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Abstract 

Design Strategies and Dyslexia: Improving the Accessibility 

of Course Material for Third-level Students with Dyslexia 

Colm Dunne 

This thesis examines the challenges faced by third-level students with 

dyslexia when reading course material by drawing on information 

obtained directly from students through one-to-one semi-structured 

interviews. By reviewing these challenges in the context of the 

underlying cognitive, neurological, and visual processing issues 

associated with dyslexia, and how these processes interact with specific 

design features of reading material, a series of design considerations to 

make reading material more accessible are derived and their suitability 

discussed. These design strategies seek to address issues considered to 

impact the quality of engagement with course material for students 

with dyslexia. The design strategies are illustrated through their 

application in a series of developmental practice-based outcomes. 
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Chapter 1 

Introduction 

I.I Background 

Dyslexia is a condition that primarily affects the development of 

literacy skills (Ball et al. 20n). Fully developed literacy skills enable 

a person to read and write with independence, understanding, and 

fluency. People with dyslexia often do not acquire a level of literacy 

that is expected in relation to their intellectual development (Hughes 

et al. 2orr). Issues with poor coordination, sequencing, short-term 

memory, and organisation may also be present. It is considered a 

highly individualised spectrum disorder, that is, it can range from 

mild to severe and individuals can exhibit difficulties in different areas 

(Reid 2009 ). The negative impact can go beyond reading, writing and 

spelling and can affect how an individual engages with the world. 

Self-esteem issues can develop and a life-long aversion to any task that 

requires engagement with written content can form. This can have a 

consequence beyond the educational environment and negatively affect 

personal and professional development (Ball et al. 2011). 

International research estimates the condition affects between 6% to 

8% of a given population (Birsh 2ou). Although no exact figure exists 

for Ireland, the Task Force on Dyslexia appointed by the Minister 

of Education in 2001 state that a national study carried out in 1998 

estimated that 10% of children in fifth class had "serious literacy 

difficulties" (Department of Education and Science, 2001, p.xi). 

Although literacy difficulties could be attributed to a range of possible 

factors not just dyslexia, the Task Force on Dyslexia acknowledge 

dyslexia as a major contributor to this .figure. 

I.2 Dyslexia and college 

Students with dyslexia often find it difficult to skim read a book 

extracting key information as quickly as non-dyslexic students (Du 
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Pre et al. 2007). It is also well documented that the process of reading 

for many dyslexic students requires greater effort and concentration. 

Reading can be so mentally demanding that the essential point of the 

task - obtaining and understanding information presented in the text 

- becomes secondary to the process of reading itself. 

With most third level courses there is some literary component. Indeed, 

even with courses that focus on visual thinking or practical application 

of skills there will be some requirement for reading. The literary 

content of a curriculum can be enough to dissuade a potential student 

from doing the course or cause excessive stress that may also affect 

engagement in the non-literary components (Ball et al. 2orr). 

That the high literary content of some third level courses is seen as a 

barrier for dyslexic students is reflected in statistics from the Higher 

Education Statistical Agency in Britain. Their 2002 study showed on 

average the number of dyslexic students in Creative Arts and Design 

courses to be 5.59% while attendance at Law and Medicine to be 

0.98% and 0.87% respectively (James 2003). 

I.3 Rationale 

"And while dyslexic people may struggle operating in our literacy, 

linear world, its worth remembering that this too is changing. The 

continued growth of new media may usher in a more sympathetic 

environment for visual thinkers." (Carson 2005, p.38) 

Increasingly as learning becomes mediated through digital technologies 

it is imperative that dyslexia support materials enable all students' 

access to effective learning. This research aims to formulate a 

critical approach for utilising design methodologies and strategies in 

developing means to improve the accessibility of course material for 

students with dyslexia. The development of non-linear interactive 

reading environments presents an opportunity to improve the reading 

and studying experience of third level students with dyslexia. At 
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present students are often faced with an array of printed reading 

material: textbooks, journals, magazines, project briefs, and lecture 

handouts. These materials are not designed with a dyslexic audience in 

mind and due to the limitations of the medium must be conceived as a 

'one size fits all' presentation. This has the affect that for many dyslexic 

students they must first overcome a significant barrier before they 

reach a level playing field with their non-dyslexic peers. 

1 .4 Research aims and procedure 

The aim of this research project is to investigate the use of design 

strategies to improve the accessibility of course material for students 

with dyslexia. Development and identification of suitable design 

strategies is informed by a comprehensive understanding of dyslexia 

and the challenges the condition presents for third-level students. The 

strategies outlined are an attempt to address issues associated with the 

reading for dyslexic students. Specifically, the research is concerned 

with the process by which dyslexic readers interact with textual 

content, and how this process is influenced by the interaction between 

dyslexia symptoms and design features of reading material. The 

research aim is guided by two research questions: 

r. What challenges do third-level students with dyslexia face when 

engaging with course material? 

2. What design strategies could be applied to the design of course 

material that may ameliorate issues associated with dyslexia? 

The research involves three stages. The first is concerned with 

addressing the first research question. It contains a exploration of the 

underlying cognitive and neurological processes proposed to be causal 

factors of the condition, the influence these processes have on reading 

textual content, and the relationship between different design features 

of reading material and dyslexia. This stage draws on sources focusing 

on dyslexia and with the interaction between design and dyslexia. 
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The second stage is primarily concerned with addressing the second 

research question. It initially involves a qualitative study whereby first

hand information regarding the challenges faced by dyslexic students 

when reading course material is obtained through one-to-one semi

structured interviews. The information obtained from the interview 

is analysed using a thematic analysis methodology and a list of major 

themes is derived which describe the key challenges discussed. 

The second stage involves reviewing the themes derived from the 

student interviews in the context of the research on dyslexia and 

reading development. The purpose of this is to propose a list of 

design strategies that attempt to address the challenges expressed by 

the students. These design strategies are a direct response to issues 

raised and discussed by the students but are also informed by an 

understanding of the condition from a number of perspectives -

cognitive, neurological, visual, and psychological. 

The final stage of the research involves the application of the outlined 

design strategies through the proposal for a prototype reading 

application, and as such, is principally practice-based. The prototype 

is a means to illustrate the proposed design strategies and how they 

could potentially be applied to interactive textual content; it is 

not a proposal for a complete application rather its function is to 

demonstrate how specific features that aim to address the challenges 

outlined could be integrated and presented within a text. 
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Chapter 2 

Cognitive and neurological perspectives 

2.1 Introduction 
This chapter will explore dyslexia from a number of different 

perspectives within the fields of cognitive and neurological research. 

Due to the volume of materiar on dyslexia research and the range 

of disciplines involved the review is broad and only begins to touch 

on the complexity of the subject. From the cognitive viewpoint 

the primary focus is on phonological processing, how it relates to 

dyslexia, and its importance for reading development in general. The 

neurological perspective takes in three main theories; magnocellular 

theory, the cerebellar deficit hypothesis, and the asynchrony 

phenomenon. Due to the inter-related nature of cognitive and 

neurological processes there is some crossover between topics covered. 

2.2 Defining dyslexia 
Many contemporary definitions of dyslexia acknowledge it as a 

spectrum disorder that primarily affects an individual's literacy ability 

(Hughes et al. 20n). The Task Force on Dyslexia, initiated by the 

Department of Education and Science in 2001, defined dyslexia as 

a "continuum of specific learning difficulties" relating to reading, 

writing and spelling (Department of Education and Science, p.15). 

This definition also acknowledges additional symptoms that are not 

always present with literacy difficulties but are common enough to 

be considered secondary features of dyslexia. These are difficulties 

in organisation and time management, sequencing, motor function, 

memory, visual stress, and autornaticity of basic skills. The Dyslexia 

Association of Ireland view 'Dyslexia' as a broad term, which describes 

a range of related cognitive processes and behaviours that are 

manifested most prominently during literacy tasks. These processes 

and behaviours can affect how an individual learns and engages with 

the educational environment (Hughes et al. 20n). The impact of 
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dyslexia is not always confined to literacy difficulties, or the secondary 

features noted above. A view of oneself as somehow inadequate 

or ill-equipped for the demands of many professions can form and 

limit career possibilities. Consequently personal and professional 

development may suffer (Ball et al. 20n). 

The exact cause of dyslexia is unknown, and research has been 

conducted in a number of disciplines in an attempt to understand the 

condition. To most casual observers dyslexia is understood within 

the context of remediation and symptomatic behaviours (Hughes 

et al. 20n). Within academia and research the field of dyslexia 

can be "complex and confusing" (Reid 2009, p.xv), as research 

conducted can encompass behavioural science, cognitive psychology, 

genetics, biology, neurology and educational theory (Everatt and Reid 

2009 ). Furthermore, research can be conducted linking a number of 

disciplines or produce competing theories. Indeed, the term 'dyslexia' 

itself has no consensual definition and its use is not universal. For 

some, current definitions are too imprecise (Elliot and Grigorenko 

2014) or for others symptoms are better categorised under the broader 

label Specific Learning Difficulties (Selikowitz 2012). Regardless, 

most researchers and those involved in remediation acknowledge a 

condition exists that primarily affects literacy development, and this 

condition has a recognisable set of characteristics. 

In an attempt to explain and understand dyslexia it is often 

categorised into sub-types. That is, dyslexic individuals who exhibit 

certain symptoms are often described as having a specific type of 

dyslexia. One broad categorisation divides dyslexia into acquired 

and developmental types. Acquired dyslexia is described as present 

when a previously unaffected individual manifests dyslexia symptoms; 

this is generally as a result of neural trauma (Woollams 2013). 

Developmental dyslexia is defined as an inability to develop literacy 

skills concurrent with normal intellectual development. Learning 

difficulties become apparent as engagement in reading and writing 

begins (Scheepers 2009 ). Other categorisations see dyslexic individuals 
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described as being predominantly phonological or surface types. 

Those who exhibit difficulties reading words that require a 'sounding 

out' such as pseudo-words or unfamiliar words are often described 

as phonological dyslexics. Surface dyslexia relates to difficulties with 

reading in general where the individual shows no sign of phonological 

difficulties (Peterson et al. 2014). 

2. 3 Cognitive perspectives 

2.3.1 Phonological deficit hypothesis 

Phonological awareness refers to the understanding that words are 

comprised of a combination of smaller sound units (phonemes, onset, 

rime, vowels, syllables) and the ability to recognise and intentionally 

manipulate them (Ramus 2013) (Fig. r ). Phonological awareness 

is one part of a greater phonological processing system involved in 

the auditory perception, production, and understanding of speech 

(Puolakanaho 2007). Any task that requires interaction with language 

be it speaking, reading, or writing involves phonological processing. 

Some activities that involve phonological processing are not considered 

to require the conscious awareness of the process involved and are 

done automatically, for example, recalling a conversation mentally. 

This is in contrast to phonological awareness, which requires a 

deliberate and conscious analysis of language at the individual sound 

unit level (Mahfoudhi and Haynes 2009). Learning to read is not 

instinctive; it requires the reader to 'listen' with their eyes. That is, 

the reader must begin to recognise and understand the relationship 

between the letters on the page and the sounds they represent. The 

acquisition of reading proficiency has been described as "a process of 

cryptanalysis or codebreaking" ( Gough, cited in Beaton 2004, p.41). 

Phonological awareness tests are often used as a means to predict the 

progress of reading development in children (Everatt and Reid 2009 ). 

Mahfoudhi and Haynes ( 2009) believe there is a wealth of evidence to 

suggest that there is a reciprocal relationship between the development 
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Y·e·ll ·ow 

Yel·low 

Yellow 

Yellow 

Yellow 

Figure I 

Component sound units. 

8 

Phoneme 
The smallest perceptually distinct 
unit of sound in a word. 

Syllable 
A unit of pronunciation containing a 

single vowel sound, with or without 
consonants. 

Vowel 
A sound unit that forms the nucleus 
of a syllable. 

Onset 
The initial sound unit of a syllable 
that precedes the vowel. 

Rime 
The sound unit that follows a vowel 
within a syllable. 



of phonological awareness and learning to read and spell. One study 

they reference showed evidence that children aged five and six develop 

phonological awareness - specifically the phonemic awareness 

component - conjointly with initial reading development (Perfetti 

et al. 1987). However, some believe that phonological awareness 

develops prior to reading and is a prerequisite for reading development. 

Studies by Goswami and Bryant (1990) suggest that preliterate 

children already have an awareness of alliteration and rhyming, which 

indicates conscious perception of phonological structure, and more 

recent studies have indicated preliterate children are sensitive to rhyme 

patterns at least on some level (Wagensveld et al. 2013). Mahofoudhi 

and Haynes (2009) suggest that although some preliterate children 

may indeed be aware of certain structural components of language, 

full phonological awareness does not develop without phonemic 

awareness. Phonemic awareness - part of the broader phonological 

process - is specifically related to the manipulation of the smallest 

distinguishable sound units of a language (Vandermosten et al. 2012). 

Although researchers and theorists have different views on the specific 

development process of phonological awareness it is agreed that it 

plays an important role in reading acquisition (Ramus et al. 2003a). 

Learning to read requires the knowledge that a system of related 

symbols (alphabet) represents particular sounds (phonology). These 

sounds are made up of individual and distinct sound units (phonemes) 

and when combined in various ways (syllables, onsets, rims, words, 

sentences) have specific meaning. One of the earliest practices inherent 

in reading development is sounding out letters and then words. 

Concurrently a dual-sensory relationship with words develops, that is, 

component letters must be recognised visually and correctly matched 

to their verbal forms (Nicolson and Fawcett 2008). Over time a store 

of knowledge will gradually accumulate related to each learned word: 

the orthography, the sound, the meaning, the relationships with other 

words, the visual form and personal associations. This resource is then 

drawn upon during literacy tasks (Hatcher and Snowling 2002). 
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2.3.1.1 Phonological processing and dyslexia 

Ramus (2013) believes that most cases of dyslexia can be explained, 

at least in part, to a subtle disorder of language often described as a 

phonological deficit. The symptoms of which are most prominent in 

reading development. Common indicators of a phonological based 

deficit are difficulties discriminating between subtle sound changes, 

poor non-word reading, rapid naming and verbal short-term memory 

(Mahfoudhi and Haynes 2009). Poor phonological awareness has a 

profound affect on reading development. As mentioned previously, 

a growing awareness of the relationship between words, their 

component sounds, and the alphabet is considered vital during early 

literacy development. 

A phonological deficit is now recognised as one of the core signifiers 

of dyslexia and is often the focus of assessing and treating dyslexia 

(Ball et al. 20 II). Support for a phonological deficit hypothesis is 

widespread amongst researchers and has become the "dominant causal 

viewpoint" (Everatt and Reid 2009, p.6). There is strong evidence 

to support this perspective, for example, a noted distinguishing 

feature between dyslexic and non-dyslexic readers is phonological 

decoding ability. That is, dyslexic individuals often perform poorly 

in comparison to non-dyslexics in tasks such as non-word reading or 

rapid naming (Reid and Wearmouth 2009 ). Phonological awareness 

tests are considered a reliable indicator of reading development and 

remediation focusing on developing phonemic awareness has shown to 

be successful in improving reading skills (Everatt and Reid 2009 ). 

However, there are those (Ramus et al. 2003a; Scarborough, cited 

in Beaton, 2004; Vidyasagar and Pammer 2010) that question the 

dominance of the phonological deficit hypothesis and believe that 

although there is evidence suggesting a relationship with dyslexia it 

does not provide a complete explanation of accompanying deficits that 

require no linguistic processing. These include difficulties completing 

more than one cognitive task at a time, poor motor co-ordination 

and spatial orientation, and inadequate working memory. In light 
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of these non-linguistic deficits the phonological deficit hypotheses is 

viewed as relevant but too narrow in its focus; one aspect of a broader 

underlying disorder. 

2.3.r.2 The dual route theory of reading 

Phonological processing difficulties can be understood within the 

context of the dual-route model of reading. This theory suggests 

that there are two distinct cognitive paths for matching words/letters 

to sounds (Nicolson and Fawcett 2.008) (Fig. 2.). One path, often 

described as the lexical route sees words scanned as a complete visual 

and then compared against a mental database (lexicon) of stored 

words to obtain phonological information. Along the other path 

individual letters or groups of letters are analysed and attributed 

sounds. These phonological units are then combined to sound out the 

whole word (Grainger and Ziegler 2.on). This path is referred to as 

the non-lexical route and requires adequate phonological awareness 

(Ziegler et al. 2.oI 3 ). The lexical route is necessary for the correct 

pronunciation of words whose phonology does not follow regular 

pronunciation rules of the alphabet, for example, hymn, trough, 

gauche or rapport. To pronounce these types of words correctly they 

must be familiar or at least contain orthographically familiar letter 

combinations that can be stitched together (Ziegler et al. 2008). The 

non-lexical route is thought to be activated when faced with novel 

words and non-words, where there is no stored data in the mental 

lexicon for comparison and the word must be sounded out first 

(McGeown et al. 20I3). Utilising the non-lexical route to read is often 

described as phonological recoding as the visual data is recoded into 

sound units initially (Beaton 2004). This route can also be used to 

pronounce familiar words and is used extensively during the early 

years of reading development. As reading skills develop and the lexical 

resource grows advanced readers tend to use this route less (Brown 

and Watson I992). It is thought that advanced readers favour the 

lexical route but will sometimes utilise the non-lexical (phonological) 

path if necessary, especially if the word is not immediately recognized 

(Nicolson and Fawcett 2.008). 
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Visual & contextual input 

·····- ······•-......... . 
······· 

Lexical route 

cot, cat 
how, cow 
Comparisons are made with the 
pronunciation and orthography 
of similar words. 

Figure 2 

······ ·············· 

The dual route model of reading. 

······· 

Phonological route 

c·o ·w 
I kao I 
Letters or combinations of letters 
are matched to corresponding 
sound units. 

······· ······= 

Verbal output 
This model describes the cognitive 
path to articulation and does not 
include semantic processing. 
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Within the framework of the dual route theory of reading a deficit in 

phonological awareness affects the ability to adequately utilise the 

non-lexical path. Dyslexic individuals who have a phonological deficit 

are often called 'phonological' dyslexics and are thought to rely on 

the lexical path for reading (Ramus 2013). This presents particular 

difficulties when they are faced with unfamiliar words as they lack 

the ability to segment the words into individual sound units and may 

not have a stored reference of similarly pronounced words. 'Surface' 

dyslexia is sometimes used as a term to describe those with reading 

difficulties whose phonological processing abilities are normal but 

appear to have a deficit along the lexical route. Surface dyslexia 

is generally associated with acquired reading difficulties, that is, 

reading impairments that have resulted from neural damage to a fully 

developed system (The Open University 2012). For example, surface 

dyslexia symptoms have been noted in people who have suffered 

impact trauma to the head or as a result of a stroke (Greenwald 2000). 

However, there are cases of individuals who exhibit reading difficulties 

when faced with irregular words and these impairments are not 

always matched by deficits in phonological awareness (Vidyasagar and 

Pammer 2010). These cases have lead to a questioning of the causal 

link between phonological deficits and dyslexia, and other cognitive 

processes have been suggested as underlying both phonological and 

surface dyslexia, these include a deficit in visual-spatial processing, 

poor auditory processing, or a working memory deficit. 

2.3.2 Rapid auditory processing theory 

This theory acknowledges the existence of a phonological deficit 

component to dyslexia, however it suggests that it is caused by a 

deeper auditory processing deficit (Ramus et al. 2003a). As with the 

magnocellular theory (see pp. I 6- 18) it proposes an abnormality or 

defect at the magnocellular level, however it is focused on the auditory 

system rather than visual processing. Magnocells are present in all 

sensory systems that process stimuli that vary in intensity (Stein 2008). 

The auditory system, for example, processes sounds that vary in pitch, 
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tone, and volume. If the auditory system has defective magnocells 

the ability to accurately perceive these changing sound patterns is 

affected. The theory proposes that this would hinder the acquisition 

of phonemic awareness and consequently phonological awareness 

and reading development (Heim et al. 2008). Evidence supporting an 

auditory deficit arises from studies that showed poor performance by 

dyslexic subjects during sound frequency and sequencing perception 

tests, and also abnormal patterns within the nervous system during 

auditory stimuli tests (Ramus et al. 2003a). 

2.3.3 Working memory deficit 

According to Peer (2009) studies have shown dyslexic students 

encountering difficulties recalling everyday information, not just 

information related to literacy tasks. One suggested reason for this 

is a deficit within the working memory process. Working memory 

is a construct used to describe the activated portion of information 

that is moved between short-term and long-term memory and 

is engaged when information must be manipulated (Redick and 

Lindsey 2013) (Fig. 3). For example, when information is needed 

during a conversation, it is recalled from long-term memory and 

manipulated (spoken) while in short term memory. Working memory 

has been described as the process of combining what is currently in 

consciousness with information retrieved from long-term memory 

(Barker 2002). Information held within the working memory system 

has a finite amount of time to be engaged with before it retreats to 

long-term memory or is forgotten (Scheepers 2009). The reading 

process is intrinsically linked with working memory, as it requires 

a conscious recoding of visual forms into stored phonological 

representations or a comparison process between what is seen and 

what is held in the mental lexicon. These cognitive processes take place 

within the working memory system as information is simultaneously 

retrieved from long-term memory (orthographic rules, previously 

encountered words, etc.), and other information is held in short-term 

memory (inputted words, context, etc.). This process is mentally 
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demanding and could be described as a balancing act between the 

flows of information. If the complimentary data is not held within the 

working memory system long enough it will not be processed correctly 

and may not integrate sufficiently (Van Genuchten et al. 2009 ). 

It is claimed that dyslexic individuals have an impaired capacity to 

hold information within working memory (Ghani and Gathercole 

20I 3 ), with a specific deficit in holding phonological information (Van 

Genuchten et al. 2008 ). Studies have suggested that both working 

memory capacity and phonological processing are interdependent and 

underpin the acquisition of reading (Scheepers 2009 ). In the context of 

phonological difficulties the impairment in working memory is thought 

to be located in what is termed the 'phonological loop'. This is akin 

to a storeroom for the short-term holding and manipulation of 

verbally received information and is considered to act within a limited 

time span compared to other functioning centres of the working 

memory system. 

2.4 Neurological perspectives 

2.4.I Magnocellular theory 

Within the inner surface of the retina there is a layer of cells known 

as retinal ganglion cells, whose axons (nerve fibres) send visual 

information data back to the brain. This cellular system includes 

neurons (nerve cells) classified as magnocellular and parvocellular cells. 

The magnocells are larger and cover a greater area (Beaton 2004) and 

are activated by 'fast-moving, low-contrast images' (Knight and Hynd 

2002, p.36). The magnocellular cells in the visual system are involved 

in a number of roles including eye movements, focus and visual 

scanning (Singleton 2009). The magnocellular theory suggests that an 

impairment or defect in the visual magnocellular system accounts for 

symptoms associated with dyslexia. £MRI studies (Eden et al. 1996) 

have demonstrated dyslexic participants showing no activation in the 

visual magnocellular system when presented with a series of moving 
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and stationary dots but for non-dyslexic participants the magnocellular 

system was shown to be stimulated. Furthermore, according to Knight 

and Hynd (2002) studies have found a correlation between reading 

speed and activity in the visual magnocellular system in both dyslexic 

and non-dyslexic participants. 

