying

in the classroom, reading a book or writing a story or homework.

4. Visual processing dyslexia: experiences inaccurate copying and confusion in reversible
letters such as b and d (as visuo-spatial difficulties in Ingram’s classification (Alsobhi

et al. 2014)).
Another attempt was made to classify dyslexia into the following types (Brazier, |2020):

1. Phonological dyslexia: difficulty in dividing words into syllables and in matching sounds
to their written forms. These problems are the same as phonological dyslexia in |Jones
(2015)’s classification. This type is also known as auditory dyslexia or dysphonetic

dyslexia.

2. Surface dyslexia: difficulty in recognising a word by sight, which makes learning and re-

membering words hard. This type is called dyseidetic or visual dyslexia.
3. Rapid naming deficit: difficulty in naming a letter or number quickly.

2.5.3 Classification Based on Impairments in Reading Model Components

Another approach to classifying dyslexia is based on impairments in different components of the
reading model and connections between these components (Friedmann and Coltheart, [2016). The
dual-route model for single-word reading results from work in neuropsychology over the past four
decades. This model has been chosen in this research because it provides a way to predict different
types of developmental dyslexia. The model is widely used and has been proven effective (Annett,
1996).

We will first describe the different components of the dual-route model for single-word reading
in the following section. Then, the different types of dyslexia based on impairments in different

components within this model are presented.

16



|

Orthographic-visual analysis
Letter Letter
identification position
Letter-to-word
binding

Orthographic
input buffer

BN

[ Grapheme-phoneme ]

Sub-lexical
route

Lexical route

Orthographic
| input lexicon
Phonological

output lexicon

Conceptual
system

Semantic
lexicon

conversion

J
S

Phonological
output buffer

Speech

Figure 2.1: The dual-route model for single-word reading (Friedmann and Coltheart, 2016}).

2.5.3.1 The Dual-Route Model

The process used to read a word according to the dual-route model is depicted in Figure 2.1

1. The written word is analysed through the orthographic-visual analysis system with the

following sub-stages:

e« The abstract letter identification sub-stage: involves identifying the letter. A
letter is stripped of its size and font and identified as an abstract letter without its name

or sound.

e The letter position encoding sub-stage: encodes the position of each letter in the

target word relative to the first and last letter positions in the word.

e The letter-to-word binding sub-stage: reading typically involves a word in the
context of other words. Therefore, this sub-stage attenuates the words around the target
word and binds its letters together. This enables the identification of the letters as part

of a specific word.

2. The output of the orthographic-visual analysis system will be held in the orthographic
input buffer, a short-term memory. This buffer is responsible for morphological decomposi-
tion (decomposing the target word to its stems). For example, the word birds is decomposed
to bird, enabling the word to be in a form that facilitates the search process in the ortho-

graphic input lexicon. This stage is called the pre-lexical stage.
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3. At this point, the word has been decomposed into two parts: its stem bird and its affix
-s. The stem activates the relevant entry in the orthographic input lexicon, while the
affix activates its corresponding entry and meaning by searching through the phonological

output buffer. For example, the -s in birds means a plural.

4. There are two routes for information stored in the orthographic input buffer: lexical
and sub-lexical. The lexical route allows readers to read known words (words already
stored in their lexicons) quickly and accurately. The sub-lexical route allows readers to

read non-words or new words that are not found in their lexicons.
5. If the lexical route is used, then the following stages are included:

e The lexical route starts with the orthographic input lexicon. This lexicon organises
the words based on their frequency. Therefore, accessing and reading more frequent
words is faster than words with lower frequency. However, this lexicon does not have

sounds or the meaning of the words; instead, it contains pointers to them.

e The information flows from the orthographic input lexicon to the phonological
output lexicon to access the phonological form of a written word. The phonological
output lexicon contains phonological information, such as number of syllables, stress
position, the vowels and consonants of the word. As the orthographic input lexicon
and the phonological output lexicon are directly connected, the reader can convert

the written word to its phonological representation accurately and quickly.

e In the final stage, the phonological output buffer that is shared with the sub-lexical
route is accessed. This short-term memory buffer is responsible for storing the phono-
logical information until its production is completed, assembling units into larger ones

to create the whole word and adding affixes to their stems to reconstruct complex words.

6. Comprehension of the word is achieved through the path between the orthographic input
lexicon and the conceptual semantic system. The relevant entry in the semantic lex-
icon is activated by the orthographic input lexicon, and the corresponding concept in
the conceptual system will be activated. The conceptual system stores the concepts
to achieve an understanding of written words, objects and pictures. The semantic lexicon
acts as a central system with pointers between each entry to its phonological and conceptual

representations.

7. The lexical route is used to read known words; this route has nothing to offer when reading

words that are not in the lexicons. In this case, a different route, the sub-lexical route, is

18



used to read unknown words (non-words and new words). The sub-lexical route includes

two stages:

o First, the target word is passed through the grapheme-to-phoneme conversion. The
letters are parsed into letters, a group of letters or into graphemes. For example, the
letter ¢ and h in the word chair are parsed as a single grapheme producing a single

phoneme.

e Second, the grapheme-to-phoneme rules are applied, and the phonological output
buffer is used to collect the resulting phonemes and group them to create the full string

of the word.

To conclude, skilled readers use both routes when reading aloud, as explained below:

e If the written word is known, it will be read through the lexical-phonological route, and

the conceptual-semantic system will be used for comprehension.

e If the target word is a non-word or a new word, the sub-lexical phonological route is

used.

e Finally, if the target word has low frequency and exists in the orthographic and phono-
logical lexicons, then it will take longer to search for it in each lexicon and hence, it will
be read with the same speed in each route, lexical and sub-lexical routes, in parallel.
The phonological output buffer will deal with the results of the two routes together. Two

outcomes are possible:

— If the two routes produce the same output, there will be no problems, and the phono-

logical output buffer will handle both outputs.

— If the two routes provide a different output, there will be a clash in the phonological
output buffer leading to a delay in reading aloud. For example, the word castles
could be read with a silent ¢ through the lexical route, but it could also be read by

pronouncing t through the sub-lexical route.

Having described the components of the dual-route model, the following section presents different
types of dyslexia based on impairments in this model.

2.5.3.2 Types of Dyslexia Based on Impairments in the Dual-Route Model

The two main classes of developmental dyslexia are based on impairments in the reading model’s
components or connections between them: peripheral dyslexia and central dyslexia (Fried-
mann and Coltheart, 2016|). Each type has five main sub-types explained in the following para-

graphs.
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Peripheral Dyslexia Peripheral dyslexia results from deficits in the orthographic-visual

analysis stage. It has the following sub-types:

1. Letter position dyslexia (LPD): people with this sub-type can identify the letters cor-
rectly, but they fail in encoding the order of the letters within a word. The main symptom
is letter migration within a word, especially the middle letters, while the first and last letters
rarely change locations. The migrations could occur in vowels and consonants, root letters
and affixes, and affects adjacent letters more than non-adjacent ones. The migrations affect
both words and non-words, especially when the target word is migratable (when the letter
position error creates an existing word like cloud, which could be read as could).

The lexicality effects on the rate of letter migrations errors are explained below:

e The orthographic-visual analyser provides information about letter position. If the order
of the middle letters is unknown, then the input to the orthographic input lexicon will
activate an entry that matches incomplete information. For example, the word form, an
input says that f is the first letter, m is the last one, and there are o and 7 in some order
in the middle. Thus, both form and from will be activated and allow the migration error

to occur.

e If the target word is frog, which is non-migratable, then only frog will be activated

because the word forg does not exist.

e If a non-word like talbe is the target, then the visual analyser will provide the lexicon
with letter identities but without the order of middle letters. In this case, the word table

will be activated in the orthographic input lexicon.
The frequency effects on the rate of letter migrations errors are explained below:

o If the target word is salt, then the information will be: s is the first letter, ¢ is the last
one, and ¢ and [ in the middle in some order. The word salt is more frequently used
than slat, so it will be activated and read correctly, even though the letter positions are

encoded incorrectly.
o If the word slat is the target, then the word salt will be activated because it is more

frequently used than slat, leading to incorrect reading due to migration errors.

Another error that LPD can cause is omitting repeated letters, such as reading baby as bay
due to a deficit in encoding letters’ position within a word, which leads to deleting one of the

repeated letters.
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LPD can be found in Arabic, English, Hebrew, Italian and Turkish. However, LPD can
be diagnosed easily in Hebrew because it has many migratable words. Diagnosis of LPD
in readers of English requires a particular list of migratable words. There are fewer letter-
position errors in Arabic compared to Hebrew because each letter has a different form in
different positions within a word. Accordingly, for diagnostic purposes, migratable words in

which migration does not change letter form should be used.

. Attentional dyslexia: people with this sub-type can identify the letters and positions
correctly within a word, but they fail in encoding the position of letters between words. For
example, cane love can be read as lane love or lane cove. Letters may migrate from a word
above, below, left or right of the target word. Migration is more likely to happen if it results
in an existing word. Other effects are related to the length of words. Migration errors occur
more between longer words than shorter ones. Also, it occurs more between words that differ
in more letters than those that differ in only one letter.

Attentional dyslexia can cause the omission of an instance of a letter that appears in the
same position in two words. For example, clay plan could be read as clay pan. Also, people
with attentional dyslexia fail to bind letters to words and then do not distinguish between
two letters. As a result, they cannot realise that there are two instances of [, and one instance
will be omitted.

Like LPD, attentional dyslexia has been found in different languages, such as English, Arabic,
Hebrew, and also in Italian and Turkish. This sub-type of dyslexia is easy to diagnose because
there is a high probability of creating existing words due to between-word migration. In
Arabic, the letters have different shapes in different positions within a word. Accordingly,

some migration will be prevented, thus decreasing the rate of between-word migration.

. Letter identity dyslexia: this sub-type results from a deficit in the function that creates
abstract letter identities. Individuals with letter identity dyslexia are unable to access the
abstract letter’s identity from its visual form. Therefore, they have difficulties naming a
letter, matching different cases of letters such as A and a and identifying the name and sound
of a written letter.

Note that individuals with letter identity dyslexia do not experience any visual deficit. They

can match different sizes of the same letters and copy letters correctly.

. Neglect dyslexia: people with this sub-type neglect either the left or right side of a word
or sentence. Depending on the level of occurrence of neglect, neglect dyslexia is categorised

into two classifications:

21



e Word level: letters on the neglected side are omitted, added or substituted. This is due

to orthographic-specific deficits and not related to visuo-spatial attention.

o Text/sentence level: omission of whole words on the neglected side due to visuo-spatial

neglect effects.

Neglect dyslexia can be classified based on the side where neglect occurs: left and right. Left
neglect is more common than right neglect.

Only the word level of developmental neglect dyslexia (known as neglexia), has been dis-
cussed so far in previous research. Neglexia usually neglects the left side of a word by omitting,
adding or substituting letters on that side. This frequently happens if the result is an existing
word.

Left neglect has been identified in Arabic and Hebrew. Right neglect has been identified in
Turkish.

5. Visual dyslexia/ orthographic input buffer dyslexia: people with this sub-type ex-
perience a deficit in the output of the orthographic-visual analyser. This deficit affects
all orthographic-visual analyser functions: letter identification, letter position encoding and
letter-to-word binding. As a result, it involves letter identity errors and letter migration er-
rors between and within words.

Visual dyslexia can be distinguished from other previous sub-types as follows:

Letter identity dyslexia: visual dyslexia differs from this sub-type in that it involves
letter omissions and substitutions as in letter identity dyslexia, but visual dyslexia also

includes migrating letters between and within words.

e LPD: visual dyslexia differs from this sub-type in that it involves letter omissions and
substitutions, as well as letter migrations between words and not only letter migrations
within words, as is the case with LPD. Moreover, letter migrations within words in visual

dyslexia can occur in exterior and middle letters and not only in the middle, as in LPD.

e Attentional dyslexia: visual dyslexia differs from this sub-type in that it involves
letter omissions, substitutions and migrations within words and not only between words

as in attentional dyslexia.

e Neglexia: visual dyslexia differs from this sub-type, where neglect errors occur on all

sides of a word, not only on one side, as in neglexia.

A summary of all the above types of peripheral dyslexia is presented in Table 2.1}
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Table 2.1: Types of peripheral dyslexia.

Dyslexia type

Definition

LPD

Ability to identify the letters correctly,
but they fail in encoding the order of the letters within a word.

Attentional dyslexia

Ability to identify the letters and positions correctly within a word,
but they fail in encoding the position of letters between words.

Letter identity dyslexia

Inability to access the abstract letter’s identity
from its visual form.

Neglect dyslexia

Neglecting either the left or right side of
a word or sentence.

Visual dyslexia/
orthographic input
buffer dyslexia

Experiencing a deficit in the output of the orthographic-visual analyser,
that affects all orthographic-visual analyser functions:
letter identification, letter position encoding and letter-to-word binding.

Central Dyslexia Central dyslexia is a reading impairment that results from deficits in the later

stages of reading, in the lexical and sub-lexical routes. It has the following sub-types:

1. Surface dyslexia: this sub-type results from a deficit in the lexical route, forcing readers

to use the sub-lexical route through grapheme-to-phoneme conversion when reading aloud,

causing the following problems:

o Making errors when reading irregular words like receipt, stomach that include a silent

letter or a letter that is pronounced using a phoneme that is different from the phoneme

produced by grapheme-to-phoneme conversion.

e Making errors when reading words that lead to ambiguous conversion to phonology like

bear, which could be read as beer.

o Making errors when reading words with more than one syllable, especially in languages

in which the stress is determined lexically and not orthographically and in languages

that do not specify all vowel letters in the orthography like Arabic and Hebrew.

To read words correctly and overcome the previous errors, the lexical, word-specific knowl-

edge should be accessed. However, this information is stored in the lexical route, specifically

in the orthographic input lexicon, but this route is impaired, leading to misreading words.

In contrast, regular words are read correctly using the sub-lexical route because they have

one pronunciation, even if they are infrequent. Also, people with surface dyslexia can read

non-words normally via the sub-lexical route.

Surface dyslexia affects comprehension due to an impairment in the orthographic input lexi-

con. Readers must use the sub-lexical route to accomplish comprehension as follows:

o A word is generated in the phonological output buffer based on grapheme-to-phoneme

conversion.
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e The phoneme sequence in the phonological output buffer is produced. Then, the
conceptual-semantic system is accessed through the following phonological input com-

ponents: the phonological input buffer and the phonological input lexicon.

Now, the correct comprehension of non-homophonic words like dog or paper is accomplished.
However, understanding homophonic words is difficult. For example, the words which and
witch cannot be distinguished due to deficits in the orthographic input lexicon.

Surface dyslexia also affects reading speed, causing a slower reading process than normal,
even if the word is read correctly via the sub-lexical route. This is because each letter in the
word is converted to its phoneme sequentially rather than reading the whole word via the
lexical route.

The lexical route is a multi-component route, so any deficit in its components or connections

will lead to surface dyslexia. Several patterns of surface dyslexia exist:

e The orthographic input lexicon or access to it via the orthographic-visual analyser is
impaired. In this case, the lexical decision of pseudohomophones is affected. An example
is deciding whether anser is a word or not. Also, the understanding of homophones and
potentiophones is affected (for example, it is difficult to determine if the word whether

is a question word or relates to temperature).

e The orthographic input lexicon is not impaired, but its output connection to the se-
mantic lexicon and the phonological output lexicon is impaired, which might affect the

understanding of homophones.

e The connection between the phonological output lexicon and the orthographic input
lexicon is impaired. In this case, inter-lexical surface dyslexia appears. Here, reading
aloud will be affected, while homophone comprehension and the lexical decision will be

fine.

e A deficit exists in the phonological output lexicon itself. In this case, word production

is affected in the context of reading, naming and spontaneous speech.

2. Phonological dyslexia: people with this sub-type experience deficits in the sub-lexical
route, leading to the use of the lexical route. Phonological dyslexia causes difficulty in reading
non-words, while words already stored in the orthographic input lexicon and phonological
output lexicon can be read correctly. People with this form of dyslexia cannot read new
words and face difficulties when they begin to read because every word is considered a new

word. They need more time to learn to read. They master reading when words are stored in

24



the orthographic input lexicon.
Based on the point of a deficit in the sub-lexical route, phonological dyslexia can be classified

into the following:

e Letter-to-phoneme conversion phonological dyslexia: people with this type have
a deficit in single letter conversion into phonemes. This leads to difficulty in reading
single letters along with reading non-words. This type is the most basic form of phono-

logical dyslexia.

e Multi-letter phonological dyslexia: people with this type have a deficit in reading
multi-letter graphemes, but it does not affect single letter pronunciation. They have
difficulty with the conversion rules that are applied to multiple letters. An example is

pronouncing a in mat and mate.

e Phonological-output-buffer phonological dyslexia: this type is the most frequent.
Readers have a deficit in the stage after the conversion process. The phonological output
buffer is responsible for receiving the conversion’s output, blending and holding it until
the production is completed. Individuals with this type do not have difficulty reading
single letters and single graphemes but do have difficulties in reading long words and non-
words. Moreover, non-words are affected more gravely than words because words can be
supported via activation from the phonological output lexicon, while non-words cannot.
Also, as the phonological output buffer is responsible for assembling morphologically
complex words, individuals with this type have a deficit in reading these words either

by omitting or replacing the non-base morphemes.

3. Vowel letter dyslexia (VLD): people with this type experience replacing, omitting, adding
and transposing vowel letters as a result of a deficit in the sub-lexical route that is responsible
for processing vowels. Thus, they read bit as bat, boat or but. These errors occur only when
reading vowel letters and not in the vowel phonemes during speech production.

Because the deficit is in the sub-lexical route, individuals have difficulties when reading new
words and non-words, but they can read correctly through the lexical route.
VLD is more common in Arabic and Hebrew because their orthographies allow for omission

or transposition of vowel letters.

4. Deep dyslexia: people with this type experience the production of semantic errors in read-
ing, such as reading lime as sour or lemon. They also experience morphological errors, such

as reading played as play and visual errors, like reading gum as game. These errors force
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individuals to read via meaning due to damage in both the sub-lexical grapheme-to-phoneme
conversion route and the lexical route between the orthographic input lexicon and the phono-
logical output lexicon.

Deep dyslexia has been identified in Arabic and English. However, Arabic is a diglossic lan-
guage where the spoken language is different from the standard written language. As a result,
individuals with deep dyslexia read a word by looking at it, understanding it and naming it
based on its meaning or visual images. This leads to reading a word as a spoken vernacular
term rather than the standard word that was written. An example is reading the standard

Arabic word dar, which means house, as its vernacular bet.

. Access to semantics dyslexia: this type, which is sometimes referred to as direct
dyslexia, has some abilities, such as reading new words and non-words fluently and ac-
curately. People with this condition can also read many kinds of words aloud, including
low-frequency words, irregular words and morphologically complex ones. However, they can-
not understand written words despite correctly reading aloud. The correct reading indicates
that both the lexical route between the orthographic input lexicon and the phonological out-
put lexicon and the sub-lexical route are preserved. The following deficits could cause the

misunderstanding of written words:

e A deficit in the connection between the semantic lexicon and the orthographic input
lexicon. The deficit only affects the comprehension of written words, while reading non-
words and single words aloud, understanding heard words and word production are not

affected.

o A deficit in either the semantic lexicon or the conceptual system. In this case, individuals

have difficulties understanding words they both read or hear.

A summary of all the above types of central dyslexia is presented in Table

To conclude, different classifications of dyslexia exist: 1) Ingram, which classifies dyslexia according

to symptoms, 2) difficulties of dyslexia that people face and 3) impairments in components of the

reading model and the connections between these components. In this research, the dual-route

model was chosen because it provides a way to predict different types of developmental dyslexia,

is widely used and has proven effective (Annett, |1996]).

Ten types of dyslexia have been identified due to impairments in different components and connec-

tions between them in the reading model. In Hebrew, LPD and surface dyslexia are the most

frequent types, followed by attentional dyslexia and VLD (Friedmann and Coltheart, 2016).

In Arabic, seven types of dyslexia are identified: LPD, VLD, attentional dyslexia, neglect
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Table 2.2: Types of central dyslexia.

Dyslexia type Definition

Making errors when reading irregular words

Surface dyslexia and words with more than one syllable.

Experiencing difficulty in reading non-words,
new words and face difficulties when they begin to read.
Experiencing replacing, omitting, adding and transposing
vowel letters.

Phonological dyslexia

VLD

Experiencing the production of semantic errors in reading,
and morphological errors, and visual errors.
Experiencing difficulty in understanding written
words despite correctly reading aloud.

Deep dyslexia

Access to semantics dyslexia

dyslexia, visual dyslexia, surface dyslexia and deep dyslexia (Friedmann and Haddad-
Hanna, 2014). LPD and VLD are the most frequent types (Friedmann and Haddad-Hanna, 2014;

Al-Dawsari and Hendleyl 2022); therefore, they are targeted in this research.

2.6 Dyslexia Across Different Languages

A phonological deficit is widely acknowledged as a primary cause of reading difficulties for people
with dyslexia (Abu-Rabia et al., 2003; Katzir et al., [2004; Layes et al., 2019). The relationship
between reading skills and phonological processing skills differs across languages as these skills are
mainly determined by the characteristics of the language, including its orthography and linguistic
structure. Thus, dyslexia can be considered to be a language-dependent learning disability and is
affected by the orthography and structure of a language.

Despite the different types of orthography, either transparent (shallow) or non-transparent (deep),
cases of dyslexia appear in all languages (Béland and Mimounil |2001). However, Elbeheri et al.
(2006) have observed that differences in the orthographies of languages influence the way the
learning difficulty reveals itself across spelling, reading and phonology. Specifically, according to
Spencer| (1999), readers of languages with transparent orthographies, such as Turkish, Italian,
Spanish, German and Greek, face fewer difficulties in reading than those of languages with non-
transparent orthographies such as English, Dutch and French.

However, in languages with both transparent and non-transparent orthography, such as Arabic and
Hebrew, readers depend on the type of orthography they encounter when deciding whether to use
either lexical or non-lexical methods (Béland and Mimouni, 2001)). Non-transparent orthographic
languages cause problems due to ambiguity when processing words (Abu-Rabia, 2012). In fact,
people without dyslexia rely on their familiarity with the lexicon and context of the word to read,
which may be difficult for those with dyslexia (Gal, 2002).

The following sections describe dyslexia in English and then in Arabic because dyslexia in Arabic
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is targeted in this research.

2.6.1 Dyslexia in English

Alphabetic systems are mainly based on one-to-one mapping between phonemes and graphemes.
However, some languages, such as English, deviate from this principle (Spencer, |2000). In the
English orthography, the number of letters (26) is considered smaller than the number of phonemes
(44), according to the International Phonetic Alphabet (IPA) (Spencer, [1999; |[Helland and Kaasa,
2005)). English has multiple links between letters and phonemes (Lipka et al., 2005)). For example,
some letters are used to present different phonemes; the letter o expresses at least 10 phonemes:
(/a/ love, [u/ good, v/ cough, /o1/ oil, /o] actor, /ui/ moon, [o:/ floor, [ou/ dough, /av/ cow,
Jwaz/ memoir) (Cook and Bassetti, 2005).

More than one letter is used to represent some phonemes, such as ch and o7 in choir (Miles, 2000),
and some letters have no sounds at all such as b in lamb (Draffan, [2002)). In addition, there is
no correspondence between the order of the information expressed in the letters and the order of
phonemes in the word (Cook and Bassetti, |2005)). For example, e in dime shows that the preceding
i is pronounced as the free vowel /ai/ instead of the checked vowel /i/ (Cook and Bassetti, |2005]).
The primary syllable structure in English is consonant-vowel-consonant (CVC). However, some
function words, such as at and on, have no initial defining consonant (Miles, 2000).

Due to the irregularities and no one-to-one mapping between graphemes and phonemes in English,
the prevalence of dyslexia in this language increases (Spencer, 2000). Furthermore, people with
dyslexia in English face difficulties in spelling, reading and writing due to this non-transparent
orthography (Spencer} |1999; (Goswamil, 2002)). Three cognitive processes are required to develop
the reading process in English: phonological processing, working memory and syntactic awareness
(Lipka et al., [2005). The phonological process is the most critical skill for reading English, and it
can cause a series of difficulties beginning with the awareness of words as units of phonemes (Lipka
et al., 2005)). This process includes different levels of phonological awareness, which is an important
skill for English reading (Miles, 2000; Mishra and Stainthorpl [2007), because the non-transparency
of the link between the phonetic system of English and its orthography decreases its phonological
recoverability (Gholamain and Gevaj 1999).

According to |Goswami| (2002)), establishing phoneme-based phonological representations in En-
glish among children without phonological deficits may take a long time. To learn to read En-
glish, children must develop multiple strategies in parallel, such as whole-word recognition and
grapheme-phoneme recoding (Goswami, 2002). All these strategies affect the speed of develop-
ment of phonological awareness skills and grapheme-phoneme recoding skills, which are expected

to develop slowly in children with dyslexia due to their phonemic deficit (Goswami, 2002).
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2.6.1.1 The English Alphabet and Writing System

In the English writing system, there are constraints on where combinations of letters can occur
in words (Cook and Bassetti, [2005). For example, the combination of letters tch is a word-final
combination as in match, and ch is utilised as its word-initial equivalent, as in charm (Cook and
Bassettil, [2005). The combination ck cannot occur at the beginning of words, but it can occur in
the middle as in packet or at the end of a word as in pack, and this is not related to the /k/ sound
that may be found in other words (Treiman and Bourassa), 2000)).

Another aspect of the writing system in English is the orientation of writing on the page: English
is normally written from left-to-right in rows and top-to-bottom on the page (Cook and Bassettil
2005)). In addition, English distinguishes between alphabet forms: lower-case ‘a b ¢’, upper-case ‘A
B C’ and italics ‘a b ¢’ (Cook and Bassetti, 2005)). It also utilises a space between words to separate
them. For children with dyslexia, the space between words is not a major problem. However, they
find difficulties in distinguishing word boundaries, as in the phrase in the foreground, which they
can write as intefregound (Miles, 2000). Doubled letters and their single mates represent the same
phoneme as in later and latter (Ehri, |2005). However, this can complicate spelling (Cookl, 1997)).
2.6.2 Dyslexia in Arabic

According to [Elbeheri et al.| (2006), it is essential to understand the relevant linguistic features of
a specific language to understand and identify dyslexia in that language. Dyslexia in Arabic is
the focus of this research because there is a paucity of research targeting dyslexia in this language
(Alsswey et al., 2021)), despite it being a widely spoken language with a considerable rate of dyslexia
(El Kah and Lakhouaja, [2015; |Benmarrakchi et al., |2017b; |Alghabban and Hendley} 2020a; Al-
Dawsari and Hendley, [2022).

Arabic is the official language of 22 countries in the Middle East (Elbeheri et all 2006)), and it
is spoken by more than 230 million people (Boumaraf and Macoir, 2016]). Arabic script plays a
role in the development of dyslexia among children (El Kah and Lakhouajal 2018). The fluency of
reading Arabic depends on many factors, such as the visual form of words (Boumaraf and Macoir,
2016)), phonology, morphology and diglossia (Abu-Rabia and Tahay 2005|). All these factors can
contribute to the manifestation of dyslexia among Arab speakers (Abu-Rabia and Taha, [2005]).
2.6.2.1 The Arabic Alphabet and Writing System

The Arabic language consists of 28 letters that represent 34 basic phonemes. All 28 letters are
consonants and represent a letter-sound alphabetical system, but some letters also serve as long
vowels (Abu-Rabial 1997)). Unlike many other alphabetic languages, Arabic does not have upper-
and lower-case variations (Elbeheri et al., |2006), which means the shape of letters is consistent.

Also, Arabic is a bi-directional language because the letters are written and read from right to left
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(Abu-Rabia and Sammour, 2013)), while numbers go from left to right (Elbeheri, 2005)).

In the Arabic script, letters are connected by means of ligatures, which is a cursive style (Elbeheri
and Everatt, 2007). Six letters of 28 (g« j¢ ,¢ 3¢ >« ) are one-way connecting letters (letters
joining to preceding ones only), leaving the remaining 22 letters as two-way connectors (letters
can join to preceding and following letters) (Al-Wabil et al., 2006). Spaces within a text can be
categorised as: 1) those that represent word boundaries and 2) those that occur within words
between two-way connecting letters and one-way connecting letters (Elbeheri et al., 2006, 2011)).
With these two spaces and no capital letters, determining the word boundaries can be difficult in
Arabic script (Elbeheri, |2005). This requires an Arabic reader to be able to differentiate between
the spaces within a word and the spaces representing boundaries between words (Al-Wabil et al.,
2006)). According to [Elbeheri (2005), readers with dyslexia may experience additional difficulties
because one-way and two-way connecting letters and their influence on the identification of word
boundaries have a negative impact on their ability to read.

Each letter has a different form based on its position within a word (initial, medial, final and as
an isolated form) (Elbeheri and Everatt, 2007; Elbeheri et al., [2011). However, in all cases, the
essential shape of the letter is maintained (Abu-Rabia and Sammour}, [2013). For example, the letter
() (in English s), has the following forms: (—.) as the initial form, (—.—) as the medial form,
() as the final form and (_y) as the isolated form. However, the six letters (g ¢ j¢ ;¢ 3¢ 3¢ )
keep their shapes in words and are not joined to other following letters (Boumaraf and Macoir,
2016]).

Another essential characteristic of the Arabic script is using dots to distinguish graphemes (Elbeheri
and Everatt, 2007). The Arabic script consists of 17 basic letters, and the remaining 11 letters
are made up by adding dots that vary in position and number (Elbeheri et al 2011)). These dots
(one, two or three) are significant to differentiate between the Arabic letters (Elbeheri and Everatt,
2007)), and they are an integral part of a letter and cannot be omitted, even when the text is
non-vowelised (Boumaraf and Macoir, 2016). For example, the letters (& «& o) have the same
shapes, but they differ in the number and position of dots within each letter. As a result, Arabic
readers have a considerable challenge distinguishing between individual letters (Mahfoudhi et al.|
2011]).

Arabic script uses the letters (Jl) al as a definite article, which is similar to the in English. It
is connected to the beginning of a word to identify it. The identification letters have two types
of phonemes: silent and spoken, according to the context of use. This feature adds additional
difficulty for readers with dyslexia (AlRowais et al., 2013)).

Arabic has a special letter called Hamza (s), which denotes the glottal stop. It represents two types
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of phoneme: silent or spoken (Elbeheri, 2004). Some linguists consider Hamza as an independent
grapheme, and in this case, there would be 29 letters in the Arabic alphabet instead of 28, but
others consider Hamza to be a diacritical mark (Elbeheri, 2004).

In Arabic, short vowels are not part of the alphabet (Abu-Rabiay,|1997), and they are represented by
diacritical marks (small diagonal strokes above or below letters that assist a reader in pronunciation)
(Abu-Rabial 1997; Elbeheri et al.,[2011). The diacritical marks are: fat-ha /a/, a small diagonal line
above the letter, such as (3) /da/; kasra /i/, a small diagonal line below the letter, such as () /di/;
and damma /u/, a small curl-like diacritic placed above the letter, such as (3) /du/ (Abu-Rabial
and Sammour} [2013). Also, there is a fourth diacritical mark called sukun (a small circle placed
over the letter that resembles a zero), which represents the absence of a vowel, such as (3) /d/
(Boumaraf and Macoir, 2016). Arabic also has three long vowels represented by extended letters
(letters denoting sound extension of short vowels) (Boumaraf and Macoir, [2016|). They are alef
/a:/, such as (1) /da:/; yaa /i:/, such as (d’) /di:/; and waw /u:/, such as (35) /du:/ (Abu-Rabia;
and Sammour, 2013)).

One of the main characteristics of Arabic orthography is that it can be either transparent or
non-transparent. In the transparent orthography, both vowels (short and long) and consonants
are presented (vowelised version). Therefore, the relationship between letters (graphemes) and
sounds (phonemes) is a simple one-to-one relationship. This vowelised version is usually present in
children’s books, the Holy-Quran and dictionaries (Abu-Rabia and Sammour, 2013). In the non-
transparent orthography, the short vowels are omitted, and only the long vowels and consonants are
presented (non-vowelised version) (Elbeheri et al., [2011; Abu-Rabia and Sammour, 2013), resulting
in a complex relationship between sounds and letters (Abu-Rabial, 2019). The non-vowelised version
is used in most texts (Abu-Rabia and Sammour, 2013), and there is a preference for non-vowelised
script, especially after initial literacy learning (Elbeheri et al.,[2011). While skilled and adult readers
can read non-vowelised texts, the context is considered an essential semantic facilitator to identify
homographic words (Abu-Rabial [1997). Almost every word can be a homograph in a passage
(verb, noun, conjunction), and they represent different meanings (Abu-Rabia, |1997). Many words
in Arabic are written similarly (share the same orthographic units) but are pronounced differently
and have a different meaning if they are put in a sentence or are vowelised (Abu-Rabia), [2012). This
causes a different process of morphological lexicon arrangement (Abu-Rabial 2019)). For example,
one homograph is (J ), where the pronunciation and meaning depend on the context or if used

with short vowels, as in the following example (Béland and Mimouni, [2001)):

. (Q.f ) means he wrote when pronounced as kataba.
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. (g,&f ) means it was written when pronounced as kutiba.

. (g_,«-? ) means books when pronounced as kutub.

It has been argued that using short vowels has a positive effect on Arabic reading, but they can
negatively impact words by increasing their visual complexity (Mahfoudhi et al., [2011; |Elbeheri
et al.|2011)). Short vowels help readers to pronounce Arabic words accurately, especially for learners
at the beginning of their education and also for learners who are struggling to read (Abu-Rabia
and Taha, 2006)). Usually, after the fourth grade, Arabic readers are expected to read texts without
short vowels, which is a challenge (Abu-Rabia, [2012)). This is supported by |Al-Wabil et al.| (2006)),
who state that reading non-vowelised text requires the reader to read non-existent short vowels,
which is an additional cognitively demanding skill.

2.6.2.2 The Morphological Aspects of Arabic

Arabic is a Semitic language with a morphological structure in verbs and nouns (Friedmann and
Haddad-Hannal 2014]). Arabic morphology is composed of two abstract units: root and pattern
(Abu-Rabia et al., 2003), and an Arabic word is formed by combining these two units (Boumaraf
and Macoir} 2016|). The roots represent the basic morphemes (Abu-Rabia et al., 2003)), and they are
either triliteral (three consonants) or quadrilateral (four consonants). While roots are an abstract
entity, not phonological units (Abu-Rabial [2012), the pattern is the vocalic model on which the
root molds to form the word (Boumaraf and Macoir} 2016)).