According to Everatt and Reid (2009) the magnocellular theory 

partially rests on the view that the visual system provides the main 

input to the mental lexicon and should be seen as a more important 

function for reading than phonological processing. That is, the 

archive of words and phrases we access when reading are stored 

and processed primarily as visual items rather than a combination 

of visuals and sounds. This view suggests that reading material 

is processed and linked directly to a semantic process with little 

phonological input. Everatt and Reid point out that many researchers 

believe that phonological processing plays a much greater role in 

successful reading. Stein (2001) admits that there is scepticism 

about the relationship between a magnocellular defect and reading 

ability, however he argues that evidence arising from his studies 

show test subject's level of magnocellular sensitivity predicting their 

visual reading abilities. Attempting to link the theory directly to a 

phonological deficit has led Stein (2008) to suggest that a broader 

magnocellular defect could also affect auditory processing, which 

is considered vital to phonological awareness ( see pp. I 6- I 8). Stein 

explains that in all sensory systems, including those involved in 

auditory and motor processes, there are large (magno) cells that also 

process information that is in 'motion'. An example of this is the 

change in pitch and amplitude of speech patterns processed by the 

auditory system. Stein proposes that it is not only magnocellular cells 

in the visual system that may be affected but also 'motion' receptive 

cells in other sensory systems. 

Singleton (2009) states that there are a number of studies that throw 

into question the validity of the magnocellular theory as a plausible 

explanation for dyslexia. They include a review of 22 studies of 
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magnocellular functioning and dyslexia carried out by Skottun (2000). 

The review found only four that clearly offered support for the theory. 

On this basis Skottun believes the empirical evidence offered by Stein 

is "partial at best" (2000, p.212). Singleton believes that in light of 

these studies the magnocelluar theory is "not convincing" (2009, p.46). 

He does concede however, that a minority of dyslexic individuals may 

have deficits in magnocellular functioning. 

2.4.r.r Visuo-spatial deficit 

Vidyasagar and Pammer (2010) believe because reading is a recent 

human activity the brain has not developed specifically dedicated 

neurological or cognitive processes for this purpose. Instead a range 

of cognitive, perceptual and motor skills evolved for other purposes 

have been adapted for reading. They propose that the brain uses the 

"same circuitry and attentional mechanisms" (2010, p.58) for reading 

as it does for visually scanning an environment looking for a particular 

target. This type of visual scanning is termed a 'serial search' and 

functions by sweeping a spotlight of attention across a scene before 

inputting a series of visuals sequentially until the target is found 

(Gilden et al. 2010). It is believed information received in this manner 

is primarily processed by magnocellular cells and then passed to the 

dorsal stream. 

According to Vidyasagar and Pammer during the reading process the 

eye begins by scanning across a word and then takes in each letter one 

after another (Fig. 4). This allows analyses of the individual letters 

and their sequence, after an initial identification of the word from 

the visual scan. If words are processed in this manner, that is, in the 

same way as scanning an environment then the neurological process 

would be similar - both utilising magnocellular cells. Vidyasagar and 

Pammer locate a defect in the magnocellular cells, which misinterprets 

the letter/word information received. Unlike other theories implicating 

a magnocellular deficit within the retina (Stein 2001), auditory system 

(Ramus et al. 2003a), or perhaps both (Stein 2008) they suggest an 
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deficit further along the visual pathway towards the dorsal stream. 

However, Vidyasagar and Pammer's word-reading model is not 

consistent with contemporary research. The current leading reading 

model suggests letters in a word are processed simultaneously rather 

than sequentially or even as a whole visual unit (Murray et al. 20I3). 

This does not challenge the suggestion that dyslexic individuals have 

abnormally developed magnocellular cells but that the word-reading 

model used as the basis for this theory is not aligned with recent 

research. 

2.4.2 Cerebellum theory and task automation 

The cerebellum structure is an area of the brain considered to play 

a critical role in motor control, specifically relating to coordination, 

precision, and accurate timing (Canadian Institutes of Health Research 

2012). It is suggested that these motor control functions are related 

to automating any behavioural task (Nicolson and Fawcett 2011; 

Fawcett and Nicolson 2008). They propose automation is needed for 

processes involved in all literacy tasks. They present the view that 

being able to automate a task is the final stage of learning any skill so 

that completing it becomes less demanding and cognitive resources 

can be utilised elsewhere. Nicolson and Fawcett (20n) suggest 

that dyslexic individuals have a deficit in this ability. Their view is 

supported by research they carried out which showed dyslexic children 

encountering difficulties performing tasks that required them to do 

two or more things at once - an indicator of a lack of automaticity 

in any of the tasks (Everatt and Reid 2009). These findings imply not 

only a relationship between automaticity and dyslexia but propose 

that dyslexic individuals must concentrate harder to achieve normal 

levels of cognitive performance. 

Nicolson and Fawcett were not the first to propose a cerebellar deficit 

hypothesis, it has previously been noted by Denckla (1985), and 

in 1973 a study by Frank and Levison randomly tested seventeen 

dyslexic children for neurological examination and found in all cases 
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a cerebellar deficit (Beaton 2004). A cerebellar deficit presents an 

encompassing explanation for a range of symptoms associated with 

dyslexia. Indeed, Fawcett and Nicolson suggest it may provide "a 

plausible and coherent account of diverse characteristics of dyslexia" 

(Cited in Beaton 2004, p.1 31). For example, if behavioural tasks 

requiring some aspect of automated motor control were affected 

then difficulties in balance, co-ordination, speech and writing may be 

apparent. 

Nevertheless, the cerebellum theory does not so easily explain 

phonological awareness difficulties - a key dyslexia signifier (Ramus 

2013). Nicolson and Fawcett (2008) do state that a priority for 

dyslexia research is to identify the underlying causes of phonological 

difficulties. They attempt to explain the cerebellar deficit in terms of 

phonological processing by suggesting that matching phonemes to 

graphemes involves a degree of motor function, specifically motor 

function of the jaw and tongue. As with any motor task that requires 

a learning period before mastery, a degree of automation must be 

achieved. If automation at one level is not achieved it is difficult to 

progress onto a more complex phonological task. This claim assumes 

articulation, which is a motor control behaviour involving movement 

of the tongue and jaw muscles, to be involved in the phonological 

process. However, this view of phonological processing is challenged 

and for some (Ramus et al. 2003 b) any reading development 

model that links phonological processing and speech articulation 

is outdated. Studies carried out that tested phonological skills and 

cerebellar function in dyslexic children found no evidence for a causal 

relationship between motor and phonological processing skills (Ramus 

et al. 2003b). Furthermore, Stoodley and Stein (2013) believe many 

dyslexics do not have an impaired cerebellar function and those with 

a cerebellar dysfunction may show no signs of reading difficulties. 

Differences in the brains of dyslexics compared to non-dyslexics are 

found across the reading processing structure, and not isolated to the 

cerebellum. As such, it is difficult to see a cerebellar dysfunction as the 

primary cause of dyslexia. 
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2.4.3 The Asynchrony phenomenon 

Everatt and Reid (2009, p.4) explain the asynchrony theory as 

a "speed of processing gap" between the neurological components 

engaged in word decoding. This implies that people with dyslexia may 

take longer to process written language or perhaps not fully process 

it at all. According to Breznitz (2008), who the theory is attributed to, 

the asynchrony theory is best understood as a failure of the areas of 

the brain active during the reading process to properly synchronize. 

The theory is based on the view that the reading process relies on 

different processing centres relaying information within the brain 

structure. These centres are activated during the reading process and 

transfer information required to decode printed words (Everatt and 

Reid 2009 ). The processing centres involved are described by Breznitz 

as 'entities' and are situated in different parts of the brain, process 

information differently and work at varying speeds. The entities 

situated in the frontal lobes are concerned with comprehension and 

pronunciation, whereas those present in the posterior lobes deal with 

processing stimuli, including visual input. In addition, information 

must also be passed between both left and right hemispheres. The 

left side contains Broca's area, considered responsible for processing 

spoken language and Wernicke's area, which stores a mental lexicon 

activated during the process of reading. The right side is generally 

involved in processing visual information (Dehaene 2009). 

For the reading process to be successful, the flow of information from 

the various entities must be synchronized and processed within a 

specific time-span. Each entity has a limited time capacity to process 

and transfer the information. According to Breznitz (2008, p.12) the 

complexity of reading is "a major challenge for the human brain" as 

each of the entities processes information at a different speed. The 

timing of the transfer of information must be exact to allow processing 

to occur within each area's activation period. If there is a delay in the 

transfer of information successful word decoding may not occur. The 

asynchrony theory proposes that the wider the speed of processing 
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gap between entities the greater the difficulty in reading. Conversely 

because each area involved in the reading process has a limited time 

frame of activation the difficulty may be confounded by consciously 

reading more slowly and deliberately. 

Studies carried out by Breznitz (2008) showed that after undergoing 

a programme designed to speed up the transfer of information within 

the brain, the Reading Acceleration Training Program, dyslexic 

children showed an improvement in the rate of information processing 

(Everatt and Reid 2009 ). Breznitz also claims that dyslexic learners 

show difficulties in transferring information from one side of the brain 

to the other. Studies carried out by Shaul and Breznitz ( 20 r 3) found 

that dyslexic participants would process information in the right 

hemisphere first and then within 9 to r2 milliseconds the information 

would be transferred to the left side. When the same tests where 

carried out on participants designated as non-dyslexic the transfer time 

would be 4 to 6 milliseconds and the information would arrive first 

in the left side before moving to the right (Everatt and Reid 2009 ). In 

later studies carried by Shaul (2013) a similar effect was demonstrated 

with dyslexic participants exhibiting a longer processing time between 

activation of both left and right hemispheres and between the posterior 

and anterior regions of the cortex. 

2.5 Discussion 

From a cognitive perspective, phonological processing difficulties 

during early reading development and in adulthood appear to be 

accepted by many researchers as a key feature and cause of reading 

issues for the majority of those described as dyslexic (Stein 2008; 

Everatt and Reid 2009; The Open University 2012; Ramus 2013). 

Indeed, the validity of many of the causal theories - both cognitive 

and neurological- are measured against how adequately they 

address the phonological component of dyslexia. In particular, 

the magnocellular theory as presented by Stein (2008; 2oor) and 

the cerebellar theory of Nicolson and Fawcett (20n; 2008) are 



both questioned on this basis (Everatt and Reid 2009; Ramus 

2013; Ramus et al. 2003a). Conversely, the phonological deficit 

position is challenged by those who say it does not address the non

phonological symptoms of dyslexia, and as such is too narrow in 

its focus (Scarbourgh cited in Beaten, 2004; Ramus et al. 2002). It 

should be noted that it is difficult to find those who deny some kind 

of phonological deficit as either a symptom or cause of dyslexia. 

Vidyasagar and Pammer ( 2009) who propose literacy difficulties are 

a result of visual processing dysfunction related to magnocellular 

formation also attempt to accommodate phonological difficulties. 

They see corrupted visual input impacting the matching of graphemes 

(letters) to phonemes (sound units) and so affecting the phonological 

process. 

In light of a lack of consensus within dyslexia research and the 

problems all theories have in offering a fully satisfactory explanation 

for the range of symptoms associated with dyslexia it may be 

appropriate not to view each as competing perspectives but rather 

seek value in each. It is possible that some broader underlying 

process or impairment may give rise to both phonological and non

phonological aspects. Indeed, the complex interactions between 

biological, neurological, cognitive, and even psychological processes 

can result in varying symptoms from one individual to the next (The 

Open University 2012). From a design perspective it is appropriate 

to focus on amelioration of concrete symptoms regardless of their 

underlying cause. Indeed, in the context of course material many of 

the issues facing dyslexic students cannot be adequately addressed 

through design. This is not to devalue its potential contribution but 

to acknowledge its limitations. Dyslexia is a complex cognitive and 

neurological condition and the visual presentation of language is a 

physical construct that can be reformed and re-imagined whereas the 

brain is less easily changed. 



Chapter 3 

Considerations for design practice 

3.1 Introduction 

This chapter will focus on key design features of reading material, 

both for print and digital media, which affect the accessibility of texts 

for dyslexic readers. The section is divided into three main sections, 

Typography, Colour and contrast, and Digital media. In reviewing 

research and drawing on sources related to design and dyslexia, it will 

discuss design considerations aimed at improving accessibility in the 

context of the cognitive and visual deficits they attempt to address. 

The purpose of this chapter is to gather a body of knowledge that can 

be used, in conjunction with the information obtained directly from 

the interviews with students discussed in chapters 4 and 5, to outline a 

set of key considerations for the presentation of digital textual content 

for dyslexic readers. 

3.r.r A note on design guidelines 

Design guidelines that reference no scientific studies or base their 

claims on recommendations from unsupported or anecdotal sources 

tend to be limited in their focus. There are a multitude of them across 

the web and both the Dyslexia Association of Ireland and the British 

Dyslexia Association guidelines are of this type. In these 'anecdotal' 

guidelines an ambiguous statement as to why a certain strategy is 

suitable often follows specific recommendations. For example, the 

British Dyslexia Association recommends avoiding white backgrounds 

because it can "appear too dazzling." Similarly they suggest not using 

italic or underlined type because they " tend to make text appear to run 

together" (British Dyslexia Association 2014). In some cases guidelines 

have no stated rationale - brief or otherwise. The recommendations 

offered by both associations may be entirely valid in practice, but from 

a research perspective because they offer little supporting evidence they 

will be mentioned in this chapter as a comparison to empirical studies. 



3.2 Typography, reading and dyslexia 

For skilled readers letters are an uncomplicated and highly familiar 

means by which to decode information presented in textual form. For 

dyslexic readers the relationship is often different and less assured. 

Whether from phonological, working memory, or visual processing 

difficulties extracting meaning from texts can be slow, mentally 

draining, and frustrating (Ball et al. 20II). As such, type choice and 

text presentation should be carefully considered so as not to add 

further difficulties to an already arduous process (Rella and Baeza

Yates 20I3; Hillier 2006). Features of typography and typesetting 

that may go unnoticed or even aid skilled readers can often become 

a barrier to accessibility. This section will look at typography and its 

interaction with the cognitive and visual processes engaged during 

reading, and how they can influence the accessibility of texts for 

dyslexic readers. It will also look at a number of typefaces designed 

specifically for dyslexic readers, examine the issues considered during 

their design, what issues they propose to address and explore the 

validity of those claims. 

3 .2.I Dyslexic and non-dyslexic readers 

There is a clear distinction between what is considered appropriate 

type sizes for non-dyslexic and dyslexic readers, from both anecdotal 

(Dyslexia Association of Ireland 2oq; British Dyslexia Association 

2oq) and empirical sources (O'Brien et al. 2005; Martelli et al. 

2009; Rello et al. 20I 3 ). This suggests that different processes or 

influencing factors are at work during reading for both groups. There 

are a number of explanations put forward to explain the difference. 

For dyslexic readers, these include Meares-Irlen syndrome, visual 

crowding effects, a positional coding dysfunction or an attentional 

deficit. O'Brien et al. (2005) suggest that these "visual factors" should 

be seen as independent of phonological processing difficulties, as a 

"purely phonological explanation would not predict an effect of print 

size" on reading rate (p.2). The suggestion is that some form of visual 

processing dysfunction may negatively impact the ability to recognise 



letterforms and/or accurately identify character positional information 

below a certain type size (Singleton 2009; Zorzi et al. 2012). The size 

at which this 'drop off' occurs is higher than the critical print size for 

non-dyslexics. When either character recognition or positional coding 

is impaired the process of word recognition is negatively affected 

(Martelli et al. 2009). In turn, poor word recognition impacts reading 

rate and comprehension. 

3.2.2 Meares-Irlen syndrome 

Meares-Iden syndrome is a type of visual stress, which interferes 

with fine vision tasks such as reading. It is thought to be a result of a 

visual system over-sensitive to certain light stimuli (Singleton 2009 ). 

High contrast colours, visual patterns and bright visuals can elicit 

symptoms. Although considered a distinct condition from dyslexia 

it may be prevalent in up to thirty four percent of dyslexics (Uccula 

et al. 2014; Kris and Evans 2005). Symptoms such as text blurring, 

inaccurate focus and eye-strain can be exasperated by small text and 

the contrast between text and background colour. Hughes and Wilkins 

( 2000) found a correlation between type size and reading speed in 

children susceptible to visual stress. The participants of their study -

who all reported symptoms associated with Meares-Iden syndrome 

-were shown to be "disproportionately affected by font size and text 

characteristics" (Singleton 2009, p.48). 

3.2.3 Crowding 

Crowding refers to the interference of adjacent letters on the accurate 

processing of a target letter. Information received about the flanking 

letters disturbs or gets mixed in with the information about the target 

letter(s) (Zorzi et al. 2012). A number of studies (Moores et al. 2011; 

Martelli et al. 2009) have shown crowding effects to be prevalent 

among dyslexics. With smaller or tightly tracked type, crowding may 

be more likely as more letters can be seen without shifting the gaze 

(Fig. 5). This increases the difficulty of ignoring adjacent characters 



Flanking letter focus 

Target(s) letter focus 

Figure 5 

Crowding affects on central focus. 

)Pia 

Information outside the target 
letter(s) encroaches on the central 
focus, affecting letter identification 
and discrimination. 



that are not immediately relevant. One explanation for crowding is 

that dyslexics have an over active periphery focus and find it more 

difficult to filter out secondary information, or have a bias towards 

the specific type of information processed by the peripheral visual field 

(Everatt et al. 1999). In the case of reading, the secondary information 

obtained through the periphery would be related to adjacent letters or 

other contextual information not necessary for the immediate task of 

target letter recognition ( Martelli et al. 2009). 

3 .2.4 Positional Coding 

Similarly to the affect of crowding, a dysfunction in letter positional 

coding sees a disrupting interference from visual "noise" (O'Brien et 

al. 2005, p.7). Specifically, this information impacts the accuracy of 

matching a character to its relative position within a word (Whitney 

and Cornelissen 2005). This may, for example, make distinguishing the 

position of adjacent letters more difficult so that 'art' becomes 'rat' or 

'trap' becomes 'part'. It is thought that positional information is more 

sensitive to size than other visual information (Cornelissen et al. 1998). 

For dyslexic readers the type size at which distinguishing features 

becomes illegible is perhaps higher because of the susceptibility to 

interference (O'Brien et al. 2005). That is, the visual characteristics of 

the letters - used for identification - are harder to discern below a 

certain size. This may result in inaccurate position coding or a 'mixing

up' of letters within a word. 

3.2.5 Peripheral focus 

The central and peripheral focus of the visual system process different 

types of information. The periphery deals with visual scanning or 

quick searching and the central focus is said to be concerned with 

"spatial comparisons" (Schneps et al. 2007, p.136). It is suggested 

that dyslexics have an inherent bias towards using peripheral vision 

(Everatt et al. 1999) or wider recognition in this field (Lorusso et al. 

2004). This is considered by some researchers to account for "talents 



in certain visuo-spatial domains" observed in some (Schneps et al. 

2007, p.I 3 2). These talents are said to develop because the peripheral 

visual field is most attuned to processing specific types of information 

that aid in certain tasks. For example, a developed peripheral focus 

may increase an individual's ability to take in a whole visual scene 

with only a few glances, where someone with a stronger central focus 

may have a greater capacity to process smaller sections at a time. 

Reading requires a dominant focus through the central rather than the 

peripheral visual field (Everatt et al. I 999 ), and in the case of dyslexia 

it may be that information from the periphery - letters outside the 

fixation - 'fight' with information in the central focus for attention. 

As has been mentioned previously, this may offer an explanation for 

crowding effects during reading, and studies have shown dyslexic 

participants demonstrating a visual bias towards letters placed in the 

peripheral field (Geiger and Lettvin 1987). Indeed, one study (Martelli 

et al. 2009) of crowding effects and peripheral bias concluded that 

dyslexics are unduly impaired when "they have to identify more than 

one letter in a glimpse" (p.7) through the central focus. 

3 .2.6 Magnocellular Theory 

The magnocellular theory is offered as a potential underlying 

neurological explanation for some of the text-specific visual distortions 

prominent in dyslexics (see pp.r6-18). The magnocellular system 

is thought to play a part in eye movement and the regulation of 

fixation durations and the span of saccades during reading (Hillier 

2006). Fixations are the point at which the eyes focus on a letter or 

letters, and saccades are the movement between fixations (Everatt et 

al. r999). One view is that dyslexics have a visual attention deficit 

caused by "saccadic dysfunction" (Hillier 2006, p.r7) where they have 

less control of the movements between fixations, and this accounts 

for crowding and other visual distortions such as blurring and type 

'jumping around' (Bucci et al. 2012). With text size specifically, it 

is suggested that the smaller the text the more a sustained focus is 

needed, which could be impaired by a visual attention deficit (O'Brien 
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et al. 2005 ). Other research (Iles et al. 2000; Schulte-Korne and Bruder 

2010) relates a magnocellular dysfunction to contributing to a reduced 

visual attention span. A visual attention span being- in the case of 

reading - the number of letters that can be processed without moving 

the eye (Legge and Bigelow 201 I). A reduced or impaired span means 

that less information is processed per focus, which results in more eye 

movements and slower reading speeds. The visual attentional span is 

thought to be stable across a range of type sizes but is smaller below 

a certain threshold. With dyslexic individuals the visual span may 

be smaller than normal to begin with and therefore the threshold is 

reached at larger type sizes (O'Brien et al. 2005). 

3.2.7 Typeface design 

In recent years a range of studies have looked at the relationship 

between dyslexia, reading and typography (Frensch 2003; Hillier 

2006; Boer 2012; De Leeuw 2010; Rella and Baeza-Yates 2013; Zorzi 

et al. 2012). Some of the research has informed the development of 

typefaces aimed at the dyslexic reader (Frensch 2003; Hillier 2006; 

Boer 2012). Indeed, since the turn of the Century a number of 

typefaces that claim to make reading more accessible for dyslexics 

have become available including Read Regular (2003 ), Lexia Readable 

(2004), Sylexiad (2006), Gill Dyslexic (20n), Dyslexie (2012), 

OpenDyslexic (2012), (Fig. 6). Despite these developments the Dyslexic 

Association of Ireland still recommend the use of four typefaces (Fig. 