There are two types of structure in Arabic morphology: derivational and inflectional (Abu-Rabia
et al., |2003). Derivational morphology produces nouns from roots incorporated in nominal tem-
plates, while verbs are constructed from a trilateral root that is incorporated in verbal templates
(Friedmann and Haddad-Hannal 2014). The derivational morphology refers to various derivatives
that are formed by: 1) adding short vowels to roots, where the phonological process maintains the
orthographic order of the root, 2) adding vowel letters between the root consonants (infixes), where
the phonological pattern breaks the orthographic order of the root and 3) adding vowel letters as
prefixes or suffixes (Abu-Rabiay, 2012)). Many derivatives look identical (homographs) when they
are written in their unvowelised form (Abu-Rabia and Siegel, [1995).

While the derivational morphology consists of roots and patterns, the inflectional morphology is
built by attaching prefixes and suffixes to a word (Abu-Rabial, 2012)). The verbs in the inflectional
morphology system are systematic, and they consider number, person, gender and time. For exam-
ple, adding suffixes to the basic verb pattern will form the past tense of that verb. Meanwhile, the
inflectional morphology of the present and future tenses of a verb is constructed by the addition

of prefixes and sometimes suffixes (Abu-Rabia, 2012). The nouns in the inflectional morphology
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system consider gender (masculine and feminine) and number (singular and plural).

A summary of all the above features of Arabic that could affect people with dyslexia and a com-

parison of these features with English features is presented in Table

Table 2.3: Summary of linguistic features of Arabic and English.

Affe.cted Features Arabic English
skills
Cursive style
(letters being joined Yes. Yes (but rare use).
Spelling, together by means of ligatures)
Writing and Orthography Transparent (shallow) Non-transparent
reading and non-transparent (deep). (deep).
skills Including diacritical marks Yes (14 diacritical marks Use for a few words.
represent the short vowels).
Yes
Different forms of each letter (o.sach letter has between .tWO to. . No.
four different forms based on its position:
initial, middle, final and isolated).
Dots with letters Yes
(making up more letters (some letters have the same shapes and are No
with dots at different locations differentiated in the number and/or '
and with different numbers). position of the dots).
The glottal stop . The glottal stop
Hamza Two types of Hamza: one silent and one spoken. appears as an
allophone of /t/.
Yes Yes
Spelling Includes disconnected letters . . (all letters are
s (six letters have one-way connecting). .
and writing disconnected).
skills Writing direction Bi dlre;ﬁgllzlg}(liei tlZfilil)lrt tf(j)t tI)l.umbers Left to right.
No
Easy to distinguish (there are two types of space: Yes
words boundaries space within the same word and ’
word boundary spaces).
Reading Number of phonemes 34 phonemes 44 phonemes
skills compared to number of letters 28 letters. 26 letters.
Readers after initial learning grades
can ignore short vowels Yes. No.
in reading materials
Homograph language
(two words are homographs if Yes Yes
they have the same spelling (in words without diacritical marks). ’
but different meaning)
Some stress is needed . yes . Yes
when pronouncing some letters (a morphological stress depending (Use as a free
on the syllable structure of the word). phoneme).
Using full stops fF)r acronyms No. Yes.
and abbreviations
Using the definite article to identify Yes
the word by connecting to the (using (. d‘ ) al, sometimes are silent .Yesh
beginning of it and sometimes spoken). (using the).

2.7 Dyslexia Across Cultures

Language is viewed as a cultural trait and a way of defining the identity of a cultural group. Culture
profoundly affects language, a critical element of why people with dyslexia struggle with language
acquisition. Language is influenced by many cultural factors, but only two are discussed here due
to their crucial influence on people with dyslexia.

One cultural factor that affects speakers of a language is variety in the language: different
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ways of speaking the same language. The variety of a language can interfere with the phonological
difficulties of dyslexia. It is common for one language’s speakers, especially within a large culture,
to have many ways of using the language. These ways are referred to as varieties. For example,
English is spoken differently within the United Kingdom, within the United States, and within
other English-speaking countries, and English is spoken differently between these countries. Also,
English has many dialects, and each one belongs to a different subculture.

Similarly, there are many variations of Arabic across countries in the Middle East (Elbeheri et al.|
2006). The variation of Arabic has an impact on the manifestation of dyslexia in this language
(Friedmann and Haddad-Hannal |2014). There are two varieties of Arabic. The first variety is Spo-
ken Arabic (SA) Ammiyya (Makhoul, 2017)), which is used in everyday speech by Arab speakers
and is the native language of an Arabic-speaking child (Mahfoudhi et al., 2011)). The second variety
is Modern Standard Arabic (MSA) Fusha (Mahfoudhi et al., 2011; Makhoul, |2017), which is the
prestigious style of the language that is used in schools and also for reading, speaking, writing and
in formal communication (Ayari, 1996)). MSA differs from spoken language in phonology, vocabu-
lary, morphology, grammar and syntax (Ayari, [1996). Therefore, MSA can be considered a second
language (Friedmann and Haddad-Hanna), 2014]).

Bhatia, (1983]) observed that there is a systematic association between the rate of learning a lan-
guage and the distance between the standard language and its variations. Therefore, the variations
of a language are considered an essential factor in development phonological representation (Silli-
man et al., [2002)). In addition, according to Silliman et al. (2002), children can be less responsive to
explicit phonological processing due to variation of the language; thus, they are then more likely to
be diagnosed as having a learning disability. Moreover, Elbeheri et al.| (2006]) argue that language
variation needs to be considered in the assessment process, especially when accurate articulation
processes are required. Consequently, language variations tend to increase the complexity and as-
sessment of phonological processes.

Another cultural factor is the different writing systems of each culture. |Johansson (2006)
has shown that dyslexia has been encountered in all languages. Reading performance depends
on the phonological system and, because each language differs in the way in which phonology is
represented by orthography and in its writing system’s constraints, dyslexia manifestation differs
across languages as well (Ziegler and Goswami, 2005). Moreover, [Paulesu et al.| (2001)) reveal that
dyslexia manifestation depends on the language’s orthography. They found that in transparent
orthographies, such as Italian, the reading performance is less affected than in non-transparent or-
thographies, such as French and English. In addition, in languages with two types of orthography,

such as Hebrew and Arabic, |Béland and Mimouni (2001)) report different reading performance,
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depending on orthography.

In logographic languages, such as Chinese, every single character represents a complete word (Jo-
hansson, 2006). As a result, many characters are required to write all the words in this language
in contrast to alphabetic languages such as Arabic and English. Therefore, the learning process to
read a logographic language requires remembering visual patterns, which increases cognitive load.
A higher prevalence of dyslexia exists in the English-speaking world compared to the Chinese,
which reflects the greater need for phoneme processing in English (Butterworth and Tang, 2004).
To sum up, many cultural factors influence language and thus play an important role in how indi-
viduals with dyslexia struggle to learn to read a language. Two factors — variations in the language
and the different writing systems — are discussed due to their crucial influence on individuals with

dyslexia.

2.8 Comorbidities of Dyslexia

Comorbidity of dyslexia with other developmental disorders, such as developmental coordination
disorder, attention-deficit/hyperactivity disorder (ADHD) and language impairment, is common
(Gooch et al., 2014)). Comorbidity refers to the co-occurrence of two or more different disor-
ders/conditions within one person at a greater rate than is predicted by chance (Bonavita and
De Simone, [2008). |Gooch et al.| (2014) argue that understanding how symptoms of different disor-
ders co-occur in preschool students is significant to develop learning models and, therefore, helps
in understanding how comorbidities affect the children’s learning.

Dyslexia seems to mostly co-occur with ADHD and motor deficits (Gillberg, [2010; [Peterson and
Pennington, 2015)). Studies mention that between 25-40% of people with dyslexia have ADHD and
vice versa (August and Garfinkel, |1990; Willcutt and Pennington, [2000)).

Dyslexia also co-occurs with two other language development disorders: speech sound disorder
and language impairment (Peterson et al., [2009). Speech sound disorders are characterised by
difficulties with accurate, clear production of the language’s sounds, while language impairment is
characterised by difficulties in developing a language’s vocabulary and grammar. The comorbidity
between dyslexia and dyscalculia (mathematical disabilities) in primary schools is roughly 25%
(Lander]l and Moll, |2010). Therefore, children with dyslexia often struggle in school and also have
other difficulties.

Likewise, some children with dyslexia have other behavioural problems such as poor self-control,
poor engagement in tasks, anxiety and depression and attention problems (Russell et al., 2015]).
They also have difficulties with social functioning. In particular, children with dyslexia often have

poor social skills, fewer relationships with their peers and less prosocial behaviour (Parhiala et al.
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2015)).

The comorbidity between dyslexia and autism spectrum disorder (ASD) is more complex. Previ-
ous studies have pointed out that children with ASD often have well-developed word reading skills
(Ostrolenk et al.l 2017 |Johnels et al., 2019). These reading skills vary widely, and children with
ASD tend to have dyslexia-like difficulties (Asberg and Dahlgren Sandbergl 2012).

To sum up, dyslexia does not always appear to be a standalone specific learning disability. It often
seems to be linked to other neurodevelopmental disorders (Brimo et al.,|2021)). However, the nature
of these overlaps and to what extent they can impact the population remains unclear (Brimo et al.,

2021)).

2.9 Interventions for Dyslexia

Dyslexia creates challenges in the performance of certain day-to-day activities, such as reading or
spelling, affecting individuals’ academic success (Sternberg and Sternberg, [2012). Early interven-
tion is essential to reduce individuals’ long-term difficulties, encourage potential success in schools
and workplaces and avoid anxiety and depression.

Various interventions involve parents, teachers, schools and technology. Parents play a considerable
role in helping their children improve their reading process (National Health Service, 2018a). For
example, they can choose their children’s favourite books and the appropriate place to read. They
can also read books to their children, which in turn helps in improving their listening skills and
increasing their vocabulary. Moreover, they can read favourite books repeatedly to ensure their
children understand and discuss together what has been read.

Teachers provide a variety of interventions for learners with dyslexia, such as understanding the
diverse needs of individuals and building effective relationships with them (Glazzard, 2010), provid-
ing each learner with a teaching strategy tailored to their needs (National Health Service, 2018b;
Layes et al.l 2019) and using an individualised plan for each learner (Béland and Mimouni, 2001]).
Some teachers may focus on learners’ preferred learning styles (such as kinaesthetic and visuo-
spatial (Exley|, 2003))). It is claimed that the multisensory strategy is one of the primary methods
of teaching and training for learners with dyslexia (Ahmad et al.,2012)). Teaching strategies should
use more than one sense (eyes, hands, ears and lips (Kamala, 2014))) to include all routes to the
brain (Mee, |1998) and attract the attention of learners as they struggle with concentration (Ahmad
et al.l 2012). A multisensory approach improves retention of the material.

One method of school intervention is to provide various accommodations for learners with dyslexia,
including eliminating penalties for misspellings, reading assessment questions aloud and giving

learners with dyslexia more time to read the required tasks (Walker, [2014)).
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The use of technology facilitates the daily lives of individuals with dyslexia, encourages their aca-
demic success and leads to higher confidence and self-esteem (Sbai et al., 2018)). The range of
available technological tools is steadily growing. Available technological interventions can be clas-

sified into four types based on the main goal to be achieved (Rauschenberger et al., |2019):

e Education support: aims to teach individuals with dyslexia a new subject to acquire new

knowledge in that subject, such as teaching phonemic awareness to enhance their reading

skill.

« Assistive support: aims to help individuals with dyslexia compensate for a specific difficulty

and work independently, such as using a spell checker to overcome spelling difficulties.

e Training support: aims to provide activities to develop knowledge of an already-taught
subject, such as giving additional activities for training individuals with dyslexia to enhance

their spelling or word reading skills.

e Assessment support: aims to assess and identify the difficulties and needs of individuals

with dyslexia.

There are some reading applications for people with dyslexia such as Amazon Kindle, Apple Books
and Google Play Books (Rauschenberger et al., [2019). These applications provide the ability to
customise the font, size and spacing. Other tools use text-to-speech to support reading through
speed control, such as MultiReader (Petrie et al., |2005)). Some tools support writing skills by using
spelling checkers, like Real Check, to overcome spelling difficulties (Rello et al., 2015]).

Dyslexia screening tools can assess learners’ cognitive skills. For example, Dytective (Rello et al.|
2018) and Lexercise Screener (Lexercise, 2016|) can be used to detect individuals with dyslexia in
English.

Some intervention applications aim to provide a playful environment to engage individuals with
dyslexia, such as Galexia (Serrano et al., 2016) and Game-Collection (Gaggi et al., 2017).

To sum up, being excluded from a technology is a significant disadvantage. People with dyslexia
have difficulties throughout their lives. Technological interventions can help those with dyslexia to

improve their skills and daily activities.

2.10 Conclusion

Dyslexia, neurobiological in origin, is a specific learning disability that is characterised by dif-
ficulties in spelling, reading and writing. However, individuals with dyslexia have a variety of
strengths. The condition can be linked to genetic markers, and it can be considered a result of

a deficit in the left hemisphere of the brain that is responsible for the reading process. Different
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ways of classifying dyslexia exist, including systems based on symptoms and difficulties. However,
the classification based on impairments in components of the dual-route model of reading is the
most accurate because it results from a collection of neuropsychologists’ work over the past four
decades and has proven effective in predicting different types of dyslexia. Consequently, this is the
approach adopted in this research. In general, dyslexia is a complicated disorder with no agreed
definition. In addition, there are different theories regarding the causes and symptoms of dyslexia.
As dyslexia is a language-dependent learning disability, its severity varies between language or-
thographies. When reading in a language with a transparent orthography, such as Spanish, Turk-
ish, Italian, German and Greek, readers face fewer difficulties than when reading in a language
with non-transparent orthographies, such as Dutch, French and English. Much research has been
conducted about dyslexia in English. The irregularity in mapping between graphemes to phonemes
in English has increased the prevalence of dyslexia in this language.

Arabic dyslexia differs from English dyslexia. Different features of Arabic contribute to the man-
ifestation of dyslexia in this language, such as two types of orthography (transparent and non-
transparent), the cursive style of the script, different forms of each letter depending on its position
within a word, bi-directionality, diacritic marks and similarity in some letters shapes with a dif-
ference in the number and position of dots within the letter. There has been limited research
targeting dyslexia in Arabic, despite its popularity as a widely spoken language with a significant
rate of dyslexia. Therefore, dyslexia in Arabic is targeted in this research.

Culture affects language, and thus, cultural traits can contribute to difficulties associated with
dyslexia. Examples include varieties of language within the culture and the different orthography/
writing systems of each culture. Therefore, due to the influence of culture, individuals with dyslexia
struggle to learn to read a language. There is a need to develop appropriate support, assessment
and training for individuals with dyslexia based on the culture of that language.

There is overlap between dyslexia and other developmental disorders and conditions such as ADHD,
language impairment, motor skills and other behavioural and social difficulties. It is important for
teachers to be aware of learners who have two or more neurodevelopmental disorders in order to
provide an effective learning environment. Generally, the nature of these overlaps and their extent
in the population are under debate.

Various interventions exist for people with dyslexia. Among these interventions, technology has
a growing acceptance as alternatives to the traditional methods to make life easier for individu-
als with dyslexia. Because learning is critical and continues throughout an individual’s life, this
research focuses on using technology in the learning perspective. Each learner with dyslexia has

different characteristics, reading difficulties and learns differently (Friedmann and Haddad-Hanna,
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2014; Friedmann and Coltheart| 2016|). It is important to consider these differences to provide
an effective learning environment and enhance learning. This is achieved by adaptive electronic
learning (e-learning). Adaptive e-learning systems harmonise the learning process with the needs
of individuals with dyslexia and benefit all learners (Alsobhi et al., [2015al). The next chapter will
focus on adaptive e-learning by discussing learning theories and e-learning and ending with adaptive

e-learning for people with dyslexia.
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Chapter 3

Learning Background

3.1 Introduction

The previous chapter discussed the foundations of dyslexia. Learning is important, and each learner
with dyslexia has different needs. Adaptive electronic learning (e-learning) aims to improve the
learning process by customising the learning environment to different learners’ preferences and
needs, to create a unique experience not available in traditional e-learning. This chapter introduces
adaptive e-learning by discussing the common learning theories of how individuals learn and how
these theories support the learning process.

The chapter also examines the evolution of e-learning as it has become more popular with the
advent of new technologies. Next, the chapter presents the definition of e-learning, its different
terms and some examples of current e-learning systems. Then it presents the concept of adaptation
in e-learning. The fundamental components in an adaptive e-learning system have been presented,
followed by some approaches and metrics to evaluate the effectiveness of adaptive e-learning sys-
tems. Finally, some adaptive e-learning systems that target people with dyslexia are reviewed and,
in particular, this research investigates their effectiveness and highlights some current issues that
should be addressed in future research.

This chapter is based on the content published in the following paper: |Alghabban and Hendley
(2022D)).

3.2 Learning Theories

3.2.1 Introduction

Educational researchers and learning psychologists have defined learning in various ways. Some
researchers view learning as a process, while others describe it as a product (Alexander et al., 2009).
According to |Alexander et al.| (2009)), learning can be both a product and a process. They define

learning as a process that reflects change in real time and as a product when referring to learning
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outcomes (Alexander et al., [2009)).

Finding a single, universally agreed definition of learning is difficult. However, different definitions
of learning have certain aspects in common. For example, Bransford et al.| (2000) stated that learn-
ing is gaining knowledge and modifying behaviours and attitudes. Another definition formulated
by Driscoll (2002) states that learning is a persistent change in a learner’s performance. However,
all these definitions overlap in some respects. This can be summarised in the following: ‘learning is
an enduring change in behaviour, or in the capacity to behave in a given fashion, which results from
practice or other forms of experience’ (p. 3) (Schunk, |2012)). This definition yields the following
learning features: learning involves a change in a person’s state that is permanent over time and
occurs as a result of learners’ experiences. According to|Alexander et al.| (2009), these state changes
may be emotional, psychological and/or social.

Various factors affect learning, such as the materials that need to be learned, the learning en-
vironment in which it occurs, the learners’ knowledge level and characteristics, and teachers or
facilitators (Anderson, 2008)). Engagement and motivation are other factors that contribute to
learning outcomes (Keller, 1987)). Motivation manifests itself in behavioural, emotional and cogni-
tive engagement in learning tasks, which increases the time spent and, therefore, affects learning
outcomes ([Fredricks et al.l 2004).

The learning process is complex. Researchers have attempted to explore how the learning process
occurs and what factors affect it. To answer these questions, three fundamental, broad learning
theories have emerged. These theories are behaviourism, cognitivism and constructivism (Ertmer
and Newby, [1993). In addition, with the emergence of the Internet and social interactions, a new
model has emerged based on these theories: connectivism (Goldie, 2016). Even though these theo-
ries describe learning differently, there is some overlap between them (Schunk, [2012). A summary

of these learning theories is presented in Table

Table 3.1: A summary of learning theories.

Learning theory Definition

Focusing on human behaviour and ignoring

the mental processes behind that behaviour.
Focusing on how a learner receives, organises, stores

and retrieves information from their memory.

Behaviourism

Cognitivism

Learning occurs when learners construct new knowledge by interacting with
Constructivism prior knowledge (experience) and the surrounding environment to
build their interpretations and experiences.

Connectivism An extension of constructivism for online learning.

The following sections describe these theories in detail.
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3.2.2 Behaviourism

Behaviourism theory focuses on human behaviour and ignores the mental processes behind that
behaviour (Bechtel and Graham) |1999). It considers the learner as a black box and ignores the
learner’s mind (Mergel, [1998]). It assumes that learning occurs when a specific response is made to
a given stimulus and how it can be maintained and strengthened (Winn |1990)). For example, when
the teacher asks, 2 +4 =7, the learner replies, 6 (Ertmer and Newby, 1993). The mathematical
equation is the stimulus and the correct response is 6. Essentially, this theory focuses on reward or
punishment for new behaviours (Winn, |1990). In the case of a reward, the learner is more likely to
repeat the same behaviour when confronted with similar situations. Conversely, a punishment will
make the learner avoid similar situations in the future.

The behaviourist approach assumes that the learner is a passive recipient of knowledge and transfer-
ring knowledge effectively is the responsibility of the teacher or expert (Mayer], 1997). The teacher
should assess learners’ prior knowledge to identify the starting point of teaching (Mayer} 1999).
Also, the teacher’s primary tasks are to design effective learning content (Ertmer and Newbyl
1993), transfer the knowledge to the learner (Mayer, [1999)), strengthen the link between the stim-
ulus and response and identify the response from learners (Winn, 1990). Although both stimulus
and learners are considered essential, the stimulus receives the most significance over the learners
themselves (Mayer}, [1999). According to Winn (1990) and |[Ertmer and Newby| (1993)), this theory
is useful and effective for explanation, illustration and recall purposes. However, as learners partic-
ipate passively in the process of learning, this theory does not explain high-level skill acquisition,
such as critical thinking and problem-solving strategies.

3.2.3 Cognitivism

As a learning theory, behaviourism is based on what can be observed rather than focusing on mental
processes. It became clear that there were gaps in this theory; therefore, a new focus on cognitive
processes emerged.

In contrast to behaviourism, where learning is about behaviour change, cognitivism sees learning
as an internal process (Siemens| |2005). It emphasises knowledge acquisition and the mental process
of the learner (Mayer} 1999). It focuses on how a learner receives, organises, stores and retrieves
information from their memory (Stepich and Newby, [1988) and assumes that the learner engages
in these activities (Winn}, 1990). According to this theory, the learner plays an active role (the
learner’s mind acts as a processor of information) in the learning process. The prior knowledge
of learners should be considered in the learning process (Ertmer and Newbyl 1993)). Teachers are
responsible for assessing learners’ knowledge and experiences before teaching and for organising

and presenting information in different ways to make it easier for learners to process information
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(Winn, [1990; [Ertmer and Newbyl, 1993)). In addition, teachers should consider that outcomes may
vary between learners due to differences in their prior abilities and knowledge (Ertmer and Newby,
1993). During learning, active practice by learners with appropriate feedback is also important.

Cognitivism focuses on complex cognitive processes, for example, critical thinking, language de-
velopment, problem-solving strategies and information processing (West et al. [1991)). There is
some similarity between behaviourism and cognitivism. For example, both theories have the same
primary goal: to effectively transfer knowledge to learners (Winn, 1990; Ertmer and Newby, 1993)).
Both theories believe that learners’ prior knowledge and environmental factors influence the learn-
ing process (Ally, 2004). Also, both behaviourism and cognitivism emphasise the significance of
providing appropriate feedback when needed during the learning process. In the case of cognitivism,
feedback is used to support the interaction with the brain, while behaviourism uses feedback to pro-
mote the required response from learners (Ally} [2004). They differ in that cognitivism is concerned
with what learners know and how they know, instead of what they do and how they respond, as

in behaviourism (Winn, [1990; Ertmer and Newbyl, 1993)).

3.2.4 Constructivism

Theories of behaviourism and cognitivism both assume the world is real and external to the learn-
ers, and learning occurs when learners internalise knowledge (Winn, 1990; |Ertmer and Newby,
1993). In contrast, constructivism does not ignore the existence of the external world. Instead, it
views learning as knowledge construction (Mayer, |1999) and is based on the idea that learning oc-
curs when learners construct new knowledge by interacting with prior knowledge (experience) and
the surrounding environment to make their interpretations and experiences (Bruner, |1966; Mergel,
1998).

Constructivism requires the learners to utilise what they have learned rather than simply remem-
bering the material (Mayer, 1999). Learners play a very active role by controlling the learning
process and constructing knowledge by processing, integrating, elaborating and synthesising infor-
mation in their minds (Mayer, 1999)). In constructivism, identifying the learning context and the
prior knowledge of learners is essential (Jonassen, [1991)).

Teachers play the role of a facilitator by designing an experience that meets learners’ prior experi-
ences and presenting the information in different formats to fit the varied needs of learners (Mayer,
1999). In addition, they assess learners’ knowledge by presenting various and new problems that
differ from what learners have already learned (Winn| [1990; [Ertmer and Newby, 1993)).
Constructivism is based on learner-centric instructional approaches that support relatively inde-
pendent, self-directed learning and immediate application of the knowledge gained (Moore], 1989)).

However, this theory lacks the concept of structured learning, which can both be positive and nega-
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tive. Novice learners who depend on well-structured learning environments may find it challenging,
but it can benefit advanced learners who perform well in less-structured environments (Jonassen)
1991). Additionally, this theory emphasises learner control, which is not always a productive ap-
proach. Sometimes, teachers must direct learners to find connections between new information
and what they already know (Ertmer and Newbyl, |1993). As a result, misconceptions may develop
among learners without teachers’ guidance, leading to confusion. Therefore, a learner’s knowledge
acquisition should be adaptive, considering the following three critical factors: learning environ-
ment, abstract concepts and concrete experiences (Brown et al., [1989)).

Behaviourism, cognitivism and constructivism were developed before online learning became widely
used (Ally} [2004; [Siemens, 2005). These learning theories suggest that the process of learning oc-
curs inside the learner’s mind without considering the knowledge and information that are stored in
databases and shared via the Internet and technology (Siemens, |2005). The American Society for
Training and Documentation (ASTD) estimates that knowledge doubles every 18 months (Siemens,
2005). The learners cannot gain access to all this knowledge and experience everything (Kop and
Hilll |2008). The growth of knowledge resources and improvements in technology have created a
need for a new theory that describes how the learning process is affected by these factors (Kop and

Hill, 2008). Connectivism was developed in response to this need (Goldie, 2016)).

3.2.5 Connectivism

Connectivism draws influences from constructivism and is considered an extension of it for the
digital age (Siemens, [2005). It describes how Internet technologies enable learners to learn and
share information. It assumes that knowledge can reside outside of learners, such as in databases
over the Internet (Goldie, |2016). Learning can happen by connecting nodes (information sources)
in a network, and these nodes can be large or small. Learning relies on the decision of learners
about what to learn based on their learning capacity (Kop and Hill, 2008]). According to this theory,
knowledge and learning can include a diversity of opinion (Goldie, 2016]).

In connectivism, the learning process is circular with the learners as the starting point (Siemens,
2005). After connecting to the network, learners find the information they need and modify that
information according to their beliefs. Then they can share their new realisations by connecting to
the network again (Downes|, 2008). This circular process enables learners to remain up-to-date in
their field (Siemens, 2005). In the learning process, learners play a very active role because they
are at the centre of this process. They should decide what to learn and how to connect with it
(Tschofen and Mackness, 2012).

The role of the teacher in connectivism is changed. Learners must find information based on their

needs and interests and communicate with others (Goldie, 2016)), while the teacher guides them
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to the most beneficial and suitable courses. The teacher has an essential role in learning (Goldie,
2016). For example, the teacher can suggest a list of online courses, and learners can choose their

preferred one.

3.2.6 Summary

Learning is a continuous process that has been defined in different ways. Many definitions have
common aspects and can be combined into one definition. Learning is an enduring change in the
learner’s state that can be emotional, psychological and social. The change occurs as a result of
other forms of learner’s experience or knowledge acquisition (Schunk, [2012)).

The learning process can be explained by various fundamental theories. For example, in be-
haviourism, learning is about changing a learner’s behaviour. The observable behaviour shows
whether or not learners have learned, and it ignores what is going on in their minds. The teacher’s
role here is to transfer knowledge and strengthen the association between the stimuli and responses.
However, learning can be more than a behaviour change. As a result, a shift to cognitivism has
taken place. Cognitivism assumes that learners play an active role in learning, where they receive,
store, process and retrieve information. Critical thinking and problem-solving strategies are com-
plex cognitive processes in which this theory works well.

Recently, constructivism has become increasingly popular. Behaviourism and cognitivism assume
that learning occurs inside the learner without considering the outside environment. However, con-
structivism believes learning cannot be isolated from the learning context. Instead, learners develop
their experiences and interpretations by interacting with their environmental context. With emer-
gent technologies, constructivism inadequately explains the whole learning process. As a result,
connectivism has developed. Connectivism describes online learning, one of the current, popular
ways of learning. In the context of online learning, learners can choose courses based on their
interests and preferences and interact with the courses any time and from anywhere. The learners
join a community with many nodes (different sets of information), gain a better understanding of
the new knowledge and share their knowledge with others (Siemens| 2005; Downes, 2008).
Developers must be familiar with these different approaches to learning to select the most appropri-
ate learning strategies. Also, what works for advanced learners may not be suitable for novices. The
selected learning approach may depend on the learning context. It should facilitate deep processing
of information, motivate learners, meet their different needs and characteristics, and support them
during learning (Ally} [2004).

The context of learning is changing radically. The process of teaching and learning is no longer
restricted to a traditional classroom environment, due to the advent of e-learning technologies (Pal

and Vanijja, 2020). E-learning, covered in the following section, has gained broad acceptance in
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many educational fields and become a popular tool for people with and without dyslexia as it

provides interactivity anywhere and at any time.

3.3 E-Learning

3.3.1 Introduction

The emergence of technologies and the Internet has changed learning and how content is delivered
(Anderson, |2004)). The concept of distance learning has emerged, where learners and teachers can
be separated geographically. However, distance learning as a concept is not new; it has been used
and applied since the early 18" century (Brown, 2007). First, teachers delivered educational con-
tent to the learners by mail/post, television programs and radio transmission (Anderson, 2000)).
As personal computers have become more common, they have gradually been integrated into edu-
cational settings. Initially, teachers used these computers to build educational courses using word
processors and spreadsheets. Educational content was distributed on DVDs and CDs (Cantillon
et al., [2017).

With the emergence of web technologies and the Internet, online learning environments have been
created to support formal and informal learning contexts for local and remote learners. The dif-
ferent terms that exist for online learning are often used interchangeably and overlap to some
extent, making it hard to develop an accurate definition (Moore et al., 2011; |Verma and Rizvi,
2013)). Among the most common terms for online learning are e-learning, networked learning, In-
ternet learning, computer-assisted learning, web-based learning, distributed learning and distance
learning (Ally} 2004)). Each of these terms implies that the learners can be at a distance from the
teachers and use some type of technology to access and share materials and interact with peers and
teachers (Ally, [2004)).

Moore et al.| (2011) tried to tease out the differences among the three most common terms: dis-
tance learning, online learning and e-learning. In their view, distance learning is the most common
term used to describe a learning process in which learners are geographically distant from their
teachers. In distance learning, computers are used to transmit instructional materials. Distance
learning is an umbrella term that includes online learning, e-learning, online collaborative learning,
technology-based learning and web-based learning.

The second common term is online learning, which is described as the most recent version of
distance learning (Benson, 2002 |Conrad) [2002). It is difficult to define the concept of online
learning; it has no single definition. It can include all of the previous types of learning (Moore
et al. |2011). |[Oblinger and Oblinger| (2005)) described the online learning concept as ‘wholly’ online

learning, where learning environments enable learners and teachers to interact with content in a

46



non-traditional way and provide them with connectivity and flexibility (Anderson, 2004)). Carliner
(2004)) defines online learning as: ‘learning and other supportive resources that are available through
a computer’ (p. 1) (Carliner, [2004]).

The third most common terminology is e-learning, which originated during the 1980s. E-learning is
usually used to refer to online learning (Carliner} [2004). A simple definition of e-learning, presented
by Holmes and Gardner| (2006), describes online access to materials and content from anywhere
at any time. Another definition suggests that it can be any form of educational material acces-
sible via a computer (Carliner, |2004)). Although e-learning can deliver material using computers,
there is an argument that it must also consider the learner and learning process (Ally, 2004). |Ally
(2004)) defines e-learning as: ‘the use of the Internet to access learning materials; to interact with
the content, instructor, and other learners; and to obtain support during the learning process, in
order to acquire knowledge, to construct personal meaning, and to grow from the learning expe-
rience’ (p. 17) (Ally, 2004). Rodrigues et al. (2019)) provide a recent, comprehensive literature
review that defines e-learning as: ‘an innovative web-based system based on digital technologies and
other forms of educational materials whose primary goal is to provide students with a personalised,
learner-centred, open, enjoyable and interactive learning environment supporting and enhancing the
learning processes’ (p. 95) (Rodrigues et al.; 2019). The term e-learning is used throughout this
thesis due to its popularity in recent related research (Rodrigues et al. 2019)).

In light of recent developments in e-learning technologies, learners can access online material from
anywhere and at any time, which provides more flexible learning opportunities. This feature is sig-
nificant for learners who have other responsibilities or jobs (Anderson, 2008|). Previous literature
shows the benefit is not restricted to accessing the learning environment but also improving the
quality and outcome of learning and reducing the cost of learning delivery (Hamidi and Chavoshi,
2018; [Panigrahi et al., |2018). According to Linn| (1996]), learners in an e-learning environment
achieve the same or even better results than they would have if they were in a traditional class-
room.

E-learning systems can enhance collaborative learning by providing opportunities for learners to
interact with others and with teachers through discussion tools like chat rooms and forums. E-
learning systems offer different interactivity levels. For example, it is possible for learners to read
material, take notes, take quizzes and run simulations, which cannot always be achieved in tradi-
tional classrooms. Moreover, teachers can update e-learning material at any time, and learners can
receive the update immediately (Anderson, 2004).

E-learning may be asynchronous or synchronous. In asynchronous e-learning, teachers can record

lectures and save them. Then learners can access and review the material at any time. In syn-
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chronous e-learning, both learners and teachers are available online simultaneously, and they have
live interactions (Anderson, 2004). In both types of e-learning, learning content is available at all
times, and learners can access it freely (Knowles and Kerkman, [2007)).

These benefits of e-learning make it attractive to learners, teachers and educational organisations

(Welsh et al., 2003]).

3.3.2 Implications of Learning Theories in E-Learning

Currently, all educational institutions are adopting e-learning due to its benefits for learners and
teachers. Using technologies for learning allows the convenience of access at any time and any-
where. Nevertheless, whether a specific delivery technology can improve learning is still debated
(Clark, 2001 Beynon, 2007). The technologies are simply a medium to deliver materials and do not
affect learners’ achievement. Learning is influenced more by instruction strategies of learning ma-
terials and the content than the technology used to deliver instruction. Therefore, teachers should
explicitly know the learning theories, how learners learn and the implications of these theories in
e-learning systems. Further, the e-learning materials should be appropriately designed to promote
learning and engage learners.

As discussed in Section it is necessary to explore the implications of different learning theories
for e-learning. Connectivism has developed with the emergence of e-learning. However, Ally| (2004)
showed the importance of considering different combinations of theories when designing e-learning
material due to their overlap. For example, behaviourism principally considers learner behaviour
and responses and ignores the mental processes of learners. Learners’ behaviour is observed and
assessed to measure their understanding and achievements (Bechtel and Graham), [1999)). This ap-
proach to learning was the basis for early computer-based learning systems (Ally, |2004). Based
on the behaviourist approach, the design of an e-learning system must explicitly state the learning
outcomes for each lesson, so that learners can judge whether they meet their learning objectives.
Learning material should be sequenced appropriately in e-learning systems, such as from simple to
complex and from knowledge to application. Tests and assessments can be included in e-learning
systems to check learners’ achievement and provide appropriate feedback to monitor their progress
and take remedial action, if necessary (Ally, 2004).