7) not created specifically for dyslexic readers: Arial, Sasson, Comic 

Sans and Verdana (Dyslexia Association of Ireland 2014) . The Britsh 

Dyslexia Association website contains a more comprehensive list 

of typefaces, while including the four mentioned previously, it also 

suggests Tahoma, Century Gothic and Trebuchet (British Dyslexia 

Association 2014). Unlike their Irish counterpart, the British Dyslexia 

Association do suggest a number of dyslexia-specific typefaces, 

although this information appears on a supplementary website 

focusing on accessible technology rather than their main website (BDA 

Technology 2014). Neither association detail why they have chosen to 



abcdefghijklmnopqrstuvwxyz 
ABCDEFGHIJKLMNOPQRS 
TUVWXYZ 
Lexia Readable, 24 pt 

abcdef g h ij klmn opG rstu vw x y z 
ABCDEFGHIJKLMNOPQRS 
TUVWXYZ 
Dyslexie Regular, 20 pt 

a bcde f ghij klmn o pq r s tu v w x y z 

ABCDEFGI-IIJKLMNOPQRS 

TUVWXYZ 
Open Dyslexie, 22 pt 

abcdefghijklmnopqrstuvwxyz & 
ABCDEFGHIJKLMNOP<ORSTUVWXYZ 
Read Regular 

Figure 6 

Dyslexia-specific typefaces. 
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abcdefghijklmnopqrstuvwxyz 

ABCDEFGHIJKLMNOPQRS 

TUVWXYZ 
Aria! Regular, 24 pt 

abcdefghijklmnopqrstuvwxyz 
ABCDEFGHIJKLMNOPQRS 
TUVWXYZ 
Sasson Primary, 24 pt 

abcdefghijklmnopqrstuvwxyz 
ABCDEFGHIJKLMNOPQRS 
TUVWXYZ 
Comic Sans Regular, 2.4 pt 

abcdefghijklmnopqrstuvwxyz 

ABCDEFGHIJ KLM NOPQRS 

TUVWXYZ 
Verdana Regular, 24 pt 

Figure 7 
Non-specific recommended typefaces. 
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recommend these typefaces and only the British Dyslexia Association 

offer external links related to some of the typefaces. A lack of scientific 

justification is not limited to these associations, in Reid's D yslexia: A 

Practitioner's Handbook (2009) Sasson or Comic Sans are suggested as 

preferable for the presentation of material to dyslexic students because 

they are "user-friendly" (p.247). Similarly vague, in Web Accessibility 

and People with Dyslexia (De Santana et al. 2012) seven typefaces 

are suggested as most suitable because they are "without serif" and 

thus "easier to read" (p.6). None of the seven typefaces were created 

specifically for dyslexic readers. 

Interestingly, all the typefaces mentioned on both the Irish and British 

association's primary websites, and seven recommended as suitable 

(De Santana et al. 2012) are all - bar one - system fonts, that is, 

they come packaged with the Microsoft operating system and are thus 

widely available. The one exception is Sasson - recommended by the 

British Dyslexia Association - initially created for children's books 

(Rosemary Sassoon n.d.). There are a number of possibilities as to 

why dyslexia-specific typefaces appear to be overlooked. For one, the 

cost may prohibit their more widespread use. There are some dyslexia

specific typefaces that are available free, notably Lexia and Open 

Dyslexic, however the majority are commercial purchase only. It may 

simply be a lack of awareness that they exist, many have only been 

created in recent years, although over time this may change. More 

intriguingly however, it brings up the possibility that the typefaces 

designed specifically for dyslexic readers are of nominally more benefit 

than a select number of appropriate 'non-dyslexic' typefaces. If issues 

with reading stem primarily from cognitive (phonological and working 

memory) rather than visual deficits then perhaps amelioration cannot 

be found in customised letter-forms beyond a superficial benefit. 
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3.2.7.1 Serif and sans serif typefaces 

Many sources state that sans serif typefaces are more suitable for 

dyslexic readers (Rello and Baeza-Yates 2013; Schoonewelle 2013; 

British Dyslexia Association 2014) because serif elements may increase 

the likelihood of visual distortions without adding to a character's 

readability. In other words, features identified with serif typefaces 

offer no extra benefit, and may exacerbate visual anomalies associated 

with dyslexia. Specifically, serif features may make characters appear 

to merge or run into each other producing crowding effects and text 

blurring, or make letter identification more difficult (Frensch 2003 ). 

For non-dyslexic readers serif elements are considered to aid reading 

- especially for extended bodies of text - by guiding the eye along 

the page and acting as a visual bridge from one character to the next 

(Felici 20n). Serif features may also help letter discrimination and 

thus aid legibility (Arditi and Cho 2005). Therefore, some features that 

make serif faces suitable for sustained reading by non-dyslexics can 

make them unsuitable for dyslexic readers. 

While there are plenty of sources promoting the use of sans serif 

typefaces, empirical studies demonstrating their benefits compared to 

serif faces are more difficult to find. Rello and Baeza-Yates did conduct 

one such study in 2or3. However, another study while acknowledging 

a distinct preference for sans serif faces by dyslexic participants did 

not find a substantial improvement in readability (primarily measured 

against reading time) with serif faces (Hillier 2006). Indeed, Hillier's 

results showed the serif face Times New Roman producing "the most 

efficient read with the highest word-per-minute rate" (p.173). 

Rello and Baeza-Yates' study compared the readability- based 

on reading time, fixation duration and subjective preference - of 

different typefaces for dyslexic readers. The results produced slower 

reading times for two regular weight serif fonts (Times New Roman, 

Garamond) than six sans-serif faces. In the same study participants 

were asked to identify fonts from a list of twelve that they would prefer 

to use for extended reading. On average the top three preferred fonts 

35 



were sans serif with the fourth being Times New Roman. Interestingly, 

the preference for sans serif over serif was not as pronounced as 

the difference in reading times between the two type forms. Indeed, 

the author's of the study concluded that there was little correlation 

between subjective preference and readability. For example, Verdana 

produced a reading time slower than six other fonts yet scored the 

highest preference rating. This suggests familiarity - Verdana is 

widely available and widely used - as a key factor in typeface choice 

by dyslexic readers. This raises the question as to what influence 

familiarity has on the accessibility of typefaces for dyslexic readers. 

3.2.7.2 Perceived Readability 

The relationship between readability and type form can, according to 

Hillier, be strongly influenced by the "qualities and tone" of a typeface 

(p. 78, 2006). He believes the visual characteristics of a typeface 

can subconsciously trigger signals, which influence the reader's 

initial perception of readability and legibility. This in turn can have 

an influence on reading speed and letter recognition. For example, 

typefaces associated with extended bodies of text - commonly serif 

faces - may appear intimidating to a dyslexic reader because they are 

familiar with them in the context of sustained reading, i.e. textbooks, 

novels, newspapers. 

Hillier suggests that dyslexic readers often prefer typefaces that have 

a 'clean' and uncluttered appearance - at least partially - because of 

the perception of readability. This opinion is based on a contradiction 

Hillier found between the results of reading rate tests on dyslexic 

participants and their choices of preferred typefaces in questionnaires. 

Times New Roman - a serif typeface - produced the fastest reading 

speeds but the majority of participants said they found the sans-serif 

face Aria! easier to read. Its relatively unadorned forms may indeed 

influence the popularity of Aria! as a dyslexia-friendly typeface, but 

its widespread availability and familiarity must also be a factor. It 

comes packaged with all Microsoft desktop operating systems and 



is regularly cited as suitable for dyslexic readers. In a survey of 

accessibility guidelines for dyslexic web-users six sources recommend 

it as a suitable typefaces for textual content online (De Santana et al. 

2or2). As noted in the introduction to this chapter both the Dyslexia 

Association of Ireland and the British Dyslexia Association also 

recommend Arial. 

In Rello and Baeza-Yates' study (2or3), Arial Regular produced the 

fastest average reading rates whereas Helvetica - a typeface that 

heavily influenced the design of Arial - was shown to produce lower 

reading rates. Yet in the qualitative part of the study the participants 

"significantly preferred Verdana and Helvetica to other fonts" (p.6). 

Similarly to Hiller's research there is a conflict between the typeface 

that produced the shortest reading rates and the preferred typeface 

choice of the participants. These results suggest perception based on 

the familiarity and 'tone' of a typeface is as valid a means of choosing 

a typeface for dyslexic readers as quantifiable metrics such as reading 

speed. If a typeface is deemed to be intimidating or associated with 

'difficult' reading then a dyslexic reader is less likely to engage with it 

regardless of its actual functional value. 

3.2.7.3 Uppercase and italics 

Type set in lowercase is considered more readable for dyslexics -

letter discrimination is easier which in turn facilitates faster reading. 

This view is supported by the results of Rello and Baeza-Yates' 

study (2or3) and is championed across much literature not only on 

dyslexia but reading in general (Felici 2orr). Hiller's study (2006) did 

however return some results that showed uppercase type producing 

faster reading rates. These results were not replicated across all the 

test groups and the typeface he used was a custom design created 

specifically for his study. It is difficult to find many other studies that 

produced similar results, indeed, it seems to be widely accepted that 

text set in uppercase is relatively difficult to read - especially so for 

dyslexics - that it is rarely included as a variable in testing (Rello and 
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Baeza-Yates 2013; De Leeuw 2010; Schoonewelle 2013). There may be 

an argument that perception also influences the relationship between 

case and readability - we are not used to seeing extended texts set in 

uppercase. Hillier suggests it as a possibility but acknowledges that it 

is also possible that "some sort of testing anomaly" (p.179) produced 

his results. 

The relationship between italics and readability appears 

straightforward. In Rello and Baeza-Yates' study Arial Italic produced 

the longest reading time and fixation duration. Of the six least 

preferred fonts by participants three were italic. Interestingly, the font 

that scored the lowest preference rating was a dyslexic-specific face -

Open Dyslexic Italic. Similarly, Hillier found his participants distinctly 

against the use of italics for extended reading with one stating, "the 

slopping letters muddle the words" (p. 1 51). This could be interpreted 

as signalling italics contribute to crowding affects (see pp.27-30). 

3.2.7.4 Dyslexia specific typefaces 

Sylexiad 

The typeface Sylexiad was created by Robert Hillier as part of his 

doctoral research on typography and dyslexia. Hillier claims his 

motivation was to create a typeface aimed specifically at dyslexic 

readers that drew on the experience and needs of dyslexics rather than 

being "framed from a literate, non-dyslexic viewpoint" (p.3 6). He was 

concerned that not all accepted typographic and readability principles 

were optimal for dyslexic readers. He felt many of the dyslexic-specific 

typefaces too readily incorporated these principles into their designs. 

For example, Hillier's research challenged the notion that all dyslexic 

readers preferred text set in lowercase or found serif faces more 

difficult to read. 

Sylexiad has a serif and a sans serif version, both have a subtle 

handwritten style, a feature Hillier claims participants in his user-



studies showed a preference for. The main features, which came out 

of the testing process, are generous inter-word spacing, long ascenders 

and descenders (Fig. 8 ), and light and uniform strokes. The benefits of 

wider spacing are consistent with other research on letter and word 

spacing (see pp.50- 56) (Zorzi et al. 20I2; Pepper and Lovegrove 

I999 ). The informal handwritten style of Sylexiad is reminiscent of 

Comic Sans, a regularly cited dyslexia 'friendly' font, which suggests 

that this type of form may offer some benefits for dyslexic readers. 

The accentuated appendix features are also incorporated into other 

dyslexia-specific typefaces, most notably Read Regular. What appears 

to be unique in Hillier's research is that during testing of Sylexiad, 

dyslexic participants displayed a preference for the serif version set 

in capitals. These tests were conducted against a range of typefaces. 

Whether these results are a consequence of Sylexiad's particular design, 

or that the orthodox view on dyslexia and lowercase letters is wrong 

- or at least needs to be questioned - is unclear. Similar results are 

difficult to find. Hillier believes that these findings indicate that case 

is less important for dyslexic readers than for other readers. In his 

view, spacing, stroke weight and stylistic attributes contribute more to 

readability. 

Read Regular 

According to dyslexic type designer Natascha Frensch one of the key 

attributes of her typeface Read is that "unlike traditional typefaces 

which use the same forms for multiple letters - such as b and d or p 

and q" (Frensch; cited in Asaravala 2003, p.I) its characters are all 

visually distinct (Fig. 9 ). This is to lessen the chance of letter reversals 

or mixing-up similar looking letters, which according to Frensch 

are regular occurrences for dyslexic readers (Frensch 2003 ). Other 

features include simplified forms without "unnecessary details" that 

may cause visual interference, extended counters and open forms 

aimed at preventing characters visually "closing in", and as with 

Sylexiad extended ascenders and descenders to aid letter identification/ 

discrimination. 
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Sylexiad Sans Medium 

Figure 8 
Sylexiad Sans' ascender & 
descender length comparative 
to Helvetica Neue. 

Figure 9 
Read Regular's characters are 
all visually distinct. 

Helvetica Neue Medium 



The rationale of having stripped back letterforms without added 

stylistic features can be viewed as similar to the notion that sans-

serif faces are preferable to serif versions. That is, features that add 

to the visual complexity may make the characters appear to merge 

or increase the likelihood of crowding and blurring. Although, as 

noted previously Hillier (2006) challenges this idea and suggests that 

serif features rather than hindering dyslexic readers may aid letter 

discrimination. Hillier suggests serif faces may be perceived as difficult 

to read because of their association with extended reading and this 

perception may have a greater influence than the graphic form of the 

letters. Nevertheless, simple letter-forms are a prevalent feature of 

dyslexic typefaces. Regarding letter discrimination and letter reversals 

there are those who believe it is overstated as an issue with dyslexic 

readers (Phinney 2012) and- in the wider public discourse at least -

gets unwarranted attention. Indeed, common shorthand for denoting 

dyslexia is to present a word with some reversed and misplaced 

letters (Fig. 10). Some researchers now believe if letter reversals or 

misidentification do occur they stem from a phonological deficit 

related to working memory not as a result of visual anomalies (Brooks 

et al. 2011). That is, letter information gets misinterpreted during 

the phoneme to grapheme matching stage that occurs in the working 

memory system. This suggests attempts to ameliorate letter reversals 

or letter mismatching by producing more distinct characters may be 

inadequate. 

There is an alternative view proposed by Miles (1991) that letters 

reversals/misreading may be attributed to a lack of contextual 

reference rather than any visual deficit. Miles believes both readers 

with and without dyslexia see letters in the same way and both 

sometimes misread or mix-up letters from time to time. However, the 

reader without dyslexia has the benefit of contextual knowledge to 

quickly compensate for any misinterpretation. That is, the correct 

reading of a letter can be deduced based on its context - its relation 

to other letter, sentence structure, anticipated meaning of a word etc 

- even if initially it was misread. The reader with dyslexia may not 



Figure ID 

Reversed and misplaced letters are 
often used as a visual shorthand 
for dyslexia (SpecialEdpost 2013). 
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have this 'contextual' resource, as the mental strain involved in sound

symbol matching can affect the cognitive capacity to hold semantic 

and phonological information simultaneously. Also, due to poor 

literacy development they may not have the same lexical resource built 

up. The result is there is no 'corrective filter' and the letter is processed 

as initially misread. 

When the typeface Read was chosen by Chrysalis Books for a series of 

children's books it was discussed in a feature on dyslexia and creativity 

in Creative Review (Carson 2005) and there was also an article about 

the typeface in The Guardian newspaper (Curtis 2005). Yet despite 

the publicity or maybe because of it there has been some criticism of 

the typeface, notably that there are many other typefaces available 

that have equally distinct characters and its design is based only on 

the designer's personal experience and validated by empirical evidence 

(Typoface 2012). 

Dyslexie 

Dyslexie was created by Dutch designer Christian Boer in 2012 

and shares many visual similarities with Sylexiad. It has a subtle 

handwritten style, accentuated ascenders and descenders and relatively 

generous counter spaces (Fig. II). Boer claims Dyslexie is intended to 

be less visually stressful for dyslexic readers and like Read it strives to 

present clearly distinct characters that address issues of letter reversal 

and discrimination (Boer 2012). If letter reversals and misreading 

cannot be addressed by accentuating the distinctive characteristics 

of each letter (Brooks et al. 201 r ), or that non-dyslexic and dyslexic 

readers are equally likely to find it difficult to discriminate similar 

letters (Lilienfeld et al. 2010; Miles 1991), then the design of Read 

and Dyslexie are based on assumptions about dyslexia not in keeping 

with contemporary research. Of course, this is not to say that creating 

more distinct character would not aid readability, it is that they do not 

address the issues they claim to. 
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Dyslexie Regular 4 5 pt 

Figure II 
Dyslexie has a handwritten style 
& is relatively large due to its 
generous counters & appendices. 

Helvetica Neue Medium 4 5 pt 

"I·· · ····u···rro·· I ypo······ ·· ······"···· ..... ·····J ·····,.,,.···· ······························· ......... ..... .. .. .. ···················· 

OpenDyslexic Regular 4 5 pt 

Figure I2 

OpenDyslexic shares similarities 
with Dyslexie, most noticeably 
x-height & the heaviness of 
the bottom of the characters. 

Dyslexie Regular 4 5 pt 
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OpenDyslexic 

OpenDyslexic is a freely available typeface that is slightly unusual in 

form - the lower parts of the letters are noticeably heavier relative to 

the top. This is also a characteristic of Dyslexie, although the forms 

are slightly less bottom-heavy (Fig. I2). The purpose of this feature 

is to add texture to line breaks to clearly distinguish the bottom of 

one line from the top of the line below. This is an attempt to address 

issues of vertical crowding and letter reversals (OpenDyslexic 20I4), 

although whether vertical crowding is an issue is questionable. One 

study (Zorzi et al. 20I2) suggests vertical crowding is no more of an 

issue for dyslexic readers than anyone else. It is difficult to judge the 

validity of the claims made about this typeface as studies referenced on 

the opendyslexic.org website are not specific to the design features of 

the typeface. 

3.2.7.5 Typefaces on screen 

The cognitive and behavioural process involved in screen reading differ 

somewhat from those engaged with when reading printed text 

(see pp.60-61) (Wu et al. 2007). For example, studies have shown 

larger optical type sizes more suitable than is normally found 

in print media (Rello et al 2013), and it is suggested that digital 

displays encourage a less comprehensive but quicker read (Wagner 

and Sternberg I987; Dyson 2004). Although, for dyslexic readers 

in particular the most substantial difference between the two media 

must be one of customisation. Most web browsers allow the user to 

change the appearance of web pages by accessing the site's cascading 

style sheets. Usually changes to font type, size, colour, and leading are 

possible. Typographic controls are also a feature of standalone reading 

software or dedicated reading devices, although, often these controls 

are more limited. Given the individuality of dyslexia symptoms 

and the different optimum reading conditions generally required, 

customisation should - potentially at least - offer benefits not 

available with paper. 
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3.2.7.6 Typefaces - considerations for design practice 

Typefaces considered suitable for a dyslexic readers can be broadly 

divided into two categories, those created for a non-dyslexic 

audience but containing appropriate characteristics and those created 

specifically for dyslexics. Whether the dyslexic-specific faces offer 

any more benefit is still not clear, some studies claim particular faces 

do (Hiller 2006), other research is less clear (Rello and Baeza-Yates 

2013; De Leeuw 2010). Consistencies across the research include the 

slower reading times seen with text set in italic weights, participants 

preferences tending towards familiar sans-serif faces, and a perception 

that serif typefaces are difficult to read. However, as has been stated 

previously, dyslexia is a highly individual condition and this should be 

strongly considered when presenting digitally displayed text. Digital 

technology now offers a means to accommodate individual needs and 

preferences whereas print media is less flexible. By offering a range of 

suitable typefaces - and typesetting options - digital devices "can 

perhaps reverse historically imposed constraints that have caused so 

many to struggle" (Schneps et al. 2013, p.8) . 

3 .2.8 Typeface size 

r 2 to 14 point type has been stated as a suitable size range for 

dyslexic readers (Dyslexia Association of Ireland 2014; British 

Dyslexia Association 2014). These sizes are above what is considered 

good practice for non-dyslexic readers; according to Felici (2orr) 

optimum size for extended reading would most likely fall within 

the 8 to 12 point range with "common reading sizes" being "in the 

neighbourhood of II point" (p.37). However, optimum type size 

depends on a number of variables: audience, context, medium, and 

structural and stylistic attributes of the letter-forms (Bringhurst 2008). 

Conventionally, for an adult readership with full vision it is unusual 

to see printed body text outside the 8 to I4 point range. In a review 

of type sizes across 3 60 printed US newspapers, Legge and Bigelow 

(2orr) found the average x-height of body text to be 4.65 point. In 

the case of Times New Roman this x-height value corresponds to a 



body size of approximately 10. 3 point. In a study of type sizes for use 

on medicinal product packaging it was concluded that 9 point was an 

optimum size (Fuch et al. 2008). Comprehension and identification 

were the two measures used. The limited space available for printing 

was also a consideration and had some bearing on the conclusion; 

nevertheless, the researchers found that increasing the size beyond 

1 2 point had a negative impact on readability. Indeed, they state 

"sufficient data does not yet exist to prove that 12 to 20 pt font sizes 

generally improve the readability" (p. 590). In contrast, studies with 

dyslexic participants strongly suggest a different relationship between 

reader and type size, and echo the recommendations of the Dyslexia 

Association of Ireland and the British Dyslexia Association. One study 

(O'Brien et al. 2005) illustrated that for a group of dyslexic children 

the smallest type size at which their reading rate dropped significantly 

- the critical print size - was higher than for a non-dyslexic group. 

According to the authors of the study, this indicates a need for larger 

type sizes to reach a maximum reading speed, which was on average 

slower than the non-dyslexic participants. Reading rate is considered 

a strong indicator of reading performance and critical print size is 

often used as a means to evaluate the threshold legibility of a typeface 

(Legge and Bigelow 2orr). As such, this study suggests dyslexic 

readers require larger sizes and even with an optimal type size their 

reading rate may be slower than non-dyslexics. 

3 .2.8.1 Type size on screen 

The trend in contemporary website design is for default text sizes to 

be greater than generally seen in print media. One study (Legge and 

Bigelow 2orr) reviewed default type sizes for 21 online news websites 

and the mean x-height for body text was found to be 7.53 pixels. For 

Verdana, a typeface designed specifically for digital display, an x-height 

of this size would correspond to a body size of approximately 13 . 7 

pixels. Taking point size to be analogues with pixel size in terms of 

optical perception , r 3. 7 pixels is above the ro. 3 point average found 

for body text in printed newspapers in the same study, and is above 
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the 8 to I2 point range recommended by Felici (20n). Indeed, even 

r 3. 7 pixels may not be truly indicative of current web design practice 

- the study does not mention how recent the sites they reviewed were 

created. The default size for body text on The Irish Times website 

is currently 16 pixels and the default - that is, at Ioo% size - for 

contemporary browsers is also r 6 pixels (Tenant 201 I). It is important 

to note that the ability to customize website text sizes means that it is 

impossible to know for sure at what size online text is read. 

Although there are identical processes at work when reading from 

both screen and paper (orthographic and phonological code matching, 

character and word identification etc), there are also distinct features 

of each medium which influence how an individual interacts with the 

text (Dyson 2004). These features change the relationship between the 

reader and the text and create distinct processes/interactions individual 

· to each medium. For example, for digitally displayed text - LCD and 

CRT displays - the light emanating from the screen can increase the 

likelihood of eye strain and reduce periods of sustained reading (Wu 

et al. 2007). Studies have shown how reading speed increases but 

comprehension may actually decrease - specifically, the amount of 

information garnered from a text and stored in long-term memory 

(Dyson 2004). This interaction is described as "shallow reading" 

(Hillesund 2010, p.1) where the reader is more likely to spend time 

scanning, identifying keywords and phrases, and building up a brief 

'sketch' of a text rather than read in-depth. It is this type of reading 

process that may explain - in part - why larger text is increasingly 

being used for online communication. Reading text on screen may 

require more focus and concentration because of stimuli not present 

when reading from paper -backlight and illumination, visual 

distractions, urge to click and move on (Hillesund 2010). Therefore, 

it may be an intuitive reaction on the part of the reader to attempt to 

extract relevant information with less cognitive effort and in a shorter 

time. The reader does not need to focus for long but merely identify 

appropriate words and phrases, and larger text is more suitable for 

this task. 



It may seem appropriate to assume that an increase in optimal text size 

from printed material to digital display is relevant for dyslexic readers 

also, however, recommendations by both the Dyslexia Association 

of Ireland and the British Dyslexia Association do not distinguish 

between either medium. The recommended type size range is the 

same for both - 12 to 1 4 point/pixels. Indeed, a survey of various 

web accessibility guidelines for dyslexics (De Santana et al. 2012) 

concludes that for online body text 12 to 14 pixels is recommended 

and when printing web pages 12 to 14 point should be used. However, 

another study (Rello et al. 2013) suggests 18 pixels to be closer to an 

appropriate size for dyslexics. The study showed that across a range 

of sizes - 10 to 26 pixels - 18 pixels produced the strongest reading 

performance. These findings show a similar relative size increase 

between type for print and screen for dyslexic readers as for non

dyslexics, although the actual sizes are larger for dyslexics. 

3 .2.8.2 Typeface size - considerations for design practice 

There is strong evidence that dyslexic readers are more sensitive to 

type size than non-dyslexic readers with a preference for text on 

printed material to be at least 12 point (O'Brien et al. 2005; Martelli 

et al. 2009). For digitally displayed type it may be appropriate to 

present text as large as 18 pixels (Rello et al. 2013), although there 

is less consistency across studies on size recommendations compared 

to type on paper. For practical purposes - in the case of type setting 

for a dyslexic readership - it is safe to say that bigger really is better. 

However, it is important to note that type size considerations should 

not be looked at in isolation and other factors such as spacing, line

length and type form all contribute to the accessibility of text. Indeed, 

these factors can often negate any benefit seen from increasing 

type size. For example, large type set close together may cause 

more crowding affects than smaller text with greater letter spacing. 

Furthermore, in the context of digital type, issues of finding one 

optimal size is negated by the flexibility of the medium and the ability 

to offer the user a suitable range of sizes. 
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3 .2.9 Spacing 

The influence of word and letter spacing on the reading performance of 

dyslexic readers appears to follow a similar pattern to type size. That 

is, research has indicated larger spacing values can benefit dyslexic 

readers and increase the accessibility of a text (Rello et al. 2oq; Zorzi 

et al. 2012; Pepper and Lovegrove 1999). In contrast, the spacing 

sizes that benefit dyslexic - letter spacing particularly - may actually 

slow reading down for non-dyslexic readers (Chung 2002). This may 

be because the letter recognition process utilised by the two groups 

differ. For non-dyslexic readers, each letter in a word is processed 

distinctly but simultaneously (Giles 2005). This is described as the 

parallel letter recognition model (Fig. 13). In contrast, because of a 

visual processing deficit or reduced cognitive capacity to hold letter/ 

phonological information, dyslexic readers may systematically process 

each character in a word independently and sequentially (Fiset et al. 

2008). This reading process is considered to be substantially slower 

than the parallel processing model (Howard 1991). However, it is not 

as negatively affected by large letter spacing because the reader does 

not require all the characters in a word to be processed simultaneously. 

For non-dyslexic readers, beyond a critical spacing size "word-from 

information" becomes more difficult to obtain or is processed slower 

because more eye movements must be made (Chung 2002). Put simply, 

the characters are too far away from each other to obtain adequate 

information about each one at the same time, and thus the eye must 

shift its gaze. But for dyslexic readers the increased spacing reduces 

the occurrence of crowding affects from flanking letters (O'Brien et 

al. 2005) or decreases the amount of visual stimuli in the peripheral 

focus and so makes processing each character less cognitively/visually 

demanding (Martelli et al. 2009). 

The benefits of increased letter spacing were demonstrated in a 

2012 study, which proposed if letter spacing was increased beyond 

standard values it would result improve the reading speed of dyslexic 

participants (Zorzi et al. 2012). The results showed that by doubling 

the default letter spacing of a typeface the reading speed increased. 

50 



.4Y~~e.x;~a 
\ ' I I I I 

\ I I I I I 
\ I I I I I I I 

\ I I I I I I I I 
\ 

I I I 
I \ I I 

\ I 
\ I I I I I I 

\ I I II I II 
I 

\ I I I I I II I 
I 

111111//, 
,1,11111, 
\\1111//, 

\ I\ 111 // / 
\\111111, 

111111, ... . 
Parallel processing 
Each character is processed 
individually but at the same time. 
Word shape information is 
'simultaneously processed. 

Figure L3 

The parallel processing model 
of word reading, and a proposed 
model for dyslexic readers. 

dysl_e;xia 
I 

I I 
I I 

I l 
I I 

I I 
l I 
If 

11 
II 
If 
II 

' ' 
Single character processing 
Individuals with dyslexia may 
process characters independently 
and one after another. 



The study also indicated an improvement in reading accuracy and 

letter recognition. The researchers attribute the results to less crowding 

affects because adjacent letters are further away, which allowed the 

readers to more comfortably access each individual letter. The spacing 

increases shown to be effective in this study are quite substantial and 

go well beyond what is traditionally recommended for the setting of 

type (Felici 20n). For non-dyslexic readers, increasing the spacing 

between characters for lowercase body text above the font's inherent 

spacing value is generally not recommended because it hampers 

legibility (Bringhurst 2008). This view does align with the parallel 

processing model. However, for dyslexics - as stated above -

standard spacing may not be appropriate because they process letters 

differently and are potentially affected by crowding and/or a visual 

attention deficit. 

3.2.9.1 Word spacing and word isolation 

According to Pepper and Lovegrove (1999) there has been both 

anecdotal and empirical evidence to suggest that dyslexic readers 

perform better when text is presented one word at a time. They 

believe the explanation for this lies in the interaction of two visual 

processing systems active during reading - the transient system 

(magnocellular) and the sustained system (parvocellular). Both are 

described as pathways within the visual system where specific types 

of information are transmitted. The sustained system extracts detailed 

information from stationary stimuli through the central focus and the 

transient system is sensitive to moving stimuli, information from the 

periphery, and may be involved in eye movement (Singleton 2009). 

During reading the sustained system inputs detailed letter information 

within a certain visual range. The transient system is concerned with 

'coarse' information about adjacent letters or words. Its role in reading 

can be described as giving a rough indication of what letters/words 

come next. When one system is activated it is believed that the other is 

inhibited (p.41). Any issues in either system or in the manner in which 

they interact may have a negative consequence for reading (Chouake et 
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al. 2012). This theory can be linked to others (see pp.13-14, 16 -18), 

which see some deficit or dysfunction in the magnocellur system as 

accounting for various dyslexia symptoms. However, in this case, a 

"transient system difference" or weakness (p.42) may interfere with 

the interaction between it and the sustained system. Thus, Pepper and 

Lovegrove propose that dyslexics would process letters/words more 

efficiently when the 'load' on the transient system is reduced. In other 

words, when there are less or no visuals in the periphery focus. 

A 1992 study by Hill and Lovegrove found that dyslexic participants 

did exhibit better reading performance when presented with a single 

word at a time rather than full lines of text (Pepper and Lovegrove 

1999). Similarly, Cornelissen et al. (1998) also found dyslexic 

children perform better when presented with words in isolation and 

they also attributed this to weak or inadequate functioning within 

the magnocellular pathway. Interestingly, in a 1991 study, reading 

performance tests where carried out using full lines of slightly blurred 

or blue text (Williams and Lovegrove). The results were comparable 

to tests with only single words presented. Pepper and Lovegrove 

claim these text modifications help compensate for a weakness in 

the transient system by stimulating it with a particular type of "low 

frequency" visual information resulting from blurred or blue text 

(p.44). Lines of text were also presented in ways considered not to 

stimulate the transient system - red or sharp, unblurred text - and 

the reading performance was comparatively poor. They propose that 

any condition that lessens the strain on the transient system (isolated 

words) or helps compensate for its weakness (blue or blurred text) will 

aid the reading performance of dyslexics. 

3.2.9.2 Line spacing 

Studies, which offer an insight into the affects of line spacing on 

dyslexic subject's reading performance, do so as part of a more 

generalised study into text setting (Rello et al. 2013) or form an 

incidental part of research focused on other aspects of typography 
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(Zorzi et al. 2012). This is not to say that some valuable insights 

regarding leading values cannot be gained. In the latter study, line 

spacing was increased to two hundred percent as a means to reduce 

vertical interference when studying the affects of increased letter 

spacing in bodies of text. The study concluded that the improved 

reading performance of the participants was a result of the increased 

character spacing not the leading. The researchers conducted a second 

test with the leading decreased to the default (single line spacing) 

and the results were similar. This suggests that dyslexic readers are 

affected more by horizontal rather than vertical spacing. Indeed, there 

is evidence to suggest that increased line spacing beyond standard 

values may only play a very minor - if any - role in improving 

reading performance. Rello et al. (2013) demonstrated no significant 

improvement in either reading comprehension or speed when values 

were increased above standard. This study concluded that leading 

should be seen as "subordinated to aesthetic considerations or user 

preferences" (p.7) rather than a specific concern when typesetting for 

dyslexic readers. However, in anecdotal sources it is common to see 

the recommendation that increasing line spacing above standard values 

is favourable for dyslexic readers (British Dyslexia Association 2014; 

Dyslexia Association of Ireland 2014; Pedley 2006). 

3.2.9.3 Monospaced typefaces 

In Rella and Baeza-Yates' study (2013) of suitable typefaces for 

dyslexic readers they found Courier producing the shortest fixation 

durations out of a group of twelve fonts. That is, the shortest amount 

of time the eye rested on a specific spot before moving to the next 

point of focus. Longer fixation durations have been shown to indicate 

slower reading and may be related to processing speed and capacity 

(Olson and Hyona 199 5 ). What is relevant to the issue of spacing is 

that Courier is a monospaced typeface, and as such each character 

block occupies the same amount of horizontal space. This is in 

contrast to the majority of typefaces where the character blocks differ 

in width from one another and inter-letter spacing varies. None of 
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the other typefaces in this study were monospaced (Arial, Helvetica, 

Times New Roman, Open Dyslexic, Garamond, Verdana, Computer 

Modern Unicode). Surprisingly, given the suggested relationship 

between fixation duration and reading speed, Courier produced 

reading rates slower than three other typefaces. Rello and Baeza-Yates 

note that sometimes fixation durations can be shorter than expected 

in relation to the overall reading rate, the reader spending more time 

in the interval between fixations and thus slowing the overall rate 

down. In other words, the amount of time moving between fixations 

negates the time saved during a fixation. This may account for Courier 

producing the shortest fixation durations but not the fastest reading 

rate, although the difference between its reading rate and the three 

typefaces marked as faster was not considered significant. 

3.2.9.4 Spacing - considerations for design practice 

As a consequence of crowding affects dyslexic readers may benefit 

from increased letter spacing up to twice the standard size (Zorsi et 

al. 2012), in contrast non-dyslexic readers may be hindered by greater 

spacing (Chung 2002). Similarly, studies have showed improved 

reading performance when words were shown in isolation (Pepper 

and Lovegrove 1999; Cornelissen et al. 1998). However, some suggest 

that letter and word recognition errors might be equally common 

among both dyslexic and non-dyslexic readers and not due to visual 

deficits such as crowding or peripheral focus bias (Miles 1991; Phinney 

2012). Dyslexic readers, due to restricted reading development and/ 

or poor working memory, may not have the same cognitive capacity 

to instinctively correct letter/word errors or may not have the same 

lexical resources to draw upon. Nevertheless, studies do strongly 

suggest crowding or some process or dysfunction related to the 

periphery focus does affect dyslexic readers (Moores et al. 2012). 

There is enough evidence to propose that lessening the load the 

periphery focus has to carry by increasing letter and word spacing 

will help dyslexics affected by visual distortions. It is also suggested 

that presenting text in blue and/or slightly blurred may help (Williams 
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and Lovegrove 1991), although it is difficult to find this suggestion 

repeated in other research. Unlike word and letter spacing, line spacing 

above standard values does not seem to influence reading performance 

in dyslexics (Rello et al. 2013; Zorzi et al. 2012). In this regard 

dyslexic readers may have the same relationship with leading values as 

non-dyslexics and therefore considerations should follow typographic 

orthodoxy. Based on the results of Rello and Baeza-Yates' (2013) 

study there is some indication that monospaced typefaces could benefit 

dyslexic readers. However, it is unusual to see recommendations for 

monospaced typefaces in other research or even anecdotal design 

guidelines. It is reasonable to assume more studies are required to 

recommend their use, but in a digital reading application it may be 

appropriate to offer a monospaced typeface as a choice. 

3.3 Colour and Contrast 

3.3.1 Colour overlays 

Visual stress (Meares-Iden Syndrome) can result in visual distortions 

(text blurring, double vision, jittery focus) and discomfort (sore eyes, 

light sensitivity, headaches) particularly when reading (Singleton 

2009 ). Symptoms associated with the condition have been noted as 

abnormally common among dyslexic individuals, although it is not 

considered specific to dyslexia (Uccula et al. 2014; Kris and Evans 

2005). The leading causal theory links symptoms to over stimulation 

of the visual system, where photo-receptors and/or visual pathways 

are sensitive to particular types of light waves (Singleton 2009). High 

contrast and flickering light can trigger over stimulation as can lines 

of text, especially so if the contrast between type and page is high. 

Remediation for the condition has generally focused on reducing 

contrast with the use of colour overlays (plastic sheets or lenses), 

different coloured backgrounds, and reducing contrast between 

text and page. Indeed, according to Singleton (2009) it is "generally 

accepted" that overlays can alleviate symptoms of visual stress and 

"improve reading speed, fluency, accuracy and comprehension" (p.51). 



There is an alternative view that proposes visual stress, for dyslexics at 

least, is a result of a deficit in magnocellular function (Stein 2012). As 

described previously (see pp.16-18) magnocells in the visual system 

are receptive to moving stimuli and parvocells process stationary 

information relating to detail and colour. Both cell groupings working 

together allow the clear perception of objects when the eye is moving. 

Some have suggested a dysfunctional magnocellular system disrupts 

the balance between the two cell structures and this causes visual 

stress - too much of one type of information is processed (Stein 

2012). A number of reading studies have demonstrated that blue light 

conditions can increase reading performance in dyslexic participants 

whereas red light showed a decrease ( Greer and Williams 19 9 5). It is 

believed that blue light stimulates particular cells in the magnocellular 

system that are otherwise less responsive in dyslexic individuals. Red 

light, on the other hand, inhibits specific aspects of the visual system 

and thus has a detrimental effect on reading. In short, blue light is 

thought to aid magnocellular function whereas red light may have the 

opposite effect (Pammer and Lovegrove 2001). However, other studies 

showed no detrimental effect of red stimuli on reading performance 

(Legge 2007). Indeed, colour overlays recommended as a means to 

address aspects of Meares-Iden syndrome come in a wide range of 

colours including both blue and red. A study by Ray et al. (2005) 

proposes that yellow filters offer the greater benefit and blue overlays 

can actually be inhibitory. Indeed, participants in the study did report 

that text seemed clearer when viewed through a yellow overlay. 

Evidence that visual stress can be reduced for some readers - not 

specifically dyslexic readers - with the use of colour filters or lenses 

is strong (Uccula et al. 2014; Kris and Evans 2005; Bouldoukian et 

al. 2002), however why it works from a physiological perspective is 

debated. Indeed, "there are many unanswered questions around the 

area of visual processing" and its role in dyslexia (Ball et al. 2006, 

p.197). Not all dyslexic readers benefit from colour overlays or indeed 

show symptoms of visual stress (Gilroy and Miles 1996). Some 

researchers, although not dismissing the existence of visual stress 
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believe that it is one of "the weakest visual-based areas in terms of 

research and theory" (Everatt and Reid 2009, p.14). Nevertheless, 

colour overlays appear to be an effective reading aid for a significant 

number of dyslexic readers (Singleton 2009). 

3. 3 .2 Contrast 

High contrast between page/screen and text has been noted as 

contributing to visual stress (Uccula et al. 2014). Contrast sensitivity 

in the context of dyslexia is related to text and pattern sensitivity 

deriving from visual stress. That is, the same visual mechanisms are at 

work; lines of text resemble a pattern, as do strong light/dark colours. 

The visual distortions provoked by high contrast colours can be similar 

to those produced by lines of text. According to Singleton ( 2009) this 

pattern sensitivity is related, albeit in a less severe form, to epilepsy. 

Colour overlays/lenses are used to reduce the levels of contrast, as is 

changing the text and page/screen colour so they are closer in colour 

but still distinguishable. Certain colour combinations are considered 

more desirable notably dark grey/black text on a yellow background 

(Rello et al. 2012; Pijpker 2013) whereas others (green and red, white 

and black, green and blue) may aggravate (Pammer and Lovegrove 

2001). 

3.3.3 Text and background colour 

In a user study of digitally displayed text and background colour, 

dyslexic participants strongly preferred a yellow background with 

black text over eight other colour combinations (Rello et al. 2012). 

Fixation duration was used to assess readability, and black text on 

an off-white background produced the shortest average fixation. 

Unexpectedly, considering the participant's preference, the longest 

fixation time was produced by the black and yellow combination. 

As with studies looking at typefaces and reading performance 

discussed previously (Rella and Baeza-Yates 2013; Hillier 2006), 

preference and reading time do not always correlate. Indeed, 



fixation duration is not necessarily linked to comprehension or a 

measure of reading comfort ( see pp. 5 4- 5 5 ). 

Black text set in Dyslexie and Arial and presented on four different 

colour backgrounds was shown to a group of dyslexic participants 

and reading accuracy and speed was measured (Pijpker 20I3). The 

participants were split into two reading level groups. The group with a 

lower reading level were shown to produce the fastest reading time and 

least errors with Dyslexie and a yellow background. For the higher

level group, reading speed across three type and colour combinations 

were similar with only the Arial and white background combination 

showing a notable decrease. For reading accuracy however, Dyslexie 

and a yellow background produced a significantly higher mean score. 

Although this study was limited to two typefaces and four background 

colours, when considered in light of the participants preferences in 

the study noted above (Rello et al. 20I 2) it does suggest that black or 

dark grey text on a yellow background may be particularly suitable for 

dyslexic readers. 

As with many of their design recommendations (see p.25) both the 

Dyslexia Association of Ireland and the British Dyslexia Association 

are not specific with regards to the issue of background and text 

colour, nor do they offer much insight into their guidelines on the 

issue. The Irish association state only to "avoid light text on a dark 

background" and their British counterpart suggest to "avoid white 

backgrounds for paper, computer and visual aids" and instead use 

"cream or a soft pastel colour." However, both associations do stress 

that the individuality of the condition makes it difficult to proscribe a 

universally accepted text and background colour combination. What 

the anecdotal and empirical sources suggest is that although there 

may be different colour combinations favoured, the most important 

consideration for any combination is that the contrast ratio is low. 
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3. 3 .4 Digital displays 

Some sources suggest dyslexic readers benefit from a lower level of 

screen brightness than non-dyslexic readers (Rello and Barbosa 20I3), 

and this may be related to light sensitivity associated with visual stress 

(Singleton 2009 ). Potentially, any flickering illumination can induce 

visual stress symptoms, for example strobe lighting or CRT monitors 

with a low refresh rate. Modern digital displays (LCD, LED) produce 

little or no flickering effect and hold their state between refreshes 

(Morrison 20I2). For reading however, the light that emanates from 

digital displays is noted as increasing the likelihood of eye strain 

compared to paper, and it is not specific to dyslexic readers (Wu et al. 

2007; Jabr 2013). The richness and consistency of digitally displayed 

colour can enhance contrast because the difference between colours 

can appear so sharp. Whereas on paper colour difference can appear 

less abrupt and paper stock can soften the difference because ink is 

draw into the fibers. This would suggest for many dyslexics screen 

reading is less preferable than reading from paper, however the 

formatting options and assistive technology integration available on 

digital devices may trump the benefits of paper for some. Indeed, that 

dyslexic readers are able to control screen brightness at all illustrates 

this point. 

Remediation aimed at addressing visual stress issues relating to digital 

displays include tinted overlays for mobile devices and monitors 

(Jang 2009), mobile reading software aimed specifically at dyslexics 

(Rello et al. 20I2), and practical advice - lower screen brightness, 

use particular colour combinations, limited reading time, etc. (British 

Dyslexia Association 20I4). All these remediation techniques are an 

extension of strategies used for addressing visual stress from reading 

on paper. These strategies are perhaps more pertinent in the context 

of digital displays because of the luminosity of the displays. However, 

£-reader devices such as Amazon's Kindle and Barnes and Noble's 

Nook do not emanate light in the same manner as LCD and LED screens 

which results in significantly less glare and more subdued colour 

contrasts {Siegenthaler et al. 2012). One study (Schneps et al. 2013) 
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looking at the effectiveness of E-readers for dyslexic readers concluded 

that crowding and visual attention deficits were noticeably reduced 

for participants using the devices. There was no significant increase in 

visual stress symptoms compared with paper. The researchers believe 

these findings can be attributed to the short line lengths, larger text 

and other customizable presentation options. However, it is noted that 

for those who have less of an issue with crowding or visual attention 

specifically, then paper may be more suitable. In short, visual stress 

symptoms are not likely to be aggregated by some E-readers screens 

compared with LCD or LED displays but nor are they remediated, they 

do however offer customizable features which may address other 

dyslexia related symptoms and therefore may be seen as more suitable. 

3.3.5 Colour and contrast - considerations for design practice 

Visual stress is said to affect almost forty percent of those considered 

dyslexic (Kris and Evans 2005). Flickering light and high contrast 

patterns can aggravate symptoms (Singleton 2009). Lines of text can 

be perceived as visual patterns and induce symptoms, particularly so 

if the contrast between text and background colour is high. Studies 

have varied in their recommendations regarding suitable colour 

combinations however there does seem to be a consensus that muted 

tones, off-white and yellow backgrounds are most suitable (Rello et 

al. 2012; Pijpker 2013). Some colours and colour combinations are 

said to be particularly aggregating: red, red and green, white text 

on a black background (Greer and Williams 199 5; British Dyslexia 

Association 2014). Colour overlays are the most prevalent remediation 

strategy, used on both printed and digital media. Digital devices offer 

users the ability to alter brightness and colour, however LCD, LED and 

in particular CRT screens are problematic. Modern E-reader devices 

- specifically those using e-ink screens - provide the benefits of 

customisation but are less likely to induce visual stress symptoms so 

some researchers believing they are more suitable than text on paper 

( Schneps et al. 201 3). 
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3 .4 Digital Media 

3.4.I Customisation 

A distinct advantage digital text has compared to printed text is the 

ability to customise its presentation to suit the needs and preferences 

of the dyslexic reader. In web browsers, reading software or eBook 

devices users can often manipulate a variety of presentation elements, 

most commonly font type and size, text and background colour. Some 

websites allow the user to temporarily remove potentially distracting 

visuals such as graphics or images. These kinds of customisation 

options and the ease at which assistive technologies (screen readers, 

speech commands, etc.) and complementary knowledge sources 

(dictionaries, digitised books, online libraries, videos etc) can be 

integrated into the reading experience is seen as enriching the process 

and expanding accessibility (Schneps et al. 20I3). Indeed, the benefits 

of customisation for dyslexic readers are noted regularly in literature 

focusing on dyslexia and technology and are often mentioned by 

dyslexic participants in accessibility studies as particularly helpful 

(Evett and Brown 2005; De Santana et al. 20I2). 