Psychologists and educators began to insist that the behaviourist approach cannot be used to ob-
serve or measure all forms of learning. Instead, they focused on cognitive processes; therefore, a
shift from a behavioural orientation to a cognitive orientation has occurred (Ertmer and Newby,
1993). The cognitivism theory sees learning as an internal process and focuses on how the minds
of learners receive, structure, store and retrieve information (Schunk} 2012). E-learning systems

are impacted by cognitivism by emphasising various learning strategies. For example, important
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information must be highlighted and presented properly on the page to capture the attention of
learners. In addition, e-learning materials should be designed to match learners’ current knowledge
level to link new information with their existing knowledge level (Ally, 2004). People with dyslexia
have additional problems with memory capacity (Jones, 2015); therefore, learning material should
be divided into small units and presented in a proper sequence to accommodate this problem.
Another aspect of cognitivism theory that relates to e-learning is to accommodate individual dif-
ferences by providing materials based on their preferences and needs (Cassidy, 2004). E-learning
systems must include a variety of information modes, such as verbal, visual and textual. Motiva-
tion and engagement are essential in cognitivism theory because they improve learning outcomes
(Ertmer and Newbyl, [1993). E-learning systems can incorporate various motivational strategies to
motivate learners during the learning process such as gaining their attention at the beginning of
the lesson and keeping it during the lesson, explaining the importance of the lesson and how it
can benefit them and letting them know how they are doing by providing feedback (Keller, |1987)).
People with dyslexia have different needs and preferences; therefore, considering these differences
is important to enhance their learning (National Health Service, 2018b; Layes et al., 2019). Pre-
senting material in different modes is one of the primary methods of teaching people with dyslexia
(Ahmad et al., 2012 Reid, Gavin, 2015)). Motivating them in the learning process is significant as
they are often demotivated and experience low self-esteem (LaFrance) 1997).

In constructivism and connectivism, knowledge is constructed rather than conveyed through in-
struction (Duffy and Cunningham), 1996)). Constructivist and connectivist approaches emphasise
the learner’s experience resulting from their interactions with the learning environment and con-
sider their minds as processors for retrieving information, reasoning and reflecting (Ertmer and
Newby, [1993). Following these approaches, interactive activities should be included in e-learning
systems to facilitate knowledge construction. It is the learners’ responsibility to learn and construct
their own knowledge, and this may not be fully supported in traditional classes where teaching ma-
terial matches the teacher’s preferences, ignoring the differences among individuals and their needs.
By contrast, e-learning systems are capable of tailoring the content to meet the different needs of
learners by considering different characteristics such as knowledge level, skills and learning style
(Ally, |2004). Cooperative and collaborative features are also used (Magnisalis et al., [2011). These
features give learners opportunities to reflect on information, learn from each other and have control

over their learning process (Lin and Hsieh) 2001]).
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3.3.3 Examples of E-Learning Systems
3.3.3.1 E-Learning Systems for Non-Disabled Learners

A number of recent, free and widely used e-learning systems for non-disabled learners have been
adopted by schools, colleges, military organisations and business organisations to manage learning
(Hauger and Kock, 2007). One commercial e-learning system is Blackboardﬂ which was developed
in 1997 (Brown, 2007). It aims to support learning, provide real-life interactions between teachers
and learners, virtual classrooms and online assessment (Hauger and Kockl, 2007)). However, the
development of Blackboard was not based on any specific learning theories; instead, its evolution
came from a need to provide better e-learning material and communications to learners (Brown,
2007)).

Another example is MoodleE], an open-source and free e-learning system developed by Martin
Dougiamas in 2002 (Brown, 2007). This e-learning system was developed based on the construc-
tivist approach (Brown, 2007)). It provides different features such as design and management of
learning courses, file management services, collaborative activities, tracking learners’ progress and
self assessment (Thakkar and Joshi, 2015)). More than 300 million learners from over 242 countries
are currently registered on Moodle (Moodle, [2021)).

In 2008, massive open online courses (MOOCSs) were coined as another class of e-learning
system (Waldrop, 2013). A free course in artificial intelligence offered by Stanford University in
California in the summer of 2011 attracted almost 160,000 learners from all over the world, which
caused MOOCs to explode in popularity (Waldrop, 2013). More than 270,000 registered learn-
ers use MOOCs (Sinclair et al., |2015), and many commercial providers offer interactive MOOCs
(Thakkar and Joshi, 2015) such as deE], Courseraﬁ, FutureLearnE] and Udacityﬂ

Each of the many different e-learning systems offers these common services: creating learning ma-
terials with simple authoring tools, linking to external resources and tracking learners’ progress
(Brown, 2007). These systems provide collaborative features among learners and social tools such
as blogs and chat rooms, and the ability to create online exams with automatic scoring.

3.3.3.2 E-Learning Systems for Learners with Dyslexia

Some studies have contributed to the use of e-learning systems to educate, train and assist learners
with dyslexia. Most studies designed and developed game-based techniques with different evalua-
tion methods. [Sasupilli et al.| (2019) developed an educational game for mobile devices called

‘Let’s find letters’ to educate children with dyslexia in the Hindi and English alphabets, focusing

"https: //www.blackboard.com/
https://moodle.org/
Shttps://www.edx.org/
“https://www.coursera.org/
https://www.futurelearn.com/
Shttps://www.udacity.com/
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on letter recognition problems. The game is validated positively by three experts using a question-
naire prepared based on Nielsen’s usability heuristics evaluation technique. However, it was not
used and evaluated by children to measure its impact on their learning performance. |Ouherrou
et al.| (2018) developed an interactive learning game called ‘FunLexia’ for Arabic-speaking chil-
dren with dyslexia. The game was also evaluated by experts using Nielsen’s usability heuristics. A
five-question questionnaire was used to collect feedback from experts and 11 children. The findings
showed the game was fun and enjoyable and could promote the learning process. The evaluation,
however, was limited because the game was not evaluated to measure its impact on children’s
learning performance.

Another Android-based game was developed to educate children with dyslexia in the Arabic al-
phabet, and deaf children in the Arabic sign language (EL__Rahman) 2021). The game was
evaluated in terms of acceptance by four learners, three parents and two specialists. The results
showed that 78% of the participants liked the application. However, an evaluation to measure its
impact on children’s learning performance was not conducted.

Al-Rubaian et al.| (2014]) designed serious games using a brain—computer interface (BCI) to de-
velop phonological processing skills in Arabic. They described the conceptual design of the games
with an overview of the software development framework. However, the games’ evaluation was left
for later studies. Broadhead et al.| (2018) proposed a gamified 3D framework implementing a
multisensory approach as an intervention to support teaching reading skills (phonics) for English
learners with dyslexia in primary school. The implementation and evaluation of the framework
were left for later studies.

Much research has designed games to support training for learners with dyslexia. For example, the
‘DytectiveU’ game aims to train Spanish children with dyslexia in reading and writing by providing
different exercises (Rello et al.,|2017)). However, an evaluation to measure its impact on children’s
learning performance was not conducted. [E1 Kah and Lakhouaja (2018) contributed a set of
games for Arabic children to overcome the difficulties of dyslexia and dysgraphia. The effectiveness
of the games was evaluated by 46 learners, including six learners with dyslexia, 20 learners with
substandard academic performance and academic delay, and 20 learners without learning difficul-
ties. Pre- and post-tests were used before and after using the games. These tests focused on reading
and spelling skills. The results showed the potential benefits of using the games in enhancing the
learning process. However, the study was conducted with a small number of learners with dyslexia,
leading to an inability to derive a conclusion. A further study by | Al-Ghurair and Alnaqi (2019)
aimed to improve the short-term memory of Arabic-speaking children with dyslexia using a story

theme in a standalone game-based application. Specialists observed 21 children while they used the
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game to evaluate its usability in terms of user satisfaction, learnability, efficiency and performance.
Children’s opinions were obtained after using the game. They found that children were satisfied
and engaged with the theme. However, the application was not evaluated to measure its impact on
children’s learning performance. |Aljojo (2020) conducted a study on identifying and understand-
ing words by Arabic learners with dyslexia. A puzzle game-based application with eye-tracking
and chatbot features (Aljojo et all |2018) was used to analyse learners’ interactions. The study
revealed that the accuracy and speed of visual word recognition, and their understanding increased.
However, there was a lack of clarity and proper discussion regarding the findings.

Some studies developed training applications with different evaluation methods. |Arteaga et al.
(2018)) proposed a software process model to develop a training application to help Spanish chil-
dren with dyslexia in primary school. The model includes a user-centred approach with teachers,
software engineers, psychologists and learners. A case study was conducted with a small number
of participants (five children with dyslexia) to evaluate the accessibility and usability factors. The
findings revealed that the application was easy to use. However, an evaluation to reflect its impact
on children’s learning performance was not conducted.

There are multiple studies on developing systems to assist learners with dyslexia. Noor et al.
(2017)) developed the Children’s Storybook Reading System (StoBook) using radio frequency iden-
tification (RFID) technology for children with dyslexia in Malay. The system motivates and allows
children to learn with fun by moving their eyes and hands to place the pictures and syllable cards
during their interaction with the system. However, they relied on teachers’ and children’s feed-
back without evaluating its impact on children’s learning performance. Pang and Jen| (2018))
explored engagement of secondary school learners with and without dyslexia in an online collabora-
tive learning environment in Malay. Learners were assigned to complete a collaborative task using
a forum, text chat and video conferencing. The study revealed that text chat mode and forums
were unsuitable for learning discussion, especially for learners with dyslexia who could not respond
quickly.

Burac and Cruz (2020) developed a mobile assistive application in English named Individu-
alised Reading Enhancing Application for Dyslexia (IREAD). Three modules are included in the
application: a module for reading and writing lessons, an evaluation module and a module for the
history/reports. The overall usability of the application was assessed positively by teachers (using
a questionnaire). However, IREAD has not been evaluated by learners to assess its impact on their
learning performance.

For assisting learners with dyslexia in Arabic, Benmarrakchi et al. (2017b)) proposed a set of

practical guidelines based on learners’ spelling errors in online content. These guidelines covered
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four areas: visual ability, phonological processing skills, orthographical similarity and cognitive pro-
cessing for promoting accessibility related to online content for learners. However, the evaluation
of these guidelines was not included. Similarly, |Aldabaybah and Jusoh| (2018) proposed a set
of usability features for designing assistive tools for Arabic learners with dyslexia. As assessed by
an expert, the proposed features improved usability and enhanced learning.

Table presents a representative overview of such existing e-learning systems for learners with
dyslexia and enumerates for each system the intervention type, the target language and the evalu-
ation method.

Table 3.2: Examples of e-learning systems for learners with dyslexia.

Author(s) and year Intervention Target Evaluation
B type language
- ] . English and
Sasupilli et al.|(2019) Educational Hindi Expert feedback
[ . . ) Expert and
Ouherrou et al.| (2018) Educational Arabic
' learner feedback
] . . Specialist, parental and
EL_ Rahman|(2021) Educational Arabic
| ' learner feedback
| |Al-Rubaian et al.| (2014) Educational Arabic N/A
Broadhead et al.|(2018) Educational English N/A
B Rello et al.|(2017) Training Spanish N/A
El Kah and Lakhouaja| (2018) Training Arabic Pre- ‘and post—te‘st
| A ' experimental design
| |Al-Ghurair and Alnaqi| (2019) Training Arabic Observation
Aljojo| (2020) Training Arabic Observation
\ . ) Teacher and
Arteaga et al.|(2018) Training Spanish learner foedback
Noor et al.|(2017) Assistin Mal Teachers and
oot €b al ] SRISLING ey learners feedback
Pang and Jen| (2018) Assisting Malay Observation
| Burac and Cruz|(2020) Assisting English Questionnaire
| Benmarrakchi et al.| (2017b) Assisting Arabic N/A
| |Aldabaybah and Jusoh|(2018) Assisting Arabic Expert feedback

Although e-learning systems enable interaction between learners and systems at any time and
anywhere, several drawbacks exist. Based on the review of e-learning systems, the diversity of
learners with dyslexia is not sufficiently considered. Individuals differ in their preferences, goals,
personalities, knowledge, skills, background and learning styles. Furthermore, the profile of a
single learner changes over time. For instance, knowledge and skills can increase as an effect of
learning (Hauger and Kockl, |2007). It is possible for traditional e-learning systems, for example, to
present material that matches a particular objective of the lesson. However, they fail to consider

the different characteristics of learners when providing learning material that meets their needs
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(Brusilovskyl, 2012). Instead, there is no variation in content or presentation for learners (Hauger
and Kock, [2007; [Sun et al., 2008). Moreover, the large amount of material may overwhelm learners
if they do not know what to study. All these issues affect the learning process negatively and lead
to dissatisfaction, increased dropout rates and affect the learning gain (Sun et al., 2008)).

The transition from traditional e-learning to adaptive e-learning, covered in the following section,

has addressed some of these limitations.

3.4 Adaptive E-Learning

3.4.1 Adaptation

The term adaptation in the context of user-system interaction is defined as a process of tailoring
something so that it meets the user’s needs (Brusilovsky, 2001). For example, instructional strate-
gies can be adapted to meet the needs of different characteristics of learners, such as preferences and
learning styles. The term personalisation is similar to adaptation (Jameson, [2007); to personalise
means to design something to meet an individual’s needs (Bloml 2000). Systems that adapt based
on different characteristics of users, such as skills and preferences, are known as user-adaptive or
adaptive systems (Evers et al., [2010).

Jameson| (2007) defines an adaptive system as: ‘an interactive system that adapts its behaviour
to individual users on the basis of processes of user model acquisition and application that involve
some form of learning, inference or decision making’ (p. 106) (Jameson, 2007). Adaptive systems
can be described as: ‘the technological component of joint human-machine systems that can change
their behaviour to meet the changing needs of their users, often without explicit instructions from
their users’ (p. 1008) (Feigh et al., |2012).

Two terms are often used interchangeably for adaptation: adaptable and adaptive. However, these
terms are different. An adaptable system is a system that can be customised by the user to their
own preferences during the interaction process (Jameson, 2007). For example, the user can set the
time of presenting feedback after every three tasks rather than after each one. An adaptive system
refers to the dynamic and static customisation that a system makes based on the characteristics
and performance of different users. One example is dynamic adaptation of when the feedback oc-
curs based on the user’s attention (Vasilyeva et al., |2007). Because it is important to distinguish
between adaptable and adaptive phenomena, it is the researcher’s task to determine how to define
adaptation in the system and under which principles it will work.

The primary aim of adaptive systems is to meet individuals’ needs as closely as possible (Mara-
vanyika et al, 2017)). Another goal of adaptation is to increase users’ satisfaction and the system’s

usability (De Bral 2008). Hence, the ultimate aim of adaptation is to enhance individuals’ experi-
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ence over time (Maravanyika et al. 2017)).

Brusilovsky| (1998]) defines three essential stages that must be accomplished in order to adapt any
system (see Figure . In the first stage, the system collects data about the users, which is the
basis for the user modelling. These data can be any preferences or characteristics of the users. The
next stage is applying the user model to provide an adaptation effect. Finally, the system keeps

track of the user and updates the user model based on user actions.

Data about user
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Figure 3.1: The stages of adapting a system (Brusilovsky, 1998)).

To adapt a system, it is crucial to plan this system properly, understand its benefits and whether
applying adaptation is valuable. Therefore, the core of adaptive systems reflects some fundamental
questions that must be answered before performing adaptation. These questions are (Knutov,

2012):
e Why? Why do we need adaptation?
e What? What can we adapt?
o To What? What features/attributes can be adapted to?
e When? When can we apply adaptation?
e Where? Where can we apply adaptation?
e How? How do we adapt?

The first question, Why?, initiates the adaptation process by articulating the main goals and objec-
tives of designing an adaptive system. This question mainly refers to the significance of adaptation.
The second question, What?, emphasises the domain model to be adapted to different needs of

users. The third question, To What?, is related to the user model. The user model presents,
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stores and maintains the users’ attributes. These attributes can be stable, such as background,
learning style and personality, or dynamic, such as the users’ interest, emotion and experience.
Other characteristics related to the environment can be considered in the adaptation, such as the
devices and physical environment. The fourth question, When?, is related to when the adaptation
should be performed. The adaptation can occur at the early stages of the system design, compi-
lation time or at run time (Motti and Vanderdonckt, |2013). Therefore, it is necessary to identify
whether the adaptation process will be dynamic and changeable during using the system or static
and completed before using the system. The fifth question, Where?, defines the context and the
area of the application domain to which adaptation can be applied. Adaptation can be applied
in any system with different interfaces and a vast amount of information for different users; most
recent studies relate to e-learning systems, online-help systems and information retrieval systems
(Maravanyika et all 2017; Shershneva et al., [2019; Mohssine et al., [2021). These systems have
different interfaces and roles for different users. As an example, an adaptive information system
contains a large amount of information that may not be relevant to all users. Therefore, it is
important to adapt the information presentation to the knowledge or role of the users. Another
example is shopping websites, such as Amazorﬂ and eBayﬁ They customise product suggestions
based on users’ browsing history and recent purchases. Finally, the last question, How?, helps
determine how adaptation can be applied by considering different methods and techniques in the
adaptation process and how they will be implemented in the system.

Adaptive technology is used in many areas, including healthcare, e-learning and e-commerce. This
research focuses on adaptation in the e-learning sector, which will be covered in the following

section.

3.4.2 Adaptive E-Learning Systems

Adaptive e-learning systems have gained the attention of many researchers in recent years. An
adaptive e-learning system aims to meet learners’ needs (Brusilovsky} [1998), which is an enhance-
ment to the ‘one-size-fits-all’ approach (Maravanyika et all [2017)), by adapting the traditional
learning approach to these different characteristics. Therefore, it increases learners’ learning out-
comes and motivation and enhances their progress.

Any adaptive e-learning system must include three fundamental models (Wu et al., 2001). They
are 1) a learner model, 2) a domain model and 3) an adaptation model. These models are described

in the following sections.

"https://www.amazon.com/
Shttps://www.ebay.com/
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3.4.2.1 Learner Model
As illustrated in Figure the first step in adaptation is collecting information about users to

build the user model. Self (1998)) defines a learner model as: ‘what enables a system to care about
a student’ (p. 352) (Self, 1998). Learner modelling is an important element in adaptive e-learning
systems that must be considered when adapting these systems (Sosnovsky and Dicheva), [2010; |Tad-
laoui et al., 2016)).

The learner model can represent and maintain several characteristics of learners, such as knowledge,
learning styles and skills, as a source to provide adaptation (Essalmi et al., [2010). Learner charac-
teristics can be dynamic or static. Static characteristics, such as age, native language, culture and
gender, are set before interacting with the system and usually remain unchanged unless the learner
changes them. Dynamic characteristics are obtained from learners’ behaviours and interactions
with the system. The system constantly updates these characteristics during system interactions
based on the data collected (Schiaffino et al., [2008; (Chrysafiadi and Virvou, [2013)).

The learner modelling includes three different phases: 1) defining what is being modelled (learner
model dimensions), 2) defining how to represent the learners’ characteristics (learner model rep-
resentation) and 3) defining how to obtain the learners’ characteristics (learner model elicitation).

The following paragraphs provide a brief explanation of these phases.

1) What is Being Modelled (Learner Model Dimensions) The core of adaptation is based
on the assumption that every learner has different characteristics. The most significant character-

istics with regard to adaptation are:

¢ Demographic information
In some systems, it is important to identify the demographic information of users. This
information includes age, gender, native language and culture. Adaptation based on users’
demographic information is widely used in ubiquitous adaptive applications, e-commerce

systems and education systems (Sosnovsky and Dicheva, 2010).

o Background
Background is defined as: ‘relevant experience gained outside the system, prior to using it’
(p. 34) (Sosnovsky and Dicheva, 2010). It may not be relevant to the domain that will be
learned (Nguyen and Do, 2008; |Sosnovsky and Dicheva, [2010). In contrast to knowledge, the

background model is coarse-grained and usually static (does not change over time).

e Interests

Another characteristic that can be included is users’ interests. Users’ interests are essential
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in adaptive systems that deal with huge amounts of information, such as commercial rec-
ommendation systems and adaptive search engines (Nguyen and Do, 2008)). This element
was not used in early research into adaptive e-learning systems because it changes frequently.
However, this situation has changed in the past 10 years, and some adaptive systems focus
on users’ interests (Ghaban) 2019).

Modelling users’ interests requires distinguishing between short-term and long-term interests.
Short-term interests are usually dynamic; they express the users’ interests during a session
but are ignored by the end of the session. In contrast, long-term interests are more stable;
they are expressed by the user before working with the system, or they evolve slowly while

the user works with the system (Sosnovsky and Dichevay, [2010)).

Individual traits

An individual trait is an attribute or characteristic that defines a person as an individual
(Nguyen and Dol |2008)). Individual traits are stable, either unchangeable or changing only
over a long period (Brusilovsky} 2001). Individual traits are typically extracted via specially
designed psychological tests (Brusilovsky and Millan, |2007). Cognitive style, learning styles
and personality traits are all examples of individual traits that are commonly used in adaptive
e-learning systems (Cercone, 2008]).

Cognitive style means an individual’s preferred approach to organising and processing infor-
mation (Riding and Rayner, [1998)). It describes how learners perceive, think, remember and
solve problems (Isaksen et all 2003). For example, one cognitive style dimension is wholist-
analytic (Riding and Rayner} |1998). The wholist-analytic approach refers to how learners
organise and structure information. Individuals described as analytics prefer to process the
information in parts, whereas individuals described as wholists prefer to process the informa-
tion as a whole.

Learning style can be defined as the way learners prefer to learn. It is similar to cogni-
tive style, but it has a narrow focus on learning (Brusilovsky and Millan, |2007). Different
models exist for classifying learning styles. For example, a popular learning style approach
is Felder—Silverman (Alshammari, 2016|). One dimension in this approach, for example, is
input modality (visual-verbal), which classifies learners based on their preferences for how
information should be presented to them. Verbal learners process and understand written
and spoken information easily, while visual learners prefer learning with charts, figures and
diagrams (Ghaban, 2019).

Personality traits are a set of characteristics that distinguish an individual and control how

o8



that person thinks, feels, communicates and interacts with others (McCrae and Costal, [2003).

Different models exist to explain personality. The most widely used model is the big five

model (Baranczuk, 2019)). Personality traits can be classified into different dimensions. One

dimension, for example, is introvert-extrovert. Individuals who are extroverted are described
as more energetic, excited and engaged with social interactions than introverted individuals.
shows the relationship between the three traits by using the onion model (see
Figure . The model has three layers, and each individual trait corresponds to a specific
layer. Classification in this model is based on the degree to which the preferences represented
by each layer remain stable over time. The outer layer represents instructional preference,
which is how learners learn (learning style). This layer frequently changes as it is affected
by external factors. The middle layer represents information processing approaches (cogni-

tive style). Over time, this layer has greater stability than the outer layer. The inner layer

represents personality, which is the most stable trait over time (Curry, [1983).

Instructional
Preference

Information Processing
Style

Cognitive Personality
Style

Figure 3.2: Curry’s onion model, taken from , 2007)).

e Knowledge

The most common adaptive parameter is learners’ knowledge (Felder and Silverman) [1988;

Brusilovsky and Millan|, 2007 Essalmi et all |2010; |[Sosnovsky and Dicheval [2010]). Several

well-known learning theories emphasise that knowledge level is an essential element of in-

struction (Ertmer and Newby, 1993). An individual’s level of knowledge is determined by

their ability to recall, understand and apply specific information relevant to a particular topic

(Brusilovsky and Millan

,[2007)). It can be represented by a single value on some scale: quali-

tatively, such as novice, average and expert, or quantitatively using a score. The main issue

with this representation is that the knowledge level of a learner is different across the domain.
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For example, in teaching word processing, the learner may be an expert in editing a formula,
but a novice in text annotation. Because of this shortcoming, structural models are used. In
structural models, the domain is divided into segments, and the learner’s knowledge level is
mapped into each segment independently. The overlay model is a popular structural model
in which knowledge is represented as a subset of a domain model. The model then stores an
estimation of the learner’s knowledge (Sosnovsky and Dicheval 2010). This model is discussed
under How to Represent the Learners’ Characteristics.

It is important to consider that the learners’ knowledge is a changing characteristic. The
learner’s knowledge can either decrease (forgetting) or increase (learning). This means any
adaptive e-learning system relying on knowledge must recognise the changes in the learner’s

knowledge and then update the learner model accordingly (Brusilovsky and Millan, 2007)).

All previous characteristics are related to any learner. However, this research targets learners with
dyslexia, and they have specific characteristics, such as dyslexia type. This research focuses on
dyslexia type as an adaptive characteristic to investigate the benefits of adaptation for learners
with dyslexia. The type of dyslexia (covered in Section can be considered as an individual
trait because it identifies the individual with dyslexia and is stable throughout their life.

This research also focuses on knowledge level as another adaptive characteristic to investigate the
benefits of adaptation for learners with dyslexia. This research refers to skill level rather than
knowledge level. Knowledge is learning principles of a subject, while skill is applying that knowl-
edge in a context. According to [Sun and Peterson (1997), learners learn generic and declarative
knowledge first, and then, they turn such knowledge into usable, specific procedural skills by prac-
tising. This research targets training young learners with dyslexia in reading skills. The learners
already have the basic, formal knowledge and, by practising, they develop it into specific skills that

can be applied subconsciously rather than through conscious reasoning.

2) How to Represent the Learners’ Characteristics (Learner Model Representation)
The learner model representation discusses how the learners’ characteristics can be represented
and modelled in the learner model. Different techniques can be used to construct a learner model.
The most common learner modelling techniques in adaptive e-learning are overlay and stereotype
(Sosnovsky and Dicheva, [2010; |Chrysafiadi and Virvou, 2013)).

The overlay model is the most commonly used learner model. It is frequently used to represent
learner knowledge (Chrysafiadi and Virvoul 2013). The overlay model is based on the assumption
that the learner model is a subset of the domain model, designed by the teacher or expert, because a

learner might have correct, but incomplete knowledge of the domain (Chrysafiadi and Virvou, 2013)).
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With an overlay model, each element in the domain is assigned a Boolean value (yes or no), which
indicates whether a learner knows that element or not. In its modern form, it uses a qualitative
measure (poor, average, good) or quantitative measure (the probability that the learner knows the
concept) (Brusilovsky and Millan, |2007; Martins et al.,|2008). The overlay model approach requires
that the domain model represents individual concepts and topics. Therefore, its complexity mainly
depends on the granularity of the structure of the domain model and the estimation of the learner’s
knowledge (Martins et al., [2008)).

Overlay models are widely used due to their precision and flexibility (Sosnovsky and Dicheval,
2010). They can be dynamically and easily tailored to the learners’ knowledge (Sosnovsky and
Dicheva, 2010). This technique is commonly used to represent learners’ skills, knowledge and
sometimes interests (Sosnovsky and Dicheva, 2010). However, it has some drawbacks. One is
that it does not represent incorrect knowledge or misconceptions that a learner may have acquired
(Chrysafiadi and Virvou, 2013)). Additionally, the model cannot represent other factors, such as
learners’ personalities and behaviour (Chrysafiadi and Virvou, 2013). This is why many adaptive
e-learning systems combine the overlay model with other approaches.

Another popular representation of a learner model is the stereotype model. It classifies users who
share certain characteristics into groups (called stereotypes) (Martins et al., 2008]). Every stereotype
contains the common knowledge about a group of learners. This model assigns a new learner to
a related stereotype if there is a match between the learner’s characteristics and that stereotype
(Chrysafiadi and Virvoul, 2013]). One advantage of using this model is that the knowledge about a
learner can be inferred based on stereotype(s) without explicitly eliciting this knowledge from each
learner (Sosnovsky and Dichevay, [2010). Another feature of this model is that it allows the learner
model to be initiated quickly, so adaptation is provided immediately (Chrysafiadi and Virvou,
2013]).

However, this model has some shortcomings. Construction of stereotypes is done by hand before
any users interact with the system, and updating the stereotypes should be done explicitly by a
designer. Moreover, to use stereotypes, the users must be divided into groups and such groups
may not exist. In addition, it is difficult to use the stereotype model to represent fine-grained

characteristics, such as knowledge level or skills (Sosnovsky and Dichevay, [2010).

3) How to Obtain the Learners’ Characteristics (Learner Model Elicitation) This
phase describes how learners’ characteristics are identified. There are two common approaches to
obtaining learner modelling information: explicit and implicit approaches (Zigoris and Zhang) 2006}

Gauch et al., [2007; |Sosnovsky and Dicheval [2010)). In explicit approaches, the system asks learners
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to provide information about their characteristics and interests directly. This can be done by filling
out questionnaires, conducting surveys or conducting a pre-test to assess learners’ knowledge level
(Paredes and Rodriguezl, 2002)). Reliable psychological tests can also be used to elicit learners’
traits explicitly. For example, the learning style inventory tool can be used to identify learners’
learning styles. In this research, both dyslexia type and reading skill level are identified by using
reliable diagnostic tests.

The implicit approaches obtain learners’ information implicitly. For instance, the system observes
learners’ behaviours and interactions (Schiaffino et al., |2008]), such as tracking time spent to finish
a specific lesson, the number of clicks on a specific page and the speed to finish a task (Gauch et al.
2007)).

Information obtained from learners must be aggregated and analysed to find a common pattern and
to generate an adaptive version for each learner. The analysis process of the learners’ patterns can
be done automatically by feeding the learner behaviour into one of the machine-learning algorithms,
such as classification and clustering, or manually by observing their behaviour. In the classification
technique, each class must be predefined before assigning learners. However, this is not easy to
accomplish and creates challenges. Therefore, most adaptive systems use clustering, where learners
with similar characteristics and behaviours are grouped into one class without any need to predefine

the classes (Kobsa et al. 2001).

3.4.2.2 Domain Model

The domain model is the backbone/heart of adaptive e-learning systems. It contains the structure of
the curriculum and the elements of knowledge related to a specific application domain (Aroyo et al.,
2006; Brusilovsky}, 2012)). According to previous research (Wu et al., 2001; |Knutov, 2012]), this model
consists of a set of concepts and their relationships. Concepts are abstract items of information from
the application domain. Depending on the application domain and the designer’s choice, a concept
can be atomic (represents one piece of domain knowledge) or divided into small sub-concepts
(smaller fragments of domain knowledge that represent a piece of information) (Brusilovskyl, 2012}
Knutov, [2012; [Motti and Vanderdonckt), |2013)).

The elements in the domain model have different names in different systems, such as knowledge
elements/items, concepts, learning outcomes, learning objects or topics. However, in all cases, they
represent primary fragments of domain knowledge (Brusilovskyl 2012).

The concepts and relationships between concepts in a domain model can be represented by using
different techniques. Omne technique is the set model or vector model. In this technique, the
concepts of knowledge are independent and have no internal structure. However, even though this

technique is simple, it is very effective in maintaining a detailed picture of knowledge in a powerful
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platform that supports adaptation in large systems (Nguyen and Do, 2008). The main issue with
set or vector models is that there is no connection between concepts. When a user model links
to a chosen concept, it is difficult to determine how to move to the next concept (Brusilovsky
and Millan, |2007)). Different techniques have been proposed to address the previous issue, such as
the network model. This model is popular in adaptive e-learning systems (Alshammari, 2016). It
provides a flexible, easily understood representation of concepts with an arbitrary number of levels
(a hierarchical network). Concepts are represented as nodes, and the relationships that connect
them are represented by arcs (Mustafa and Sharif, 2011)).

3.4.2.3 Adaptation Model

The adaptation model bridges the gap between the domain and learner models by creating the
best match according to the learners’ characteristics and objectives (Alshammari et al., 2014)). The
adaptive model has two distinct but complementary dimensions: logic and action (Paramythis and
Loidl-Reisinger;, [2003). The specification of logic is responsible for relating information in domain
and learner models and deciding whether adaptation is required. The specification of actions refers
to specifying the steps needed by the system to achieve a given adaptation.

The adaptation model for most e-learning systems can be based on the following adaptation tech-
niques: adaptive presentation and adaptive navigation support (Mustafa and Sharif, [2011)), follow-

ing the updated adaptation taxonomy of Brusilovsky| (2001)) (see Figure [3.3)).
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Figure 3.3: The updated taxonomy of adaptive system techniques (Brusilovsky, 2001)).

Adaptive presentation aims to adapt the content based on learners’ characteristics. For example,

for novice learners, preliminary concepts must be presented and learned, while expert learners
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should be provided with more advanced concepts. Some adaptive e-learning systems under this
approach consider the learners’ preferred learning method. Some learners prefer to practise, while
others prefer to learn theoretical concepts. For example, |Alshammari et al. (2015a) indicate that
intuitive learners prefer theories and principles (abstract concepts), while sensory learners prefer
problem solving and examples (concrete information).

As shown in Figure [3.3] adaptive presentation has three groups: text adaptation, multimedia
adaptation and adaptation of modality. Text adaptation and modality adaptation have received
much attention in recent years. There are different techniques for text adaptation (Bunt et al.,
2007). Among those techniques, which are commonly used in adaptive e-learning systems, are
altering, inserting and removing fragments based on learners’ characteristics. Sorting fragments
and stretching text keep the same content available for the learner but suggest focusing on a portion
of it.

Adaptation of modality adapts between different types of media, such as from text to audio, from
images to text or from video to images, based on learners’ preferences, abilities and learning styles
(Kobsa et al., |2001). For example, some learners may better engage verbally, while others prefer
charts and figures.

Different adaptive representation techniques can also be applied to adapt multimedia. For example,
an image can be scaled to fit a specific screen.

The second adaptation technique is adaptive navigation support, which helps learners navigate the
domain space. Learners’ navigation can be influenced through suggested or enforced navigation
(Knutov, [2012). The enforced approaches alter the structure of recommended links in a way that
forces the learner to select a link among a predefined set of links. The suggested navigation
approaches provide a list of suggestions for appropriate links rather than restrict the learner, as
is the case in enforced approaches. These approaches help the learner decide which links are
appropriate and which ones are not, but the learner is not forced to follow these recommendations.
One of the most common enforced approaches used in adaptive e-learning systems is direct guidance
(Mustafa and Sharif, 2011). It suggests the next best node(s)/pages to be presented for learners
(Brusilovskyl, |2007)). However, the drawback of direct guidance is that the system does not support
learners who do not want to follow the system’s suggestions. Therefore, it can be used with other
adaptive navigation approaches (Brusilovsky, [1998).

Link annotation and link sorting are the most commonly used methods of suggested navigation
support in adaptive e-learning systems (Mustafa and Sharif, |2011). The concept behind the link
annotation approach is to provide some type of annotation to the links, allowing the learner to

decide which links are appropriate. This approach reveals more about the current status of the
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nodes/pages behind the annotated links. Most annotations consist of icons and changing font sizes
and colours (De Bra and Ruiter, 2001; Brusilovsky, 2007). The link sorting approach prioritises the
page links based on the learner model, where the more relevant links are shown closer to the top
of the page. However, this technique makes the order of links unstable: the order of links changes
each time the user accesses the page (Brusilovsky, 2007).