The options for personalization offered by technology are particularly 

important to dyslexic readers because the condition is highly 

individualistic. This is reflected in the range of symptoms and different 

formatting options employed by dyslexic web users in an attempt to 

address them (Al-Wabil et al. 2007; Reid et al. 2013). For example, 

those with visual anomalies such as crowding may require larger text, 

others may be unduly affected by contrast sensitivity and require 

alternative text and background colour options. However, most 

customization features available for browsers and reading software 

are not aimed at dyslexic users specifically. Some have developed as a 

consequence of the technology used (css stylesheet access in browsers) 

or are a 'saleable' device feature aimed at all readers. This does not 

diminish their benefit to dyslexic readers but it does raise the question 

as to what range and type of customization features are optimal for 

dyslexic users or what new features could be developed. 



Studies have shown type sizing (Rello et al. 2013) and typeface choice 

(De Santana et al. 2012) as important customization features for 

dyslexic users. The ability to alter letter/word spacing or line length is 

less often an option. For example, the Dyslexia Association of Ireland's 

site (Fig. 14) has easily accessible options to change background 

colour and text size and the National Disability Authority (Fig. 15) 

provide only basic text sizing controls. Similarly, the website of the 

BBC (Fig. I 6) - stating it strives to be "accessible to the widest 

possible audience" and with a large, global readership - offers 

only colour and text sizing options with additional information on 

accessing browser and system formatting controls (BBC 2014). Yet 

studies indicate greater letter and word spacing values (Zorzi et 

al. 2012; Cornelissen et al. 1998) and short line lengths (Schneps 

et al. 20 r 3) would benefit those affected by crowding and poor 

letter discrimination. A dedicated reading device such as the Kindle 

Paperwhite offers line and margin spacing but no option co manipulate 

letter or word spacing. 

For websites a more detailed level of formatting not seen with page 

displayed accessibility options is possible by accessing the site's css 

(Cascading Style Sheet). Users can access a range of formatting values 

including colour, typesetting, spacing etc. In theory at least, users can 

reorder, change, remove or add any styling attribute and thus reformat 

a site to their preference. However, the ability to access and change 

values in the site's css is not something everyone is familiar with or has 

the knowledge to do so (Henry 2012). The user must access the css 

through the browser and edit exiting mark-up. Furthermore, because 

of the technologies used in their creation or because access is denied 

to maintain design consistency not all sites have this option. Although 

this is less common than it was - accessibility issues now have a more 

prominent place in site design and user discourse (McCarthy and 

Swierenga 2oro). 

Increased formatting options for dyslexic web users can be achieved 

through the use of additional software or browser extensions. One 
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browser extension Dyslite offers users a number of dyslexic-specific 

typefaces for use on web pages, an option not available on reading 

devices or most websites unless the user actively installs a specific 

typeface on their computer or device. Other extensions and browser 

features noted as useful by the British Dyslexia Association include 

text magnification tools (NoSquint) and the reduction of visual clutter 

(Readability, CleanPage). All customization features mentioned above 

attempt to address issues related to visual processing, and again it 

must be stressed that accessibility issues - on screen or on paper -

for dyslexic individuals are affected by a range of issues not always 

ameliorated by manipulation of visual elements. As such, some of 

the technologies aimed at increasing accessibility are concerned with 

lessening the amount of actual reading. These include software and 

extensions that provide text-to-speech functionality (BrowseAloud) 

and content summerisation (DysWebxia). 

3 .4.2 Navigation 

A 2007 web usability study (Al-Wabil et al. 2007) with dyslexic 

participants concluded that dyslexic users "exhibit distinctive web 

navigation behaviour and preferences" (p.r). Participants who 

exhibited visual stress symptoms were less likely to use navigation 

guided by textual content such as breadcrumbs or text links, preferring 

back/forward buttons and icons. Participants with working memory 

deficits showed similar preferences and were not keen on drop-down 

or dynamic menus, as they found it difficult to remember what the 

menu contained once they were retracted. However, those with visual 

stress were positive about dynamic menu content because the amount 

of visual clutter is reduced. Both groups highlighted the importance 

of consistency in terms of menu position and presentation. Simple, 

prominent and consistent navigation is frequently noted as desirable 

for dyslexic web users (De Santana et al. 2012; British Dyslexia 

Association 2014). Indeed, in a review of sixteen websites by thirteen 

dyslexic web users (Freire et al. 2012) issues with navigation were 

they most frequent topic discussed. Difficulties were seen arising from 



unclear menu items - text or image - not adequately describing 

what they were linking to. The information users were looking for 

was not easy to find or they were brought to unexpected content or 

pages. It was also noted that menu icons that did not communicate 

their function explicitly were as much of a problem as textual links. 

For non-dyslexic users icons that do not communicate their function 

adequately can be offset if they are accompanied by descriptive text, 

for dyslexic users however both text and icon may be difficult to 

decipher. 

3.4.3 Assistive reading technologies and digital resources 

Technologies that improve the accessibility of digital textual content 

can be broadly categorised into two groupings, those that were created 

specifically for dyslexic users and those created for a wider or different 

user base but are found to be particularly suitable for dyslexic users. 

An example of the former is the proposed DysWebxia (Fig. 17) reading 

application that was developed specifically for dyslexic readers (Rello 

2014). An example of the latter are screen readers or text-to-speech 

software originally designed for low-vision users. A further distinction 

can be made between technologies that promote direct interaction 

with a text through reading and those that circumvent or reduce the 

amount of reading required. Content summerisation and some text-to

speech technologies come under the second category. Colour overlays 

and technologies focused solely on content presentation do not alter 

the content nor do they provide alternatives to reading, users must 

attempt to engage with a text in a similar manner to non-dyslexic 

readers. 

These distinctions are not definitive and many technologies combine 

features allowing textual content to be processed and comprehended 

in multiple ways, for example ClassMate Reader (Fig. r8) primarily a 

text-to-speech application offers text formatting options so the user 

can listen to audio while simultaneously reading the text, which can be 

customised to some degree. Indeed, dyslexic readers may use a number 
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of technologies in conjunction with each other to maximise their 

comprehension while attempting to limit any difficulties. For many, 

reading is such a strenuous and stressful activity that they find they 

have no choice but to avail of whatever assistance they can find. 

An important feature of digital content and one that distinguishes 

it from traditional media is the ease at which supporting knowledge 

sources can be accessed and integrated. Specifically, application and 

operating system dictionaries/thesaurus, access to online information 

(Wikipedia, library databases, shared content etc), and alternative 

media sources (Video and audio lectures, digital transcripts). For 

students with dyslexia the accessibility of contextual and 'assistive' 

knowledge is particularly valuable (Draffan et al. 2007; Ball et al. 

20II). Difficulties during reading development can limit the formation 

of an extensive vocabulary, which in combination with poor reading 

fluency become a barrier to knowledge acquisition (Redford 2014). 

Difficulties with the reading process due to a phonological deficit, 

poor working memory or visual disturbances - or a combination 

of all three - can be confounded by a limited store of references to 

draw upon and make sense of a text. During the reading process, the 

cognitive act of decoding words/letters into meaningful information is 

aided by inference drawn from the text/context and how that interacts 

with previously obtained information (Kendeou et al. 2003). Online 

resources allow almost instantaneous access to a range of definitions, 

explanations and summaries. Furthermore, specific subjects or even 

third-level course content can be engaged with through podcasts 

and videos. A number of Universities provide free online lectures in 

a variety of subjects, Yale and Oxford being two examples. These 

resources allow dyslexic students to obtain information that aids 

comprehension for specific reading tasks; it also allows students 

to build up a bank of knowledge for future reading. Prior to the 

development of digital media, access to knowledge for many - not 

just those with dyslexia - was more limited and more likely only 

available in textual form (Biancarosa and Griffiths 2012). In short, 

information is now more accessible, easier to integrate with current 

technologies, and often comes in a variety of media. 
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3 .4.4 Language and summerisation 

Poor reading fluency and comprehension are not always solely a result 

of cognitive or visual processing deficits. Students with dyslexia may 

have a relatively limited vocabulary or frame of reference to draw 

upon compared to their peers (Ball et al. 2ou). Inhibited reading 

development can result in less exposure to written content, which 

in turn can restrict the accumulation of vocabulary and knowledge 

acquisition (Wray 2009). Some dyslexic individuals may find it 

too difficult, stressful, or time-consuming to engage in reading in 

any meaningful way and would rather find alternative sources of 

information (Gregg and Banerjee 2009). While the opportunity to 

access non-textual alternative information sources is vital for dyslexic 

students engaging with written content - at least on some level - is 

unavoidable. From a language perspective, digital technologies have 

the capacity to shorten written content while retaining semantic 

integrity. Large bodies of text can be intimidating whereas a synopsis 

may be considered more manageable. With summerisation or 

simplification software, dyslexic students might be encouraged to read 

rather than seeking out alternatives to textual content (Rella et al. 

2012). It is noted (Wray 2009; Stanovich 1988) that the act of reading 

not only increases vocabulary but can also improve the ability to read, 

and perhaps the desire. 

The Dys Webxia research project is an attempt to use language 

processing technologies to make digital text more accessible to dyslexic 

readers (Rella 2014). Text is simplified by replacing words deemed 

complex or likely to be unfamiliar to dyslexic readers with more 

common synonyms. A key aim of the project was to simplify text 

without affecting semantic integrity. Two applications were developed; 

one replaced words in a text with synonyms automatically and 

presented the altered text to the user, the other gave users the option 

to choose replacement words on a per-word basis. The aim of the 

applications was twofold, to aid comprehension and make texts less 

intimidating for dyslexic readers. The developers of DysWebxia also 

speculate that even if a student prefers to use text-to-speech software 



they may still have comprehension difficulties if the text contains 

complex and unfamiliar words. In these cases, they suggest the 

application could be used to simplify a text first before using 

text-to-speech software. 

There are various text summerisation tools and services that can 

be helpful to dyslexic students (Mac OS summerization tool, 

textcompactor.com, Lexalytics, etc.). However, what makes the 

DysWebxia project unique - as far as can be ascertained- is that 

it attempts to integrate text formatting and customisation features 

with language processing technologies. The research has looked at 

text presentation, colour use, customisation and their relationship 

to visual anomalies, in conjunction with trying to address issues of 

comprehension and language usage. Other research has focused solely 

on presentation considerations (De Santana et al. 2012), specific 

aspects of interaction (Al-Wabil et al. 2007) or has placed an emphasis 

primarily on language processing (Nandhini and Balasundaram 2013). 

3.4.5 Digital media - considerations for design practice 

Digital technologies offer a means to interact with text and extract 

meaning not available with traditional media. Key features relevant 

to dyslexic users are customisation of presentation, integration with 

assistive technologies, accessibility of alternative information sources, 

and summerisation tools. Some visual processing issues associated 

with dyslexia can be alleviated through the customisation of visual 

elements. Crowding effects, text blurring and attentional deficits may 

be lessened by the manipulation of text (Schneps et al. 2013; Martelli 

et al. 2009). Colour and brightness changes may also help those with 

contrast sensitivity (Uccula et al. 2014). Although some websites 

offer accessible customisation options they tend to be quite limited, 

concerned mostly with text size and colour changes. More detailed 

typesetting options such as the manipulation of space and the 

ability to isolate words or sentences would also be of benefit to 

some dyslexic users. 



Digital content also brings new design considerations not relevant to 

print media notably navigation and interaction processes. Studies have 

shown navigation to be an area of concern for dyslexic users (Al

Wabil et al. 2007). A key consideration for dyslexic users - indeed all 

users - is that navigation should be "easy to access, easy to use, and 

easy to explore" (De Santana et al. 2012). The individuality of the 

condition needs also to be considered; different approaches may be 

suitable for users with different deficits. For example, those with poor 

working memory may require navigation clearly indicating each step 

whereas those with visual stress issues may prefer retractable menus 

or just back and forward buttons. Perhaps customisable navigation is 

a suitable option for dyslexic users, however it is an area that has not 

been the focus of research - as far as can be ascertained. 

Any digital application whether browser based or standalone software 

should be designed so as to accommodate screen reading or text-to

speech software (Dyslexia Association of Ireland 2014). This requires 

certain considerations during the design and development stages. Most 

importantly text must be 'readable' by text-to-speech applications, that 

is, in a suitable format so it is recognised as textual content. Content 

must also be appropriately structured. Semantic HTML allows screen 

readers to determine the correct structure of a text. When text has 

been marked-up correctly text-to-speech software will ignore content 

that is not relevant and follow the correct flow of the text. A further 

consideration is that the correct emphasis is plated on suitable content. 

For example, headings must be noted as headings rather than part of 

the body of an article. 

Limited vocabulary or frame of reference can exacerbate issues with 

reading fluency and make extracting meaning from a text difficult. 

As such, dyslexic readers may require alternatives to textual content 

or a source of contextual knowledge to aid in the reading process. 

Considerations should be given to increasing the ease at which 

comprehension aids such as dictionaries, summerisation technologies, 

and non-textual knowledge sources can be accessed and integrated. 



Chapter 4 

Course material and dyslexia: 
A thematic analysis 

4. I Introduction 

This qualitative study has two main aims. Firstly, it is an attempt to 

document and analyse the day-to-day challenges faced by third-level 

students with dyslexia when engaging with text-based course material. 

Data was collected through semi-structured interviews, which allowed 

access to first-hand information and a means to explore in depth the 

opinions and experiences of the students. 

The first aim is guided by the research question: 

What challenges do third-level students with dyslexia face when 

engaging with course material? 

Secondly, its purpose is to provide information to inform a discussion 

on what design strategies could be applied to the presentation and 

delivery of course material. These design considerations would seek 

to address issues considered to impact the quality of engagement with 

course material for students with dyslexia. In the next chapter, the 

information obtained from this analysis is discussed in the context of 

the research reviewed in chapter 2 and 3. 

The second aim is guided by the research question: 

What design strategies could be applied to the presentation and 

delivery of course material that may ameliorate issues associated 

with dyslexia? 

The interviews and subsequent data analysis are primarily focused 

on the reading of course material and how it is impacted by dyslexia. 

However, the open nature of the interviews, the willingness of the 

participants to discuss related topics, and the individuality of the 

condition resulted in some of the discussions having a wider focus. 
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The practical and psychological consequences of dyslexia are well 

documented across a range of demographics (Everatt and Reid 2009; 

Ball et al. 20II) and there is extensive literature examining its impact 

on the quality of the college experience (Jamieson and Morgan 2008; 

Du Pre et al. 2008; Nelson and Greg 20I4). While this study does 

explore themes and phenomenon familiar to dyslexia research it 

attempts to examine the relationship between the findings and how 

course material is designed. Many of the concerns and difficulties 

expressed by the participants are recurring themes across studies of 

the condition and documenting these themes is inherently valuable, 

however, the aim of this research is to go beyond documentation and 

provide an outline of considerations relevant to the presentation and 

delivery of course material. 

4.2 Design 

This is a qualitative study and data was collected through one-to-

one semi-structured interviews. The data was then analysed using a 

thematic analysis methodology. Conducting interviews as a means to 

collect information held a number of advantages. Firstly, it created 

an opportunity to explore in depth the different perspectives of 

the participants. Secondly, it confirmed that the students meet the 

participation criteria. This was a concern if data collection was 

conducted through non-personal methods - online questionnaires, 

surveys etc - and confirmation of the student being dyslexic not 

guaranteed. Thirdly, because of the literacy difficulties inherent in 

dyslexia, verbal communication offered the best means to obtain 

quality information. Written questions had the potential to be misread 

or elicit ambiguous answers. The final consideration was an ethical 

one. Answers could be given without the participants having to read 

and write thus reducing the potential for stress or discomfort. 
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4.2.I Practical considerations 

Initially, two methods of data collection were considered: a printed 

questionnaire sent to participants or an anonymous online survey. 

Both methods presented potential problems regarding the quality of 

information obtained. Considering dyslexia primarily affects reading 

and writing skills the possibility of insufficient or unreadable responses 

was a concern. Furthermore, being sure the students meet the 

participation criteria may have been difficult to verify, especially so for 

an anonymous online survey. This was less of a concern with a written 

questionnaire as the participants could have been directly contacted 

and their status confirmed through the college. However, unless the 

subject was observed filling in the questionnaire it would have been 

impossible to know for sure who provided the answers (Paulhaus and 

Vazire 2007). These considerations and the potential for insufficient 

answers in response to written questions (Phellas et al. 20I2) -

elaboration is unlikely and a true sense of a participant's feelings on 

a topic difficult to discern - lead to the decision to use one-to-one 

interviews. 

4.2.2 Ethical considerations 

The main ethical consideration was not to cause undue stress for the 

participants. The sensitive nature of dyslexia as a condition and how 

it can impact on a student's sense of self (Jamieson and Morgan 2008) 

meant it was paramount not to put participants in a situation that 

could elicit discomfort. Being asked to read or write had the potential 

to do this and group interviews may have created 'performance' 

pressure (Ball et al. 20 I I). As such, interviews were conducted on 

a one-to-one basis with no requirement that the students read or 

write anything. From a practical perspective, it was also hoped that 

a comfortable environment would encourage the students to be 

open and detailed in their answers. Prior to recruiting participants, 

an outline of the study and a potential list of interview qµestions 

were presented to an Ethics Committee, one from each of the two 

colleges where participants would be drawn. Following a number of 
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consultations and revisions of the questions, the interviews were given 

approval to commence. 

4.3 Participants 

4. 3. I Participation criteria 

Participation was strictly limited to students who were registered as 

having dyslexia by their college. That is, they must have undergone an 

assessment for dyslexia by a registered educational psychologist prior 

to or during their time at college. Confirmation of the students being 

registered as dyslexic was obtained from the relevant support offices 

of the colleges they were recruited from. All participants were 18 years 

or older and were currently studying or had completed a third-level 

course within one year of the interview. 

4.3.2 Recruitment 

The participants where drawn from two third-level institutes, Dublin 

Institute of technology (mT) and Dun Laoghaire Institute of Art, 

Design and Technology (IADT). The recruitment of students from 

IADT was mediated through the college's Writing and Research 

Support service. Students were sent an invitation by email and if they 

were interested they were given the contact details of the researcher. 

All interviews of students from IADT except one took place at the 

college, at times that suited the student's schedule. One interview was 

conducted through Skype. Recruitment of participants from DIT was 

mediated through the college's Disability Service. Students who came 

in for a scheduled meeting with the disability officer were asked if they 

were willing to participate. The interviews were then conducted on a 

subsequent date that suited the students. In all cases attendance at the 

interviews was voluntary. 
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4.3.3 Recruitment difficulties 

The initial aim was to interview twenty participants. This was 

considered an appropriate number that would reflect the range of 

experiences of students with dyslexia while also allowing inferences 

to be made about the wider dyslexic student population (Marshall 

1996). However, the criteria for participation-the student must be 

registered as dyslexic-limited the potential pool from which to obtain 

a sample. The Higher Education Authority (2orr) survey of student 

demographics found students claiming to have dyslexia as 2.8%. The 

data in this survey was obtained through self-reporting so there is no 

distinction made between those who were assessed for dyslexia by an 

educational psychologist and those who were not. The limited pool of 

potential recruits and perhaps the perceived stigma associated with the 

condition meant the response rate was not as high as expected. In the 

end a sample of sixteen was considered appropriate. 

4.3.4 Sample 

The range of participants in terms of age and gender broadly reflects 

the demographics of third-level institutes in Ireland (Higher Education 

Authority 2orr). The group of sixteen participants were evenly split 

between male and female, eleven participants were in the r 8-2 3 age 

bracket, three in the 24-3 o and one was over 40. Fourteen students 

were attending undergraduate courses at degree level, one at post

graduate level and one had just completed a certificate. Six students 

were drawn from IADT and the other ten from DIT. 

4 .4 Procedure 

4.4.r Data collection 

The interviews were held at each of the colleges where the students 

were attending except for one which was conducted through Skpe. 

The interviews were conducted one-to-one and the average duration 

was 22 minutes. Each interview was audio recorded and subsequently 



transcribed. The interviews were guided by r 5 open-ended questions 

(see Appendix A) and the participants were encouraged to expand on 

their answers as they saw fit. 

The informal discussions that often followed the set questions 

encouraged the participants to explore a range of topics they saw 

relevant to their experience of dyslexia and provided key triggers 

for further questions. Due to time constraints and the open-ended 

nature of the discussions not all of the predetermined questions were 

asked, although a core number of questions deemed most relevant to 

the study were discussed if appropriate. The topics discussed broadly 

reflected the questions asked and included discussions on digital 

and print media, suitable formats for dyslexics, issues with assistive 

technology and accessibility, and the wider impact of dyslexia on the 

college experience. 

4.4.2 Data analysis 

The Interview transcripts were analysed using thematic analysis, a 

qualitative method used for "identifying, analysing and reporting 

patterns (themes) within data" (Braun and Clarke, 2006 p.79). The 

analysis followed a methodology outlined by Braun and Clarke (2013) 

that begins with obtaining a thorough understanding of the data 

through multiple readings and subsequently adding identifying codes 

to relevant extracts. These codes are then used to define thematic 

categories from which narratives are drawn. It is these narratives 

and the relationship between narratives, which provide a detailed 

understanding of the participant's opinions and experiences. The 

method of data collection - semi-structured interviews - resulted 

in a large amount of information that was subjective and rich in 

detail. Thematic analysis is considered a suitable way of dealing with 

qualitative information because it allows the researcher to go beyond 

counting words or phrases and focus on identifying and describing 

implicit and explicit ideas within the data (Guest et al. 2012). 
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4.5 Results 

This section is divided into ten categories: Greatest challenges, Reading 

strategies, Reading digital material, Academic English, Text length, 

Typography and text presentation, Lectures, Memory, and Time. The 

categories are a means to broadly identify different aspects of engaging 

with course material. Under each category there is an outline of related 

themes discussed by the students and how those themes pertain to their 

experience of engaging with course material and college life. Some 

themes relate directly to the content and form of course material such 

as the use of 'academic' English or the length of articles. Other themes 

are concerned with the participant's cognitive or emotional responses 

such as time-management, memory issues or frustration. After each 

category there is a table that outlines the emergent themes and the 

percentage of students' who discussed each specific theme. 

4.5.1 Greatest challenges 

The most common themes that arose from discussions in this category 

were related to literacy tasks. Of the sixteen interviewees 50% found 

reading the most difficult, 18.75% said writing; two of those also 

stressing their difficulties with reading. I 8. 7 5 % of the students cited 

issues with time-management and 6.25% found lectures and the lack 

of accessible formats challenging. The remaining two students were 

unsure of their biggest challenges and did not elaborate and moved the 

discussion onto other topics. Even the themes that were not directly 

related to literacy skills, the student's responses illustrate clearly how 

a literacy element was at the core of the difficulties. For example, one 

student when discussing difficulties with lectures specifically did so 

by explaining they needed "to study ahead of time to get ready for 

lectures". When one student expressed a desire for more accessible 

resources they specifically meant resources related to "printed or 

electronic notes ... done in an accessible manner." Another student 

stated poor time-management as the single biggest issue and stressed 

it was not an inherent difficulty but caused by their "over all method 

of working ... research, constructing competent answers and responses 
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to things" when writing. Another student stated writing as being 

particularly problematic but when asked to decide which was more 

difficult, reading or writing, they were unsure. They described spelling 

as the most difficult aspect of writing but then later said, "researching 

for an essay" was worse. Perhaps this illustrates the fundamental 

problem for dyslexic students, the condition affects language 

processing at a deeper level rather than being specific to reading, 

writing or spelling alone. This is an important point because when all 

the issues and coping strategies described in this chapter are looked at 

together it is evident that they are so often interconnected. 

4.5.2 Reading strategies 

The most prevalent themes that emerged from the discussions focused 

on reading strategies were: the need for multiple readings; the value 

of audio and verbal information; the importance of selecting only 

relevant content and the need to segment text into smaller units. 

Although a variety of strategies were mentioned it is these four, which 

stood out as being most relevant. For example, both the need to read 

a text multiple times and pinpointing specific content relate directly to 

time-management, and the use of audio sources spanned a number of 

conversations. The importance of audio sources - including verbal 

- was reflected by the fact that it was the most cited preference for 

the delivery of course content. As with focusing on relevant content 

only, the process of dividing up and isolating portions of text was 

deemed necessary because it reduced the potential for getting mentally 

overloaded. It allowed the students to feel they had a manageable 

amount to read. 

4.5.2.1 Multiple readings 

Of the four strategies mentioned the requirement to read a text 

multiple times before it would make sense was by far the most 

common. 68.75% of all participants said they needed to read a text 

at least twice before they could meaningfully understand its content. 
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4.5.2 Reading Strategies Participants 
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Reading a text three times was considered optimum for some students: 

"In a perfect world I would read everything three times.,, Other 

students required a greater number of attempts with one student 

stating they have to read a text "several times to make sense". Where 

students offered a rationale for this strategy it was always about 

information not "going in" the first time or as one participant put it "I 

have to visit it a few times to get it into my working memory". It can 

be seen how this strategy - although vital - would have a negative 

affect on time-management. One participant described how other 

students could "skim through" a text to "get the jist" but they could 

not: 

" ... she was just explaining that she skims through it really quickly and 

I would be reading over it and reading over it again because I haven't 

taken it all in." 

4.5.2.2 Aural information 

The second most frequently mentioned strategy was to source content 

or relevant information in audio or verbal form. 4 3. 7 5 % claimed this 

as a strategy. It is interesting to note that only three of the seven used 

text-to-speech software. Two students stated that listening to someone 

talk about the subject helped them understand what they were reading. 

Another two said discussing the contents of a text were important, as 

one student explained, "I can only breathe life into it if I discuss it 

with someone." The need to 'hear' what is being read is illustrated by 

the fact that a number of the students claimed they needed to speak 

aloud what they are reading in order to understand it: 

"I will speak out the sentence and sometimes that helps because it is 

literally the case that if I am speaking it I can hear it." 

"Its mad because I am looking at it with my eyes and it wont make 

sense and I read it out loud and I go 'Ah that's what it means'." 



Another aural source of information was lectures, one student saying 

it was vital to attend "before attempting to read." Another student 

described the importance of lectures and non-literary information: 

"I made a point of going to all my lectures because I take in things 

audibly, I find it much easier if someone says it. If someone says 

something to me I will remember it forever." 

Considering the difficulty with reading and literacy tasks in general, it 

is unsurprising that many students would seek some form of non-text 

alternative to aid comprehension. Through all the interviews not one 

student talked about reading as enjoyable, it was seen as something 

to overcome or in some instances avoid. One student summed it up 

succinctly by saying "[printed] words are the enemy." 

4.5.2.3 Finding relevant content 

Due to the time-consuming and strenuous nature of reading a common 

topic that arose was that of limiting the amount of unnecessary 

reading. One student would only attempt to read if they knew "what 

the shopping list is". Another student stated, "trying to get through 

a lot of information, picking out what is relevant" as the single most 

difficult aspect of college work. This student felt the more that was 

read the less chance there was of understanding it because they became 

tired and this affected their ability to understand "the overall concept" 

and would "kind of miss out on parts". Understandably, this student 

said they preferred when they could pinpoint exactly the information 

needed and "don't have to go through paragraphs to get to something 

that is useful". Another participant echoed this view and explained it 

in terms of how difficult it is to hold information in their short-term 

memory - the more they read the less they processed: 

"Reading, then holding and recalling is the most difficult. Until I have 

that framework, that lonely dark path to building up my frame of 

reference." 



Skim reading headings and looking at the index were both strategies 

mentioned as a means to find relevant content, as was using search 

tools if the text was digitised. The importance of text documents 

having a table of contents and index was explained by one of the 

students: 

"That is really important that they index it and the contents page is 

really thorough so you can find things. That things are page numbered 

which often does not happen particularly on the self-produced work or 

if tutors are producing stuff online they don't often think of that, it has 

to be dated, have a page number and referenced." 

4.5.2.4 Segmenting text 

In response to a question about how they would approach reading a 

large body of printed text, one student explained that they would scan 

the relevant sections, increase the type size, print it out and physically 

break off sections. These sections were then read in isolation. The 

purpose of this was to "get a sense of what it all means together." This 

may seem paradoxical but the student explained that when faced with 

large amounts of text if they tried to read it as a complete piece on 

"every second line" they "would get lost and have to go back to the 

start." The student's process allowed a limited amount of information 

to be digested at a time without getting cognitively overloaded or 

visually distracted while building up more information as each piece is 

read. The final part of this process involves extracting relevant content 

from each section and then bringing that content together to make 

sure they "know the whole overall feel of the text." This strategy was 

deemed vital to successful reading; indeed, the student said without 

doing this they "would never get a grasp of what anything means.'' 

The need to isolate content was mentioned in relation to reading 

strategies by 18.75% of students and another 12.25% talked about it 

in discussions about other aspects of course work: 

" ... it is all about maintaining little sections because ... its the same 



with writing I will come to a point with writing where I am not writing 

sense anymore and I am better off stopping." 

The need to take regular breaks can be seen as related to 'chunking' 

text, as it performs a similar function in that it limits cognitive build 

up and lets the student process what they feel are manageable amounts 

of information. The connection between the two strategies can be seen 

in the response given by one of the students: 

"Oh no I am breaking it up . ... I will try to do is stick with it .. . I will 

try and get a section done. Even if it is a case of just walking away for 

5 minutes and coming back to it" 

4.5.3 Reading digital material 

4.5.3.I Difficulties and issues 

In some cases the discussions on digital text provoked a negative 

reaction from the students where 43.75% stated they did not like 

reading from a screen. It was considered "so difficult" or "a lot 

harder" than reading printed material. One reason for this was "glare 

off the screen" or "flickery screens" that made reading more tiring. 

Some of the other difficulties mentioned related to the lack of tactile 

physical interaction with the text. Specifically, the two problems most 

associated with this view were not being able to scribble notes and not 

being able to place a finger on the text: 

"Just tiring on my eyes, my eyes losing place on the line ... not being 

able to take notes." 

"Reading things on screen I don't ... it is easier to have a tangible ... 

something there I can hold." 

I8.75% of the students said when they are faced with digital text 

they will print it out and read the physical copy. However, not all 



4. 5. 3 Reading Digital Material Participants 
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interviewees expressed a preference for printed text, two students said 

they would rather read digital text. The reason given by one of the 

students was that it was "easier because the screen is brighter" while 

the other did not elaborate. 

4.5.3.2 Advantages of digital content 

Although more of the students said they preferred reading printed 

material rather than digital, a number of them did believe there were 

advantages to digital content. I 2. 5 % utilised digital tools to customise 

printed material, which they would scan, customise and then print 

out to be read. Another advantage that was mentioned was the ease 

at which digital text can be integrated with assistive technology 

particularly search tools, dictionaries, and screen readers. 

" . .. if I am reading a textbook, if it is a popular one I will find it online 

or find if someone else has scanned it and left it online somewhere. 

You can just turn it to an OCR with Read and Write Gold and then I 

would just read it like that." 

The other advantages cited was the portability of digital material and 

how it can be accessed easily on various devices such as phones and 

tablets. 

4.5.3.3 Proposed solutions 

Given that screen reading was not generally well received there was 

not much discussion on how the presentation of it could be improved. 

Those that did not like it said they would just prefer printed material. 

There were two improvements that were mentioned however: a need 

for more course material to be available in digital formats and better 

integration with audio players. One student who was an avid user of 

text-to-speech software said the greatest improvement to his college 

experience would be if "all the popular textbooks at least for each 

studies were in OCR form on a server that you could download." For 



those that did utilise text-to-speech software the lack of OCR readable 

texts was a problem: 

"There are some that are in digital format but you cant read them . .. 

because sometimes people scan it and the pages are creased or half 

crooked and it [ O CR reader J does not read properly." 

"If they are all scanned to PDF or available in digital format I would be 

fine but generally not." 

4.5.4 'Academic' English 

4.5.4.I Difficulties and issues 

Unsurprisingly given the literacy difficulties inherent in dyslexia, the 

use of 'academic' English in articles and course texts emerged as 

a recurring theme. One student likened it to a "different language." 

When it was mentioned it was always viewed in a negative light or as 

an obstacle to overcome: 

"Articles are the worst, they are the hardest because at the start you are 

not used to the academic language" 

"Its not the same as English you would use in the Leaving Cert you are 

basically learning a scientific language" 

4 3. 7 5 % of participants stated it was a key difficulty although they felt 

other issues to be equally or more difficult. Whereas r 2. 5 % regarded 

it as the most difficult aspect of reading course material. A sense of 

frustration was apparent in some responses, there was a feeling that 

having to deal with what they perceived as "plain" English can be 

difficult and academic language severely increased this difficulty: 

"I don't need these big fancy words. You don't have to say it in such an 

academic way" 
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"I am like 'what the hell does that mean?' I would then Google it and 

say 'really its that easy - why didn't you just say that'. 

Feeling intimidated or daunted by the language in course texts was 

expressed by 12.5% of the students. Interestingly, some students felt 

that as they got more exposure to the type of language used in course 

texts they felt more comfortable with it. A difference in attitude 

between how they felt at the beginning and later as they progressed 

through third-level was evident: 

"One of the lecturers in first year wasn't very sympathetic she basically 

said you are going to have to learn it either way so at first I hated her 

for it but I have to say it helped me." 

This acceptance and perseverance was apparent some of the other 

discussions, not just in relation to the style of writing. It is particularly 

evident in the personal strategies the students used to compensate for 

their literacy difficulties. One student said in response to a discussion 

on approaches to studying that the most important factor to success 

was "Practice, practice, practice" while another talked about forcing 

themselves to read: 

"So I have kind of made a point over the last six years basically to 

improve my reading, so I have got more into reading whether its 

novels or articles or books or anything. I try read as much as I can." 

4.5 .4.2 Personal strategies 

Students highlighted only two strategies as a means to tackle "difficult" 

texts. One was to rewrite relevant sections in language they find easier 

to understand; 12.5% of students stated this. The other was to look

up specific words. All mentions of word look-ups did so in relation 

to using digital tools. Search engines were considered a particularly 

helpful aid: 



"Words I don't know I can then come along and Google that and get a 

piece of paper, a pen, write what it means" 

"If I just see it straight away [ unfamiliar word] I would not be able to 

break it down I would have to learn that word or go onto Google and 

see how it sounds. Google is my best friend." 

One student explained why using digital based tools rather was 

preferable: 

"On the computer is easier, I can click in and out of the dictionary" 

It can be assumed that having to regularly look-up words while 

reading would potentially increase the time spent on reading. Time

management was a topic brought up throughout the interviews and is 

well documented as an issue for dyslexic students, although, in relation 

to looking-up unfamiliar or difficult words it was only mentioned 

by one student. Using comprehension aids such as Google or digital 

dictionaries was seen as positive rather than being a time-consuming 

additional task. 

4.5.4.3 Proposed solutions 

Unsurprisingly given the sentiment expressed regarding 'academic' 

English all who offered an opinion on how the issue may be addressed 

stated they would like to see more simple language employed. r 8. 7 5 % 

of the participants explicitly suggested language simplification tools as 

a proposed solution. However, one student did believe that changing 

to simpler content would not be to the student's benefit in the long 

run: 

"I would say to simplify the language a little bit but at the same time I 

would not actually want that done because I need to learn for myself, 

you know out in life there are other things I will have to read outside 

college so its not in my benefit." 



4.6.5 Text length 

4.6.5.1 Difficulties and issues 

The length of texts was explicitly mentioned as an issue by 50% of 

students although none suggested it was the single most difficult issue 

they face. It is important to describe what the participants considered 

a long text, as their definition may not be the same as that of a non

dyslexic student. One participant stated, "Articles over about three 

pages would be almost a no-no." Another felt anything over ten pages 

would cause problems: 

"If I get a short article, two or three pages long I will usually read the 

whole thing but if I got a ten or twelve or thirty page article then it will 

take me two or three days.'' 

The most common consequence of long texts was that it negatively 

affected time-management. 25% of the students articulated a difficulty 

with what they perceived as long texts in relation to how long it took 

them to read. This sentiment illustrates a key practical result of literacy 

difficulties - time-management issues. 

There were two other themes that emerged relating to text length, 

losing concentration during reading and being intimidated by the 

prospect of reading. With concentration, it seems the longer the text 

the more likely that the student would find it increasingly difficult to 

retain information about what was being read. One student described 

it as being "mentally overloaded." Others talked about concentration 

in terms of being easily distracted or getting to the point where trying 

to read is pointless: 

"A complete waste of time, I could sit there for another two hours and 

read it but absolutely nothing will go in." 

"I drift off and start thinking about something else rather than focusing 

on what I am supposed to be doing, so I have to take a break." 
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Two students talked about being intimidated by long texts and the 

practical consequences of this. One said they might start to "panic" 

and "stress out" because of the fear of losing their place in the text 

and having to go back through what they already read. This was 

mentioned in relation to long paragraphs rather than full articles or 

books. Another student described how intimidating long texts can be: 

"Things that don't evidently have an end I get really depressed. When 

there is 26 pages I don't even start it or I might read the first page and 

never get to the end of it." 

4.6.5.2 Personal strategies 

There were four specific personal strategies outlined by participants as 

a way of dealing with long texts. There was only one strategy that was 

mentioned by more than one student- reading in short stints. 12.5% 

participants discussed this approach. The other strategies discussed 

were dividing the text into smaller sections, reading only what was 

strictly content, and using text-to-speech software. The student who 

discussed breaking up texts explained that doing this eased the sense of 

intimidation and helped comprehension: 

"If you break it down into little sentences it just doesn't seem as 

daunting and you are not as scared when you look at it." 

"I cut it up into little sections instead of having really long paragraphs 

... so its just three or four words . .. and the process is longer but is just 

so much easier to read for me." 

The need to read in short stints was the only personal strategy 

mentioned more than once and can be related to the cognitive 

overloading. Indeed, as one student said it was necessary to take 

breaks because otherwise they "end-up zoning out" and not "realising 

what they are reading." 
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4.6.5 Text Length Participants 
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4.6.5.3 Proposed solutions 

Although the need to reduce bodies of text into smaller units was 

mentioned as a personal strategy by only one student in relation 

to long texts it did emerge as a theme in relation to other topics, 

particularly as a proposed solution or improvement to how course 

material is presented. Indeed, one participant believed this was the 

single most desirable change they would like to see to the design of 

course material. The wish to have short 'digestible' bodies of text can 

be seen in many of the responses even when it is not the main topic of 

the discussion: 

"I like things when they are put in boxes and I can analyse it more but 

not when it gets really thick, I wouldn't even read it." 

"I find magazines easier because they tend to be short anyway so you 

very rarely get a massively long article in a magazine. And magazines 

by default tend to break things up automatically and they like 

throwing in pictures and big headings." 

"I would go along and Google what the words meant and write 

underneath with highlighters and keep them very separate from each 

other because when it is a very dense piece of text I cannot read it." 

4.6.6 Typography and text presentation 

4.6.6. I Difficulties and issues 

The two most common issues expressed regarding typography were 

about type size and leading. 25% of the participants noted letter 

spacing as an issue and 31.2 5 % had problems with what they 

perceived as small type sizes. Type that was perceived to be set tightly 

or "dense" was considered harder to read because it contributed 

to visual distortions. 12.5% of students felt it made the text blur 

and difficult to "differentiate between words.'' Another student 

explained that it caused too many words to be in their line of vision 
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and distracted them. Text that the students felt was too small evoked 

similar responses: 

"Small text, small printed words that is not columned that isn't set out 

like newspaper print are difficult. Its because your eye can only take in 

so many words ... " 

The other theme to emerge from the discussion on typography was on 

type colour. This being an issue was stated by r8.25% of the students, 

with black text being mentioned as a particular problem. Two students 

elaborated on why it was so, with one saying it made reading "very 

tiring" and the other stating it contributed to visual distortions: 

"If you give me a full page of black writing whether its paragraphs or 

anything in it, it just looks like a big blur to me when I get it first." 

4.6.6.2 Personal strategies 

The most frequent strategy mentioned was the use of colour to 

highlight sections of text either digitally or with a marker. For some, 

this helped visually separate sections of text if it seemed to be set too 

tight. For others it was a way to make text more appealing or soften 

the difficulties with black text: 

"Its just easier to read, if all of them are in bright colours .... I never 

use something in black writing all the time." 

For those students who scanned printed material or who read directly 

from a screen, changing the type size was a strategy used when 

possible. No mention was made of specific sizes but it can be seen 

from the responses that bigger than standard sizes is preferable: 

"I basically scan in whatever it was and I put it into Word or something 

and make it bigger, way bigger than it was." 



4.6.6.3 Proposed solutions 

The solutions suggested reflected the strategies that were most 

commonly mentioned, with 18.25% saying they would prefer larger 

text used across all material and 18.25% saying they would like to see 

more colour used. Again a dislike of black text was expressed when 

talking about text colour: 

"It doesn't have to be a multi-coloured document but by breaking up 

the black and white with a blue heading makes the difference." 

"I don't know what it is about bright colours I do all my stuff in 

different colours and I never use something in black writing all the 

time." 

Only one student named a specific typeface as preferable - Calibri 

- and suggested sans-serif faces were easier to read. Another student 

mentioned typefaces in relation to customisation of digital documents, 

that being able to choose the "fonts, size and colour" for course 

material would be ideal. 

4.6. 7 Preferred Formats 

A pattern similar to other discussions emerged when the students were 

asked what formats they would prefer course material to be in. 50% 

of them preferred non-literary content such as audio and video, with 

12.5% preferring lectures as a means of getting information. 25% of 

the students liked digital content because of the ability to customise it 

and in one case use text-to-speech software. 18.75% of the students 

preferred printed material with one student unsure. Interestingly, two 

students explained their preference for printed material because of 

the tactile interaction with it. One felt it was "easier to grasp" if they 

had a physical copy while another thought it was better "to be able 

to write notes in beside the printed material." Another participant felt 

that having a physical copy was better than a digital file because they 

"knew where it was" and "not in some folder on my laptop." 
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4.6.6 Text Presentation & Typography Participants 
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Audio was considered preferable by one student because "listening 

to information is ten times easier to take in than reading it." This 

student also liked the audio and visual aspect of video because they 

could "relate the two together." Similarly, another student who said 

they liked "the lectures so much" because it is "a mix of all the audio

visual." A multi-sensory approach to consuming information was 

also mentioned by another student who felt that not only is audio 

preferable but that being able to discuss what was listened to would 

cement the information into their mind: 

"Auditory. Something that works in a multi-sensory ... and the other 

thing would definitely be an opportunity to discuss it at the beginning 

to integrate the information to understand it" 

Another student also felt a multi-sensory approach would be of great 

benefit though in this case it would have text as an element also. "In 

an ideal world" their preferred format would be "something able to 

read the book to me as I am reading it." 

4.6.8 Lectures 

The topic of lectures often arose as a point of discussion from 

questions about the day-to-day challenges faced by students with 

dyslexia. 37.5% expressed negative feelings towards lectures with 

37.5% being positive about them. Any student who expressed negative 

feelings towards lectures often did so specifically in relation to how 

difficult they found it to listen and take notes simultaneously. 31.25% 

of students stated this as a key concern. This difficulty also extended 

to taking notes from slides. One student felt the lectures did not leave 

the slides up long enough: 

"[The lecturer] does that where she shows quotes and it's like ok I am 

going to try write this down and I get to one sentence and it is already 

gone and she is talking about a different topic." 
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This response can be seen as part of the difficulty many dyslexics have 

with the speed at which they transfer language-based information into 

written form received either visually or verbally. That is, they have 

difficulty 'keeping up' with the rate of received information while also 

trying to write: 

" ... when my lecturer's talking and she says some bit of information I'll 

be trying to take down that note but she will keep talking about it but 

I wont be able to listen and write at the same time." 

One student did explain a novel strategy their lecturer used to make 

sure all students grasped what was said or had been presented on 

the board. The lecture gave each student a "clicker" so when asked 

if they understood what was presented the students could click for 

yes. This allowed the lecturer to explain the material directly to the 

students who felt they did not understand or to those who had specific 

questions. The student felt this strategy should be used in all lectures 

and noted it as one of the things that would significantly improve their 

college experience. 

The negative feeling around lecture collateral, which included slides 

and lecture notes focused on two main areas: the availability of 

lecture notes and the presentation of slides and notes. Some students 

expressed a desire to have notes before lectures. This was deemed 

important because it would "help to build up that frame of reference 

beforehand." Being able to "study ahead of time" is explained by 

one student as providing a "better opportunity" to garner contextual 

knowledge so if "something catches your eye that you are really stuck 

on" you can ask questions. Access to notes following lectures was also 

deemed important, although much of the discussion on this topic was 

negative as many of the students complained that not enough lectures 

provided these notes and the quality of content was variable: 

"I find it useful ... so I know that everything for that course is going to 

be on Webcourse or Moodie ... I do use it as a consistent source but 
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that is dependant on the tutors actually using it on a constant basis." 

The topic of slide and note presentation followed a similar pattern to 

discussions on the presentation of text in general. Students did not like 

when the slides where "really text heavy" and "wouldn't even attempt 

to read it" if this was the case. There was a preference for "just simple 

pieces of information" where notes "should be given in an exploratory 

sense and get more detail in the lecture." 