Some adaptive e-learning systems use different technologies to support navigation. eTeacher is one
example of an adaptive e-learning system that uses direct guidance and link annotation (Schiaffino
et al., 2008)). LearnFit uses direct guidance (El Bachari et al., 2011). The Adaptive Hypermedia
Architecture (AHA!) uses a combination of stretching text, link sorting and direct guidance (Stash
et al., 20006).

To sum up, the data from domain and learner models must be available to inform the adaptation
model in adaptive e-learning systems. The adaptation model can adapt presentation, navigation,
modality and the structure of material according to learner characteristics. There is a great deal of
challenge in choosing which adaptive approaches are most appropriate in the different classifications
of adaptive presentation and navigation. The next challenge is how and when the system provides
adaptation in various cases, especially when integrating two or more learner characteristics.

3.4.3 Adaptive E-Learning Evaluation
Mulwa et al.| (2011) define evaluation as: ‘the process of examining the product, system components

or design, to determine its usability, functionality and acceptability’ (p. 139) (Mulwa et al., 2011]).
An evaluation of an interactive system ensures that it meets users’ requirements, behaves as ex-
pected and provides reliable services (Weibelzahl, 2003)). Accordingly, the main goals of the system

evaluation are (Dix et al., 2003):

o To assess the functionality of the system — whether the system complies with the requirements

of the users and how effectively it supports the tasks.

o To assess the impact of the interface on users, covering aspects of usability, such as how easy

the system is to learn and how satisfied the user is with the system.

e To determine if there are problems with the system and any possible improvements by de-
tecting unexpected behaviour and any inconsistencies between the design of the system and

what users expect.

The methodologies for evaluating adaptive e-learning systems were adopted from the human—
computer interaction (HCI) evaluation methodologies (Gena, 2005)). One key evaluation approach
in HCI that has been adopted for evaluating adaptive e-learning systems is the user-centred eval-

uation approach, as users are the main target of the system and the main source of information
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(Genay, 2005; Mulwa et al., 2011)). User-centred evaluation refers to the process of evaluating the
effectiveness, usability and value of a system for its intended users (Van Velsen et al., 2008).
Different evaluation approaches and metrics exist to evaluate adaptive e-learning systems. These

are covered in the following sections.

3.4.3.1 Evaluation Approaches

Different user-centred, evaluation approaches exist. One approach is formative evaluation. For-
mative evaluation is mainly conducted at the early stages of designing the adaptive system before
the actual implementation, to improve the system (Worthen, |1990; Fitzpatrick et al., [2015). This
approach was applied in a study conducted by |Triantafillou et al.| (2003 to evaluate Adaptive
Educational System based on Cognitive Styles (AES-CS) using focus groups and expert opinion.
Another approach is summative evaluation. It is conducted after the system implementation
to decide whether a system should be continued and expanded (Worthen) 1990; [Fitzpatrick et al.,
2015). This approach has been applied in assessing the learner responses to questions in the Full
Option Science System (FOSS) (Nielsen et al., 2008). The distinction between formative and sum-
mative approaches is illustrated as: ‘when the cook tastes the soup, that’s formative evaluation;
when the guest tastes it, that’s summative evaluation’ (p. 19) (Scriven, |1991).

The final approach is experimental evaluation or controlled experiment (Weibelzahl, 2001}
Gena, 2005). This approach evaluates the system’s effectiveness and usability with real users in
structured settings to reflect more controlled situations (Weibelzahl, [2001; |Gena and Weibelzahl,
2007)). In adaptive e-learning systems, an experimental evaluation approach is valuable to provide
evidence of the system’s effectiveness and the usefulness of adaptation (Weibelzahl, [2001; |Genal,
2005; Brown et al., 2009; Mulwa et al., [2011). For example, Alshammari (2019)) evaluates the
effectiveness of adapting gamification elements in an e-learning system in terms of learning gain
using the experimental evaluation approach. Another study conducted by |[Ghaban and Hendley
(2018)) used this approach to assess learners’ motivation, learning gain and satisfaction.

The experimental evaluation approach can be used to assess the usability issues of the system
(Jameson, 2007). For example, |Alshammari et al.| (2016) and Orfanou et al| (2015) used this ap-
proach to evaluate the usability of the system.

There are two approaches to designing experimental evaluations: between-subjects and within-
subjects. In a between-subjects procedure, an experimental group is assigned to a treatment condi-
tion, and a control group is assigned to a non-treatment condition (Genaj, 2005). The experimental
group interacts with the adaptive version of the system, and the control group interacts with the
non-adaptive version (Gena and Ardissono| 2004; (Ghaban and Hendley} 2018]). The number of

groups is dependent on the number of independent variables. In a within-subjects procedure, each
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subject experiences all the treatment conditions. For example, subjects interact with both the

adaptive and non-adaptive versions of the system (Bontcheval 2002).

3.4.3.2 Evaluation Metrics

Different metrics have been proposed for the evaluation of adaptive e-learning systems. Among

these metrics are learning gain, learner satisfaction and perceived level of usability. These metrics

are used broadly to evaluate adaptive e-learning systems in previous studies (Hung et al., 2009;

[Alshammari, [2016; Wu et al, [2017; [Alshammaril [2019; |Ghaban and Hendley, 2020; [Alghabban and|

Hendleyl, [2022b)). The following paragraphs explain these metrics in detail.

Learning Gain Learning gain is a term used to describe the changes and improvement in learning

outcomes after a specific intervention (Pickering) 2017). It represents how much a learner learns

after interacting with the learning system.

Pre- and post-tests are commonly used to measure learning gain (Genal, 2005; Akbulut and Cardak|

2012} [Pickering) 2017; Wu et all 2017)). Before interacting with the system, learners are given a

pre-test to assess their pre-existing knowledge level. After completing the course, they are given a

post-test to assess how much they have gained. The difference between the two scores reflects the

effectiveness of the adaptive system 2005)).

Learning gain can be assessed directly after finishing the course to determine how much learners

gain (short-term learning gain) (Wu et al 2017; Alshammari, 2019; |(Ghaban and Hendley| 2020). It

can also be assessed after a period of time has elapsed, by conducting a follow-up test, to determine

whether learning gain is persistent (long-term learning gain) (Alshammari, 2016; Ghaban, [2019).

Another critical metric is whether content learned can be generalised to another context (Nist and
Joseph, [2008). It reflects the ability of learners to apply what they have learned to new material
(Lo et al 2011)). However, little research has examined knowledge generalisation (Kozlowski et al.|

2001)). Therefore, a measure of generalisation is another metric for evaluating the effectiveness

of adaptive e-learning systems (Alghabban and Hendleyl 2022b)). Generalisation can be assessed

using material in the pre- and post-tests that varies systematically in terms of similarity level to

the material used in the intervention (Daly III et al., 1996).

As this research targets learners with dyslexia, assessment of learning gain for adaptive e-learning

systems based on learner needs is crucial (Alghabban and Hendley, [2022b). It reflects how much

learners have learned, whether their learning gain is persistent and whether their learning gain can

be generalised.

Learner Satisfaction Learner satisfaction is another metric that is considered as a predictor of

a system’s effectiveness (Gatianl (1994). Satisfaction refers to the pleasure that a user feels when
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they perform an action or receive something needed to perform an action (Shee and Wangj, 2008)).

In the HCI field, the success of a specific information system is associated with the satisfaction of

the users (Delone and McLean, 2003). Learner satisfaction is affected by several factors, such as

engagement and motivation to interact with the system. It is also associated with the extent to

which users believe the system they interact with matches their needs (Shee and Wang, [2008). A

high level of satisfaction can contribute to high motivation and engagement as it reflects the quality

of the learners’ experience (Alshammari et al.| 2014)).

Standardised questionnaires can be used to assess end user satisfaction after they have used a

system , 2005)). Several tools are available for assessing learner satisfaction, such as those

of (Bailey and Pearson| [1983; Read et all [2002; Wang], [2003; Mahdavi et al., 2008} |Jung, 2014]).

Among these tools, the e-learner satisfaction (ELS) tool (Wang, 2003) is a commonly used tool to

assess learner satisfaction in adaptive e-learning (Alshammari et al., 2015b; Ghaban and Hendley,

2020). ELS is a validated and reliable questionnaire consisting of 17 items related to four different
factors: learning content, system interface, learning community and personalisation .
These items have 7-point Likert scales ranging from strongly disagree to strongly agree (Wang
2003). ELS measures learners’ overall satisfaction in addition to satisfaction related to each of the

four factors (Wang| 2003). ELS can be adapted to fit a specific research need (Wang), [2003) and is,

therefore, widely used for a variety of e-learning systems (Siritongthaworn and Krairit|, 2006; Sheel

land Wang, 2008; |Alshammari et al., [2015b; (Ghabanl 2021). It also can be adapted to be used by

children (Alghabban and Hendley, 2020b} |Alghabban et all [2021; |Alghabban and Hendley, 2022al,
2023).

For children, presenting the Likert scale from strongly disagree to strongly agree is not useful

because of the difficulty they encounter in understanding and interpreting it (Read and MacFarlane,

2006). One widely used alternative instrument is the Smileyometer (Read et al., 2002; Read and|

MacFarlane) [2006) (see Figure [3.4). It uses pictorial representations based on a 1-5 Likert scale

that enables children to indicate their feelings by choosing one face. It can be adapted to any tool

(Shields et all [2003; Naidu, 2005). Moreover, it is easy to use, quick to complete and does not

require any writing (Alghabban and Hendley, 2022b).

Measuring the degree to which learners with dyslexia are satisfied with the adaptive e-learning
system is useful. It allows them to directly indicate whether they perceive the system as suitable

for their needs. If the system meets their needs and characteristics, they will be more satisfied and

motivated, which in turn affects learning effectiveness (Alghabban and Hendley, 2020Db)).
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Awful Not very good Good Really good Brilliant

Figure 3.4: The Smileyometer QRead et al.|, |2002|; |Read and MacFarlaneL |2006[).

Perceived Level of Usability Usability is defined as: ‘the extent to which a product can be

used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a

specified context of use’ (p. 2) (International Organization for Standardization, 1998)). According

to MacFarlane et al.| (2005), usability is an essential factor in determining whether a system facil-

itates knowledge acquisition. For example, if users perceive that a system is very difficult to use,

then this may affect how well they can gain knowledge from it (Anjaneyulu et al., [1998; Rodrigues

2019). Learners who perceive a high level of usability when interacting with an e-learning

system will be happier, more engaged and more motivated, resulting in higher learning outcomes

(Ardito et al., 2006; Zaharias and Poylymenakoul [2009)). Investigating usability involves examining

the perceived level of usability when providing adaptation as a measure of the ease of use and learn-

ability of a system that reflects how satisfied users are with the interaction experience (Alghabban

land Hendley| 2022b).

The perceived level of usability can be assessed by asking end users to assess the system’s usabil-

ity after use by means of standardised usability questionnaires. There are several tools available

for assessing the perceived level of usability of users, such as those of (Brooke, |1996; Edwards

land Benedyk, 2007} Finstad, [2010). Among these, the system usability scale (SUS) questionnaire

(Brookel, [1996) is commonly used to assess the perceived usability of adaptive e-learning systems

(Harrati et al., 2016]). SUS has a high degree of validity and reliability (Bangor et al., 2008) and is

a valid tool for comparing the usability of two or more systems (Peres et al., 2013). Furthermore,

it can be adapted for different contexts (Peres et al., 2013). When using SUS, reliable results are

evident even with small samples (Tullis and Stetson, [2004). It also can be adapted to be used

by children (Alghabban and Hendley| [2020a; Putnam et al., |2020; |Alghabban and Hendley), 2021,

[2022b% [Naidu, 2005).

The SUS contains 10 mixed-tone items on a 5-point Likert scale from strongly disagree (1) to
strongly agree (5). The odd numbers items have a positive tone, and the even numbered items have

a negative tone.
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According to |Zaharias and Poylymenakou| (2009), few studies critically assess the perceived level
of usability. This is particularly the case in dyslexia despite the fact that the perceived level of
usability is one crucial factor that should be considered when evaluating adaptive e-learning sys-
tems (Alshammari, 2016)). It has been argued that, for learners with dyslexia, assessment of the
usability of a system is an effective way to measure their attitude to their learning (Alghabban and
Hendleyl, 2022b)). Assessment allows them to indirectly measure whether they perceive the system
as suitable for their needs. It also ensures that the intended users of a system are able to do the
intended tasks in an effective, efficient and satisfactory manner (Aljojo et al., 2018)).

To sum up, different evaluation approaches exist to evaluate adaptive e-learning systems to achieve
a particular goal. The aims of the evaluation should be identified to choose appropriate metrics.
Among these approaches, the experimental evaluation is the most commonly adopted, as it assesses
effectiveness and usability issues of adaptive e-learning systems in more controlled and structured
settings (Genal 2005). Therefore, this approach has been used in this research. Learning gain,

learner satisfaction and perceived level of usability metrics have also been assessed in this research.

3.4.4 Examples of Adaptive E-Learning Systems

3.4.4.1 Adaptive E-Learning Systems for Non-Disabled Learners

Several adaptive e-learning systems for non-disabled learners are reviewed in this section, and the
adaptive parameters for each system have been identified.

Some adaptive systems adapt learning material to the knowledge level of learners. For example, the
ELM-ART system, one of the most influential adaptive e-learning systems (Brusilovsky, [1998;
Weber and Brusilovsky, [2001)), adapts material to learners’ knowledge level. The last version of
ELM-ART, from 2001, is still used to learn the programming language Lisp (Weber and Brusilovsky,
2016|). The InterBook system was designed to complement ELM-ART as an authoring tool to
create and present learning material adapted to learners (Brusilovsky et al.,[1998). Another example
is SQL-Tutor, which personalises learning concepts of SQL according to learners’ knowledge level
(Mitrovic, 2003). The system was primarily designed to enhance traditional classroom learning in
blended learning environments and may not be suitable as a standalone e-learning system.

Other adaptive systems incorporate learning style as a learner characteristic that drives adaptation.
For example, one of the early systems that adapt based on learning style is CS383 (Carver et al.l
1999). It is based on the Felder—Silverman learning style model and adapts material related to
a computer system course. Alshammari et al. (2015al) developed an e-learning system that
personalises learning material according to the information perception style of the Felder—Silverman
model for computer security education. They showed that learners’ performance is enhanced when

the system provides an adapted sequence of material based on individuals’ learning styles. Another
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system by |/Araujo et al.| (2020) integrates learning style using the Felder—Silverman model and
personalises learning material.

Several adaptive e-learning systems combine more than one learner characteristic to drive content
adaptation. For example, in ActiveMath, the mathematical content is adapted based on learners’
knowledge, goals and media preferences (Melis et al., 2001). It provides personalised content via
a web browser. INSPIRE is another system that personalises material related to a computer
architecture course in an e-learning environment by taking into account the learner’s knowledge
level and learning style (Papanikolaou et al., [2003)). It considers the Honey and Mumford learning
style model and learners’ knowledge level to generate adaptive lessons. |Alshammari and Qtaish
(2019)) also report an adaptive e-learning system based on knowledge level and learning style. The
system recommends relevant learning material according to the intuitive and sensory dimensions of
the Felder—Silverman learning style model. In addition, one recent example of an acceptable, web-
based, adaptive e-learning system is proposed by Hariyanto and Kohler| (2020). It integrates
both learners’ knowledge level and learning style. It adapts the learning material according to
four dimensions of the Felder—Silverman learning style model: active-reflective, sensing—intuitive,
visual-verbal, and sequential-global.

The literature review reveals that much research has been done on adapting the learning content
based on different characteristics of learners. Adaptive e-learning is becoming more important and

practical for non-disabled people.

3.4.4.2 Adaptive E-Learning Systems for Learners with Dyslexia

Some studies have contributed to the use of adaptive e-learning systems to educate, train and
assist learners with dyslexia. Some studies have considered learning style as one characteristic
in adaptive e-learning systems. For instance, Benmarrakchi et al.| (2017al) aimed to identify
the relationship between learning style and learners with dyslexia. They found a majority of
learners with dyslexia (seven of eight) were visual, and all learners (eight) were activist. Then, they
developed an adaptive, game-based, mobile-learning (m-learning) system based on this preferred
learning style to enhance and support learning in the areas of reading, comprehension, writing,
concentration, short-term memory and Arabic orthography. They reported an increase in learners’
motivation and performance. However, the evaluation methodology was not included, and the
system’s effectiveness was unclear. Another study was conducted by |Alghabban et al.| (2017)).
The authors developed a cloud-based, m-learning system that enables the manual customisation of
the interface and different input and output modes (text, image and audio) according to learners’
learning styles. They evaluated the system’s learning gain with Arabic learners with dyslexia in

primary schools and demonstrated an increase in their reading skills after three months of use.
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Some systems consider adaptivity based on dyslexia type. For example,|Al-Dawsari and Hendley
(2021)) investigated the benefits of matching learning material based on dyslexia type, specifically
vowel dyslexia, on children’s learning gain and satisfaction. An experimental study was conducted
with Arabic learners with dyslexia in primary schools. Learners were divided into two groups: the
matched group with vowel dyslexia and the mismatched group with short vowel dyslexia. Both
groups interacted with a training system that matched material to vowel dyslexia to improve their
reading skill. Findings indicated that all learners in both groups achieved positive learning gain with
no statistically significant difference between the conditions. However, the study was conducted
with only 16 participants, leading to an inability to derive a conclusion.

Alsobhi et al.| (2015a) proposed a Dyslexia Adaptive E-Learning (DAEL) framework to adapt
according to dyslexia type in English. The framework considers four dimensions: presentation,
hypermediality, accessibility and acceptability, and user experience. However, no evaluation was
conducted. In another study, Alsobhi et al.| (2015b)) used Ontology Web Language (OWL) to
personalise educational material and technologies based on dyslexia type in English. The proposed
ontology consists of the following classes: course, concept, resource, learner, dyslexia type, learning
style and adaptation. The authors attempted to match each type of dyslexia to the dimensions of
the Felder—Silverman learning style model, but the validity and effectiveness of the model were not
demonstrated.

Learner behaviour is considered an adaptive characteristic in |/ Abdul Hamid et al.| (2017). They
aimed to collect a set of requirements for designing an adaptive e-learning system that covers
spelling, reading, phonology and writing. To do that, they started by conducting various semi-
structured interviews to obtain the required information about learners with dyslexia in primary
schools. Then, they proposed an adaptive e-learning system based on learners’ behaviour that
provides different exercises in Malay. However, the system was neither implemented nor evaluated.
Srivastava and Haider| (2020) targeted cognitive traits as an adaptive characteristic. They
developed a system to improve understanding of the structure of English letters for children with
dyslexia. The system determined the cognitive traits of learners and then adapted learning content
based on their traits. The proposed system had positive feedback from teachers. However, it had
not been evaluated by learners to understand its impact on their learning performance.

Some systems consider adaptivity based on more than one characteristic of learners with dyslexia.
For example, Alsobhi and Alyoubi (2020) examined the relationship between dyslexia type and
learning style to provide better adaptivity of learning material. To do that, they proposed the
Dyslexia and Learning Style Model (DLSM) based on the Felder-Silverman learning style model

and Ingram classifications for dyslexia. An experiment was conducted with English learners with
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dyslexia to find the relationship between learning style and dyslexia type. Results revealed that the
visual learning style is the most dominant across all types of dyslexia. However, the effectiveness
of adapting learning material based on this learning style was not demonstrated.

Benmarrakchi et al. (2017c|) proposed an adaptive e-learning system for Arabic that treats each
learner as an individual based on their learning styles, cognitive traits, prior knowledge and user
experience. The proposed system targets making the learning process more accessible to learners.
However, it was neither implemented nor evaluated. |Alsobhi and Alyoubi (2019) developed
a Dyslexia Adaptive E-Learning Management System (DAELMS) to personalise learning material
based on English learners’ learning style, knowledge level and dyslexia type. The DAELMS system
incorporates the following adaptation options: presentation, navigation, curriculum structure and
guidance, to align the learners’ learning experience with dyslexia type, preferred learning styles and
knowledge level. However, the system evaluation and results were not presented.

In addition to the learning style and knowledge level of learners as adaptive parameters, [El Fazazi
et al.| (2021)) also considered disability types. They proposed an adaptive e-learning architecture
based on a multi-agent approach, considering three learner characteristics in English: knowledge
level, learning style according to the Felder—Silverman learning style model and three types of
disabilities (dyslexia, hearing impairments and visual impairments). The proposed architecture
aims to recommend a sequence of learning objects that matches learner profiles. However, it was
not evaluated.

Table [3.3] presents a representative overview of such existing adaptive e-learning systems for learners
with dyslexia and enumerates for each system the intervention type, the learner characteristics, the

target language and the evaluation method.

The previous literature indicates that adaptive e-learning is becoming more important and practical
for people with dyslexia in different languages. However, there is still a need for more research in

this area as most previous studies have limitations, which are covered in the following section.

3.5 Conclusion

Throughout this chapter, some fundamental theories have been outlined regarding the process of
learning and the roles that teachers and learners play. There are overlaps between these theories.
Behaviourism is concerned with the learners’ behaviour by addressing their responses to specific
stimuli and ignoring learners’ mental processes. In cognitivism, the learners receive, organise, store
and retrieve information. Both behaviourism and cognitivism assume the world is external to the
learners and ignore the outside world’s role. On the other hand, constructivism suggests that

learners interact with the learning environment and interpret their experiences with the world to
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Table 3.3: Example of adaptive e-learning systems for learners with dyslexia from reviewed
literature.

Author(s) and year Intervention Learn«?r . Target Evaluation
| - type characteristics language
| Benmarrakchi et al.|(2017a) Educational Learning style Arabic N/A
Alghabban et al.|(2017) Educational Learning style Arabic Pre- .and post—te_st
| A 1 experimental design
. .. . . Pre- and post-test
Al-Dawsari and Hendley|(2021) Training Dyslexia type Arabic experimental design
Alsobhi et al.|(2015a) Educational Dyslexia type English N/A
| |Alsobhi et al.|(2015b) Educational Dyslexia type English N/A
| _|Abdul Hamid et al.|(2017) Training Learners behaviour Malay N/A
. . o o . . Teacher
7?r1vastava and Ha1de1ﬁ(2020) Training Cogpnitive traits English foedback
Alsobhi and Alyoubi|(2020) Educational Dyslex@ type and English N/A
| A learning style
Learning style, cognitive traits,
Benmarrakchi et al.|(2017c¢) Educational knowledge level and Arabic N/A
| | user experience
. . . Dyslexia type, learning style and .
Alsobhi and Alyoubi|(2019) Educational English N/A
| knowledge level
El Fazazi et al.|(2021) Educational | e1ing style, knowledge level and |- p ) N/A
1 disabilities

gain knowledge. Finally, connectivism describes how Internet technologies enable learners to learn
and share information. It suggests that learning occurs through experiences that can be shared
via technologies. Knowing the differences between these learning approaches is crucial to carefully
selecting the most appropriate approach or combination of approaches.

This chapter has also discussed e-learning and the implications of learning theories in e-learning.
E-learning refers to any educational material that can be delivered by technology. It enables the
broader community to access content at any time from anywhere. Several popular traditional e-
learning systems were reviewed, followed by a focus on reviewing the strengths and weaknesses of
existing traditional e-learning systems for people with dyslexia in different languages. Many at-
tempts have been conducted to build and evaluate traditional e-learning systems for learners with
dyslexia. However, there are several issues regarding these studies. As mentioned in (Alghabban
and Hendley, 2020a.b; |Al-Dawsari and Hendley} [2021)), these systems do not consider different
characteristics of individuals with dyslexia; instead, they tend to provide the same learning content
in the same sequence to all learners and ignore the different needs and expectations of the different
learners. This may make the learning process less effective and more time-consuming and leads to
dissatisfaction. Thus, it affects learning performance. Therefore, the content presented should be
different based on individual learners’ characteristics.

Adaptivity in e-learning systems addresses the challenge of the ‘one-size-fits-all’ approach in tra-
ditional e-learning systems. In the context of e-learning systems, adaptation means tailoring the
educational environment to meet the needs of the user. An adaptive e-learning system consists of

three major components: the domain model, the learner model and the adaptation model. The
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primary goal of adaptive e-learning systems is to meet individuals’ different needs and characteris-
tics to enhance their learning experience.

Some common approaches and metrics to evaluate the effectiveness of adaptive e-learning systems
have been presented. Among these evaluation approaches, the experimental evaluation is the most
valuable as it assesses effectiveness and usability issues of systems in more controlled and structured
settings . Metrics, including learning gain, learner satisfaction and perceived level of
usability, have also been covered.

With the current shift to adaptive e-learning systems, this chapter has reviewed existing adaptive
e-learning systems for non-disabled people and existing adaptive e-learning systems for people with
dyslexia in different languages. Some attempts at adaptation based on characteristics of learners
with dyslexia have been conducted. These characteristics include learning style, preferences, knowl-
edge level, learner behaviour and dyslexia type. However, there is still a need for more research as

most of these studies lack carefully designed and controlled experimental evaluations, which leads

to difficulty in interpreting the effectiveness of the proposed systems (Alsobhi et al., [2015a]b} Ben-|

marrakchi et al., 2017¢c; [Abdul Hamid et al., [2017; [Alsobhi and Alyoubi, 2019, 2020} [EI Fazazi et al.

2021)). A carefully designed and controlled evaluation of adaptive e-learning systems could be more

significant than simply proposing new and novel systems (Gauch et al., [2007). Most studies that

included an evaluation relied on collecting informal feedback (Srivastava and Haider} 2020) or did

not report the evaluation methodology (Benmarrakchi et al., 2017a), which leads again to difficulty

in evaluating the effectiveness of the systems. Those studies that used more formal evaluation

evaluated the system with a small number of participants (Al-Dawsari and Hendley, 2021), which

leads to an inability to derive a conclusion.

Individuals with dyslexia have different characteristics (Friedmann and Haddad-Hannay, 2014; |Fried-|

mann and Coltheart, 2016). Dyslexia type and knowledge level are most significant characteristics

of learners (Felder and Silverman) |1988; Essalmi et al., 2010; |Klasnja-Mili¢evi¢ et al., 2011} Fried-

mann and Haddad-Hanna| 2014; [Friedmann and Coltheart} 2016]). There is, therefore, a strong

argument that an e-learning environment should apply different teaching approaches based on

these two characteristics (Alghabban et al.,[2021). A few studies have investigated the significance

of adaptation based on the learner’s knowledge level (Benmarrakchi et al., 2017¢; [El Fazazi et al.,

2021)), dyslexia type (Alsobhi et al. 2015a]b} [Alsobhi and Alyoubi, [2020; [Al-Dawsari and Hendley},

2021) or the combination of them (Alsobhi and Alyoubi, [2019)). However, all these studies have the

same limitation: they have not been implemented and evaluated to reflect the impact of adapta-
tion according to these two characteristics, leading to difficulty in evaluating the proposed system’s

effectiveness and drawing reliable conclusions. Although the effect of adapting based on dyslexia
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type is formally evaluated in (Al-Dawsari and Hendleyl 2021)), the evaluation was conducted with

a small number of participants to derive a conclusion. Examining the effect of adapting based on
dyslexia type, knowledge level and the combination of them followed by an empirical evaluation that
assesses learning gain (short-term learning gain, persistence of that gain, and the generalisability

to new material), learner satisfaction and perceived level of usability, has received limited attention

(Alghabban and Hendley| [2020aJbl 2021} |Alghabban et all, [2021} [Alghabban and Hendley}, [2022al).

However, these metrics are important indicators of a learning system’s quality and effectiveness

(Gatian|, 1994; Kuo et al. 2013; Alghabban and Hendley, [2022b).

Overall, research that draws upon the theoretical understanding of dyslexia and uses this to derive

adaptive e-learning is very limited (Alghabban et al.| 2021). Where this has been investigated, the

evaluation of its effectiveness is very limited, and whether adaptation based on characteristics of
learners with dyslexia is valuable or not remains unclear. Therefore, the next chapter will cover

how these issues are addressed in this research.
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Chapter 4

A Framework for Evaluating the
Effectiveness of Adaptation Based on

Dyslexia Characteristics

4.1 Introduction

The previous chapter explored the theoretical foundations of learning that determine how people
learn and how learning theories can enhance their learning. It also reviewed the background of
electronic learning (e-learning) and various aspects of adaptivity, as well as their implications in
the learning field for people with dyslexia. Some current research issues were identified.

This chapter presents the proposed framework for evaluating the impact of matching learning
material based on the characteristics of learners with dyslexia to address current research issues.

Later, it presents an overview of the methodology used to achieve the research’s aims.

4.2 Motivation

As mentioned in the previous chapter, adaptive e-learning systems offer more flexibility and adapt-
ability to the unique needs of people with dyslexia (Alghabban and Hendley, 2020a). In turn, this
enhances the learning experience of the learners by providing them with the best possible support
throughout the learning process (Wu et al., 2017; |/Alghabban and Hendley, 2020b)).

An in-depth critical analysis of the previous literature on dyslexia and adaptive e-learning was
presented in the previous chapter, and several issues were outlined. Research that draws upon
the theoretical understanding of dyslexia and uses this to derive adaptive e-learning is very limited
(Alghabban et al.,[2021)). Where adaptive e-learning for people with dyslexia has been investigated,
the evaluation of its effectiveness is very limited. Therefore, this research aims to investigate the

impact of matching learning material based on the different characteristics of learners with dyslexia
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by conducting three carefully designed and controlled experiments with an empirical evaluation in
terms of learning gain, learner satisfaction and perceived level of usability. This research considers

the following:

e Dyslexia characteristics: this research targets dyslexia type and knowledge level be-

cause these two characteristics of learners are significant in education (Felder and Silverman),

1988; [Essalmi et al. 2010} Klasnja-Mili¢evi¢ et all 2011 [Friedmann and Haddad-Hanna),

2014} [Friedmann and Coltheart| [2016). Also, the impact of adaptation based on learner’s

dyslexia type, knowledge level or the combination of them is still under-investigated, and its

benefits are unclear (Alghabban and Hendley, [2020a)b} [Al-Dawsari and Hendley| [2021}

ghabban and Hendley| 2021; |Alghabban et al., 2021} |Alghabban and Hendley, [2022a)). This

research refers to skill level rather than knowledge level. Knowledge is learning the princi-

ples of a subject, while skill is applying that knowledge in a context. According to

Peterson| (1997)), learners learn generic and declarative knowledge first and then turn such

knowledge into usable, specific procedural skills by practising. This research targets training

young learners with dyslexia in reading skills.

e Domain: different domains can be targeted in the intervention for learners with dyslexia,

such as spelling, reading, or writing. This research targets reading because it serves as a

basic building block for learning (Bastug, [2014)), and it is one of the language skills whose

development has been most intensively investigated in previous research (Silva-Maceda and|

\Camarillo-Salazar, 2021)).

¢ Intervention type: the aim is to train learners with dyslexia through reading activities
on previously studied reading skills for the following reasons: 1) to improve their reading

and 2) there is growing evidence that training can help improve reading abilities for children

with dyslexia (Tallal et al., [1998; Fostick et al 2014; [El Kah and Lakhouajal 2018} [Wang|

et all 2019; Layes et al.| [2019). The majority of their formal, basic knowledge is already

acquired, and by practising, they develop that knowledge into specific skills that can be

applied subconsciously rather than through conscious reasoning.

e Design: the design is based on theory and practice and adopts the dual-route model for
single-word reading (described in Section [2.5.3.1)) to determine the different types of dyslexia.

Also, this research draws on practice in schools.

o Language: the study targets dyslexia in Arabic because little research targets dyslexia in this

language (Alsswey et al.| 2021)), despite it being a widely spoken language with a considerable
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rate of dyslexia (El Kah and Lakhouaja, 2015; Benmarrakchi et al., [2017b; |/Alghabban and
Hendley, 2020a; |Al-Dawsari and Hendley, [2022]).

e Participants: the study targets learners with dyslexia in primary schools due to ease of
access to them to conduct experiments. This research focuses on letter position dyslexia
(LPD) and vowel letter dyslexia (VLD) as they are the most frequent and common in
Arabic children with dyslexia (Friedmann and Haddad-Hannal 2014; Al-Dawsari and Hendley),
2022)). This research targets three reading skills: reading letters with short vowels (S1),
reading words with Sakin letter(s)| (S2) and reading words with short vowels and
Sakin letter(s) (S3). These are the basic reading skills upon which other skills are built,

and they are appropriate to the target participants.

o Evaluation: the research uses a carefully designed and controlled experimental evaluation
approach for evaluating the effectiveness of adaptation. As mentioned in Section
this approach with real users is the most valuable approach to evaluating adaptive e-learning
systems (Weibelzahl, 2001} (Gena, [2005; Brown et al., |2009; Mulwa et al., [2011). This ap-
proach represents realistic learning situations as closely as possible through a fairly controlled
procedure. This research also measures learning gain of word reading, learning gain of word
understanding, learner satisfaction and the perceived level of usability. Details of experiments

and metrics are covered later in this chapter.

4.3 An Overview of the Research

As mentioned in the previous chapter, whether adaptation based on the characteristics of learn-
ers with dyslexia is valuable or not remains unclear. This research aims to address this under-
investigated gap. In particular, this research aims to investigate and understand whether matching
learning material to different characteristics of learners with dyslexia is beneficial or not. It does
this in a controlled way, which then allows the researcher to conclude whether adaptation is ben-
eficial or not. This leads to the research questions and hypotheses that have been addressed in
this research regarding the impact of matching learning material based on the characteristics of
learners with dyslexia. Details of the research questions and hypotheses are covered in the following
Section (4.4

To investigate the impact of matching learning material to dyslexia type and reading skill
level, this research conducted a series of experiments using different learner characteristics. These
experiments were evaluated in terms of learning gain of word reading, learning gain of word under-

standing, learner satisfaction and perceived level of usability.

!The Sakin letter has a sukun above it (represented by a small circle), which is a letter without a vowel.
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It should be noted that conducting a single experiment to investigate the impact of matching
learning material based on dyslexia type and reading skill level characteristics is not feasible in the
context of this work. Conducting one experiment will require more participants and more training
time because it requires more experimental conditions in addition to the difficulty in controlling
these conditions. Therefore, three experiments, each with its own objectives and hypotheses, were
conducted to independently examine the impact of adaptation based on these two characteristics.
In the first experiment, this research investigated the impact of matching learning material based
on dyslexia type on the learners’ short- and long-term learning gain of reading seen words, long-
term learning gain of understanding seen words, learner satisfaction and perceived level of usability
(details of these metrics are covered later in Section .