4.6.8.I Video and audio recording 

3 I.25% of the students expressed a wish to see lectures video recorded 

and then made available to them in response to a question on what 

one single improvement would make lectures easier. One student 

explained the benefit of videos being that they could "can always stop 

and pause it and you cant stop a person talking during lectures." As 

one student stated, "Lectures go by too fast." These responses can 

be seen as related to the difficulty with keeping up with the pace of 

lectures outlined above. There was obvious enthusiasm for the idea of 

video lectures but also an acknowledgement that it may be problematic 

to implement. One student felt that "there is a fear on the lecturer's 

part that if they gave it to you won't come to the lectures." 

4.6.9 Memory 

The topic of memory was discussed with 43.75% students with 37.5% 

saying they had problems remembering things they had read. One 

student talked about rote memorising as a strategy they employed so 

they could recognise words they had seen before. In this instance rote 

memorising was a substitute for not being able to phonetically break 

words down. They explained the only reason they knew "how to spell 

or what a word looked like" is because they had "kept learning the 

word over and over again." The problems with memory were often 

described as being related to text only, with memory capacity for other 

things being good. For example, one student said they got the best 
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results in their first year exams and "didn't study one bit for them 

it was all from memory from lectures." However this same student 

explained their difficulties with text-based information: 

"I remember reading it three times ... and I went 'I actually can't 

remember a single thing from that chapter'." 

A strong memory for non-literary information could be attributed 

to a developed coping strategy, which sees a highly attuned memory 

compensate for problems with literary content. This is illustrated by 

the response of a student who said, "the best way you learn is with 

a picture" and that is "so much easier" than text alone because "you 

remember straight away." The use of imagery as a memory aid was 

mentioned by 18.75% of students, with one stating that they "can 

picture a diagram or a picture better in my head than a piece of text" 

while another, describing the benefits of Mind Maps said they helped 

studying because "you can picture that Mind Map and remember 

where the information was and then you would probably remember 

the information that goes with it." Only one student explained why 

they felt they had a poor memory for written content and attributed it 

to the "time and energy" expended during the reading process which 

left them mentally tired. 

4.6.10 Time 

Some of the issues related to time-management have been described 

previously in the chapter but the importance of allowing adequate 

time to complete course work and read for dyslexic students cannot 

be underestimated. Issues with time-management can often be inferred 

from the strategies the student employed to complete college work. For 

example, one student's reading strategy comprised of scanning a text, 

customising it, printing it out and then separating section so they could 

read each section in isolation. The process also included; highlighting, 

looking up words and writing small summaries. This is obviously 

going to take time. Many of the reading strategies of the students 
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added more time to an already slow process; multiple readings, 

customising the text, constantly looking up words, finding alternative 

formats, needing to take regular breaks, segmenting, scanning. Some 

of these strategies need to be done before the student actually starts 

the task of reading itself. 



Chapter 5 

Results in context 

5. I Introduction 

This chapter will discuss the themes that emerged from the interviews 

with reference to the research outlined in chapters 2 and 3. It will 

explore possible underlying causes and suggest design considerations 

aimed at addressing dyslexia-specific reading issues. The focus of 

these considerations will be the presentation of text in a digital 

environment with the aim of ameliorating issues that arise directly 

from the interaction between reader and text. The intention is not to 

offer non-text alternatives to reading but where possible suggest design 

strategies that improve the accessibility of textual content. Some of the 

discussions that emerged from the interviews with the students often 

touched on broader issues relating to the college experience. That these 

issues are documented in chapter 4 is valuable as it helps highlight 

the full spectrum of challenges faced by students with dyslexia and 

illustrates the inter-related complexity of dyslexia symptoms. However, 

this chapter is focused on the form and content of course material and 

as such these topics are not discussed here. 

The chapter is divided into six sections: Prevalent themes, Typography 

and typesetting, Contextual knowledge, Isolating text, Summarisation, 

and Colour. Prevalent themes outlines the most common topics 

discussed by the students related to reading course material. The other 

sections are a means to relate emergent themes to specific aspects of 

course text design, discuss their relationship to the reading experience, 

and suggest potential design strategies where appropriate. For the most 

part, the choice of issues discussed is based on how prevalent they 

were in the interviews. However, in some cases issues are discussed 

because they are deemed important considerations for designing 

course material but may not have emerged as prevalent topics in 

the interviews. A table summarising the design considerations and 

strategies outlined in each section is presented at the end of the chapter. 
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5 .2 Prevalent themes 

The most prevalent issue (68.75%) in the interviews was the student's 

need to read a text multiple times before they felt they had got some 

understanding of the content. For some, it was a frustrating and 

time-consuming part of the reading process but for all 68.75% it 

was considered a necessary reading strategy. Although non-dyslexic 

readers may from time to time feel the need to reread content to get a 

better understanding, it is the number of readings that the students felt 

they required that stands out. For example, one student read content 

"several times" while another would prefer to read "everything three 

times." These comments illustrate a key feature of life for many 

dyslexic students; much effort and time must be expended on the 

act of reading before they can truly engage in the actual content 

(Ball et al. 201 r). There are many potential consequences of this: 

time-management issues, mental tiredness, inhibited comprehension, 

avoidance of reading, etc. The requirement to read content multiple 

times can stem from one or a combination of poor working 

memory, phonological processing difficulties, visual distortions, or 

underdeveloped literacy skills. 

The second most frequently discussed issue related to the length of 

course texts (50% ). This issue and the need to read content multiple 

times are closely related; the longer spent reading the more cognitive 

effort expended, which in turn can affect concentration (Fidler and 

Everatt 2012). This is illustrated by the 31.25% who said a key 

strategy for them was to read only what was strictly necessary and the 

18.75% who would only read small amounts at a time. As with the 

need for multiple readings, a dislike of sustained reading is not unique 

to dyslexic students, but what is clearly different - and illustrative -

is what they consider to be a long text; three pages can be seen 

as challenging. 

The next most common emergent theme was a dislike of 'difficult' 

English (43.75%). With 12.5% stating it was the single most 

challenging aspect of reading. Difficulties with unfamiliar words 
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can be a result of a phonological deficit; the process by which new 

words are broken down and how these segments are then attributed 

sounds can be inhibited (Reid 2009). A lack of exposure to the type of 

language used in academic texts can also be a problem; poor literacy 

skills and/or an aversion to reading can restrict acquisition 

of vocabulary (Ball et al. 2011). 

Another common theme related to type size. For type on paper and on 

screen, 31.25% of students said text they considered small was "tiring" 

and made reading more difficult. Issues with type size are likely caused 

- at least in part - by visual processing difficulties rather than solely 

a phonological or working memory deficit (O'Brien et al. 2005). As 

such, a number of other factors relating to typesetting can contribute 

to the perception of text being too small; type form, spacing, and 

colour (Hillier 2006). 

Two of the emergent themes relate directly to the content of course 

material, text length (50%) and the language used (43.75%), another 

with presentation, specifically type size (31.25% ), and two were 

reading strategies; multiple readings (68.75%) and reading only the 

minimum amount necessary (3r.25%). For other emergent themes 

related to reading material but not outlined above, there was a 

reasonable difference in the frequency that they were mentioned 

in comparison. The next most prevalent topic was type that was 

perceived to be too "dense" (25%), that is, set tightly without enough 

colour or white space to visually break it up. Text presented this way 

could induce "sore eyes" and visual distortions, and be intimidating. 

No other topic related directly to the form and content of textual 

content was discussed by more than 18.75% of the students. As such, 

these six topics are noted as key considerations. 

5 .3 Typography and typesetting 

Three main issues arose during the interviews regarding text 

presentation: type size, type colour, and letter spacing. When type 
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size was mentioned as an issue it was always related to it being too 

small. The students did not specify what was meant by 'too small' 

but in reviewing studies looking at this issue it can be assumed they 

meant type at standard sizes (O'Brien et al. 2005; De Santana et al. 

20I2; Rello et al. 2013). Difficulties with type size are proposed as 

being a result of crowding affects. That is, interference from adjacent 

characters that affects the processing of the target letter(s). Some 

believe this occurs because of an imbalance between the central and 

peripheral focus (Everatt et al. I999; Lorusso et al. 2004), a visual 

attentional deficit (Bucci et al. 2012), or inaccurate processing of 

letter positions (Whitney and Cornelissen 2005). Crowding affects 

are also said to relate to how close letters are to one another (Moores 

et al. 2ou). Indeed, students mentioned the difficulty in reading text 

they saw as too "dense". As with standard type sizes, standard letter 

spacing values may induce crowding (Zorzi et al. 2012). Therefore, for 

both type size and letter spacing one can assume larger values beyond 

what is deemed necessary or appropriate for non-dyslexic readers is 

suitable. For text presented on a digital display sizes up to 18 pixels 

may be required (Rello et al. 2013) with inter-letter spacing increased 

by as much as twice the default value (Zorzi et al. 2012). 

18.25% of the students expressed a desire for a greater range of 

type colours to be used. With black text in particular noted as being 

"tiring" or contributing to text blurring. Perhaps this can be explained 

by contrast sensitivity related to visual stress (Uccula et al. 2014), 

although none of the students framed it as such. Black text was 

simply "difficult" whereas other colours "just easier to read". Visual 

stress difficulties arising from black text and in particular black text 

on a white background - indeed, any high contrasting text and 

background colour combination - are well documented (Singleton 

2009 ). Studies have focused on the use of less differentiated colour 

combinations (Rella et al. 2012; Pijpker 2013) or overlays and lens 

(Uccula et al. 2014; Kris and Evans 2005) as a means of amelioration. 

Both solutions lessen the contrast between text and page. The two 

studies that focused on colour combinations demonstrated the positive 
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affect on reading rate of yellow backgrounds with either black or grey 

text. Overlays and lens used to alleviate visual stress symptoms come 

in a range of colours, although part of their benefit may not be specific 

to the colour used; they come in a range of colours and all reduce the 

contrast between text and page by effectively dulling both elements. 

As such, type colour should be offered in a range of colours that in 

combination with the background colour does not produce a high 

contrast ratio. 

During the course of the interviews any discussions on typeface 

preferences was limited and only one student named a particular 

one they like to use - Calibri. Nevertheless, because letters are the 

medium through which information is transferred to the reader, their 

influence on the accessibility of text should be considered. As noted 

in chapter 3 there are a range of typefaces designed specifically for 

the dyslexic reader, but both the British Dyslexia Association and the 

Dyslexia Association of Ireland promotes the use of typefaces aimed 

at a general readership. Some research extols the value of a particular 

dyslexia-specific typeface (Sylexiad - Hiller 2006; Dyslexie - De 

Leeuw 20Io), whereas other research demonstrated the benefits of 

both non-dyslexia and dyslexia typefaces (Rello and Baeza-Yates 

2013). What is relatively clear from both anecdotal and empirical 

sources is that dyslexic readers favour familiar sans-serif faces and 

perceive serif faces to be more challenging (Hillier 2006; De Santana 

et al. 2012; Rello and Baeza-Yates 2013). One of the dyslexia-specific 

faces reviewed in the previous chapter - Read - is not supported 

by the availability of studies related to its design and development 

as far as can be ascertained, and as such, it is difficult to recommend 

its use. Taking into consideration the frequency certain typefaces 

are recommended for use in anecdotal sources and the results of 

the studies noted above, the following range of typefaces should be 

considered as suitable options: Arial, Helvetica, Verdana, Comic Sans, 

Dyslexie, and Sylexiad. 
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5 .4 Contextual knowledge 

43.75% of students found the language used in course material 

difficult, with a further 12.5% stating that having to read "academic" 

language the single most challenging aspect of course work. To address 

this issue, two students mentioned word look-ups via Google and the 

frequent use of dictionaries as a key strategy. For dyslexic students, 

college may be the first time they encounter academic or technical style 

writing; indeed, one student described it as "another language." On 

top of the inherent difficulty of reading due to cognitive processing 

difficulties (phonological, memory capacity or visual), unfamiliar 

words can be particularly problematic because dyslexic students may 

not have developed as comprehensive a frame of reference as other 

students to draw on; they are less likely to have read as much as their 

peers (Ball et al. 2ou). This can affect not only their vocabulary but 

also their exposure to more sophisticated syntax (Fidler and Everatt 

2012). In course texts, especially those containing technical language, 

there can be composite words or instances where the use of familiar 

words have a context-specific meaning; where a non-dyslexic student 

can make inferences based on familiar parts of a composite word or 

the context of a sentence this can be more difficult for dyslexics (Bailey 

2014). Students may also be faced with scientific descriptions or 

writings on subjects that can contain terminology that is not in English. 

These types of texts are more likely to contain a greater range of words 

that do not follow the expected orthography. For example, an article 

on Art History may contain archaic words or a scientific paper be 

littered with words of Greek origin. 

The issues mentioned above can be ameliorated through available 

sources - anyone with a computer and an internet connection can 

quickly find information on virtually any subject (Hillesund 2010). 

However for the purposes of reading a specific text, information may 

be dispersed - different sources may need to be consulted- and 

unlikely to be formatted for a dyslexic audience. As such, a means 

by which to directly access synonyms, definitions, or explanations in 

simple English from within a text should be considered. 
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5. 5 Isolating text 

For some students reading texts they perceived to be long could be 

an intimidating experience, one student described it as depressing 

while another feared they would "get lost" and have to begin again. 

Strategies described by the students to deal with long texts included 

dividing texts into smaller sections, reading only what was absolutely 

necessary, and taking frequent breaks. These three strategies can be 

viewed as a means to alleviate the cognitive 'load'. That is, reading 

small amounts of text allows a manageable amount of information 

to be consumed before the processing capacity reaches its limit. For 

students with dyslexia the amount of time or 'window of opportunity' 

to input and adequately process information that has been read may 

be shorter than their non-dyslexic peers (Peer 2009 ). Some researchers 

point to a general working memory deficit as the underlying cause 

(Ghani and Gathercole 20I3) while others believe it is a reduced 

capacity to hold phonological representations within the working 

memory system (Van Genuchten et al. 2008). Hatcher and Snowling 

(2002) report that even with highly literate dyslexic readers brain

imaging studies have shown a significant reduction of activity in 

regions associated with short-term and working memory. It is likely 

therefore that a dyslexic student will have to reread a text a number 

of times to understand it. This process is mentally tiring and makes 

reading a long arduous task. Tiredness can further decrease the 

capacity to process information and reading becomes gradually more 

difficult, or as one student described it "a complete waste of time." 

From this perspective it can be seen why texts of any substantial length 

would present a problem and make a student "get really depressed." 

Crombie and McColl (2001) see two characteristics of memory deficits 

in dyslexic students: a limited capacity to 'think about' information 

while it is being processed and the possibility of inaccurate 

representations being stored - misreading. Consequently, the task 

of reading can result in time spent without truly understanding the 

information read. Indeed, 68.75% of all participants said they needed 

to read a text at least twice before they could meaningfully understand 
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its content. A low memory capacity for storing written material is 

often compounded by poor literacy skills and an underdeveloped 

contextual framework; comprehension is difficult. Not "getting the 

overall concept" despite diligently reading was talked about by some 

of the students and might be explained by the act of decoding the 

letters/words filling up the cognitive capacity and leaving little room 

for comprehension. Indeed, being able to decode is not enough, to 

understand a text the reader must be engaged on a number of different 

cognitive levels (Reid 2009). Complaints regarding poor recall of 

written communication appear in many accounts of college life by 

dyslexic students. One former student recounts how difficult exam 

revision became because they "couldn't remember anything" about 

what they read (Moody 2007, p.5). Another tells how poor memory 

meant sometimes he could not recall what his own notes where about 

(Gilroy and Miles 1996). 

A possible way to reduce cognitive overloading would be to offer a 

means to segment a text into a variety of subsections: word, sentence, 

paragraph, page. Indeed, short lines of text have been demonstrated 

to improve reading performance (Schneps et al. 2013) as has words 

shown in isolation (Pepper and Lovegrove 1999). Indeed, some of the 

students have effectively been employing a similar strategy already 

by physically dividing up content. A further potential design strategy 

would be to integrate a summarisation tool, to offer short synopses 

of sections of text in plain English. This would allow the student 

to access a less demanding source of information and also act as a 

contextual reference. 

5 .6 Summarisation 

Some of the challenges expressed by the students could potentially be 

alleviated by access to a function that simplifies content, and presents 

it in a way that reduces the amount of reading needed to gain an 

understanding of the text. The challenges discussed relate to sustained 

reading: intimidation, multiple readings, and losing concentration 
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from mental tiredness. Similarly, comprehension difficulties arising 

from unfamiliar words or a lack of contextual knowledge may be 

ameliorated by synopses in language more likely to be familiar to 

the student. 18.75% of the students did expressly suggest a language 

simplification tools as a desirable reading aid, and 68.75% said 

they often required multiple readings before they could understand 

a text. Other figures that indicate the potential benefit of summary/ 

simplification tools include 4 3. 7 5 % of students stating a difficulty 

with the language used, and 50% saying content length was an issue. 

The integration of summarisation and language processing technology 

aimed at aiding comprehension for dyslexic readers have been the 

focus of resent research (Rello 2014; Nadhini and Balasundaram 

2013). One key aim of these projects - and one that distinguishes 

them from the plethora of freely available summary: tools, tool, tool, 

tool, etc. - is to shorten textual content while retaining semantic 

integrity. The goal of a summary/simplification tool is not only to 

reduce the amount of required reading but more importantly to aid 

comprehension. Access to summaries could allow a manageable 

amount of relevant content to be read without putting too much stress 

on the working memory system. This may reduce the need for multiple 

readings and have a positive effect on time-management. 

5.7 Colour 

The importance of a low contrast ratio between text and background 

has been said to address some symptoms of visual stress (Singleton 

2009) and certain colour conditions may have a positive affect on 

reading performance, specifically blue light (Pammer and Lovegrove 

2001) or the use of yellow filters (Ray et al. 2005). Indeed yellow 

appears to be supported as suitable background colour for both 

screen and paper by a number of studies (Rello and Baeza-Yates 2013; 

Pijpker 2013) Conversely, certain colour combinations may induce 

visual distortions (green and red, white and black, green and blue) and 

should be avoided (Pammer and Lovegrove 2001). Some students did 
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express a dislike of black text particularly, and this may be because 

black on a white background has a high contrast ratio. Although 

as mentioned previously none of the students talked about contrast 

specifically. Colour was also talked about as a means to highlight 

sections of text either digitally or with a marker. For some, this helped 

visually separate sections by "breaking up the black and white" and 

for others it was a way to make text more appealing, perhaps less 

intimidating. I8.25% of the students said they would like to see 

more colour used in course material. However, specific colours where 

rarely mentioned. One student did say they used blue for headings but 

generally the student's desire was for "different colours" to black. 

The use of colour can therefore be seen as a means to alleviate visual 

stress, visually divide up a text, and perhaps make reading more 

appealing. For dyslexic readers it may be that a specific range of 

text and background colour combinations are suitable, one study 

demonstrated black text on a creme background as producing the 

fastest reading rate compared to seven other colour combinations 

(Rello and Baeza-Yates 20I3). In the same study the combination that 

scored the highest preference rating was black on yellow. In another 

study (Pijpker 20I3) reading accuracy scores were highest from a black 

text and yellow background combination. That black text produced 

positive results in both these studies may seem to go against what the 

students said during the interviews. However, it is likely that it is not 

the black text alone that is the problem but the combination of black 

on white. 
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Chapter 6 

Practice outcomes: Development 

6.I Introduction 
The following chapter outlines the role of design practice during the 

course of the research and the development of concepts derived from 

the research. This chapter is divided into two sections: The role of 

practice-based research and Concept development. The first section 

briefly outlines three functions of design practice within the research. 

The second section discusses the development of concepts and design 

considerations and how they evolved during the course of the research. 

6.2 The role of practice-based research 

6.2.r Design as a research tool 

During the course of the research a number of diagrams and 

illustrations were created as an aid to understanding dyslexia 

and related topics. These visual devices helped present unfamiliar 

concepts in a simplified and memorable form. Coming from a design 

background with no prior understanding of or exposure to many 

strands of dyslexia research, many - if not all - of the cognitive, 

neurological, and visual processing topics were encountered for 

the first time. To be able to make appropriate and informed design 

proposals it was felt a good understanding of these processes and how 

they relate to dyslexia symptoms and behaviours was required. 

As such, the act of distilling concepts into explanatory visuals helped 

clarify what were often quite complex and involved processes. For 

example, at the beginning of the initial research phase a poster was 

created outlining various aspects of language processing and its 

relationship to brain function (Fig. 19). Similarly, a diagram of the 

Dual route theory of reading was created during research into reading 

theory and cognition (Fig. 20). Although throughout the research 

written notes were extensively used, these graphical devices had the 
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advantage of being quickly understood at a glance and as such were 

often referred back to. Furthermore, using self-created visual aids often 

allowed a holistic view of connected ideas and topics, something that 

could be more difficult to achieve from reading written notes or diffuse 

sources. For example, Mind Mapping techniques were used to connect 

the various aspects of dyslexia and show their interdependence 

(Fig. 21). 

Other design strategies used as research tools included the use and 

creation of information tables. These were particularly suitable for 

related information that needed to be quickly compared. For example, 

the research process included creating a table featuring a range of 

assistive technologies outlining their function and availability (Fig. 22) 

and a table comparing dyslexia-specific typeface features (Fig. 23 ). 

All these visuals aids were created specifically as research tools and 

as such their aesthetic and functional value was measured solely on 

their usefulness in this capacity. However, in the case of Mind Maps 

or visual networks, their usefulness in aiding the research was a factor 

that led to considering their appropriateness as a design strategy that 

could help dyslexic students. 

6.2.2 Concept presentation 

At various points during the research process a number of different 

concepts for reading applications were explored. These concepts were 

part of a continuous process of generating ideas derived from the 

research. Posters or animations were used to illustrate the form and/or 

features of these concepts. In two cases the concept was presented 

as a basic diagram on a poster showing the relationship between 

the features and functionality of a proposed application (Fig. 24, 2 5 ). 

In another, animation was used to demonstrate how a user might 

interact with a proposed application and what visual form it 

might take (Fig. 26). 
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Figure 24 
Application proposal for an eBook 
reader designed for dyslexic users, 
outlining features & functionality. 
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Figure 26 

Still frame from an animation, which 
demonstrates the user process and user 
interface of a proposed audio-visual 
mapping application. 

South America 0 
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6.2.3 Reading application prototype 

The final part of the design and research process culminated in the 

creation of an animation outlining the features and functionality 

of a browser-based reading environment prototype. The prototype 

was conceived as a means to apply the proposed design strategies 

derived from the research to a design outcome. It is not a proposal 

for a complete digital reading application, rather it's function is to 

demonstrate how the outlined strategies could be integrated and 

presented within a digital text environment. The prototype's features 

and the rationale behind their inclusion and development is discussed 

in detail in the next chapter. 

6.3 Concept development 

The following section describes the design outcomes and concepts that 

developed from research during the course of the project. They are not 

final pieces rather they illustrate the trajectory of the design research. 