In the second experiment, this research investigated the impact of matching learning material based
on reading skill level on the learners’ short-term learning gain of reading seen and unseen words,
learner satisfaction and perceived level of usability.

After understanding the impact of matching learning material based on dyslexia type and reading
skill level separately, this research conducted the third experiment to understand the impact of
matching learning material based on the combination of both characteristics on the learners’ short-
and long-term learning gain of reading seen and unseen words, short- and long-term learning gain
of understanding seen words, learner satisfaction and perceived level of usability. |Alghabban and
Hendley| (2022a) claimed that few studies have examined the impact of combining two or more
characteristics of a learner with dyslexia in an adaptive e-learning system. Previous research has
mainly focused on the impacts of single learner characteristics, such as learning style (Benmarrakchi
et al., 2017a) and learner behaviour (Abdul Hamid et al., |2017), while the benefits of adapting for
multiple characteristics are rarely taken into account. Even so, |Benmarrakchi et al. (2017c), |Al-
sobhi and Alyoubi| (2020) and El Fazazi et al. (2021)) pointed to the need to consider the various

characteristics of learners with dyslexia to improve their learning process.

4.4 Research Questions and Hypotheses

This research addressed three research questions, each with its hypotheses regarding the impact of
matching learning material based on the characteristics of learners with dyslexia.

The first question is: Does matching e-learning material based on dyslexia type improve
learning gain compared to non-matched material, and does it achieve a high level of
learner satisfaction and perceived level of usability? Several hypotheses were formulated as
follows:

H1.1: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-

80



cantly better short-term learning gain of reading seen words compared to non-matched material.
H1.2: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better long-term learning gain of reading seen words compared to non-matched material.
H1.3: Matching learning material to the dyslexia type of learners with dyslexia achieves sig-
nificantly better long-term learning gain of understanding seen words compared to non-matched
material.

H1.4: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better learner satisfaction compared to non-matched material.

H1.5: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better perceived level of usability compared to non-matched material.

The second question is: Does matching e-learning material based on reading skill level
improve learning gain compared to non-matched material, and does it achieve a high
level of learner satisfaction and perceived level of usability? Several hypotheses were for-
mulated as follows:

H2.1: Matching learning material to the reading skill level of learners with dyslexia achieves signif-
icantly better short-term learning gain of reading seen words compared to non-matched material.
H2.2: Matching learning material to the reading skill level of learners with dyslexia achieves signif-
icantly better short-term learning gain of reading unseen words compared to non-matched material.
H2.3: Matching learning material to the reading skill level of learners with dyslexia achieves sig-
nificantly better learner satisfaction compared to non-matched material.

H2.4: Matching learning material to the reading skill level of learners with dyslexia achieves sig-
nificantly better perceived level of usability compared to non-matched material.

The third question is: Does matching e-learning material based on a combination of
dyslexia type and reading skill level improve learning gain compared to non-matched
material, and does it achieve a high level of learner satisfaction and perceived level of
usability? Several hypotheses were formulated as follows:

H3.1: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better short-term learning gain of reading seen words compared to
non-matched material.

H3.2: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better long-term learning gain of reading seen words compared to
non-matched material.

H3.3: Matching learning material to the dyslexia type and reading skill level of learners with

dyslexia achieves significantly better short-term learning gain of reading unseen words compared
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to non-matched material.

H3.4: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better long-term learning gain of reading unseen words compared to
non-matched material.

H3.5: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better short-term learning gain of understanding seem words com-
pared to non-matched material.

H3.6: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better long-term learning gain of understanding seen words com-
pared to non-matched material.

H3.7: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better learner satisfaction compared to non-matched material.
H3.8: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better perceived level of usability compared to non-matched mate-

rial.

4.5 Design

Three experiments were conducted in this research. Each experiment addressed one research ques-
tion. Experiment 1 investigated the impact of matching learning material based on dyslexia
type. Experiment 2 investigated the impact of matching learning material based on reading
skill level. Experiment 3 investigated the impact of matching learning material based on a com-
bination of dyslexia type and reading skill level. Each experiment has its tools. A dynamic,
web-based e-learning system was built to support these experiments. A summary of the goals and

measurements of these experiments is presented in Table

Table 4.1: A summary of the goals and measurements of experiments.

Experiments Goal Measurements

Short-term learning gain of reading seen words.
Long-term learning gain of reading seen words.
Long-term learning gain of understanding seen words.
Learner satisfaction.

Perceived level of usability.

Short-term learning gain of reading seen words.

Investigating the impact of matching Short-term learning gain of reading unseen words.
learning material based on reading skill level. Learner satisfaction.
Perceived level of usability.

Investigating the impact of matching

E i 1
xperiment learning material based on dyslexia type.

Experiment 2

Short-term learning gain of reading seen words.
Long-term learning gain of reading seen words.
Short-term learning gain of reading unseen words.
Long-term learning gain of reading unseen words.
Short-term learning gain of understanding seen words.
Long-term learning gain of understanding seen words.
Learner satisfaction.

Perceived level of usability.

Investigating the impact of matching
Experiment 3 | learning material based on a combination of
dyslexia type and reading skill level.
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A between-subjects experimental design approach with a control and an experimental group was
used to answer the questions and test the hypotheses. In this approach, each participant in each
group experiences only one condition. A between-subjects experimental design approach is more ap-
propriate than a within-subjects design where each participant experiences two different conditions
(Genal, [2005; Van Velsen et al., 2008). In a within-subjects experimental design, the participant can
carry over the learning effects from one condition to another. However, a between-subjects design
approach often requires many participants. Variances between control and experimental groups are
possible and can affect the results. Therefore, these variances must be controlled. Variables such
as age, grade, and prior knowledge should be controlled before drawing conclusions (Alshammari,

2016). Figure illustrates the framework of the experiments (its details are included later in

Section [4.7).

Learner with dyslexia

Demographic information (age, grade)

'

Offline--< Diagnostic tests
|
:
|
: Pre-tests
S-- L
- 1 1
|
|
: Experimental group Control group
|
Using the _ ‘ ‘

system !
I . .
| Matched version of Non-matched version of
! e-learning system e-learning system
- { J

1

! Immediate post-tests
|
! '
|
<

Satisfaction and usability tools

Offline -

After 2 weeks !

Follow-up tests

Figure 4.1: The framework of the three experiments.

The experimental group used the matched version of the e-learning system that matches learning
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material to the targeted characteristic(s) of the learner, while the control group used the non-
matched version that provides generic learning material. All other aspects of both versions of the
system were the same; the training content was the only difference between them. The following
section covers the e-learning system used in both groups.

4.5.1 System

The system trains Arabic learners with dyslexia by providing two versions of reading activities to
support the experimental conditions. This research chose to provide reading activities at the word
level because word reading is one of the common dyslexia problems reported in the literature about
Arabic dyslexia (Al-Sartawi et al. 2001} |Al-Wabil et al.l [2006). In addition, single-word reading
is a strong predictor of reading fluency (Burke et al. 2009). Therefore, including isolated word
reading in practice can improve fluency in reading new passages (Lo et al., 2011]).

The following sections cover the adaptive e-learning framework upon which the e-learning system

was built, the e-learning system architecture, its training material and its interface.

4.5.1.1 Adaptive E-Learning Framework

To investigate the impact of matching learning material based on characteristics of learners with
dyslexia, a generic adaptive e-learning framework (see Figure [4.2)) is used as a foundation for the

design and implementation of the e-learning system used in this research.

Input — —»[ Interaction data modeller ]
0 5 © Adaptation Knowledge base
= = ,
i) 2 || 3 |
G E e Learner model
= S | Adaptation
Learner = model .
o Domain model
I— Output —| p E

Figure 4.2: A generic adaptive e-learning framework (Alshammari et al., [2015).

Three fundamental models are shown in Figure 1) a learner model, 2) a domain model and
3) an adaptation model. The learner model integrates different attributes of learners, such as
personality, learning style, and knowledge level. The domain model stores a set of concepts related
to the application domain. The adaptation model considers the learner and domain models to
adapt the material. The adaptation model initially receives all the necessary data from the learner
model. Then, it processes and analyses the received data to determine and deliver the best learning

material presented in the domain model to match the characteristics of learners. This model also
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receives data about learners from the interaction data modeller when they interact with the system.
For example, once a learner completes and submits a quiz, the adaptive model instantly analyses
the answer to provide adaptive helpful guidance, hints or feedback.

The framework includes two auxiliary components: the interaction module and the interaction
data modeller. The interaction module acts as an interface between the learner and the system,
facilitating the learner’s communication. It presents materials that fit learners’ screens and devices.
The other component, the interaction data modeller, monitors learners’ interactions with the system
and updates the learner and adaptation models with this information. Thus, the interaction data
modeller registers all the learners’ activities, such as the time spent on a page. Then, the modeller
updates the data in the learner model to update the learner’s history. This modeller also transmits
this information to the adaptation model to include recent interaction data in the generation of
adaptation.

4.5.1.2 System Architecture
The Dyslexia Type and Reading Skill Level Training (DTRSLT) e-learning system was

designed and implemented as an instantiation of the adaptive e-learning framework explained in the
previous section. The DTRSLT system utilises a simple, three-tier architecture (shown in Figure

4.3), which includes client, server and data storage.

Client

Web browser

Learner with dyslexia

Interaction data modeller

Adaptation business
logic

Domain model

Data storage

Learner-with-
dyslexia model

Figure 4.3: The architecture of the DTRSLT system.

Client Tier This tier allows learners to register with the system through the system’s browser
interface and interact with learning material presented by the system. Every action the learner

takes on the interface is sent to the server. For example, when a learner clicks on an activity answer,
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the action is passed to the server tier, which will then handle the action.

Server Tier This tier includes two components: interaction data modeller and adaptation busi-
ness logic. The interaction data modeller is responsible for monitoring and identifying learner
actions and behaviours with the system interface and feeding these actions to both the learner-
with-dyslexia model and the adaptation business logic for updates. For example, when a learner
clicks on an activity answer associated with a particular training session, the interaction data mod-
eller will calculate the score of this activity and store the activity number, chosen answer, activity
score and the time spent on that activity in the learner’s model. When the learner completes all
the activities in one training session, the interaction data modeller will calculate the overall score
and store it in the learner model. The interaction data modeller also feeds the action data into
the adaptation business logic component to consider recent data of the learner interaction with the
system when the content is presented.

The adaptation business logic component uses information stored in the domain model and the
learner-with-dyslexia model, and data from the interaction data modeller to identify which items
of material to present according to learner characteristics. After selecting the material, the adapta-
tion business logic transfers it to the client tier for presentation by the web browser. The adaptation
business logic provides matched content (Kobsa et al., 2001; Bunt et al., 2007; [Knutov}, [2012) as
the system matches the content of training material based on the characteristics of the learners.

Learners are directed to the next activity using the direct guidance approach.

Data Storage Tier This tier comprises data of both the domain model and the learner-with-
dyslexia model. The domain model represents and stores learning material relevant to a particular
course, structured in a way that facilitates presenting the most suitable content structure for each
learner based on their characteristics. The adaptation business logic component fetches the domain
model data when needed to appropriately present the information to each learner.

Figure [4.4] presents an example of the domain model. The model is represented as a hierarchical
network composed of five levels (Brusilovsky and Millan, [2007; |Alshammari, 2016 Alghabban
and Hendley, 2020b). The first level is the root of the domain model structure, which is the
course reading. Each course consists of several concepts on a particular topic that are addressed
in the second level. Each concept is divided into instructional units (IUs) at the third level.
These IUs address one specific element of the concept and are classified as simple, intermediate or
advanced. Each IU is made up of several learning objects (LOs) at the fourth level. Finally, the
fifth level contains small fragments of learning material content for each LO. It includes an activity

directly related to that particular LO to enhance its core content. This fulfils the principles of the
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cognitivism learning theory by dividing the concepts into small parts and sorting them from easy
to difficult (Ally, [2004). This presentation method ensures that learners will not get bored while

receiving the course content and the course will be suitable for them.

Course —_———Level1

Level 2

U141 u12 | (U143 U214 || v22 | | ju23 U341 || w32 || V33| |IL34

U35 | —Level 3

o) ’ OONI®
A é —Level4

/\
A

A A AN

[\ ——Level5

Simple Intermediate Advanced
instructional instructional instructional
unit unit unit

— — Is prerequisitt — Include  Z\ Activity

Figure 4.4: An example of the domain model structure (C = concept, IU = instructional unit,
LO = learning object).

The content of the reading course, represented in the domain model of DTRSLT, is covered in
Section 4.5.1.3

The learner-with-dyslexia model is part of the data storage tier. It includes the type of dyslexia
(LPD and VLD) and the reading skill levels (S1, S2 and S3) to provide matched material. These
characteristics were elicited by the diagnostic tests described in Section The learner-with-
dyslexia model is initialised when each learner is registered in the system. All of these characteristics
(dyslexia types and reading skill levels) are stored in the model and generally remain stable while
using the system.

Types of dyslexia are represented by the stereotype technique, which classifies learners who share
the same characteristics into groups (stereotypes). There are two stereotypes based on the two tar-
geted types of dyslexia: LPD and VLD. Reading skill levels are represented by the overlay model
that assumes the reading skill level of a learner is a subset of the entire domain model. If a learner
has already mastered a particular reading skill, the system will not cover the elements for that skill.
Instead, it will provide the elements for a skill that the learner needs to master. When a learner

finishes answering activities related to a specific LO, the skill level of the related LO is updated,
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as are its corresponding IU, concept and the course skill levels. The same steps are completed
when answering activities of other LOs until all items under a specific skill are finished. Based
on learner-system interaction through answering activities, the learner-with-dyslexia model keeps
a running update of the skill level of the domain model elements (course, concepts, IUs and LOs).
The learner-with-dyslexia model includes some information about learners’ behaviour in training
sessions, such as time taken to solve each activity within a training session, chosen answers, ac-
tivity score and overall score for each session. This information is obtained and updated as the
learners interact with the system. The adaptation business logic component continually fetches
learner-model data to facilitate the delivery of learning material. Figure provides an abstract

representation of the learner-with-dyslexia model.

' Overlay model {
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Course :
'y |
Update :
' Stereotype | ' |
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| = Learner-with i ! :
.| Dyslexia | «— contains —] eamerwith- 1 - cContains Update :
| type : dyslexia model | il level | |
—— ' i of Instructional | |
Contains u':'t :
! Update :
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Learner Learning |
behaviour object |
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e e e

Figure 4.5: An abstract representation of the learner-with-dyslexia model.

As mentioned in Section the impact of adaptation based on the characteristics of learners with
dyslexia is still unknown from previous research. Thus, this research aims to investigate whether
adaptation based on learner characteristics is beneficial. To do this, this research needed to conduct
controlled experiments and developed the DTRSLT system to support these experiments. The focus
of this research is not on building a dynamic adaptive e-learning system. Instead, it provides a
framework that allows these experiments to be conducted based on reliable instruments. Therefore,
the learner-with-dyslexia model is instantiated using the reliable, offline diagnostic tests described
in Section Reliable diagnostic testing is important in order to be able to build a sound

evaluation of the effectiveness of the adaptation.

The DTRSLT system was implemented using several tools: Visual Studio Codeﬂ Hypertext Pre-

*https://code.visualstudio.com/
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Processorﬁ] (PHP), MySQIFj and BluehostE] to host the system. Table provides a description of

each tool.

Table 4.2: Tools used to implement the DTRSLT system.

Tools Description

A freeware source-code editor that supports
coding, running, testing and deploying different applications.
A free, popular and server-side scripting language used
for developing dynamic content and interactive web applications.
It can be run on various servers, such as Internet Information Services (IIS) and Apache,
and on many operating systems, including Mac, Windows and Linux.
It can be embedded in HyperText Markup Language (HTML) code,
which is the markup language for web pages.
An open-source relational database management system
that uses Structured Query Language (SQL) for database content to manage the data.
All data are recorded anonymously using specific identifiers
associated with each learner, encrypted and safely saved in a secure database.
A leading web hosting solutions company to host the DTRSLT system.
It provides a secure and encrypted connection between clients and the server,
which means any information sent between the user browsers and the server
will be encrypted; it cannot be intercepted and read during transmission.

Visual Studio Code

PHP

MySQL

Bluehost

4.5.1.3 Training Material

The content of the training material was chosen from the Saudi primary school curriculum, as
experiments were conducted in the Kingdom of Saudi Arabia (KSA). Special education experts
evaluated the content of the training material and the design of the training activities to ensure
they support the critical learning abilities that should be considered for an optimal learning process:
recall, understand and apply (Ertmer and Newbyl 1993). The training material consists of sets of
activities divided into different training sessions.

Table summarises the content of training material related to LPD; Table [4.4] summarises the
content of training material related to VLD and Table summarises the content of training

material related to skills: S1, S2 and S3.

Table 4.3: The content for letter position dyslexia (LPD).

Concept Instructional unit Difficulty level
Two-letter words with fat-ha /a/ and Sakin letter Simple
Reading two-letter words Two-letter words with kasra /i/ and Sakin letter Intermediate
Two-letter words with damma /u/ and Sakin letter Advanced
Three-letter words with fat-ha /a/ and Sakin letter Simple
Reading three-letter words Three-letter words with kasra /i/ and Sakin letter Intermediate
Three-letter words with damma /u/ and Sakin letter Advanced
Four-letter words with fat-ha /a/ and Sakin letter Simple
Reading four-letter words | Four-letter words with fat-ha /a/, kasra /i/ and Sakin letter Intermediate
Four-letter words with fat-ha /a/, damma /u/ and Sakin letter Advanced

Shttps://www.php.net/
“https://www.mysql.com/
https://www.bluehost.com/
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Table 4.4: The content for vowel letter dyslexia (VLD).

Concept Instructional unit Difficulty level
Reading words Three-letter wo.rds w1t.h fat-ha /a/, Sakin let.ter and alef /a:/ Slmplci
with alef /a:/ Four-letter words with a mix of short vowels, Sakin letter and alef /a:/ Intermediate

Five-letter words with a mix of short vowels, Sakin letters and alef /a:/ Advanced
Reading words Three-letter w.ords lech kasra /i/, Sakin lett'er and yaa /i:/ . Slmplci
with yaa /i:/ Four-letter words with a mix of short vowels, Sakin letter and yaa /i:/ Intermediate

Five-letter words with a mix of short vowels, Sakin letters and yaa /i:/ Advanced
Reading words Three-letter words with damma /u/, Sakin letter and waw /u:/ Simple
with waw /u:/ Four-letter words with a mix of short vowels, Sakin letter and waw /u:/ Intermediate

Five-letter words with a mix of short vowels, Sakin letters and waw /u:/ Advanced

Table 4.5: The content for reading skill levels.

Concept Instructional unit Difficulty level
Reading letters with Letters w1.th fat-ha / a/ Slmple'z
short vowels (S1) Letters with kasra /i/ Intermediate
Letters with damma /u/ Advanced
. . Two-letter words with Sakin letter at the end of the word Simple
Reading words with Threod S oih San
Sakin letter(s) (S2) ree-letter words with Sakin letter Intermediate

(Sakin letter can be either in the middle or the end of the word)
Four-letter words with two Sakin letters

(Sakin letters can be either in the middle or the end of the word) Advanced
Three-letter words with fat-ha /a/ Simple
Reading words with Three-letter words with fat-ha /a/ and kasra /i/
Sh?“ vowels Three-letter words with fat-ha /a/ and damma /u/ Intermediate
and Salin letter(s) (S3) Three-letter words with all short vowels
Four-letter words with all short vowels and Sakin letters Advanced

4.5.1.4 Interface

The DTRSLT system trains learners by providing training sessions; each includes several reading
activities. Figure shows the interface of a training activity of the DTRSLT system through a

web browser.

Figure [4.6] shows an image displayed in the middle of the screen, along with three choices. These
choices display different words. The number of choices (three) was recommended by special ed-
ucation experts and followed teachers’ classroom practice. Also, as claimed by [Al-Rubaian et al.
(2014) and |Aljojo et al.| (2018), presenting more than three options increases learners’ anxiety. The
learner clicks on the image to hear the target word and then clicks on the answer among the three
choices (Al-Rubaian et al., [2014). The choices (one correct and two incorrect) are presented close
to the screen’s lower edge. Upon choosing the correct word, graphical and verbal positive feedback
is given (shown in Figure to increase the self-esteem and confidence of learners (Benmarrakchi

et al [2017b). Otherwise, feedback is given (shown in Figure [4.8)).

The top of the screen displays a training activity number to show feedback on training progress

to increase learners’ self-awareness of progression (Al-Rubaian et al.l 2014). It is possible for the
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Figure 4.6: An example of a training activity displayed by the DTRSLT interface.
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learner to re-play the target word as many times as they wish by clicking the image. Also, they
can use the image as a hint. A motivational message (in both written and pictorial representation),

shown in Figure [£.9] is presented in the middle of each training session after completion of some

activities to motivate learners to continue (Benmarrakchi et al., 2017b)). At the end of the session,

a motivational message is displayed with the learner’s overall score in this session to increase

motivation and confidence (Benmarrakchi et al., 2017b)) (see Figure 4.10).

Very good,
you are
brilliant

Continue

Figure 4.9: A motivational message presented in the middle of a training session.
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A motivational
message
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Figure 4.10: End of a training session with a motivational message and the overall score.

According to |Guardiolal (2001) and Benmarrakchi et al| (2017a), multimedia cognitive learning

theories form the basis that must be considered when designing any e-learning system for people

with dyslexia. One of these theories is the cognitive theory of multimedia learning (CTML),

popularised by (1997), which identifies five principles of instructional design (Mayer and,
2002) (shown in Table [4.6). This theory has been used by many researchers (Sorden

2013)) as it considers the end user when designing and evaluating a learning environment.
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Table 4.6: The cognitive theory of multimedia learning (CTML) principles of instructional design
(Mayer and Moreno), 2002).

Principle Description

Presenting information in multiple formats
is better than presenting it in just one.
Presenting verbal and pictorial explanations simultaneously
is better than presenting them successively.
Eliminating unneeded sounds and words in an explanation
makes it better understood.
Presenting auditory material is better than
visual text on the screen.
Presenting information as auditory and animation is better than
The redundancy principle | presenting auditory, printed text and animation (as redundant representation),
which overloads working memory.

The multimedia principle

The contiguity principle

The coherence principle

The modality principle

This research has followed CTML’s instructional design principles (Mayer and Moreno, 2002) as
well as classroom practice in designing the DTRSLT interface. Figure shows that the training
material in each activity was presented in spoken text and image (multimedia aids), spoken text
instead of onscreen text (modality aids) simultaneously (contiguity aids), to accommodate learners’
preferences for presenting information and help them discover their mistakes. No additional text
was used to display the training material (redundancy aids), and no extraneous words or sounds
unrelated to the training material were presented (coherence aids). Eliminating irrelevant words
and sounds is useful because learners with dyslexia have limited working memory (Alsobhi et al.,
2015a).

This research has also followed the web design accessibility guidelines for Arabic content for people

with dyslexia published by |Al-Wabil et al.| (2006)) and [Alotaibi (2007). These guidelines include:

o Text size in the range of 16-20 points; bigger is better (Al-Wabil et al., [2006; [Alotaibi, 2007

because it increases text readability (Chen et al., 2015).

o Font type (Times New Roman) as recommended for Arabic text for people with dyslexia

(Alotaibi, 2007)).
o Emphasising text (bold text instead of underline or italic) (Al-Wabil et al.l 2006)).

o Avoiding light text on dark backgrounds and using high contrast between background and

font colours (Al-Wabil et al., 2006|) to reduce any disturbance (Ohene-Djan and Gorle, 2003]).

o Using diacritisationﬂ (Al-Wabil et al., 2006) to improve reading accuracy for both skilled and

poor readers.

4.5.2 Instruments

Data were collected using a variety of instruments presented in the following sections.

5Use of diacritics (short vowels).
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4.5.2.1 Consent Form

The experiments were subject to ethical approval by the University of Birmingham, number
(ERN__19-0528) (see Appendix A). Prior to conducting any experiments, written consent was ob-
tained from the higher authority in the Ministry of Education (MoE) to conduct the experiments
(see Appendix B). Written consent was also obtained from the participating schools (see Appendix
C). After receiving schools’ approval, consent forms were sent to participants’ parents/guardians
because participants were under 18 years old (see Appendix D). The consent form explained the
objective of the experiment, the type of data that would be collected and what is expected from
learners during the experiment. The consent form also clarified that nothing within the experiment
could cause any harm to the participants and that all collected data will be recorded anonymously
(using specific identifiers associated with each participant), encrypted and safely saved in a secure
database. Data will not be disclosed to any third party. Only the researcher will be able to ac-
cess the database. Finally, parents/guardians were told that participants could withdraw from the
experiment at any time and could request permanent removal of their data.

4.5.2.2 Diagnostic Tests

The type of dyslexia was determined for each participant using dyslexia type diagnostic tests (see
Appendix E) developed by special education teachers. Several special education experts validated
the tests and refined the final versions. These tests are based on the reliable and standardised
diagnostic tests approved by the Saudi MoE for special needs learners (Bukhari et al., 2016)).

The LPD diagnostic test includes a list of 10 vowelised, migratable words to detect LPD. Migratable
words happen when an error in letter position still creates a correct word. For example, the
word (. J;..:: ), which is pronounced tmhl and means slowed down, can be read as (| JA.V:' ), which is
pronounced thml and means ignore.

The VLD diagnostic test includes a list of 10 vowelised words to detect VLD. One example of VLD
happens when the erroneously added vowel creates an existing word. For example, the word ( éP ),
which is pronounced jamaa and means collected, can be read as ( C.f ), which is pronounced jamie
and means all.

Participants were asked to read these words aloud in each test. Participants with other or multiple
dyslexia types were not included in the experiments.

The reading skill level was determined for each participant using reading skill level tests developed
by special education teachers. Several special education experts validated the tests and refined the
final versions. The tests also fit the requirements of standardised tests approved by the Saudi MoE
for special needs learners (Bukhari et al., 2016). Three primary tests were used to determine the

reading skill level of participants: S1, S2 or S3 (see Appendix F).
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Test S1 consists of 48 vowelised words. All words are from the curriculum and have the short
vowels (fat-ha /a/, kasra /i/ and damma /u/) to allow presentation of the same letter in different
positions with different short vowels within a word. For example, the letter k (&) in the word (. ;,J}f),
which is pronounced kutiba and means was written, is also presented in a different position with
a different short vowel in this word ( j ﬁ), which is pronounced okela and means was eaten. This
is one basic feature of Arabic that promotes the manifestation of dyslexia (Elbeheri and Everatt],
2007; Mahfoudhi et al. 2011]).

Test S2 consists of 10 vowelised words. All words are from the curriculum and include the Sakin
letter within two and three letter-words.

Test S3 consists of 10 vowelised words from the curriculum. Words differ in the number of letters
and include Sakin letters and the combination of the three short vowels.

Participants were asked to read these words aloud in each test. Participants with other or multiple

reading skill levels were not included in the experiments.

4.5.2.3 Pre-test, Immediate Post-test and Follow-up Test

This research followed the approach of pre- and post-test assessment, commonly used to examine
the effects of a specific intervention in enhancing learning (Bao, |2006; Bonacina et al., [2015). Three
types of tests were used to assess participants’ learning gain: reading seen words, reading unseen
words and understanding of seen words. Seen words are words included in the training material
provided by the e-learning system. Unseen words are words not included in the training material to
determine whether learners could generalise learned content to other new words (Nist and Joseph,
2008]). Previous dyslexia research lacks measurement of knowledge generalisation, as mentioned in
Chapter

Special education experts were involved in developing and improving the seen and unseen word
reading tests used in this research to ensure their validity and accuracy. Each test included 10
different vowelised words from the curriculum. An example of the test is shown in Appendix G.
In addition to assessing the learning gain of reading seen and unseen words, this research was in-
terested in measuring whether learners can understand the meaning of words. The most common
problems faced by children with dyslexia are inaccurate reading and not understanding written
texts (Lyon et all, [2003; Shaywitz et al., 2008; Snowling and Hulme, 2012; Lerga et al. 2021).
Learning to read requires both accuracy in reading words and understanding what is being read
(Layes et al., 2020; Lerga et al., |2021). Reading words is a perceptual method of understanding the
meaning of a word (McConaughyl, [1978). However, previous dyslexia research lacks a measurement
of word understanding.

Word understanding was assessed in this research by an adapted version of the sentence comprehen-
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sion sub-test battery developed by [Layes et al. (2015al) and the word-to-picture matching method
developed by [Friedmann and Haddad-Hanna| (2014)) for Arabic people with dyslexia. Rather than
sentence comprehension as in (Layes et al., |2015a)), this research measured word understanding
(at the word level) by presenting 10 different words, each with four different images, where one
image reflects the word’s meaning (see Appendix H) and the other three do not. Participants were
asked to read the target word and choose its appropriate image among a number of pictures. The
seen word understanding test includes words included in the training material provided by the
e-learning system. Special education experts were involved in developing and improving the word
understanding test used in this research to ensure its validity and accuracy. This research did not
measure word understanding for unseen words due to time constraints.

Before interacting with the system, each participant completed the pre-tests without time con-
straints (Layes et al. 2015al). The pre-test determined their level of reading skill and word under-
standing and was used to balance the experimental conditions.

After finishing the experiment, each participant completed the immediate post-tests to assess what
they had learned (short-term effect). These tests reflect the immediate effects of matching learning
material to a specific learner’s characteristic on improving their reading and understanding. After
two weeks, each participant completed the follow-up tests to assess if learning performance persists
(long-term effect). Follow-up tests reflect the sustained learning of participants and any delayed
effects on their learning gain of reading and understanding. The long-term effect was assessed two
weeks after completion of the experiment for the following reasons: 1) this period was sufficient
to assess whether participants’ learning acquisition was persistent, 2) this duration appeared to be
appropriate for the target age group of primary school participants as approved by special educa-
tion teachers and was similar to that used by previous studies, such as (Knoop-van Campen et al.
2018]), where they evaluated the long-term effect after one week and 3) a duration is greater than
two weeks exceeded the length of the semester, and participants would not be available to complete
the follow-up tests.

The same list of seen words, unseen words and word understanding tests was used in the pre-,
immediate post- and follow-up tests for each experiment to allow for an accurate comparison of
reading, as recommended in (Bonacina et al., 2015).

4.5.2.4 Learner Satisfaction

The learners’ satisfaction was measured using the e-learner satisfaction (ELS) questionnaire (Wang,
2003). This research chose this tool for the following reasons: 1) it is validated and reliable, 2) it is
a widely used tool, and 3) it covers different dimensions, such as learning content, system interface

and personalisation, that are related to this research. These dimensions were assessed through 10
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questions (see Appendix I). The questions about the learning community were not included because
they require elements of collaboration that were not considered for this research.

Instead of using the 7-point Likert scale as in the original ELS, all items were adapted to a 5-

point Likert scale using the Smileyometer (Alghabban and Hendley|, [2020b; [Alghabban et al., 2021}

|Alghabban and Hendleyl 2022al). This was done to be consistent with other instruments, as argued

by Betts and Hartley| (2012)).

As mentioned in Chapter |3] assessing satisfaction of learners with dyslexia in adaptive e-learning
systems has received limited attention. In this research, it was necessary to determine whether

learners with dyslexia were satisfied when interacting with the system for the following reasons: 1)

Learner satisfaction is an essential aspect of learning (Sun et al., 2008)), as it is a reliable indicator

of a learning system’s effectiveness and quality (Gatian, 1994; Kuo et al. 2013). 2) Previous

literature reviews have found that learners’ satisfaction is strongly linked with learners’ motivation

and engagement (Chen and Chih| 2011; Rodrigues et al., 2019). Consequently, a high level of

satisfaction can contribute to high motivation and engagement as it reflects the quality of learners’

experience (Alshammari et al., 2014). 3) It describes learners’ beliefs regarding how the system

they use meets their needs (Shee and Wang, 2008). A system that meets learner needs may result

in them being more engaged, motivated and satisfied, all of which influence how effectively they

learn (Alghabban and Hendley, [2020Db).

Participants completed the ELS questionnaire after finishing the experiment.

4.5.2.5 Perceived Level of Usability

The perception of the usability of the system was measured using the system usability scale (SUS)
questionnaire (Brookel 1996). This research chose this tool for the following reasons: 1) it is a re-

liable and widely used tool, 2) it is a valid tool for comparing the usability of two or more systems

(Peres et al., 2013), a point targeted in this research, and 3) it is used as a usability tool for Arabic

users with a high degree of reliability (AlGhannam et all 2018)). Like the ELS tool, SUS’s Likert

scales were changed to use the Smileyometer (Alghabban and Hendley, [2020a; Putnam et al., 2020;

|Alghabban and Hendley, [2021], 2022b)) (see Appendix J). Moreover, SUS’s version with all positive
items was used (Sauro and Lewis| 2011)) for the following reasons. 1) According to
Hocevar (1985)), De Leeuw and Otter| (1995) and Borgers et al.| (2000), children have problems with

negative voice statements and, therefore, it is advisable not to use negatively phrased statements

for children. 2) To achieve consistency among questions (Bell, |2007; Read) |2008). 3) According to

the recommendations by [Sauro and Lewis| (2011)), SUS’s version of all positive items can be used

confidently by researchers because 1) scores will be the same as those in standard SUS, and 2)

respondents are less likely to make errors when responding.
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The usability score that reflects the overall usability is based on an easy-to-understand scale from 0
to 100: the higher the score, the better the usability of the proposed system. According to [Bangor
et al. (2008)), scores between 70 and 80 indicate a satisfactory system, whereas scores higher than
90 indicates a system that is exceptionally usable.

As mentioned in Chapter [3] assessing the perceived level of usability in adaptive e-learning for
learners with dyslexia has received limited attention. This is despite the fact that usability is one
crucial factor that should be considered when evaluating adaptive e-learning systems. The usability
aspect involves investigating the perceived level of usability when providing adaptation, which is
a measure of the ease of use and learnability of a system that reflects how satisfied learners are
with the system. Therefore, the effect of matching the material of the learning system in terms of
perceived level of usability was examined in this research. In addition to being easy and quick to
assess, the perceived level of usability provides an indirect measure of whether learners perceive the
system as meeting their needs and this, in turn, is likely to affect their engagement and motivation
(Alghabban and Hendley, 2022b)). As such, usability can augment other metrics, such as learning
gain and satisfaction, to judge whether adaptation based on learner needs has been successful (Al-
ghabban and Hendley, 2022Db)).

Participants completed the SUS questionnaire after finishing the experiment.

The translation process of ELS and SUS questionnaires from the English version to Arabic includes
forward translation and backward translation. The translation process aims to ensure an appropri-
ate representation of meaning and was adapted from similar studies in the literature (Blazica and
Lewis, 2015; [Tsang et al., 2017). Four independent, bilingual translators initially translated the
questionnaires from the original English into Arabic. Two of the translators who had professional
experience in the field and were knowledgeable about the concepts measured by the questionnaires
provided a translation more similar to the original. The other two professionals, who were unaware
of the questionnaire’s objective, produced the second translation. In this way, subtle differences
in the original questionnaire can be detected. Finally, a fifth unbiased, bilingual expert discussed
these translations and resolved the discrepancies between the two versions.

In the backward translation, two independent translators independently translated the Arabic ver-
sion from Arabic to English to make sure it was accurate. The translators were not aware of the
intended components of the questionnaires to avoid bias. The back-translated versions were col-
lected and compared to the original English version.

Next, an expert reviewed the translated versions and assessed whether the Arabic and English
versions were conceptually equivalent. As a result, the final version was produced and pilot-tested

with six children. Participants were asked to explain their thinking and response to each item in

98



the questionnaires.

4.6 Participants

Arabic-speaking female learners from different primary schools in the KSA participated in the
experiments. Due to the cultural constraints in the KSA, it was only possible for the researcher to
work with female participants. However, this also has an advantage of reducing variances between
participants.

All participants had officially been diagnosed with dyslexia. Primary school learners with dyslexia
are chosen because access to learners in primary schools was more straightforward, convenient and
practical than in intermediate and high schools, which helped to ensure that a reasonable number
of participants were included.

All participants were familiar with electronic devices due to using them to play games and watch

YouTube. They interacted with the e-learning system to practice reading.

4.7 Procedure

Approval was obtained from the Saudi MoE, schools, and parents/guardians, and the participants
orally confirmed that they were happy to participate in the experiment and were aware that they
could stop at any time. Each experiment was only conducted after getting full approval.

As shown in Figure [4.1] participants’ demographic information, including age and grade, was col-
lected in one session in each participant’s school. Then, learners were welcomed and introduced to
the experiment’s objectives. After that, the dyslexia type for each participant was determined using
dyslexia type diagnostic tests (in Experiment 1), their reading skill level was determined using
reading skill level tests (in Experiment 2), and both dyslexia type and reading skill level were
determined using dyslexia type and reading skill level tests (in Experiment 3). All participants
were given the pre-tests to assess their level of reading skill and word understanding.

The preliminary testing was conducted using reliable, offline tools (described in Section .
This is important to achieve a reliable assessment of dyslexia type and reading skill level, which is
important for the experiments.

Subsequently, participants were divided equally into two independent groups: a control and an
experimental group, and they were registered in the system. The experimental group used the
matched version of the e-learning system, while the control group used the non-matched version.
This structure allowed to examine the effectiveness of adaptation, as this research hypothesised that
there would be a significant difference in learning gain of word reading, learning gain of word un-
derstanding, satisfaction and perceived level of usability of participants between these two groups.

The two groups were balanced by the number of participants, age, grade, pre-test results and other
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characteristics (dyslexia type and/or reading skill level). The two groups were homogeneous in
terms of native language and gender.

Participants in both groups interacted with training sessions that offered different reading activi-
ties. The difficulty of activities gradually increased in both versions. All data were encrypted and
stored securely in a database, including usernames, passwords, dyslexia type, reading skill level,
answer and score for each activity, time spent on that activity and overall score of each training
session.

Both Experiments 1 and 2 took place in a quiet room within the participant’s school. Ex-
periment 3 was conducted remotely via Microsoft Teams due to school closures in response to
the Covid-19 pandemic. All experiments were double-blind in that neither the participant nor the
experimenter knew what condition was being used. The experimenter explained the layout of the
system before the first session began. After that, every participant used the system individually
(one participant at a time) under experimenter supervision to monitor the participant and solve
any technical issues. The system tracked participants’ progress as they used the system and stored
user data in a database.

In Experiment 1, this research planned to have eight training sessions, each with 10 activities and
training duration of approximately 30 minutes for each session. Participants used the system for
two sessions each week for approximately a month. The duration of a training session (30 minutes)
and frequency of the training sessions (two sessions each week) were approved by special education
teachers and recommended in previous studies (Habib et al., 2002; |Griffiths and Stuart, 2013; |Wang
et al.l 2019; |[Layes et al., [2019; Aljojo, 2020|). However, this research found that participants fin-
ished the session in an average of 15 minutes. Therefore, in Experiments 2 and 3, this research
increased the number of activities per session to 20 and reduced the number of training sessions to
six. Participants used the system in Experiments 2 and 3 for two sessions each week for three
weeks. Fach training session lasted approximately 30 minutes.

Immediately after completing all training sessions, participants took immediate post-tests offline to
derive short-term learning gain of reading and word understanding. The satisfaction and usability
tools were then administered offline. Two weeks later, participants completed follow-up tests offline
to derive long-term learning gain of reading and word understanding.

To validate the experimental design and instruments, a pilot study was conducted before running
each experiment with six learners. The pilot study aimed to 1) test whether the proposed method-
ology and supporting material, in terms of diagnostic tests, pre-, immediate post- and follow-up
tests, satisfaction and usability tools worked as expected, 2) identify any problems in the experi-

mental design and any technical issues related to the system, 3) identify issues like confusion and
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participants questions, 4) test the duration of experiment and 5) collect participants’ feedback and

data.

4.8 Data Collection

A quantitative analysis approach was used to measure learning gain of reading and word under-
standing, learner satisfaction and perceived level of usability. The following sections introduce each

of these metrics.

4.8.1 Learning Gain of Word Reading

Short-term and long-term learning gain of reading was measured using pre-tests, immediate post-
tests and follow-up tests (presented in Section [4.5.2.3]). The following formula was used to calculate

the short-term learning gain (Alshammari et al 2016; Pickering) 2017)):

Learning gain ghort-term = immediate post-test score — pre-test score ]

The following formula was used to calculate the long-term learning gain (Alshammari, 2016):

Learning gain jong-term = follow-up test score — pre-test score ]

In Experiment 1, short-term and long-term learning gain of reading seen words were assessed.
However, learning gain of reading unseen words (both short and long term) was not assessed. How-
ever, it was considered in Experiments 2 and 3.

In Experiment 2, short-term learning gain of reading seen and unseen words was assessed. How-
ever, long-term learning gain of reading seen and unseen words was not assessed due to school
closures in response to Covid-19, making access to participants impossible.

In Experiment 3, short-term and long-term learning gain of reading both seen and unseen words

were assessed.

4.8.2 Learning Gain of Word Understanding

In this research, both short- and long-term learning gain of understanding seen words were measured
using pre-tests, immediate post-tests and follow-up tests (presented in Section .

In Experiment 1, long-term learning gain of understanding seen words was assessed. However,
short-term learning gain of understanding seen words was not assessed because the time of the last
session was limited and included both completion of the last training session and the immediate
post-test (to assess short-term learning gain of reading seen words), ELS and SUS. It was also
difficult to reach participants in another scheduled session to conduct the immediate post-test of
word understanding. This problem was considered in Experiment 3.

In Experiment 2, both short- and long-term learning gain of understanding seen words were not
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assessed due to practical constraints. These problems were taken into account in Experiment 3.
In Experiment 3, both short- and long-term learning gain of understanding seen words were

assessed.

4.8.3 Learner Satisfaction
The learners’ satisfaction was measured using ELS (presented in Section 4.5.2.4) from different

perspectives, including how satisfied they were with the learning content, learning interface and
personalisation. ELS also measured the overall satisfaction with the e-learning system.

Learner satisfaction was assessed in all experiments.

4.8.4 Perceived Level of Usability
The perceived level of usability was measured using SUS (presented in Section [4.5.2.5). The per-

ceived level of usability was assessed in all experiments.

4.8.5 Reading Speed

This research targeted measuring reading speed in this work, as learners with dyslexia experience a
deficit in reading speed (Miller-Shaul, |2005; Suarez-Coalla and Cuetos, 2012; Martelli et al., 2014).
Data to measure reading speed were collected in Experiment 3 only because this research had
not considered it as a metric in Experiments 1 and 2. However, the experiment was conducted

remotely, and the data collected were not reliable.

4.9 Data Analysis

After each experiment was completed, the collected data were cleaned and analysed. Including
incomplete data in the overall process of data analysis is not appropriate. Depending on the
experimental variables, there may also be a need to process data. For example, some variables
must be calculated using existing data from other variables, such as learning gain. After cleaning
and processing data, this research used the IBM SPSS Statistical software package to analyse data.
This research used statistical tests to explore significant differences between experimental groups in
this research, such as the t-test and the Mann—Whitney U test (Pallant} 2011; Gray, 2014). Both
tests are used when there are one independent and one dependent variable and two experimental
groups, as in this research. The t-test is used when data are normally distributed, while the Mann—
Whitney U test is used when data are not normally distributed. The Shapiro-Wilk test is used
to determine whether data are normally distributed because it can be applied to data from small
samples and large sample sizes (Pallant, [2011;|Ghasemi and Zahediasl, [2012). The probability value
is used to determine significance of the findings at the 5% level. A finding of p > 0.05, for instance,
is not considered statistically significant and is attributed to chance rather than an effect of the
treatment being tested in the experiment.

Likewise, effect size is used to evaluate the importance of findings. It is a primary measure used
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within research to measure change. It indicates how much the independent variable impacts the
dependent variable or the strength of the difference between groups. Even though reporting effect
sizes for research comparisons is important, previous studies regarding people with dyslexia and
adaptive e-learning have not reported them (Alghabban et al., 2017; |Al-Dawsari and Hendley,
2021)). The most commonly used effect size measures are Cohen’s d and r (Pallant, 2011; Nissen
et all [2018). Based on benchmarks suggested by |Cohen| (1988]), a commonly used interpretation
for d is to refer to effect sizes as small (d = 0.2), medium (d = 0.5) and large (d = 0.8). Additional
findings in the literature indicate that it would be appropriate to redefine the rules of thumb for
effect sizes as very small (d = 0.01), small (d = 0.2), medium (d = 0.5), large (d = 0.8), very large
(d =1.2) and huge (d = 2.0) (Sawilowsky, 2009).

In non-parametric tests, such as the Mann—Whitney U test, the effect size r is measured by dividing
the absolute standardised test statistic (z) by the square root of the number of pairs, as shown in

the following equation (4.1)) (Fritz et all 2012 Karadimitriou et al., [2018):

(4.1)

=R

The Cohen’s classification of effect size (r) is that a small effect is 0.1, a medium effect is 0.3, and

a large effect is 0.5 and above (Cohen, [1988; Fritz et al.l 2012; Karadimitriou et al., 2018).

4.10 Summary

This chapter has covered the proposed framework to investigate the impact of adapting learning
material based on the characteristics of learners with dyslexia by conducting three carefully de-
signed and controlled experiments with an empirical evaluation in terms of learning gain of word
reading, learning gain of word understanding, learner satisfaction and perceived level of usability.
Experiment 1 investigates the impact of adaptation based on dyslexia type. Experiment 2 investi-
gates the impact of adaptation based on reading skill level. Experiment 3 investigates the impact
of adaptation based on the combination of dyslexia type and reading skill level. Each experiment
has its hypotheses and tools.

To support these experiments, a dynamic, web-based e-learning system called Dyslexia Type and
Reading Skill Level Training (DTRSLT) was designed and implemented as an instantiation of the
adaptive e-learning framework (explained in Section . DTRSLT trains Arabic learners with
dyslexia by providing reading activities using a three-tier architecture with client, server and data
storage.

The client tier allows learners to interact with learning material through the system’s browser in-

terface. The server tier including interaction data modeller and adaptation business logic. The
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interaction data modeller is responsible for monitoring learner actions with the system interface
and updating both the learner-with-dyslexia model and the adaptation business logic with these
actions. The adaptation business logic component is responsible for identifying the content items to
be presented according to learner characteristics. The data storage tier includes both the learner-
with-dyslexia model and the domain model. The learner-with-dyslexia model includes the types of
dyslexia, the reading skill levels and some information about learners’ behaviour while interacting
with the system. The domain model stores learning material.

A between-subjects experimental design approach, which has a control and an experimental group,
was used to achieve the purpose of each experiment. The experimental group used the matched
version of DTRSLT that matches learning material to the targeted characteristic(s) of the learner,
while the control group used the non-matched version of DTRSLT that provides generic learning
material. All other aspects of both versions of DTRSLT were the same; the training content was
the only difference between them. The next chapter will explain the results and discussion of each

experiment in detail.
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Chapter 5

Evaluation

5.1 Introduction

The previous chapter discussed the motivation behind this research and the methodology used to
achieve its aim, including the general framework of experiments and the design of the Dyslexia Type
and Reading Skill Level Training (DTRSLT) system to support the experiments, instruments, data
collection and experimental procedure.

This chapter explains the results of the experimental evaluation of matching learning material to
dyslexia type and reading skill level. It also discusses these results and how they relate to previous
research.

This chapter is based on the content published in the following papers: |Alghabban and Hendley
(2020aljb, 2021)); |Alghabban et al.| (2021)); | Alghabban and Hendley| (2022albl, 2023).

5.2 Experiment 1: Matching Learning Material to Dyslexia Type

5.2.1 Introduction

This section presents the results of the evaluation of matching learning material to dyslexia type
(letter position dyslexia (LPD) and vowel letter dyslexia (VLD)). As mentioned in Chap-
ter [4] these dyslexia types are the most common in Arabic. A controlled experiment was conducted
to investigate whether matching learning material to the dyslexia type of learners with dyslexia
enhances their learning experience. In particular, it investigated: 1) whether learners learn more,
2) whether this learning persists in the long term, 3) whether this matching affects their under-
standing of words, 4) whether this matching affects their satisfaction with the learning experience,
and finally, 5) whether learners are aware of the matching of material to their needs and if that
awareness indirectly affects their perception of the usability of the system.

This experiment investigated the following research question:

Research Question 1: Does matching e-learning material based on dyslexia type im-
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prove learning gain compared to non-matched material, and does it achieve a high
level of learner satisfaction and perceived level of usability?

5.2.2 Hypotheses

Five hypotheses were tested in this experiment:

H1.1: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better short-term learning gain of reading seen words compared to non-matched material.
H1.2: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better long-term learning gain of reading seen words compared to non-matched material.
H1.3: Matching learning material to the dyslexia type of learners with dyslexia achieves sig-
nificantly better long-term learning gain of understanding seen words compared to non-matched
material.

H1.4: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better learner satisfaction compared to non-matched material.

H1.5: Matching learning material to the dyslexia type of learners with dyslexia achieves signifi-
cantly better perceived level of usability compared to non-matched material.

Two groups were used, a control group and an experimental group. The experimental group in-
teracted with the matched version of DTRSLT that matches the learning material to the dyslexia
type (either LPD or VLD), while the control group interacted with the non-matched version of the
system that provides generic learning material (material that addresses a combination of both LPD
and VLD). The system layout and interface were identical for both groups. The only difference
is the provided learning material. Chapter [4] describes the design of the system interface and the
provided activities.

In this experiment, this research measured short- and long-term learning gain of reading seen words,
long-term learning gain of understanding seen words, learner satisfaction and perceived usability
level.

5.2.3 Procedure

As mentioned in Chapter participants were encouraged to participate in the experiment by
providing different reading activities. The experiment was run physically in schools. Eight training
sessions, each with 10 activities, were conducted, for a total of 80 activities. Table shows the
experimental procedure timetable. The learning material was selected from the primary school
curriculum to target LPD and VLD (presented in Chapter .

5.2.4 Results

Forty participants with a mean age of 8.93 (SD = 1.37) were included in this experiment. They

were chosen from five primary schools in the Kingdom of Saudi Arabia (KSA) (Jeddah). Figure
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Table 5.1: Experiment 1: Procedure timetable.

‘Week# Session Activity
1 Pre-starting . ‘Overv1ew of the experiment, cond}lctlng dyslexia type .
diagnostic tests and pre-tests of word reading and word understanding.

2 First and second training sessions.
3 Training sessions Third and fourth training sessions.
4 Fifth and sixth training sessions.
5 Seventh and eighth training sessions.

i i -

mmed1atfe pos.t test, Conducting immediate post-test of word reading,
5 e-learner satisfaction (ELS) ELS and SUS questionnaires

and system usability scale (SUS) q '

7 Follow-up tests Conducting follow-up tests of word reading and word understanding.

[.1] presents the characteristics of the participants.

Grade percentage
8% 3%

28%

= Grade 3
= Grade 6

= Grade 2
Grade 5

= Grade 4

Age percentage
5%

Dyslexia type percentage
8%

A\

23%

T
v

18%

u7years =8years =9years
10 years = 11 years = 12 years

=LPD

=VLD

Figure 5.1: Experiment 1: Participant characteristics.

The participants were assigned either to the control group (n = 20, mean age =
SD = 1.39) or the experimental group (n = 20, mean age = 8.9 years, SD = 1.37), balanced by
age, grade, dyslexia type and pre-test results of reading seen words and word understanding. There
was no statistically significant difference between the means of each group in either age (p = 0.947

> 0.05), the pre-test result of reading seen words (p = 0.904 > 0.05) or the pre-test result of word

understanding (p = 0.718 > 0.05).

All participants completed the experiment except two learners in the control group who were not

available to complete the follow-up tests because they changed schools, and access to them was

impossible.

8.95 years,

The results of each hypothesis are described in the following sections.

5.2.4.1 Learning Gain of Reading Seen Words

Short-term Hypothesis (H1.1) about short-term learning gain of reading seen words was tested.

Table [5.2] shows the experimental group had greater immediate post-test scores and short-term

learning gains of reading than the control group. These findings reveal that matching learning

material to dyslexia type had a positive effect on short-term learning gain of reading seen words.

The significance of the short-term learning gain of reading seen words was tested. As short-term
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Table 5.2: Experiment 1: Control and experimental group results of pre-test, immediate post-test
and short-term learning gain of reading seen words.

Group N Pre-test Immediate post-test Shor:e;((alri'nmg lgzgluwrzlv%)rgdzm of
Mean | SD | Mean SD Mean SD
Control 20 | 4.05 | 3.22| 4.65 3.27 0.60 1.43
Experimental | 20 | 4.10 | 3.24 | 7.45 1.64 3.35 1.84

learning gain scores for both groups were normally distributed, as determined by Shapiro—Wilk’s
test (p > 0.05), an independent sample t-test with an alpha level of 0.05 was run to determine
if there were differences in short-term learning gain scores between the experimental and control
groups. Learning gain scores for both groups were homogeneous in variance, as determined by
Levene’s test for the equality of variances (F' = 2.936, p = 0.095). Based on the means of short-
term learning gain, the experimental group had larger short-term learning gain than the control
group, with a statistically significant difference of 2.75, #(38) = 5.27, p < 0.001 (see Figure [5.2).
The finding had a very large effect size (Cohen’s d = 1.67). As a result, H1.1 is confirmed, and
it can be concluded that matching learning material to dyslexia type yields significantly better

short-term learning gain of reading seen words than not matching.
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Figure 5.2: Experiment 1: Box plot for the results of short-term learning gain of reading seen
words.

Long-term Hypothesis (H1.2) about long-term learning gain of reading seen words after two

weeks have elapsed was tested. The sample size fell to 18 participants in the control group. After
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removing data related to participants who did not complete the follow-up test, there was no statis-
tically significant difference between the means of each group in either age (p = 0.675 > 0.05), the
pre-test result of reading seen words (p = 0.851 > 0.05) or the pre-test result of word understanding
(p=0.702 > 0.05).

Table shows the experimental group had greater follow-up test scores and long-term learning
gains of reading than the control group. These findings reveal that matching learning material to

dyslexia type had a positive effect on long-term learning gain of reading seen words.

Table 5.3: Experiment 1: Control and experimental group results of pre-test, follow-up test and
long-term learning gain of reading seen words.

Group | N | Pretest | Follow-up test | MOMEIEEE KO I of
Mean | SD | Mean SD Mean SD
Control 18 | 4.39 |3.22 ] 594 3.13 1.55 1.69
Experimental | 20 | 4.10 | 3.24 8 1.95 3.90 2.13

The significance of the long-term learning gain of reading seen words was tested. As the long-term
learning gain score distributions in the control group were not normally distributed (Shapiro-Wilk’s
test p < 0.05), an independent sample Mann—Whitney U test was run to determine if there were
differences in long-term learning gain scores between the experimental and control groups. The
results showed that the long-term learning gain scores for the experimental group (median = 4)
were statistically significantly higher than the control group (median = 1), as shown in Figure
U = 63.5, Z = 3.45, p < 0.001. The finding had a large effect size (r = 0.56). As a result,
H1.2 is confirmed, and it can be concluded that matching learning material to dyslexia type yields
significantly better long-term learning gain of reading seen words than not matching.

5.2.4.2 Learning Gain of Understanding Seen Words

Hypothesis (H1.3), which is about long-term learning gain of understanding seen words, was tested.
Table shows the experimental group had greater follow-up test scores and long-term learning
gains of understanding than the control group. These findings reveal that matching learning mate-

rial to dyslexia type had a positive effect on long-term learning gain of understanding seen words.

Table 5.4: Experiment 1: Control and experimental group results of pre-test, follow-up test and
long-term learning gain of understanding seen words.

Group | | Pretest | Follow-up test | [ TR S S
Mean | SD | Mean SD Mean SD
Control 18 | 3.67 | 279 | 4.94 2.53 1.27 1.64
Experimental | 20 | 4.05 3.3 7.65 2.13 3.6 1.98
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Figure 5.3: Experiment 1: Box plot for the results of long-term learning gain of reading seen
words.

The significance of the long-term learning gain of understanding seen words was tested. As the long-
term score distributions in the experimental group deviated from the normal distribution (Shapiro—
Wilk’s test p < 0.05), an independent sample Mann—Whitney U test was run to determine if there
were differences in long-term learning gain scores between the two groups. The results showed that
the long-term learning gain scores for the experimental group (median = 3.5) were statistically
significantly higher than the control group (median = 1), as shown in Figure U = 63.5,
Z = 3.33, p < 0.001. The finding had a large effect size (r = 0.54). Therefore, H1.3 is confirmed,
and it can be concluded that matching learning material to the dyslexia type yields significantly

better long-term learning gain of understanding seen words than not matching.

5.2.4.3 Learner Satisfaction

The results of the fourth hypothesis (H1.4) on learner satisfaction are presented in this section.
Satisfaction was calculated for each component, as shown in Table [5.5] The results indicated that
the experimental group had higher mean learner satisfaction scores in terms of the learning content,

the system personalisation and the system interface than the control group.

According to the analysis of the learners’ satisfaction, the experimental group (mean = 4.9,
SD = 0.18) had greater mean general satisfaction score than the control group (mean = 4.68,
SD = 0.38), implying that matching learning material to dyslexia type positively affected learner

satisfaction.
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Figure 5.4: Experiment 1: Box plot for the results of long-term learning gain of understanding
seen words.

Table 5.5: Experiment 1: Satisfaction scores of learners with dyslexia.

ELS components Satisfaction of control group | Satisfaction of experimental group
Mean SD Mean SD
Learning content 4.53 0.91 4.88 0.22
System personalisation | 4.68 0.44 4.9 0.21
System interface 4.77 0.33 4.91 0.18
General satisfaction 4.68 0.38 4.9 0.18

The significance of the learner satisfaction score was tested. As the learner satisfaction score
distributions in both groups were not normally distributed (Shapiro-Wilk’s test p < 0.05), an inde-
pendent sample Mann—Whitney U test was run to determine if there were differences in satisfaction
scores between the experimental and control groups. The results showed that the general learner
satisfaction score for the experimental group (median = 5) was statistically significantly higher
than the control group (median = 4.75), as shown in Figure U=1225,7 =227, p=0.023.
The finding had a medium effect size (r = 0.36). As a result, H1.4 is confirmed, and it can be
concluded that matching learning material to dyslexia type results in significantly better learner
satisfaction than not matching.

5.2.4.4 Perceived Level of Usability
The results of the fifth hypothesis (H1.5) about perceived level of usability are presented in this

section. The usability scores for the matched version of DTRSLT (mean = 96, SD = 6.46) and

the non-matched version (mean = 85.63, SD = 9.93) were acceptable, as their average scores were
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Figure 5.5: Experiment 1: Box plot for the results of learners’ satisfaction.

greater than 70, implying that both versions were perceived as usable and valuable in learning

(Bangor et al., 2008]).

The two conditions were compared to obtain a deeper understanding of whether adaptivity sig-
nificantly impacts the perceived usability level. As the data in the experimental group were not
normally distributed (Shapiro-Wilk’s test p < 0.05), an independent sample Mann—Whitney U test
was run to compare the two conditions. The results indicated that the general usability score of
the matched version (median = 100) was statistically significantly higher than the non-matched
version (median = 86.25), as shown in Figure U="71,7=3.56, p<0.001. The finding had a
large effect size (r = 0.56). As a result, H1.5 is confirmed, and it can be concluded that matching
learning material to dyslexia type results in significantly higher levels of perceived usability than
not matching.

5.2.5 Discussion

This study aims to investigate whether adapting learning material based on a learner’s dyslexia
type improves their learning experience. The study assessed learning gain of reading seen material
(both immediately at the end of the course and after a delay of two weeks), learning gain of un-
derstanding seen words, learner satisfaction and learner perception of the usability of the learning
material.

This study contributes to current research on adaptivity by presenting evidence for the importance

of using dyslexia type as a learner characteristic for adaptation (Alghabban and Hendley, |2020a|,|§[).
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Figure 5.6: Experiment 1: Box plot for the results of perceived usability level.

The results are consistent with previous work, which has argued that learners with dyslexia dif-

fer in their dyslexia types, their reading problems and, therefore, their needs (Friedmann and

Haddad-Hannal, 2014} [Friedmann and Coltheart, 2016; Al-Dawsari and Hendley| [2021). Accord-

ingly, considering these differences in the learning environment is important to enhance the learning
experience of learners. Importantly, a distinctive aspect of this study was the investigation of the

effectiveness of adaptation based on dyslexia type by conducting a carefully designed and controlled

experiment with a reasonable number of participants (Alghabban and Hendley} [2020al). The ef-

fect of adaptation based on dyslexia type was one of the significant gaps that were not addressed

and evaluated in the previous research targeting Arab people with dyslexia (Benmarrakchi et al.,

2017albllc; [Ouherrou et all, [2018} [El Kah and Lakhouajal, 2018} [Aldabaybah and Jusohl 2018)) and

dyslexia in other languages, such as English (Broadhead et al., 2018} |Sasupilli et al., 2019; |Alsobhi

land Alyoubi, 2019; Burac and Cruz, 2020} |Srivastava and Haider, 2020; El Fazazi et al., 2021),

Malay (Noor et al., 2017; Abdul Hamid et al., [2017}; |Pang and Jen| 2018) and Spanish (Rello et al.

2017; Arteaga et al., 2018)). Even when more formal evaluation takes place, as in (Al-Dawsari and|

2021)), they conducted a study with a small sample, which leads to an inability to derive

a conclusion. These issues were addressed in this study.
Concerning the benefit to learning, the results showed that there is a short-term learning gain
of word reading and that this benefit persists in the long term. Both are significantly higher in

the condition where the system adapts to dyslexia type. These results are in line with previous
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research showing that considering characteristics of learners can enhance learning outcome (Liaw’

et al, [2007; [Klasnja-Mili¢evi¢ et al [2011; (Ghaban and Hendley], 2018} [Alshammari and Qtaishl,

2019).

The current study also assessed learning gain of word understanding, which had not been reported

and discussed in previous research (Lo et all 2011; [Bonacina et al., 2015; Benmarrakchi et al.

2017allblic; [Ouherrou et all, 2018; [EI Kah and Lakhouajal 2018} [Aldabaybah and Jusohl [2018; Al

Dawsari and Hendley|, 2021)). The results indicated that considering dyslexia type as an adaptive

parameter is not only reflected in improved learning gain of word reading, but also in the learning

gain of word understanding.

The study’s results regarding learners’ satisfaction follow Kangas et al.| (2017))’s argument that

there is a strong relationship between learners’ motivation and satisfaction, where satisfaction is

influenced by the learning content. This is in line with earlier literature (Lam and Wong [1974;

Kerwin| [1981; |Alshammari et al., 2015b). The system displays the same interface layout in the two

conditions; the only difference is that the content of training activities is matched to dyslexia type
in the experimental group. The experimental condition rated the system interface component in
ELS more highly than the control condition. This higher rating suggests that learners appear to be
able to identify when a lesson is more appropriate to their needs, which may affect their perception
of the course’s quality. Also, the perception of suitability influences their attitude towards other
aspects of the system, such as learning content and personalisation components. This reflects that

learners are more satisfied when learning material is matched to their dyslexia type. This is in line

with earlier research (Akbulut and Cardak| 2012} |Alshammari et al., |2015b)); when content was

customised to the attributes of learners, those learners were more satisfied. In addition, the re-

sults indicated the importance of incorporating dyslexia type as an adaptive parameter to enhance

learners’ motivation and engagement and, thus, enhance their learning (Alghabban and Hendley),

2020Db)) as their motivation towards the content in adaptive e-learning is challenging (Abdul Hamid:
2018) and affects their learning achievement (Noor et al., 2017).

The assessment of satisfaction in this study can be used to learn how well the learning content
meets the learners’ needs. Even though learners may not be able to assess this match explicitly,

they are at least subconsciously aware of it, and their awareness is reflected in their assessment

of the system’s aspects that are the same in the two conditions (Alghabban and Hendleyl [2020Db).

This adds to the originality of this study as there is a lack of previous research that measured and
discussed the learners’ satisfaction.
Finally, although the two versions of the system were identical except for the content used in the

training activities, learners’ perceptions of the usability of the two versions differed significantly.
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This means that adaptation in e-learning systems improves the perceived usability level. The high
level of perceived usability in the matched version can be interpreted in line with earlier literature
(Ardito et al., 2006; Zaharias and Poylymenakou, 2009; Alshammari et al., 2016), which reports
that adaptation enhances learners’ motivation, satisfaction and engagement to use the e-learning
system. Adaptation has a direct effect by providing more appropriate learning material, and,
because learners subconsciously perceive this support for their needs, adaptation influences their
perception of the system they are using. This, in turn, may enhance their curiosity, satisfaction
and motivation (Alghabban and Hendley, 2020a). In contrast, learners using the non-matched
version may find it not supportive or responsive to their needs, making them less likely to engage,
be motivated and use the non-matched version as a learning tool.

From this, learners’ perceptions of the usability of an e-learning system can be an excellent metric
to indirectly assess their attitudes towards their learning (Alghabban and Hendley, [2022b). It rep-
resents their assessment of the system’s suitability to their needs, which is likely to influence their
motivation and, in turn, increase the likelihood that an e-learning system will help them achieve
their learning goals (Alshammari et al) 2016). As a result, it can augment other metrics, such
as learning gain and satisfaction, to give additional insight into whether adaptation is beneficial
(Alghabban and Hendley), |2021} |2022b)). This adds to the originality of this study, as there is a lack
of previous research that measured and discussed the perceived usability level.

To sum up, this study investigated the impact of adapting learning material based on the dyslexia
type of learners. All hypotheses were confirmed by the results obtained. The results indicated that
adapting learning material based on dyslexia type of learners with dyslexia leads to a significant
improvement in both short-term and long-term learning gain of reading seen material, long-term

learning gain of word understanding, learner satisfaction and perceived level of usability.

5.3 Experiment 2: Matching Learning Material to Reading Skill
Level

5.3.1 Introduction

This section presents the results of the evaluation of matching learning material to reading skill
level (reading letters with short vowels (S1), reading words with Sakin letter(s) (S2) and
reading words with short vowels and Sakin letter(s) (S3)). As mentioned in Chapter[4] these
three reading skill levels were targeted in this research. A controlled experiment was conducted to
investigate whether matching learning material to the reading skill level of learners with dyslexia
enhances their learning experience. In particular, it investigated: 1) whether learners learn more,

2) whether this learning can be generalised to new material, 3) whether this matching affects their
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satisfaction with the learning experience, and finally, 4) whether learners are aware of the matching
of material to their needs and if that awareness indirectly affects their perception of the usability
of the system.

This experiment investigated the following research question:

Research Question 2: Does matching e-learning material based on reading skill level
improve learning gain compared to non-matched material, and does it achieve a high

level of learner satisfaction and perceived level of usability?

5.3.2 Hypotheses

Four hypotheses were tested in this experiment:

H2.1: Matching learning material to the reading skill level of learners with dyslexia achieves signif-
icantly better short-term learning gain of reading seen words compared to non-matched material.
H2.2: Matching learning material to the reading skill level of learners with dyslexia achieves signif-
icantly better short-term learning gain of reading unseen words compared to non-matched material.
H2.3: Matching learning material to the reading skill level of learners with dyslexia achieves sig-
nificantly better learner satisfaction compared to non-matched material.

H2.4: Matching learning material to the reading skill level of learners with dyslexia achieves sig-
nificantly better perceived level of usability compared to non-matched material.

Two groups were used, a control group and an experimental group. The experimental group in-
teracted with the matched version of DTRSLT that matches the learning material to the reading
skill level (either S1, S2 or S3), while the control group interacted with the non-matched version
of the system that provides generic learning material (material that addresses a combination of all
three skills). The system layout and interface were identical for both groups. The only difference
is the provided learning material. Chapter [4] describes the design of the system interface and the
provided activities.

In this experiment, this research measured short-term learning gain of reading seen and unseen

words, learner satisfaction and perceived usability level.

5.3.3 Procedure

Participants were encouraged to participate in this experiment by providing different reading activ-
ities. The experiment was run physically in schools. Six training sessions, each with 20 activities,
were conducted, for a total of 120 activities. Table[5.6]shows the experimental procedure timetable.
The learning material was selected from the primary school curriculum to target the three reading

skills (presented in Chapter ).
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Table 5.6: Experiment 2: Procedure timetable.

‘Week# Session Activity
1 Pre-starting Overview of the experiment, conducting reading skill level
diagnostic tests and pre-tests of word reading.
2 First and second training sessions.
3 Training sessions Third and fourth training sessions.
4 Fifth and sixth training sessions.

Conducting immediate post-tests of word reading,
ELS and SUS questionnaires.

4 Immediate post-tests, ELS and SUS

5.3.4 Results
Initially, 44 participants with a mean age of 8.5 (SD = 1.05) were included in this experiment.

They were chosen from four primary schools in the KSA (Jeddah). The participants were assigned
either to the control group (n = 22, mean age = 8.5 years, SD = 1.01) or the experimental group
(n = 22, mean age = 8.5 years, SD = 1.1), balanced by age, grade, reading skill levels and pre-test
results of reading seen and unseen words. There was no statistically significant difference between
the means of each group in either age (p = 1 > 0.05), the pre-test result of reading seen words
(p = 0.875 > 0.05) or the pre-test result of reading unseen words (p = 0.888 > 0.05).

The number of participants who finished the experiment was reduced to 41 because three learners
(two in the experimental group and one in the control group) did not complete the last two training
sessions due to school closures in response to Covid-19. The experimental group finished with 20
participants (mean age = 8.4 years, SD = 1.09) and the control group with 21 participants (mean
age = 8.48 years, SD = 1.03). There was no statistically significant difference between the means
of each group after removing data related to the participants who did not complete the experiment,
in either age (p = 0.808 > 0.05), pre-test result of reading seen words (p = 0.623 > 0.05) or pre-
test result of reading unseen words (p = 0.589 > 0.05). Figure presents the characteristics of

participants who finished the experiment.

Grade percentage Age percentage Reading skill level percentage

20%

=Grade2 =Grade3 = Grade4 =7years =8years =9years 10 years =81 =82 =83

24%

2%

Figure 5.7: Experiment 2: Participant characteristics.

The results of each hypothesis are described in the following sections.
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5.3.4.1
Hypothesis (H2.1) about short-term learning gain of reading seen words was tested. Table shows

Learning Gain of Reading Seen Words

the experimental group had greater immediate post-test scores and short-term learning gains of
reading than the control group. These findings reveal that matching learning material to reading
skill level had a positive effect on short-term learning gain of reading seen words.

Table 5.7: Experiment 2: Control and experimental group results of pre-test, immediate post-test
and short-term learning gain of reading seen words.

Group N Pre-test Immediate post-test Shorr’.c(;;(;nmg lss;rrlujvirgdzm of
Mean | SD | Mean SD Mean SD
Control 21| 419 | 199 | 5.76 1.87 1.57 1.8
Experimental | 20 3.9 1.74 8.5 0.83 4.6 1.67

The significance of the short-term learning gain of reading seen words was tested. As the short-term
learning gain score distributions in the control group were not normally distributed (Shapiro-Wilk’s
test p < 0.05), an independent sample Mann—Whitney U test was run to determine if there were
differences in short-term learning gain scores between the experimental and control groups. The
results showed that the short-term learning gain scores for the experimental group (median = 4.5)
were statistically significantly higher than the control group (median = 1), as shown in Figure
U =46.5, Z = 4.31, p < 0.001. The finding had a large effect size (r = 0.67). As a result, H2.1
is confirmed, and it can be concluded that matching learning material to reading skill level yields
significantly better short-term learning gain of reading seen words than not matching.

5.3.4.2 Learning Gain of Reading Unseen Words
Hypothesis (H2.2) about short-term learning gain of reading unseen words was tested. Table

shows the experimental group had greater immediate post-test scores and short-term learning gains
of reading than the control group. These findings reveal that matching learning material to reading
skill level had a positive effect on short-term learning gain of reading unseen words.

Table 5.8: Experiment 2: Control and experimental group results of pre-test, immediate post-test
and short-term learning gain of reading unseen words.

Group N Pre-test Immediate post-test Sh(;z;(;?;rgnulﬁ:::;niffég of
Mean | SD | Mean SD Mean SD
Control 21| 0.67 | 0.8 | 1.05 1.07 0.38 0.74
Experimental | 20 | 0.85 1.04 3.5 1.24 2.65 1.5

The significance of the short-term learning gain of reading unseen words was tested. As the short-
term learning gain score distributions of both groups were not normally distributed (Shapiro-Wilk’s

test p < 0.05), an independent sample Mann—Whitney U test was run to determine if there were
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Figure 5.8: Experiment 2: Box plot for the results of short-term learning gain of reading seen
words.

differences in short-term learning gain scores between the experimental and control groups. The
results showed that the short-term learning gain scores for the experimental group (median = 2)
were statistically significantly higher than those of the control group (median = 0), as shown in
Figure[5.9, U = 35, Z = 4.71, p < 0.001. The finding had a large effect size (r = 0.74). As a result,
H2.2 is confirmed, and it can be concluded that matching learning material to reading skill level

yields significantly better short-term learning gain of reading unseen words than not matching.

5.3.4.3 Learner Satisfaction

The results of the third hypothesis (H2.3) on learner satisfaction are presented in this section.
Satisfaction was calculated for each component, as shown in Table The results indicated that
the experimental group had higher mean learner satisfaction scores in terms of the learning content,

the system personalisation and the system interface than the control group.

Table 5.9: Experiment 2: Satisfaction scores of learners with dyslexia.

ELS components Satisfaction of control group | Satisfaction of experimental group
Mean SD Mean SD
Learning content 4.21 0.48 4.63 0.34
System personalisation | 3.93 1.004 ) 0.0
System interface 4.36 0.61 4.76 0.21
General satisfaction 4.23 0.44 4.77 0.13

According to the analysis of the learners’ satisfaction, the experimental group (mean = 4.77,
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Figure 5.9: Experiment 2: Box plot for the results of short-term learning gain of reading unseen
words.

SD = 0.13) had greater mean general satisfaction scores than the control group (mean = 4.23,
SD = 0.44), implying that matching learning material to reading skill level positively affected
learner satisfaction.

The significance of the learner satisfaction score was tested. As the learner satisfaction scores for
each group were normally distributed, as assessed by Shapiro-Wilk’s test (p > 0.05), an independent
sample t-test with an alpha level of 0.05 was run to determine if there were differences in learner
satisfaction scores between the experimental and control groups. Based on the means of general
satisfaction score, the experimental group had a larger general satisfaction score than the control
group, with a statistically significant difference of 0.54, ¢(23.37) = 5.38, p < 0.001 (see Figure[5.10)).
The finding had a very large effect size (Cohen’s d = 1.65). As a result, H2.3 is confirmed, and
it can be concluded that matching learning material to reading skill level results in significantly

better learner satisfaction than not matching.

5.3.4.4 Perceived Level of Usability

The results of the fourth hypothesis (H2.4) about perceived level of usability are presented in this
section. The usability scores for the matched version of DTRSLT (mean = 96.25, SD = 3.39) and
the non-matched version (mean = 84.76, SD = 12.09) were acceptable, as their average scores

were greater than 70, implying that both versions were perceived as usable and valuable in learning

(Bangor et al., 2008]).
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Figure 5.10: Experiment 2: Box plot for the results of learners’ satisfaction.

The two conditions were compared to obtain a deeper understanding of whether adaptivity sig-
nificantly impacts the perceived usability level. As the data in both groups were not normally
distributed (Shapiro-Wilk’s test p < 0.05), an independent sample Mann—Whitney U test was run
to compare the two conditions. The results indicated that the general usability score of the matched
version (median = 97.5) was statistically significantly higher than that of the non-matched version
(median = 85), as shown in Figure U =062, 7 =23.9,p<0.001. The finding had a large effect
size (r = 0.61). As a result, H2.4 is confirmed, and it can be concluded that matching learning
material to reading skill level results in significantly higher levels of perceived usability than not
matching.

5.3.5 Discussion

This study aims to investigate whether adapting learning material based on a learner’s reading
skill level improves their learning experience. The study assessed learning gain of reading seen
and unseen materials (immediately after completion of the course), learner satisfaction and learner
perception of the usability of the learning material.

This study was affected by Covid-19, which decreased the number of participants. This research
could not assess long-term learning gain of word reading due to school closures that made access
to participants impossible.

This study contributes to current research on adaptive e-learning by highlighting the importance of

including reading skill level of learners with dyslexia as a learner characteristic for adaptation (Al
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Figure 5.11: Experiment 2: Box plot for the results of perceived usability level.

ighabban and Hendley, 2021} |Alghabban et al., [2021} |Alghabban and Hendleyl, [2022b). It is in line

with previous research, which has argued that the knowledge level of learners should be considered

in education (Felder and Silverman), [1988; Essalmi et al., 2010; Klasnja-Mili¢evi¢ et al., 2011)), and

that adapting learning material to the knowledge level of learners enhances their learning (Melis

et al., 2001} Mitrovic, 2003} |Chorfi and Jemni, [2004; |Weber and Brusilovskyl, 2016]). As in classroom

practice, once the teachers determine a learner’s reading level, they select the appropriate learning

material for each learner, allowing for more successful learning (Dolgin| [1975)).

This study differs from existing works targeting knowledge level of learners with dyslexia, which

lack formal evaluation (Benmarrakchi et al., 2017c; |Alsobhi and Alyoubi, |2019; [El Fazazi et al.,

2021)). As with Study 1, this study investigated the effectiveness of adaptation based on reading

skill level of learners with dyslexia by conducting a carefully designed and controlled experiment

with a reasonable number of participants (Alghabban and Hendley, |2021; Alghabban et al., 2021}

|Alghabban and Hendley, [2022b).

Based on the researcher’s knowledge, previous research has not assessed whether learners with

dyslexia can apply learned content to new content (Alghabban and Hendley, 2022b). The current

study is distinctive in assessing learning gain of reading new material as a metric for evaluating
the effectiveness of adaptive e-learning systems. Results indicated that learners achieved better

learning gain in reading new words when the material was matched to their reading skill level

(Alghabban et al., 2021)). This reflects that the benefit of adaptation based on this characteristic

122



can be generalised to new material. The results of this study are in line with previous research
that has argued that adapting materials to learners’ skill levels will improve their learning and,
therefore, there is a greater likelihood of generalisation (Daly III et al., [1996).

This study’s results are in line with Study 1 regarding learners’ satisfaction. The interface layout
was the same between the two conditions, and they only differ in the learning content of training
activities that are matched to reading skill level in the experimental group. Learners in the ex-
perimental condition rated the components of ELS more highly than did learners in the control
condition. This reflects that adaptation based on reading skill level of learners with dyslexia can
enhance the motivation and engagement of learners (Alghabban et al., 2021)).

Finally, as with Study 1, this study also showed that learners perceived the usability of the two
versions differently. As the two versions were identical in layout and interface except for the words
used in the training activities, the difference between the two conditions in perceived usability
cannot be attributed to the user interface. Rather, it can be attributed to adapting material to the
learner’s reading skill level.

To sum up, this study investigated the impact of adapting learning material based on the reading
skill level of learners. The results confirmed all hypotheses. Adapting learning material based on
reading skill level of learners with dyslexia leads to a significant improvement in short-term learning

gain of reading seen and unseen materials, learner satisfaction and perceived level of usability.

5.4 Experiment 3: Matching Learning Material to Dyslexia Type
and Reading Skill Level

5.4.1 Introduction

This section presents the results of the evaluation of matching learning material to both dyslexia
type (LPD or VLD) and reading skill level (S1, S2 or S3). A controlled experiment was conducted
to investigate whether matching learning material to both dyslexia type and reading skill level of
learners with dyslexia enhances their learning experience. In particular, it investigated: 1) whether
learners learn more, 2) whether this learning persists in the long term, 3) whether their learning
benefit can be generalised to new material, 4) whether this generalisation persists in the long term,
5) whether this matching affects their understanding of words, 6) whether this understanding
persists in the long term, 7) whether this matching affects their satisfaction with the learning
experience, and finally, 8) whether learners are aware of the matching of material to their needs
and if that awareness indirectly affects their perception of the usability of the system.

This experiment investigated the following research question:

Research Question 3: Does matching e-learning material based on a combination of
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dyslexia type and reading skill level improve learning gain compared to non-matched
material, and does it achieve a high level of learner satisfaction and perceived level of
usability?

5.4.2 Hypotheses

FEight hypotheses were tested in this experiment:

H3.1: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better short-term learning gain of reading seen words compared to
non-matched material.

H3.2: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better long-term learning gain of reading seem words compared to
non-matched material.

H3.3: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better short-term learning gain of reading unseen words compared
to non-matched material.

H3.4: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better long-term learning gain of reading unseen words compared to
non-matched material.

H3.5: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better short-term learning gain of understanding seem words com-
pared to non-matched material.

H3.6: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better long-term learning gain of understanding seen words com-
pared to non-matched material.

H3.7: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better learner satisfaction compared to non-matched material.
H3.8: Matching learning material to the dyslexia type and reading skill level of learners with
dyslexia achieves significantly better perceived level of usability compared to non-matched mate-
rial.

Two groups were used, a control group and an experimental group. The experimental group inter-
acted with the matched version of DTRSLT that matches the learning material to dyslexia type
(LPD or VLD) and reading skill level (S1, S2 or S3), while the control group interacted with
the non-matched version of the system that provides generic learning material (a combination of
learning materials for all dyslexia types and reading skills). The system layout and interface were

identical for both groups. The only difference is the provided learning material. Chapter [d]describes
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the design of the system interface and the provided activities.

In this experiment, this research measured short- and long-term learning gain of reading seen and
unseen words, short- and long-term learning gain of understanding seen words, learner satisfaction
and perceived usability level.

5.4.3 Procedure

Participants were encouraged to participate in this experiment by providing different reading ac-
tivities. The experiment was run remotely via Microsoft Teams due to school closures in response
to Covid-19. There were six training sessions, each with 20 activities (a total of 120 activities).
Table shows the experimental procedure timetable. The learning material was the same as in
Experiments 1 and 2 (presented in Chapter E[)

Table 5.10: Experiment 3: Procedure timetable.

Week# Session Activity
. Overview of the experiment, conducting dyslexia type
P _ )
1 re-starting and reading skill level diagnostic tests.
Pro-tests Conducting pre-tests of WOI'.d reading
and word understanding.
2 First and second training sessions.
Training sessions Third and fourth training sessions.
4 Fifth and sixth training sessions.
. Conducting immediate post-tests of word reading and
4 Immediate post-tests, ELS and SUS word understanding, ELS and SUS questionnaires.
6 Follow-up tests Conducting follow-up tests of Word reading
and word understanding.

5.4.4 Results

Forty-seven participants with a mean age of 10.09 (SD = 1.3) were included in this experiment.
They were chosen from 21 primary schools in the KSA (Jeddah, Tabuk and Alwajh). Figure

presents the characteristics of participants.

Grade percentage Age percentage Dyslexia type percentage  Reading skill level percentage
12.77 12.77% 4.30% 2.10% 430 6.40%
* ) 8.50% t ’
12.77%
40.40%
31.91% 25.50% -
29.79%
23.40%
® Grade 2 = Grade 3 = Grade 4 w7years =8years =9 years =LPD =VLD %51 =52 #§3
Grade 5 = Grade 6 10 years =11years =12years
=13 years

Figure 5.12: Experiment 3: Participant characteristics.

The participants were assigned to the control group (n = 24, mean age = 10.04 years, SD = 1.27)
or the experimental group (n = 23, mean age = 10.13 years, SD = 1.36), balanced by age, grade,

dyslexia type, reading skill level and pre-test results of reading seen and unseen words, and word
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understanding. There was no statistically significant difference between the means of each group in
either age (p = 0.878 > 0.05), the pre-test result of reading seen words (p = 0.754 > 0.05), the pre-
test result of reading unseen words (p = 0.698 > 0.05) or the pre-test result of word understanding
(p =0.439 > 0.05).

All participants completed the experiment.

The results of each hypothesis are described in the following sections.

5.4.4.1 Learning Gain of Reading Seen Words

Short-term Hypothesis (H3.1) about short-term learning gain of reading seen words was tested.
Table shows the experimental group had greater immediate post-test scores and short-term
learning gains of reading than the control group. These findings reveal that matching learning
material to both dyslexia type and reading skill level had a positive effect on short-term learning

gain of reading seen words.

Table 5.11: Experiment 3: Control and experimental group results of pre-test, immediate post-
test, follow-up test, short- and long-term learning gain of reading seen words.

. Short-term Long-term
Immediate Follow-up . . . .
Pre-test learning gain of learning gain of
Group N post-test test . .
reading seen words | reading seen words
Mean | SD | Mean | SD | Mean | SD | Mean SD Mean SD
Control 24 | 454 | 211 | 583 | 1.74| 588 | 1.75 | 1.29 1.16 1.34 2.01
Experimental | 23 | 4.78 | 2.15| 839 |1.62| 874 | 1.25| 3.61 1.23 3.96 1.64

The significance of the short-term learning gain of reading seen words was tested. As the short-term
learning gain score distributions in the control group were not normally distributed (Shapiro-Wilk’s
test p < 0.05), an independent sample Mann—Whitney U test was run to determine if there were
differences in short-term learning gain scores between the experimental and control groups. The
results showed that the short-term learning gain scores for the experimental group (median = 4)
were statistically significantly higher than the control group (median = 1), as shown in Figure
5.13, U = 52, Z = 4.85, p < 0.001. The finding had a large effect size (r = 0.71). As a result,
H3.1 is confirmed, and it can be concluded that matching learning material to dyslexia type and
reading skill level yields significantly better short-term learning gain of reading seen words than

not matching.

Long-term Hypothesis (H3.2) about long-term learning gain of reading seen words after two
weeks have elapsed was tested. Table shows the experimental group had greater follow-up test
scores and long-term learning gains of reading than the control group. These findings reveal that
matching learning material to both dyslexia type and reading skill level had a positive effect on
long-term learning gain of reading seen words.

The significance of the long-term learning gain of reading seen words was tested. As long-term
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Figure 5.13: Experiment 3: Box plot for the results of short-term learning gain of reading seen
words.

learning gain scores for both groups were normally distributed, as determined by Shapiro—Wilk’s
test (p > 0.05), an independent sample t-test with an alpha level of 0.05 was run to determine
if there were differences in long-term learning gain scores between the experimental and control
groups. Learning gain scores for both groups were homogeneous in variance, as determined by
Levene’s test for the equality of variances (F' = 0.574, p = 0.452). Based on the means of long-term
learning gain, the experimental group had larger long-term learning gains than the control group,
with a statistically significant difference of 2.63, ¢(45) = 4.89, p < 0.001 (see Figure [5.14). The
finding had a very large effect size (Cohen’s d = 1.43). As a result, H3.2 is confirmed, and it
can be concluded that matching learning material to dyslexia type and reading skill level yields

significantly better long-term learning gain of reading seen words than not matching.

5.4.4.2 Learning Gain of Reading Unseen Words

Short-term Hypothesis (H3.3) about short-term learning gain of reading unseen words was
tested. Table shows the experimental group had greater immediate post-test scores and short-
term learning gains of reading than the control group. These findings reveal that matching learning
material to both dyslexia type and reading skill level had a positive effect on short-term learning

gain of reading unseen words.

The significance of the short-term learning gain of reading unseen words was tested. As the short-

term learning gain score distributions in the control group were not normally distributed (Shapiro—
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Figure 5.14: Experiment 3: Box plot for the results of long-term learning gain of reading seen
words.

Table 5.12: Experiment 3: Control and experimental group results of pre-test, immediate post-
test, follow-up test, short- and long-term learning gain of reading unseen words.

. Short-term Long-term
Immediate Follow-up . . . .
Pre-test learning gain of learning gain of
Group N post-test test A R
reading unseen words | reading unseen words
Mean | SD | Mean | SD | Mean | SD | Mean SD Mean SD
Control 24| 296 | 2.05 3.5 2.02 | 358 |[215 | 0.54 1.02 0.62 1.09
Experimental | 23 | 3.17 | 217 | 6.13 | 1.77| 6.78 | 1.35 | 2.96 1.39 3.61 1.64

Wilk’s test p < 0.05), an independent sample Mann-Whitney U test was run to determine if
there were differences in short-term learning gain scores between the experimental and control
groups. The results showed that the short-term learning gain scores for the experimental group
(median = 3) were statistically significantly higher than those for the control group (median = 0.5),
as shown in Figurem U =43, 7 =5.06, p < 0.001. The finding had a large effect size (r = 0.74).
As a result, H3.3 is confirmed, and it can be concluded that matching learning material to dyslexia
type and reading skill level yields significantly better short-term learning gain of reading unseen

words than not matching.

Long-term Hypothesis (H3.4) about long-term learning gain of reading unseen words after two
weeks have elapsed was tested. Table [5.12]shows the experimental group had greater follow-up test
scores and long-term learning gains of reading than the control group. These findings reveal that

matching learning material to both dyslexia type and reading skill level had a positive effect on
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Figure 5.15: Experiment 3: Box plot for the results of short-term learning gain of reading unseen
words.

long-term learning gain of reading unseen words.

The significance of the long-term learning gain of reading unseen words was tested. As the long-term
learning gain score distributions in the control group were not normally distributed (Shapiro-Wilk’s
test p < 0.05), an independent sample Mann—Whitney U test was run to determine if there were
differences in long-term learning gain scores between the experimental and control groups. The
results showed that the long-term learning gain scores for the experimental group (median = 4)
were statistically significantly higher than the control group (median = 0), as shown in Figure
5.16, U = 38.5, Z = 5.12, p < 0.001. The finding had a large effect size (r = 0.75). As a result,
H3.4 is confirmed, and it can be concluded that matching learning material to dyslexia type and
reading skill level yields significantly better long-term learning gain of reading unseen words than
not matching.

5.4.4.3 Learning Gain of Understanding Seen Words

Short-term Hypothesis (H3.5) about the short-term learning gain of understanding seen words
was tested. Table [5.13 shows the experimental group had greater immediate post-test scores and
short-term learning gains of understanding than the control group. These findings reveal that
matching learning material to both dyslexia type and reading skill level had a positive effect on

short-term learning gain of understanding seen words.

The significance of the short-term learning gain of understanding seen words was tested. As short-
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Figure 5.16: Experiment 3: Box plot for the results of long-term learning gain of reading unseen
words.

Table 5.13: Experiment 3: Control and experimental group results of pre-test, immediate post-
test, follow-up test, short- and long-term learning gain of understanding seen words.

. Short-term Long-term
Immediate Follow-up . . . .
Grou N Pre-test osttest test learning gain of learning gain of
p P understanding seen words | understanding seen words
Mean | SD | Mean | SD | Mean | SD | Mean SD Mean SD
Control 24 4.5 2.5 6.13 | 217 | 6.25 1.8 1.63 1.5 1.75 2.07
Experimental | 23 4 217 | 765 | 175 | 817 |1.19| 3.65 1.8 4.17 2.06

term scores for both groups were normally distributed, as determined by Shapiro-Wilk’s test (p >
0.05), an independent sample t-test with an alpha level of 0.05 was run to determine if there
were differences in short-term learning gain scores between the experimental and control groups.
Learning gain scores for both groups were homogeneous in variance, as determined by Levene’s
test for the equality of variances (F' = 0.145, p = 0.705). Based on the means of short-term
learning gain, the experimental group had larger short-term learning gains than the control group,
with a statistically significant difference of 2.02, ¢(45) = 4.205, p < 0.001 (see Figure [5.17). The
finding had a very large effect size (Cohen’s d = 1.22). As a result, H3.5 is confirmed, and it
can be concluded that matching learning material to dyslexia type and reading skill level yields

significantly better short-term learning gain of understanding seen words than not matching.

Long-term Hypothesis (H3.6) about long-term learning gain of understanding seen words after
two weeks have elapsed was tested. Table shows the experimental group had greater follow-up

test scores and long-term learning gains of understanding than the control group. These findings
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Figure 5.17: Experiment 3: Box plot for the results of short-term learning gain of understanding
seen words.

reveal that matching learning material to both dyslexia type and reading skill level had a positive
effect on long-term learning gain of understanding seen words.

The significance of the long-term learning gain of understanding seen words was tested. As long-
term scores for both groups were normally distributed, as determined by Shapiro-Wilk’s test (p >
0.05), an independent sample t-test with an alpha level of 0.05 was run to determine if there were
differences in long-term learning gain scores between the experimental and control groups. Learning
gain scores for both groups were homogeneous in variance, as determined by Levene’s test for the
equality of variances (F' = 0.120, p = 0.730). Based on the means of long-term learning gain, the
experimental group had larger long-term learning gains than the control group, with a statistically
significant difference of 2.42, ¢(45) = 4.024, p < 0.001 (see Figure [5.18). The finding had a very
large effect size (Cohen’s d = 1.17). As a result, H3.6 is confirmed, and it can be concluded
that matching learning material to dyslexia type and reading skill level yields significantly better

long-term learning gain of understanding seen words than not matching.

5.4.4.4 Learner Satisfaction

The results of the seventh hypothesis (H3.7) about learner satisfaction are presented in this section.
Satisfaction was calculated for each component, as shown in Table [5.14] The results indicated that
the experimental group had higher mean learner satisfaction scores in terms of the learning content,

the system personalisation and the system interface than the control group.
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Figure 5.18: Experiment 3: Box plot for the results of long-term learning gain of understanding
seen words.

Table 5.14: Experiment 3: Satisfaction scores of learners with dyslexia.

ELS components Satisfaction of control group | Satisfaction of experimental group
Mean SD Mean SD
Learning content 3.83 0.63 4.74 0.44
System personalisation | 3.96 0.83 4.72 0.47
System interface 4.32 0.5 4.68 0.29
General satisfaction 4.1 0.45 4.7 0.33
According to the analysis of the learners’ satisfaction, the experimental group (mean = 4.7,

SD = 0.33) had greater mean general satisfaction scores than the control group (mean = 4.1,
SD = 0.45), implying that matching learning material to dyslexia type and reading skill level pos-
itively affected learner satisfaction.

The significance of the learner satisfaction scores was tested. As the learner satisfaction scores in
the experimental group were not normally distributed (Shapiro-Wilk’s test p < 0.05), an indepen-
dent sample Mann—Whitney U test was run to determine if there were differences in satisfaction
scores between the experimental and control groups. The results showed that the general learner
satisfaction score for the experimental group (median = 4.8) was statistically significantly higher
than the control group (median = 4.15), as shown in Figure U =68, Z =4.44, p < 0.001.
The finding had a large effect size (r = 0.65). As a result, H3.7 is confirmed, and it can be con-

cluded that matching learning material to dyslexia type and reading skill level yields significantly
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better learner satisfaction than not matching.
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Figure 5.19: Experiment 3: Box plot for the results of learners’ satisfaction.

5.4.4.5 Perceived Level of Usability
The results of the eighth hypothesis (H3.8) about perceived level of usability are presented in this

section. The usability scores for the matched version of DTRSLT (mean = 93.04, SD = 7.38)
and the non-matched version (mean = 82.4, SD = 11.88) were acceptable, as both average scores

were greater than 70, implying that both versions were perceived as usable and valuable in learning

(Bangor et al., 2008).

To obtain a deeper understanding of whether adaptation significantly impacts the perceived level
of usability, the two conditions were compared. As the data in both groups were not normally
distributed (Shapiro-Wilk’s test p < 0.05), an independent sample Mann—-Whitney U test was
run to compare the two conditions. The results indicated that the general usability score of the
matched version (median = 95) was statistically significantly higher than the non-matched version
(median = 85), as shown in Figure U = 107.5, Z = 3.61, p < 0.001. The finding had a
large effect size (r = 0.53). As a result, H3.8 is confirmed, and it can be concluded that matching
learning material to dyslexia type and reading skill level results in significantly higher levels of

perceived usability than not matching.

5.4.5 Discussion

This study differs from earlier research on dyslexia in that it investigates the benefit of adaptation

based on a combination of two distinct characteristics of learners with dyslexia: dyslexia type and
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Figure 5.20: Experiment 3: Box plot for the results of perceived usability level.

reading skill level. The study assessed learning gain of reading seen and unseen materials and
learning gain of word understanding (immediately at the end of the course and after a two-week
delay), learner satisfaction and learner perception of the usability of the learning material.

This study was affected by Covid-19 and was conducted remotely via Microsoft Teams due to school
closures.

This study contributes to current research by confirming that the combination of both dyslexia

type and reading skill level of learners with dyslexia in adaptive e-learning is a significant factor

in enhancing their learning (Alghabban and Hendley, |2022a, 2023). As with Studies 1 and 2, a

distinctive aspect of this study was the investigation of the effectiveness of adaptation by con-

ducting a carefully designed and controlled experiment with a reasonable number of participants

(Alghabban and Hendley, 2022al 2023). The effect of adaptation based on a combination of two

or more characteristics of learners with dyslexia was a significant gap that was unaddressed in the

previous research, leading to difficulty in interpreting the effectiveness of the proposed systems

(Benmarrakchi et al. [2017¢; |Alsobhi and Alyoubi, 2019, 2020} |[El Fazazi et al., 2021). Even so,

Benmarrakchi et al.| (2017c), |Alsobhi and Alyoubi (2020) and [El Fazazi et al| (2021) pointed to

the need to consider the various characteristics of learners with dyslexia to improve their learning

process. This issue was considered in this study (Alghabban and Hendley| 2022al, [2023]).

The results of the significant learning gain for both reading (Alghabban and Hendley, 2023)) and

understanding obtained in the condition where the system adapts to both dyslexia type and read-
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ing skill level are consistent with Study 1 that considers dyslexia type (Alghabban and Hendley,
2020a,b) and with Study 2 that considers reading skill level (Alghabban and Hendley, 2021; |Al-
ghabban et al., 2021} |Alghabban and Hendley, [2022b)). The learning gains achieved in this study
are clear in the short term, and the benefit persists over the long term, as seen in Study 1.

This study also found that this adaptation, based on the combination of dyslexia type and reading
skill level, significantly improved learning gain for reading new words (Alghabban and Hendley)
2023)), as seen in Study 2, and that this effect persists rather than being only a short-term effect.
This suggests that adaptation based on two characteristics of learners with dyslexia leads to an
improvement in generalisation (Alghabban and Hendley, 2022al 2023)).

This study’s results are consistent with the results of Studies 1 and 2 regarding learners’ satisfac-
tion. Learners with dyslexia were more likely to be satisfied and motivated when learning material
was matched to both dyslexia type and reading skill level (Alghabban and Hendley, 2022a, 2023).
Finally, the high level of perceived usability in the matched version can be interpreted in line with
Studies 1 and 2, where learners perceived the usability of the two versions differently. Because
the two versions were identical in layout and interface except for the words used in the activities,
the difference between the two conditions in perceived usability cannot be attributed to the user
interface. Rather, it can be attributed to adapting the material to dyslexia type and reading skill
level. This suggests that learners are aware of when a lesson is more suited to their needs and that
this affects their perception of the quality of the course.

To sum up, this study investigated the impact of adapting learning material based on the combina-
tion of dyslexia type and reading skill level of learners. The results confirmed all hypotheses. The
results indicated that adapting learning material based on these two characteristics of learners with
dyslexia leads to a significant improvement in both short- and long-term learning gain of reading
seen and unseen materials and both short- and long-term learning gain of word understanding.

Adaptation also enhances learner satisfaction and perceived level of usability.

5.5 Overall Discussion

This research contributes to recent research on adaptive e-learning and dyslexia by presenting
evidence for the importance of adapting learning material to meet the different needs of learners
with dyslexia in e-learning environments. The work sheds light on the benefit of adaptation based
on two characteristics of learners with dyslexia: dyslexia type and reading skill level. The effect
of adaptation based on characteristics of learners with dyslexia is a significant gap that was not
addressed and evaluated in previous research.

This work shows that adaptation based on each characteristic alone (dyslexia type in Experiment 1
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and reading skill level in Experiment 2) and combining them (in Experiment 3) enhances learners’
learning gain of word reading and word understanding and that this effect persists rather than
being only a short-term effect. It also shows an enhancement in learning gain for reading new
words (both for short- and long-term effects), which shows an improvement in generalisation.
This work shows that learners are more satisfied and engaged when material is matched to their
characteristics than when they must work with non-matched material. It also shows that the
perceived level of usability when learning material is matched to learner characteristics is greater
than when it is not matched. This suggests that learners are aware of when a lesson is more suited
to their needs and that this affects their perception of the quality of the course.

This research planned to measure reading speed in Experiment 3; however, the data collected were
not reliable.

A summary of the outcomes of all experiments is presented in Table

Table 5.15: A summary of the outcomes of experiments.

Experiment 1 | Experiment 2 | Experiment 3
Outcomes Group

Mean SD Mean SD Mean SD

Short-term learning gain Control 0.60 1.43 1.57 1.8 1.29 1.16
of reading seen words Experimental | 3.35 1.84 4.6 1.67 3.61 1.23
Long-term learning gain Control 1.55 1.69 N/A N/A 1.34 2.01
of reading seen words Experimental | 3.90 | 213 | N/A | N/A | 3.96 | 1.64
Short-term learning gain Control N/A N/A 0.38 0.74 0.54 1.02
of reading unseen words | Experimental | N/A | N/A | 2.65 1.5 2.96 1.39
Long-term learning gain Control N/A N/A N/A N/A 0.62 1.09
of reading unseen words Experimental | N/A | N/A | N/A | N/A | 3.61 1.64
Short-term learning gain Control N/A N/A N/A N/A 1.63 1.5
of understanding seen words | Experimental | N/A N/A N/A N/A 3.65 1.8
Long-term learning gain Control 1.27 1.64 N/A N/A 1.75 2.07
of understanding seen words | Experimental | 3.6 1.98 | N/A | N/A | 417 2.06
. . Control 4.68 0.38 4.23 0.44 4.1 0.45

Learner satisfaction

Experimental 4.9 0.18 4.77 0.13 4.7 0.33
Perceived level of usability Control 85.63 9.93 84.76 | 12.09 82.4 11.88
Experimental 96 6.46 96.25 3.39 93.04 7.38

Within this research, the researcher did not seek to investigate whether the two dyslexia types
(LPD and VLD) each benefitted. Rather, the researcher aggregated the effect across both types.
However, out of curiosity, the researcher repeated the analysis for each of the two dyslexia types
separately. This is summarised in Table Whilst caution should be applied to drawing strong
conclusions, it appears that learners with each dyslexia type benefit from the matching of learning

material to their dyslexia type.

136



Table 5.16: A comparison of the effect between learners with LPD and VLD.

Experiment 1

Experiment 3

Outcomes Dyslexia type Group
N | Mean | SD | Comparison | N | Mean | SD | Comparison
Short-term Control 8 0.88 2.03 | t(17) =251 | 3 1.33 0.58 U =25
. . LPD Z =1.86
learning gain p = 0.011
of reading Experimental | 11 3.18 1.94 7 3.14 1.35 p = 0.062
seen words VLD Control 12 0.42 0.9 t(19) =5.23 | 21 | 1.29 1.23 | t(35) =6.33
Experimental 3.56 1.81 p <0.001 16 | 3.81 1.17 p <0.001
Long-term LPD Control 2 245 | t(15) =149 | 3 1.33 1.53 t(8) = 1.78
learning .gain Experimental | 10 3.9 2.69 p = 0.079 7 3 1.29 p = 0.056
of reading Control 11 | 127 | 1.000 | t(19) =47 | 21| 1.33 | 2.11 | t(35) = 4.79
seen words VLD
Experimental | 10 3.9 1.52 p <0.001 16 | 4.38 1.63 p <0.001
. U=l
Shor:t-terntl LPD Control N/A| N/A | N/A N/A 3 0.33 0.58 7— 297
learning gain
of reading Experimental | N/A | N/A | N/A 7 2 1 p = 0.023
unseen words VLD Control N/A| N/A | N/A N/A 21 | 0.75 1.08 | t(35) =7.01
Experimental | N/A | N/A | N/A 16 | 3.38 1.36 p <0.001
U=25
- 5
Long terrr} LPD Control N/A | N/A | N/A N/A 3 0.67 1.15 7 — 189
learning gain B
of reading Experimental | N/A | N/A | N/A 7| 270 | 138 | P=0059
unseen words VLD Control N/A| N/A | N/A N/A 21 | 0.62 1.12 | t(35) =7.48
Experimental | N/A | N/A | N/A 16 4 1.63 p <0.001
U=3
Short-term LPD Control N/A | N/A | N/A N/A 3 0.33 1.15 7 — 173
learning gain Experimental | N/A | N/A | N/A 7| 314 | 241 p = 0.084
of understanding U =54
seen words VLD Control N/A | N/A | N/A N/A 21 | 1.81 1.47 7 — 356
Experimental | N/A | N/A | N/A 16 | 3.88 15 p <0.001
U=14
; 5) — 5
Long-term LPD Control 7 1.43 2.3 f(pl‘ﬂ 5013.39 3 1.33 0.58 7 =15
learning gain Experimental | 10 3.5 2.17 ' 7 3.57 2.88 p =0.123
of understanding T =15
seen words VLD Control 11 118 | 1.17 7 772 ;4 21 | 1.81 2.2 t(35) =4
P p <0.001
Experimental | 10 37 | 1.89 p=0003 16| 444 | 1.63
‘ U=175 | . - -
LPD Control 8 4.68 0.34 7 — 944 3 4.5 0.36 t(S)ifo(Z;)S
Learner Experimental | 11 | 4.95 | 0.15 p=0.015 7 | 444 | 048 ’
satisfaction T =35
VLD Control 12 4.68 0.42 7 B 0 7; 21 4.04 0.44 t(35) = 6.8
e p <0.001
Experimental | 9 484 | 0.21 p =043 16 | 482 | 0.15
: U=85 |, - - -
LPD Control 8 86.88 9.3 7 =305 3 85 2.5 t(s)i—oli(;gﬂ
Perceived level Experimental | 11 97.5 6.02 p = 0.002 7 90.7 9.4 ’
of usability T=%6
VLD Control 12 84.79 10.6 tl()lg) 0:0?63 21 | 82.02 | 12.67 7 — 1.04
Experimental | 9 | 94.17 | 6.8 16 | 94.06 | 6.38 p =029

5.6 Conclusion

This chapter has presented the results of the evaluation of matching learning material to dyslexia

type and reading skill level of learners with dyslexia in terms of learning gain of word reading, learn-

ing gain of word understanding, learner satisfaction and perceived level of usability. This evaluation

employed the experimental evaluation approach and conducted a carefully designed and controlled

experiment with participants engaged in a realistic learning environment. This approach has been

considered an appropriate method for evaluating adaptive e-learning systems (Brown et al., 2009;
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Paramythis et al., 2010; |[Akbulut and Cardak, |2012; Truong, [2016). All of the experiments empha-
sised careful investigation, sound experimental design and precise reporting of findings. Previous
related works lack carefully designed experiments or use small sample sizes (Benmarrakchi et al.,
2017a,blc; [Ouherrou et al., 2018; [El Kah and Lakhouajal [2018; |Aldabaybah and Jusohl 2018 |Al-
Dawsari and Hendley, [2021)).

In this research, three experiments were conducted, each having specific objectives and hypotheses.
Experiment 1 investigated the impact of adaptation based on dyslexia type. Every learner in the
experimental group received customised learning material according to their dyslexia type. In con-
trast, learners in the control group received generic material. According to the findings, matching
learning material to dyslexia type results in significantly better short-term learning gain of read-
ing and shows the persistence of this gain and word understanding in the long term compared to
non-matched material. In addition, matching learning material based on dyslexia type achieves
significantly better learner satisfaction and perceived level of usability.

Experiment 2 investigated the impact of adaptation based on reading skill level. Every learner
in the experimental group received customised learning material according to their reading skill
levels. Learners in the control group received generic material. According to the findings, matching
learning material to the reading skill level of learners with dyslexia results in significantly better
short-term learning gain of reading, learner satisfaction and perceived level of usability compared to
non-matched material. In addition, matching learning material based on reading skill level showed
the most significant generalisation for reading new words in the short term.

Experiment 3 investigated the impact of adaptation based on combining dyslexia type and reading
skill level. Every learner in the experimental group received customised learning material according
to their dyslexia type and reading skill level. In contrast, learners in the control group received
generic material. Matching learning material to both dyslexia type and reading skill level of learn-
ers with dyslexia yields significantly better short-term learning gain of reading, persistence of this
gain in the long term, learner satisfaction and perceived level of usability compared to non-matched
material. In addition, matching learning material based on the combination of these two charac-
teristics of learners with dyslexia showed a greater generalisation for reading new words in both
the short and the long term compared to the non-matched material. Short-term learning gain of
word understanding and persistence of this understanding in the long term were also greater when
learning material was matched to these two characteristics than when it was not matched.
Although the types of dyslexia targeted in this work are the most common in Arabic, and the
selected reading skills are basic skills, other dyslexia types and reading skills could also be incor-

porated to investigate their impact on the learning experience. The experiments were conducted
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with female Arabic learners with dyslexia in primary schools. It is probable that these results can
be generalised to other languages, to male learners and to other age groups or to other learning
domains, but that generalisation is not answered by this work and will require further investigation.
The next chapter will offer more details about the limitations of this work and recommendations

for future research.
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Chapter 6

Conclusion

6.1 Introduction

This chapter first summarises the work done in this research and then discusses the main questions.
It also discusses the main contributions of this research to the literature. Lastly, this chapter reviews
the limitations of this work and how these limitations can be addressed in future research.

This chapter is based on the content published in the following papers: [Alghabban and Hendley
(2020ayb;, 2021)); |Alghabban et al. (2021); |Alghabban and Hendley| (2022aljb, [2023).

6.2 Summary of the Work

From the literature presented in Chapters|2land |3} this research concluded that each individual with
dyslexia has different characteristics, such as preferences, knowledge level and dyslexia type. There-
fore, it is essential to consider these different needs and characteristics of learners with dyslexia to
provide an effective learning environment and enhance their learning. This can be achieved through
adaptive e-learning.

The literature has proposed several adaptive e-learning systems for learners with dyslexia by con-
sidering different aspects, such as knowledge level, learning style, preferences and type of dyslexia.
However, the conclusions lack a well-designed and implemented experimental evaluation, making
it difficult to assess the effectiveness of the proposed systems. For this reason, this work aimed to
investigate the impact of matching learning material based on two basic characteristics of learn-
ers with dyslexia (dyslexia type and reading skill level) on the learning experience of learners by
conducting several carefully designed and controlled experiments with an empirical evaluation in
terms of learning gain of word reading, learning gain of word understanding, learner satisfaction
and perceived level of usability.

To achieve this research aim, Chapter 4] presented the proposed framework for evaluating the impact

of matching learning material based on the characteristics of learners with dyslexia. To support
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the experiments, this research designed and built a dynamic, web-based e-learning system called
Dyslexia Type and Reading Skill Level Training (DTRSLT) as an instantiation of the adaptive
e-learning framework. This adaptive e-learning framework includes three main components to pro-
duce the adaptation: the learner model, the domain model and the adaptation model. It also
includes two auxiliary components: the interaction module and the interaction data modeller. The
DTRSLT system utilises a simple, three-tier architecture, which includes client, server and data
storage. The details of each tier are covered in Chapter 4l DTRSLT was built to support controlled
experiments. The DTRSLT system provides different reading activities. There are two versions of
DTRSLT to support the experimental conditions: one for the experimental group and another for
the control group. The experimental group used the matched version of the e-learning system that
matches learning material to the learner’s targeted characteristic(s), while the control group used
the non-matched version that provides generic learning material. The system layout and interface
were identical for both groups. The only difference was the provided learning material.

Chapter [5] presented the results of the evaluation of matching learning material to dyslexia type
and reading skill level. Experiment 1 investigated the impact of matching learning material based
on dyslexia type in terms of short- and long-term learning gain of reading seen words, long-term
learning gain of understanding seen words, learner satisfaction and perceived level of usability.
Experiment 2 investigated the impact of matching learning material based on reading skill level
in terms of short-term learning gain of reading seen and unseen words, learner satisfaction and
perceived level of usability. Finally, Experiment 3 investigated the impact of matching learning
material based on both dyslexia type and reading skill level in terms of short- and long-term learn-
ing gain of reading seen and unseen words, short- and long-term learning gain of understanding
seen words, learner satisfaction and perceived level of usability. The results of these experiments

are summarised in the following section.

6.3 Research Questions Re-visited

This work aimed to investigate the impact of matching learning material (based on the different
characteristics of learners with dyslexia) on their learning experience. Therefore, it attempted to
address the following key research question:

Does matching e-learning material based on the characteristics of learners with
dyslexia improve those learners’ experience of learning?

Different characteristics can be considered, such as learning style, personality, knowledge level and
dyslexia type. However, including all these characteristics to answer this broad question was diffi-

cult due to practical and time constraints. Therefore, this research made this question more specific
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by focusing on two characteristics of learners with dyslexia, dyslexia type and reading skill level, as
they are significant in education (Felder and Silvermanl, [1988; [Essalmi et al., [2010; Klasnja-Milicevic
et al., 2011} [Friedmann and Haddad-Hannay, [2014; Friedmann and Coltheart, 2016). Hence, the
key research question can be broken down into three specific sub-questions as follows:

Research Question 1: Does matching e-learning material based on dyslexia type im-
prove learning gain compared to non-matched material, and does it achieve a high
level of learner satisfaction and perceived level of usability?

To answer this question, Experiment 1 was conducted with 40 participants to investigate the impact
of matching learning material based on the dyslexia type (see Section . The findings indicated
that matching learning material to dyslexia type yields significantly better short- and long-term
learning gain of reading seen words, long-term learning gain of understanding seen words, learner
satisfaction and perceived level of usability than non-matched material with a medium-to-very-large
effect size.

Research Question 2: Does matching e-learning material based on reading skill level
improve learning gain compared to non-matched material, and does it achieve a high
level of learner satisfaction and perceived level of usability?

To answer this question, Experiment 2 was conducted with 41 participants to investigate the im-
pact of matching learning material based on the reading skill level (see Section . The findings
indicated that matching learning material to reading skill level yields significantly better short-term
learning gain of reading seen and unseen words, learner satisfaction and perceived level of usability
than non-matched material with a large-to-very-large effect size.

Research Question 3: Does matching e-learning material based on a combination of
dyslexia type and reading skill level improve learning gain compared to non-matched
material, and does it achieve a high level of learner satisfaction and perceived level of
usability?

To answer this question, Experiment 3 was conducted with 47 participants to investigate the impact
of matching learning material based on the combination of both dyslexia type and reading skill
level (see Section[5.4). The findings indicated that matching learning material to dyslexia type and
reading skill level yields significantly better short- and long-term learning gain of reading seen and
unseen words, short- and long-term learning gain of understanding seen words, learner satisfaction
and perceived level of usability than non-matched material with a large-to-very-large effect size.
In conclusion, the work done in this thesis highlights the value of matching learning material to
meet the different characteristics of learners with dyslexia in e-learning systems. Specifically, two

characteristics were targeted: the dyslexia type and the reading skill level. Matching the learn-
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ing materials to each characteristic (separately and to both) significantly improves the learning
experience of the learners, in particular, their learning gain of word reading and understanding,
satisfaction and perceived level of usability, compared to the non-matched materials. This work
is also seen as a foundation in adaptive e-learning for people with dyslexia and the beginning of
further research on this topic, with more characteristics of people with dyslexia to be addressed in

future research.

6.4 Summary of Research Contributions

According to Section this research has made several significant contributions in the field of
dyslexia and adaptive e-learning systems, and several papers have already been presented and
published at refereed international conferences. Two peer-reviewed journal articles have also been
published (see Section [L.6)).

This work contributes to the recent research by highlighting the significance of adapting learning
material to different characteristics of learners with dyslexia, specifically, dyslexia type and reading
skill level. Prior works lack experimental evaluations to assess the impact of adaptation on learners’
achievement, which leads to difficulty in understanding the effectiveness of the proposed systems.
When there was an evaluation, most studies relied on collecting informal feedback, which leads
again to difficulty in evaluating the effectiveness of the systems. Where more formal evaluation did
take place, systems were evaluated with a small number of participants, which led to an inability
to draw reliable conclusions. These are significant gaps in current research targeted at dyslexia
in Arabic (Alghabban et al., |2017; Benmarrakchi et al., 2017albyc; [E1 Kah and Lakhouaja, 2018;
Ouherrou et al.l 2018; |Aldabaybah and Jusoh, 2018} Al-Dawsari and Hendley, [2021) and other
languages, such as English (Broadhead et al. |2018} |Sasupilli et al., 2019; Srivastava and Haider,
2020; |Burac and Cruz, [2020; El Fazazi et al., [2021), Malay (Noor et al., [2017; |/Abdul Hamid et al.|
2017; Pang and Jen, |2018) and Spanish (Rello et al., 2017} |Arteaga et al., 2018]). They have not
been investigated or appropriately evaluated in an adaptive e-learning system for learners with
dyslexia.

The major contribution of this work comes from carefully investigating and understanding the
effectiveness of adaptation based on dyslexia type (Alghabban and Hendley} |2020a,b)), reading
skill level (Alghabban et al., 2021; |Alghabban and Hendley, 2021} 2022b)) and the combination of
both dyslexia type and reading skill level (Alghabban and Hendley, 2022al [2023)). This research
is unique in that it is based on theory and practice and used a carefully designed and controlled
experimental evaluation approach that involved a reasonable number of subjects. It analyses and

reports the quantitative findings of three experiments in terms of learning gain, learner satisfaction
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and perceived level of usability. This work is also distinctive in assessing the persistence of learning
gain in the long term and whether the learned content can be generalised to new material (in
both the short and long term). This work also assesses learners’ ability to understand words in
the short term and whether this understanding persisted. This adds originality and novelty by
providing further evidence for the significance of adapting learning material to meet the different

characteristics of learners with dyslexia in e-learning systems.

6.5 Limitations and Future Work

This research has some limitations that should be considered when interpretting the results and

which should be explored in future studies. We describe these below.

In studies like these, there are many possible biases that can affect the outcomes. One example is
the selection of the population of participants in the studies, which may not be representative of the
target population. This affects the extent to which the results can be generalised. In this research,
the researcher sought to minimise this by using multiple sources for participant identification, such
as collaborating with schools and special education experts, to reach a diverse and representative
sample.

The experimental protocol specified that both parents and the child must give consent and that
this can be withdrawn at any time. This could introduce some bias: Parents who consent to
their child participating in a study may have specific characteristics, such as educational level or
greater involvement in their child’s education. Participants were divided into the two experimental
conditions, balanced by age, grade, pre-test results, and other characteristics (dyslexia type and/or
reading skill level). The two groups were homogeneous in terms of native language and gender.
There was no significant difference between the means of each group in either age or the pre-test
results. There was not an attempt to balance by socio-economic characteristics and so it is possible
that one condition was biased in this way.

There is a risk that knowledge of which experimental condition the participant is in can influence
the behaviour of both the participants and the experimenter. For this reason, the experiment was
double-blind — neither the participant or experimenter were aware of the condition to which a
participant was allocated.

For cultural reasons within KSA, only female subjects were used in these studies. Any conclusions
drawn from the sample may not be generalisable to males and so further work should be done to

repeat the studies with male participants.

In each experiment, this research assessed the impact of adaptation on the learning experience of

learners with dyslexia by measuring learning gain of word reading, learning gain of word under-
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standing, learner satisfaction and perceived level of usability. This research measured learning gain
of reading and understanding immediately after completion of the experiment to document how
much the learners had gained. This research measured them again two weeks after the completion
of the experiment to assess whether the learning gains of reading and understanding were persistent.
Two weeks was a sufficient period to assess the persistence of learning gain. It might be interesting
to assess the persistence of learning gain in the longer term (beyond one academic semester or a
year).

This research targeted measuring reading speed in this work, as learners with dyslexia experience a
deficit in reading speed (Miller-Shaul, |2005; Suarez-Coalla and Cuetos, 2012; Martelli et al., 2014).
Reading speed can be considered a trustworthy measure of word decoding fluency for learners with
dyslexia (Layes et al.l [2015b). However, the data collected were not reliable because the experi-
ment was conducted remotely, and the Internet connections were not always stable. Therefore, it
is possible to extend this work by measuring reading speed as another metric. This work can also
be extended by measuring learners’ motivation, as little attention has been paid to this metric in
adaptive e-learning systems for learners with dyslexia. Learners’ motivation can be measured using
the dropout rate as an indirect proxy for engagement (Ghaban and Hendley, 2018). This means
that learners who are more engaged will use the e-learning system for longer and that this, in turn,
leads to improved learning outcomes.

This work did not aim to consider, separately, how participants with the two different dyslexia
types (LPD and VLD) responded to the matching of learning material. The researcher did perform
a post hoc analysis (presented in Table , but it would be necessary to undertake further studies
in order to be able to draw any reliable conclusions.

The findings of this work were reported using a quantitative methodological approach that was
appropriate to the research questions and measurements. Qualitative methods, such as interview-
ing subjects and observing their behaviour while they interact with an e-learning system, are also
helpful. Observing how learners interact with the system could reveal pertinent information to
support this research conclusion, such as whether they are engaged and their preferences for pre-
senting material in different modes. The data can be analysed using thematic content analysis
(Braun and Clarkel 2006). Observation work should be planned carefully and piloted. Using a
mixed methods (quantitative and qualitative) approach will make the conclusion more reliable and
could also provide different insights.

This work aimed to investigate and understand whether adaptation based on characteristics of
learners with dyslexia, in particular, dyslexia type and reading skill level, is beneficial. This re-

search concluded that adaptation based on each characteristic alone and combining them achieved
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significant improvement in the learning experience of learners. This work did not target whether
comparing the benefits of combining two characteristics would be greater or less than the benefits
of each characteristic alone. Each experiment had its aim, and circumstances, and was conducted
at different times, with different participant profiles. This research believes that the benefits of
adaptation based on the two characteristics will be greater than the benefits of adaptation based
on each characteristic alone. More studies are needed to evaluate that.

Another important point is that the amount of training through the e-learning system was limited.
All sessions were short term, lasting about half an hour for each training session, with two sessions
per a week, distributed over approximately one month. This is true in the case of the training
examined in this work, as approved by special education teachers and as recommended in previous
studies, rather than teaching learners new skills that require long-term sessions. Thus, one pos-
sible suggestion for future work is to repeat the experiments for longer periods of time, such as
one semester, with more learning objects, to determine if learners benefit from a longer learning
experience.

To conduct this research, this research asked primary school learners aged 7-13 years to participate
in experiments due to their ease of access. All experiments were conducted with young girls only
because of the cultural constraints in the Kingdom of Saudi Arabia (KSA) that separate male and
female children in educational institutions. Therefore, only female subjects could be accessed. This
circumstance cannot be avoided and has the advantage of reducing variances between subjects.
The age group and gender restrictions make it difficult to draw conclusions about same-age boys
or older learners. More research is required.

This work targeted dyslexia in Arabic as there is a paucity of studies targeting dyslexia in this
language (Alsswey et al.l 2021), despite the fact that this language is widely spoken and has a
considerable rate of dyslexia (El Kah and Lakhouajal [2015; Benmarrakchi et al., [2017b} |Alghabban
and Hendley| |2020a; |Al-Dawsari and Hendley|, 2022). The orthography and the structure of the
Arabic language differ from those of many other languages. As a result, dyslexia in Arabic is mani-
fested differently from dyslexia in English (AlRowais et al.,[2013). This limits the generalisability of
this research across other languages with transparent orthographies (such as Turkish and Spanish),
with non-transparent orthographies (such as English and French), or with both transparent and
non-transparent orthographies (such as Hebrew). In general, this research believes the findings can
be generalised across other languages, but more studies are needed.

Another limitation of this work is that this research did not consider the severity of dyslexia (mild,
moderate and severe), which differs from person to person. People with mild dyslexia may make

fewer spelling and reading mistakes than those with moderate and severe dyslexia but, neverthe-
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less, not be comparable to peers without dyslexia. People with moderate dyslexia may show more
anxiety and be less engaged and shy when reading. People with severe dyslexia may resist spelling
and reading and feel uncomfortable doing either activity. They make more mistakes when spelling
and reading than people with mild and moderate dyslexia. Therefore, how the method and extent
of learning depend on the severity of dyslexia is an interesting question that requires further inves-
tigation.

This work primarily focused on the two most common types of dyslexia in Arabic: letter position
dyslexia (LPD) and vowel letter dyslexia (VLD). Other types of dyslexia have been identified and
reported for Arabic: attentional dyslexia, neglect dyslexia, visual dyslexia, surface dyslexia and
deep dyslexia (Friedmann and Haddad-Hanna, [2014). These types may overlap, resulting in learn-
ers with more than one type of dyslexia. In order to control the experiments, this research focused
on LPD and VLD, and we did not include learners with other types of dyslexia or learners with
more than one type of dyslexia. This decision limits this research’s generalisability to other types
of dyslexia. In general, this research believes the findings can be generalised across other types of
dyslexia, but more studies are needed.

This work primarily focused on a limited number of reading skill levels: reading letters with short
vowels (S1), reading words with Sakin letter(s) (S2) and reading words with short vowels and Sakin
letter(s) (S3). This was an appropriate decision due to practical constraints. The findings are ex-
pected to be generalisable to other reading skills in Arabic, such as reading words with long vowels,
reading and comprehension of sentences and paragraphs, but further research is required.

Other characteristics need to be considered as input into the adaptation process. Dyslexia type
and reading skill level are only two characteristic of learners with dyslexia. The importance of
learning styles, cognitive styles, personality, and behaviour cannot be ignored (Abdul Hamid et al.,
2017; Benmarrakchi et al., [2017c; El Fazazi et al| 2021). Future studies incorporating these differ-
ent characteristics of learners with dyslexia are needed to investigate their impact on the learning
process. As [Brown| (2007)) states, ‘the nature of learning is obviously very complex, with a large
interplay of factors’ (p. 116) (Brown, |2007). Therefore, adaptive e-learning research based on other
characteristics of learners with dyslexia using carefully designed experiments would be useful.
The comorbidities of dyslexia with other developmental disorders, such as attention-
deficit /hyperactivity disorder (ADHD) and dyscalculia, cannot be ignored (Gooch et al., 2014).
Another possible direction of research is to consider the adaptation of learning based on the co-
occurrence of dyslexia with other disorders. It would be interesting to understand whether adapta-
tion based on the comorbidities of dyslexia with other developmental disorders would be beneficial

to learners.
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Adaptive e-learning systems can adapt different aspects, such as gamification elements, learning
content or the presentation of learning content, according to learner characteristics. This research
focused on adapting learning content to the characteristics of learners with dyslexia. Therefore,
another important area of future research could be to investigate adapting the presentation of con-
tent. Adapting gamification elements to the needs of individuals with dyslexia is important, as their
motivation in e-learning is challenging (Gooch et al., 2016; Abdul Hamid et al. 2018)). The gam-
ification elements could include badges, point scoring, avatars and peer competition (Dominguez
et al., 2013). Another direction involves incorporating and investigating collaborative and social
learning features, such as chatting, sharing with others and question-and-answer forums. Social
features and gamification elements can be incorporated into adaptive e-learning systems. However,
it is necessary to evaluate each aspect independently before integrating all aspects into the system.
As a whole, the final system must also be carefully evaluated to understand the value.

This research targeted reading skill as it is a language-related skill that has been intensively in-
vestigated in previous research. However, other domains could be addressed, such as spelling and
writing.

Compared with previous research, the sample size of the three experiments was reasonable, espe-
cially as each experiment included 40—47 participants, compared to previous research that included
fewer learners. It was difficult to recruit more participants due to practical constraints. However,
this work can be extended by repeating the experiments with a larger sample size and see if the
same findings will be obtained.

In this work, a dynamic, web-based e-learning system was designed and implemented, as an in-
stantiation of the adaptive e-learning framework, to support the experiments. To make this system
more practical for use by teachers in the classroom in the future, the points described in the fol-
lowing paragraphs should be considered.

In the design of the e-learning system, the content of the course in the domain model remained
fixed throughout each experiment. The content in the domain model cannot be updated because
the e-learning system does not provide this functionality. This research did not focus on the domain
model. The content of the domain model was built to illustrate a particular aspect of the system
relevant to the reading course. To make this system more practical in the classroom, this research
suggests including the ability to update content in the domain model to comply with course objec-
tives. Also, extra material could be added to increase the number of training sessions.

The learner model in the system was augmented to include a diagnosis of dyslexia type and reading
skill level. This model is instantiated using reliable, offline diagnostic tools. This is important

to be able to build a sound evaluation of the effectiveness of the adaptation and to control the
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experiments in this research. Future enhancements of the system could automate these tests, but
this is challenging.

The adaptation business logic component was built to match training material based on the charac-
teristics of the learners. This is done to fit this research’s aim and maintain controlled experiments.
The content was presented to all learners in the same way and in the same order (the difficulty
level gradually increased from easy to advanced). However, some learners may have prior knowl-
edge of some content; they might become bored with the basic content. Therefore, the system
can be improved to dynamically assess the learner’s current level of knowledge by conducting a
test and then presenting material that suits their knowledge level. Also, learners’ interactions and
behaviours can be monitored and updated continuously, allowing for more accurate and dynamic
learner models to be created.

Another possible direction to increase the practicality of the system would be to incorporate the
concept of open learner modelling. Open learner modelling involves facilitating the process by
which learners can inspect their levels of domain knowledge, preferences, learning progress and
preferred materials to learn.

When using the system, participants had limited control over the learning process in each experi-
ment. They were required to complete the assigned tasks and follow the system’s recommendations
due to the nature of controlled experiments. However, this restriction is inconsistent with construc-
tivism, which emphasises learner control as an important aspect of learning (Ertmer and Newby,
1993). Therefore, the system can be improved by allowing learners to control the learning process

by deciding how and in what order they will approach learning.

6.6 Summary

Individuals with dyslexia have different needs, characteristics and interests. Previous studies have
addressed some characteristics of learners with dyslexia in adaptive e-learning systems. However,
evaluation of these systems has weaknesses which leads to difficulty in understanding the effective-
ness of these systems. From this perspective, this research aimed through this thesis to investigate
and explore the effectiveness of adapting learning material to two characteristics of learners with
dyslexia: dyslexia type and reading skill level. This research did this by conducting three carefully
designed and controlled experiments with the empirical evaluation in terms of learning gain of word
reading, learning gain of word understanding, learner satisfaction and perceived level of usability.
This research has shown that adaptation based on the characteristics of learners with dyslexia has
a significant benefit in enhancing the learning experience of Arabic learners with dyslexia.

This thesis demonstrated the effectiveness of adapting learning material to the characteristics of
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learners with dyslexia. In addition, this research may be used as a basis for further investigation
that includes other aspects of learners with dyslexia to build a dynamic adaptive e-learning system

that ensures learners have the best learning experience.
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Appendix A. Research Ethics Statement

Research Ethics Statement
HCI: Adaptive E-Learning System for Dyslexia
Name of PGR student: Weam Alghabban
Principal supervisor: Robert Hendley

Study Details

The study aimed to understand the impact of adapting learning materials based on the
characteristics of Arabic students with dyslexia on their learning experience by providing
different reading exercises through an adaptive e-learning system. The exercises provided to
each student were adapted based on the dyslexia type and/or reading skill level.

The study was conducted at primary schools in Saudi Arabia. The participants were Arabic-
speaking female students with dyslexia in primary schools who were aged 6—13 years old.

The consent of the parents or guardians of participants was obtained. Only those students
whose parents or guardians gave their permission were eligible to be enrolled in the study.

At the beginning of the study, an overview of the study was provided for the student. Then,
they were asked to provide their demographic information, and were asked to complete
diagnostic tests to identify their dyslexia type and reading skill levels. Diagnostic tests were
available from the Ministry of Education in Saudi Arabia.

At the end of the study, the students were asked to complete 2 post-tests: one after using
the system immediately and the other after 2 weeks, to assess their level of improvement in
reading skill and understanding. Also, students were asked to complete a satisfaction
questionnaire to measure their confidence in using the system and a usability questionnaire
to measure their engagement and motivation.

Participants Recruitment

After getting permission from the Saudi Ministry of Education and the heads of primary
schools, the researcher visited different primary schools and identified potential participants
(students already identified as having dyslexia) to take part in the study with assistance from
teachers. The study was conducted at the student’s school during the school day with their
teacher present. Participants were free to withdraw from the study at any time. Their parents
or guardians were informed that they could withdraw the student from the study by emailing
one of the researchers before the study was completed.

Data Management

The researcher registered each participant in the system. All the data collected from the
participants was encrypted and stored in a secure database. Each participant’s data was
identified by a unique ID that was only accessible to the researcher. An encrypted
connection was used to protect all communication to and from the database. Participants’
IDs, dyslexia types, reading skill levels, and results of the pre- and post-tests were saved. All
data was stored in the University’s BEAR storage facility. Data is archived in university
storage for 10 years.
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Appendix C. Head Teachers’ Consent Form

Dear [ Head Teacher Name],

Thank you for your interest in allowing us to run our study in your school.
Before starting, we require that you carefully read the following information about
the study and indicate whether you agree to contribute learners in your school in
this study.

Introduction: The learners will be enrolled in a study on human computer interaction
field in the School of Computer Science at University of Birmingham. We need your
permission to allow learners in your school to participate in the study as they are younger
than 18 years, and we will ask for her age, grade and to complete diagnostic tests. In
addition, we will inform parents/guardians about the research and offer the
parents/guardians the opportunity to refuse to participate.

Purpose of the studies: This study aims to improve the learning process for learners
with dyslexia. We will use a website that provides different reading exercises to train
learners and then enhance their reading skill.

What should learners do in this study: Atthe beginning of the study, we will collect
some personal information such as name, age and grade. Then, the learner will complete
diagnostic tests to determine dyslexia type and/or reading skill level. Then, the learner
will complete pre-tests that assess her initial reading skill and understanding. After that,
we will sign up the learner on our website. Then, the learner will be asked to login to our
website with our help. After finishing these steps, the learner will use our website that
provides different reading exercises. The learner is free to withdraw from the study at any
time and her research data is permanently removed. She or her parents/guardians only
need to inform us. If the parents/guardians want to completely withdraw the learner from
this study, then they should contact the researchers (at the addresses below). All data
related to learners will then be deleted and removed from the study. If the learner
completes the training sessions, she will take 2 post-tests, one after using the system
immediately and the other one will be after 2 weeks, to assess her learning gain and
understanding. Also, the learner will complete a satisfaction questionnaire to measure her
confidence in using our system and a usability questionnaire to measure her engagement
and motivation.

Time required: The study will require four weeks and the learner can access the
system 8 times (2 sessions per a week), each one for half an hour.

Risks to participants: We will only collect information on learners, including the
diagnostic tests, results of pre-tests, post-tests and follow-up tests. All the collected
information will be anonymous, safely secured and encrypted before being stored in a
secure database. Data will not be disclosed to any 3™ party. Only the researchers will be
able to access the database using specific IDs associated with each participant.
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Benefits to participating: Learners will gain knowledge and enhance their reading
skill. Also, their motivation and engagement will be enhanced.

Participation in this study is voluntary, and the learners are allowed to
withdraw at any time. Please read the preceding information, and then
indicate below if you agree or not with the nature of the study and allow
learners in your school to participate.

o | agree to let the learners in my school to participate in this study.

o ldonotagree to let the learners in my school to participate in this study.

For further information, please do not hesitate to contact us by email:

Name of the head teacher:
Date:
Sighature:
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Appendix D. Parents’ and Guardians’ Consent Form

Dear parent and guardian,

Thank you for your interest in allowing your child to participate in our research.
Before starting, we require that you carefully read the following information about
this study and indicate whether you agree to enroll your child.

Introduction: Your child will be enrolled in a study on human computer interaction
field in the School of Computer Science at University of Birmingham. We are seeking your
permission as your child is younger than age 18 years, and we will ask for her age, grade
and to complete diagnostic tests. For your child to do, we need your permission.

Purpose of the studies: This study aims to improve the learning process for learners
with dyslexia, since they need support from all educational institutions, either special or
general, to help this considerable slice of our society. We will develop a website that
provides different reading exercises to train learners and then enhance their reading skKill.

What your child will be required to do in this study: At the beginning of the study,
we will collect some personal information such as name, age and grade. Then, your child
will complete diagnosis tests to determine dyslexia type and/or reading skill level. Then,
the child will complete pre-tests that assess her initial reading skill and understanding.
After that, we will sign up your child on our website. Then, your child will be asked to login
to our website with our help. After finishing these steps, your child will use our website
that provides different reading exercises. Your child is free to withdraw from the study at
any time. If you want to withdraw your child from the study, then you should contact us
before the completion of the study (by using one of the addresses below). All data related
to your child will then be deleted and removed from the study and will not be used either
in the analysis or in the research. If you do not wish to delete your child's data, the data
will be kept and used confidentially in the analysis.

If your child completes the training sessions, she will take 2 post-tests, one after using
the system immediately and the other one will be after 2 weeks, to assess her learning
gain and understanding. Also, your child will complete a satisfaction questionnaire to
measure her confidence in using our system and a usability questionnaire to measure her
engagement and motivation.

Time required: The study will require four weeks and your child can access the
system 8 times (2 sessions per a week), each one for half an hour.

Risks to participants: There will be nothing within the study which could cause your
child any harm. We will only collect information on your child, including the diagnostic
tests, results of pre-tests, post-tests and follow-up tests. All the collected information will
be anonymous, safely secured and encrypted before being stored in a secure database.
Data will not be disclosed to any 3 party. Only the researchers will be able to access the
database using specific IDs associated with each participant.
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Benefits to participating: Your child will gain knowledge and enhance her reading
skill. Also, your child motivation and engagement will be enhanced.

Participation in this study is voluntary, and your child may withdraw at any
time. Please read the preceding information, and then indicate below if you
agree or do not to allow your child to participate.

o | agree to let my child to participate

o | do not agree to let my child to participate .
For further information, please do not hesitate to contact us by email:

Name of parent or guardian:
Date:
Signature:
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Appendix E. Dyslexia Type Diagnostic Test
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Appendix F. Reading Skill Level Diagnostic Test

5 ) Lgals jay AUl culalll) 3 Cigad) 181 1 oY) amadl)

3f-bﬂ‘ <l jlga HLidl)

2 A Gua
J. 2

€

™ - -
.

Cohd

es

g

o
1:»

23

<

AaSUu) adaliall g 5 juall) culS jally Al culalSY) 80 3l avdl)

a-ai-h

)’.ﬂ;
T

° *°
6 3

P
- -

182




Appendix G. A Sample of Reading Test
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Appendix H. A Sample of Word Understanding Test
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Appendix I. The E-Learner Satisfaction (ELS) Questionnaire

The adapted version of e-learner satisfaction (ELS) questionnaire.
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Appendix J. The System Usability Scale (SUS) Questionnaire

The adapted version of system usability scale (SUS) questionnaire.
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