Each outcome was created at a different stage of the research and as 

such they reflect the area of investigation being undertaken at the 

time. Some design elements and concepts described below were carried 

forward and informed the working prototype outcome while others 

were not developed any further. For example, the audio feature of 

the audio-visual network concept was not developed further because 

following analysis of the student's interviews it was decided to focus 

on the interaction between reader and text rather than looking at 

alternatives to reading. Although some of the students did use audio 

or text-to-speech technologies as a reading aid, this decision was 

taken because the use of audio was not as frequently discussed as 

other themes. However, the visual network concept was incorporated 

into the final outcome. Again, this was based on the analysis of the 

interviews; it was considered a function that might reduce the need for 

multiple readings and act as a contextual resource, both themes that 

arose frequently during the interviews. 
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6.3.r eBook reader concept 

During the early phase of the research process an outline for an eBook 

reader application tailored for dyslexic students was devised. A poster 

was created showing a flowchart of proposed features (Fig. 24). The 

features were divided into those that related directly to the reading 

process and those that are used for searching for content within a 

text. The functionality relating to the reading process involved the 

visual presentation of text (customisation and magnification tools), 

the integration of text-to-speech functionality, and complimentary 

knowledge sources (dictionary and thesaurus). Search functionality 

was devised as being led by both voice activation and typing. 

A key feature was detailed searching, that is, allowing the user to 

search within and for different semantic elements in a text. For 

example, a user would be able to search within all the quotes in a 

text or find text related to a specific topic. The rationale for this was 

to limit any unnecessary reading and help the reader find relevant 

content quicker and more accurately. Although issues with sustained 

reading did emerge as a theme in the interviews, at the point when 

the flowchart was created the search feature was derived solely from 

secondary sources as the student interviews had yet to be conducted. 

Indeed, the whole concept is not particularly evolved; in essence 

creating the flowchart was primarily an early stage design exercise. 

Nevertheless, some of the proposed functionality was investigated 

and developed further as the research progressed. In particular, while 

investigating how texts could be broken down into their constituent 

parts as a means to guide detailed searches, the initial idea for using 

visual networks of semantic elements was conceived. This led to 

further exploration of their suitability as a reading aid and the 

technologies that could be used to create them. 

6.3.2 Concept maps as a reading aid 

Concept maps (Mind Maps, visual networks) are often put forward 

as a suitable learning strategy for dyslexic students to plan, explore 
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and examine a body of knowledge (Ball et al. 20n). Because concept 

maps present concise information in a holistic and visual structure 

they put less pressure on the cognitive processing system; information 

can be obtained with less reading and connections between words/ 

ideas are presented graphically. They are also free of the grammatical 

and syntactical complexity of bodies of text yet can convey quite 

complicated ideas, and the addition of images and colour can aid 

comprehension and memory (Reid 2009). Indeed, some researchers 

believe that a high proportion of dyslexics have a particular aptitude 

for processing information presented visually and holistically. One 

study suggested a connection between dyslexia and strong global 

visual perception (Von Karolyi et al. 2003 ), that is, they are more 

attuned to visually processing whole scenes rather than focusing in 

on specific details. Similarly, another study suggested a likelihood of 

an enhanced ability in spatial context learning (Howard et al. 2006). 

Spatial context learning is a process where the relationship between 

objects in a space is analysed and stored. These studies and the 

frequency by which concept maps are suggested as learning strategies 

for dyslexics led to an investigation of their use as a means to aid 

reading. 

For some dyslexic readers the effort involved in decoding written 

content can hinder the ability to extract meaning from a text; less 

cognitive resources are available to follow the logic of a text (Bailey 

2014). As such, concept maps were considered as a means to aid in 

the comprehension process. It was conceived that related semantic 

elements could be extracted from a body of text and their relationship 

to each other described in the form of a visual network. This would 

allow a degree of information about the content be obtained without 

having to read the full text, act as a primer before reading, or help 

the reader find specific content. The research looked at what semantic 

elements could be extracted, how these elements relate to each other, 

and if presented as a visual map they would make sense. Unlike a 

basic text analysis application such as Wordle (Fig. 27) rather than 

base the maps on word frequency alone the application would also 
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Figure 27 
Online application Wardle. Word 
cloud of Martin Luther King's 
'I Have a Dream' speech based 
on word frequency alone. 
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analyse the relationship between words and their semantic importance 

within a text. An initial test exercise involved creating a visual map 

from a short piece of text (Fig. 28). In this instance, the most common 

word/word phrase (excluding articles, prepositions, verbs) is initially 

linked to the main subject of the sentence it is part of. The subject is 

then linked to the verb which acts upon it. The purpose of this basic 

semantic analysis was to see if it would produce a visual map that 

would give a reasonable indication of the text's content (Fig. 29). 

Following on from creating a number of similar maps from different 

texts, an exploration of what technologies could be used to create 

such maps was conducted. Two technologies were briefly looked at, 

Latent Semantic Indexing and Natural Language Processing. Both can 

be used for analysing bodies of text and finding semantic patterns and 

relationships. However, it was considered that to pursue this avenue of 

investigation would be veering the research away from its initial focus 

and into areas such as linguistics and programming logic that would 

require a substantial amount of time to research. The research shifted 

back to using the concept of visual mapping as a reading aid without 

an emphasis on how such concepts could be implemented technically. 

6.3.3 Audio-visual network application 

Following on from research into concept maps/visual networks as 

suitable reading comprehension aids, an animation was created which 

outlined how such maps could be integrated into a reading application. 

The application concept was devised as an amalgamation of two 

reading comprehension strategies, the use of text-to-speech software 

and concept mapping techniques. The user could listen to an audio 

version of a text and be able to create interactive visual maps derived 

from the content. The central feature of the application was to extract 

key information from a text and use this information to build a visual 

network that would aid the user in understanding the content by 

acting as a primer, memory device, or study aid. A detailed study of 

how this application could be created from a technical perspective was 
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Figure 28 
Semantic analysis of Martin Luther 
King's 'I have a Dream' speech. 
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not conducted. Rather the focus was on user process and the graphic 

interface. Specifically, the process by which a user could create a visual 

map. 

It should be noted that at this point in the research consideration was 

still given to proposing strategies that included alternatives to reading, 

specifically text-to-speech/audio technologies, however, as outlined 

previously for the final outcome it was decided to focus on strategies 

to improve the interaction between reader and text rather than provide 

non-reading alternatives. 

6.3-3-r User process 

The user would begin the process of creating a visual map by stopping 

the audio-player at a specific point (Fig. 30). They would then 

determine the amount of text to be analysed by choosing one of six 

options: analyse the word the player is stopped on, the sentence, the 

chapter, the page, or the full text (Fig. 3 r). This would allow maps to 

contain information relevant to different amounts of content. Next 

the user can determine what type of content is to be analysed; they are 

given the option to choose between topics, people, places, or things 

(Fig. 32). This option will determine the central word on the map 

(Fig. 3 3 ). The map will then be generated with a number of secondary 

words semantically related to the central word. Each secondary word 

will be linked to a number of related tertiary words. The generation 

of the words and their relationship to each other would be based on 

a similar semantic analysis process to the one described previously 

(see pp.128- 13 r). Following the creation of the map the user can 

then customise it by editing, adding, or moving words, rearranging 

connections (Fig. 34), changing typeface and adding images (Fig. 3 5 ). It 

was conceived that the user could also hear an audio description of the 

map and its hierarchy/structure. Finally when the user was happy with 

the map they created they could save it and use it as a future reference 

or study/memory aid (Fig. 36), see accompanying DVD-R. 
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The Origin of Species 
CHARLES DARWIN 

Figure 30 

The user can stop the audio recording 
of a text at any point so they can create 
a visual map of the text's content. 

Word Sentance 

Page 

Figure JI 
The user can determine the amount 
of content to be analysed in the creation 
of the map. 

1 3 5 

18 4'3 

Paragraph 

Full Text 



• Topic 

• Places 

Figure 32 
The theme of the map is determined 
by the type of content the users wants 
to analyse. 
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Evolution O 

OTheory 

In this case the map was based on the 
most prevalent topic within a chapter 
of the text. 
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Figure 34 
The user can customise the map by 
editing the text, moving words, and 
rearranging links & nodes. 

SOuth America 0 
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Figure 35 
Further customisation includes 
changing type formatting & adding 
images. 
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Figure 36 
The map can be saved and used as 
a audio/reading aid or study tool. 
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Chapter 7 

Practice outcomes: Strategies applied 

7.I Introduction 
The final design outcome consists of a demonstration model for a 

browser-based reading application prototype. The prototype is not a 

proposal for a complete application rather it is a means to demonstrate 

how specific design strategies aimed at improving the accessibility 

of textual content for dyslexic students could be implemented in 

an interactive reading environment. The prototype's features and 

their functionality are demonstrated in an animation. The following 

section describes the features of the prototype and outlines the 

accessibility issues each feature is attempting to address. The design 

and functionality of each feature is informed by the most frequent 

themes to emerge from the student interviews and the various strands 

of dyslexia research covered in previous chapters. The features of 

the prototype are grouped under seven headings: Typeface choices, 

Typesetting options, Colour options, Isolating text, Contextual 

resources, Text summaries, and Visual maps. 

7 .2 Prototype overview 

The prototype's features are informed by the design strategies outlined 

in chapter 5 (see p.II6). These considerations were derived from the 

six prevalent themes to emerge from the interviews and informed by 

the research covered in chapters 2 and 3. The six themes are Multiple 

readings (68.75%), Text length (50%), 'Academic' English (43.75%), 

Read minimum amount (31.25%), 'Dense' text (25%), and Type size 

(31.25% ). Where less frequent themes informed particular features it 

was because they were considered relevant based on other research, 

and in some cases, particular features were heavily informed by other 

research. For example, discussions on suitable typefaces were limited 

during the interviews but relevant literature and research studies 

covered revealed a strong link between type form and accessibility. 



The prototype animation consists of a single page of text presented 

in five stages. Each stage outlines specific features of the prototype 

and the reading challenges they propose to address. The stage titled 

Customisation features typesetting and colour options, Contextual 

resources features functionality that helps the reader drawn on 

complimentary information sources, Isolating text contains features 

that allow the user to manipulate the amount of text that is shown, 

Text summaries permits the user to access a plain English synopsis, 

and in Visual maps a semantic network of the text's content can 

be accessed. 

7 .3 Technical information 

The prototype is proposed to be a browser-based application built 

with standard web technologies: HTML5, css3, JavaScript, and 

]Query. The prototype's features and functionality are demonstrated 

through an animation titled Prototype.mp4 ,which is available on 

the accompanying DVD-R. The disc also contains an animation of 

the Audio-visual network concept described on pages I 28 - I 3 5, this 

animation is titled Audio-visual.mp4. 

7.4 Features 

7.4.r Typeface choices 

The application allows the user to change the typeface the text is set 

in (Fig. 37). There are five options: Helvetica, Courier, OpenDyslexic, 

Dyslexie, and Verdana. This feature is concerned with addressing 

issues associated with crowding, perceived readability, letter 

discrimination and reversals. The theme this feature relates to is 

'Dense' text (25%). 



I 
t Dyslexie 

Courier 

Holvetica 

: Verdana 

OpenOyslex1c 
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Figure 37 

My father's family name being 
Pirrip. and my Christian name 
Philip1 rny infant tongue could 
make of both names oothing 
longer or more explicit than 
Pip. So, I called myself Pip, 
and came to be called Pip. 1 
give Pirrtp as my father's 
family name, on the authority 
of his tomhstone and my 
sister, - Mrs, Joe Gargery, 
who married the blacksmith. 
As I never saw my father or 
my mother, and never saw any 
likeness of either of them (for 
their days were long before 
the days of photographs), my 
first fancies regar-ding what 
they were like were 
unreasonably derived from 
their tombstones. 

My fatl':cr•s r-11m1ly r.ame being 

Pirr;p, and rr.y (;r.rutian name 

.-h.i11p. Po/ .11':.f,ml.. ~ong .... c cO\.ld 

N\I;<' ol both nillli'.ea r:.ot h1n; 

1or.gcr or nc:re t!;<plicit; than 

Pip. so, l :;:d.11,.;.d r.ye~l ( Pip. 

ar.d Ccll:'\e to be -eall<:d Pip. I 

9iYtt fh·rlp (lG r,y father'• 

fa11a y r.c1.me, on the aulhol'ily 

or :; torr,b:star.t:- i\r".d MY sister, 

- M:rs . .Jee Gargt-ry, who Nlrried 

t.t':8 nlac1';c,.tr.1t.h, tt:!t I J\e-:r1 R.t'« 

ffl"/ fathPr er lll'f met her, u:d 

r.ev~r ••w any l lkie:1cs.s of 

~ithier ot t.he~ 1 [er the{ r da"fB 

....rH• ,or-q b<'fon, th d<1)'~ of 

p!".b:-.cgra.ph•>, rr,y !.:.rst. fancie• 

rr.g,noir.g .... hal l-h .. )' W't!l., l kf" 

ver<' vn:-ea~o-nably .:ierived r 
their tortlbatono:s. 

The five faces included were chosen 
based on their visual attributes, and the 
frequency by which they are suggested 
as suitable for dyslexic readers. 



7.4.1.1 Rationale 

The typeface a body of text is set in should be carefully considered so 

as not to add further difficulties to what may already be an arduous 

reading process (Rello and Baeza-Yates 2013). Typeface features that 

are thought to aid skilled readers, serifs for example (Felici 2011; 

Arditi and Cho 2005), may make reading less accessible for dyslexic 

students. A character's form may contribute to visual distortions 

such as crowding, inhibit letter discrimination (Frensch 2003 ), and 

may also encourage the perception that a particular piece of text is 

difficult to read (Hillier 2006). For some dyslexic readers serif features 

can make words seem 'dense' as the appendices appear to run into 

adjacent characters, and because of their regular use in books, journals 

and magazines can become associated with sustained reading (Hillier 

2006). With digital technology - unlike print media - a range of 

font options can be made available to the user and as such negate the 

requirement for a 'one size fits all' approach to typesetting. Dyslexia 

symptoms are individualistic and the range of typefaces offered should 

reflect this. Research has shown there is no one ideal typeface for 

dyslexic readers (Zorzi et al. 2012; Rello and Baeza-Yates 2013; Hillier 

2006). Indeed, even some typefaces designed specifically for dyslexic 

readers have been shown to produce slower reading rates than non

specific ones, or scored lower on preference ratings (Rello and Baeza

Yates 2013). 

The aim of the font option feature is to offer a range of typefaces, 

where specific accessibility issues could be addressed by the 

characteristics of each font. In the prototype five regular weight 

fonts were chosen: Helvetica, Verdana, OpenDyslexic, Dyslexie, and 

Courier. Helvetica was included because it is often suggested in various 

sources as a suitable typeface (Dyslexia Association of Ireland 2014; 

British Dyslexia Assocaition), is widely recognised, and scored high in 

preference ratings in one study (Rello and Beaza-Yates 2013). Verdana 

is also suggested as suitable in anecdotal sources, scored a high 

preference rating in the same study, is used widely online, but unlike 

Helvetica was designed specifically for digital display. OpenDyslexic 
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and Dyslexie are both dyslexia-specific typefaces and were included 

because they propose to aid letter discrimination, and address issues of 

letter mismatching and reversals (Pijpker 2or3; OpenDyslexic 2014). 

Courier is the only monospaced typeface included, and as such each 

character block occupies the same amount of horizontal space. This 

may reduce crowding affects, as the characters are usually further 

apart - with standard spacing values - than for variable width 

typefaces. Increased inter-letter spacing has been demonstrated to 

improve reading performance (Zorzi et al. 2or2) and Courier has been 

shown to produce shorter fixation durations compared to twelve other 

fonts (Rella and Baeza-Yates 2or3). Longer fixation durations can 

indicate slower reading rate and may be related to processing speed 

and capacity (Olson and Hyona r995). 

Although the prototype demonstration shows five specific typeface 

options - each chosen because of inherent characteristics, which have 

been shown to improve text accessibility in relation to a number of 

dyslexia symptoms (see above) - any discussion on type choice in a 

browser-based application must be considered in the context of the 

development of web typography in recent years. Since at least 1996 

best practice in web design and accessibility advocated the use of a 

set number of 'web safe' fonts (Kerr 2012), that is, a set of typefaces 

that come pre-installed on computers that use either Windows or 

Apple operating system software. Using these fonts allowed designers 

and developers a measure of control over how content was displayed 

as it was probable the end-user would have them installed on their 

computers (Teague 2010). Although all common browsers allow users 

to change the typefaces used - as well as some typesetting features -

many users do not have sufficient knowledge of html/css to access this 

feature (see p.144). Also, many of the pre-installed system fonts may 

not be suitable for readers/users with reading difficulties - there are 

often many display faces among those offered. 

Web typography is changing however, recent years have seen the 

adoption and development of technologies such as the @fontface css 
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declaration and hosted 'web font' services such as Adobe's Typekit, 

Google Fonts, and Hoefler&Co's Cloud.Typography. Although the 

@fontface declaration have been specified since 1998 the browser 

technology to support it was not as developed or widespread as it 

has since become (Lie 2007). Hosted 'Web font' services are a newer 

development. These technologies can exceed the limitations of 'web 

safe' fonts and offer designers and developers a greater range of 

typeface options. Indeed, in terms of user accessibility the fundamental 

difference between the 'web safe' approach and the use of 'web fonts' 

is that of choice. 

The five faces offered in the prototype should not therefore be seen as 

definitive. As has been discussed dyslexia is an individualistic multi

faceted condition and typeface preferences among dyslexic users 

reflect this, as such, the potential for a more personalised set of faces 

offered should be considered. In short, 'web font' technology offers 

the potential to tailor the list of choices within the application closer 

to the needs of each user. However, It should be noted that at present 

of the four dyslexia-specific faces discussed previously (see pp.38-47) 

none are currently available on the 'web font' services Typekit, Google 

Fonts, Cloud.Typography, or Font Squirrel. 

There is of course a danger in distracting the user from the primary 

task- to extract information from the text- by overloading the 

application with options. As outlined previously working memory 

and sustained concentration issues can be a feature of the condition 

(Peer 2009) and careful consideration should be given to the balance 

between the need to offer choice while maintaining a focused 

accessible reading environment. 

7.4.2 Typesetting options 

The user can adjust four text-formatting values (Fig. 3 8, 3 9 ); line

height, letter spacing, word spacing, and type size. Allowing a user to 

adjust these values may help lessen visual stress related issues such as 
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crowding and visual distortions. The themes this feature relates to are 

'Dense' text (25%) and Type size (31.25%). 

7.4.2.1 Rationale 

The text formatting options available on dedicated reading 

applications and devices, and accessibility-friendly websites are often 

more limited compared to the options listed above. For example, 

the Dyslexia Association of Ireland's site allows users to change 

background colour and text size, and the National Disability Authority 

provides just text-sizing controls. The Kindle Paperweight - a 

specialised eBook reader - allows users to change typeface, type and 

background colour, margin widths, and line spacing but not letter 

or word spacing. In the case of eBook devices these options may 

be all that is required for skilled readers, adjusting letter and word 

spacing beyond standard values has been shown to lower the reading 

performance of non-dyslexic readers (O'Brien et al. 2005). However, 

for dyslexic readers studies have suggested a benefit of increased 

letter and word spacing (Zorzi etal. 2012; Rella etal. 2013), and 

perhaps even words read in isolation (Pepper and Lovegrove 1999). 

Indeed, some of the typesetting and presentation orthodoxies that are 

considered desirable for skilled readers are less applicable to dyslexic 

readers. For example, type in the 12 to 14 pixels range is common 

on many websites (Legge and Bigelow 20n) whereas one study has 

suggested up to r 8 pixels suitable for dyslexic readers (Rello et al. 

2.013). This is not to suggest that there is a rigid set of text formatting 

rules that need to be used, on the contrary, dyslexic readers - as with 

skilled readers - are not a uniform body. Perhaps it is arguable that 

due to the potential range of different cognitive and visual symptoms 

dyslexic readers may exhibit a greater range of text formatting 

preferences than skilled readers. Those susceptible to crowding effects 

may require large type and spacing sizes whereas those with a purely 

phonological deficit may exhibit similar preferences to a skilled reader. 

Indeed, the responses of the students to questions of text presentation 

were not as uniform as they were for other aspects of reading. For 
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Figure 39 
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example, some felt type size (25%) to be the single most influential 

text presentation element, for others it was colour (18.75%) or type 

spacing (3r.25%). Whereas 68.75% reported the need to engage in 

multiple readings or 50% had issues with the length of texts. 

A key feature with regards to text size controls is that the user can 

increase the point size of the text while leading values also increase 

in proportion (Fig. 40). For example, if the leading value is 120% of 

the type size it will remain 120% as the type is increased or decreased. 

The user can adjust the leading independently if they so wish by 

adjusting a separate control specific to leading (Fig. 41 ). The benefit of 

proportionally linked scaling for leading and type size is that it simply 

allows the user to quickly increase the size of what they are reading 

without the need for additional formatting adjustments. As has been 

stressed throughout, there is a need to keep the application simple 

in terms of user-interaction and although straightforward single step 

controls are considered best practice for all users of interactive content 

(Whitenton 2013) it is especially pertinent for users with dyslexia. 

Potential issues with concentration and distraction were stressed 

by a number of students in the interviews and it is widely accepted 

that a common feature of the condition is poor focus during literacy 

tasks (Beaton 2004; Fidler and Everatt 2012). Indeed, it is also 

considered that dyslexics will find it more difficult to refocus on the 

task of reading once their attention has shifted than skilled readers 

(Harrar et al. 2014). Furthermore, reading from a screen may require 

more cognitive effort because of stimuli not present when reading 

from paper -backlight and illumination, visual distractions, urge to 

interact, etc. (Hillesund 2010), and as such increase the desire of the 

user to find alternative tasks to actually reading. Therefore creating 

a reading environment which leaves more mental resources for the 

decisions that are truly essential to the dyslexic user should be seen as 

a key design objective. 
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Figure 40 
Proportionally linked type size 
& leading size scaling. 
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Figure 4I 
The user can adjust the leading 
independently of type size. 
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In light of this a further feature allows the user to remove all visual 

and interactive elements bar the text itself. Once in this mode the user 

does not have access to any formatting or interactive controls unless 

they turn the feature off. Whatever text formatting the user has set 

previously will still apply, however, all other customisation features 

applied will be ignored in this 'simplified' view. If the user switches 

back to a fully functional view all set customisation will return. 

7.4.3 Colour options 

The application allows the user to choose between five different colour 

backgrounds and five different text colours (Fig. 42). It also provides 

the means to manipulate the opacity of both background and text 

colour (Fig. 43 ). This functionality aims to alleviate visual stress and 

contrast sensitivity. The themes this feature relates to are 'Dense' text 

(25%) and Type colour (18.75%). 

7.4.3.I Rationale 

A high contrast between text and background colours can trigger or 

exasperate visual stress symptoms such as text blurring, 'sore' eyes, 

headaches, and/or moving text (Singleton 2009; Uccula et al. 20I4). 

Visual stress is said to affect almost forty percent of those considered 

dyslexic (Kris and Evans 2005). Remediation for the condition has 

focused on reducing contrast with the use of colour overlays (plastic 

sheets or lenses), or using text and background colours that have a 

relatively low contrast ratio. During the interviews a few students 

expressed a dislike of black text because they felt it made reading 

"tiring" or made the text appear "like a big blur." Because some 

studies have shown black text on yellow or off-white backgrounds 

to be beneficial compared to higher contrast combinations (Rello 

et al. 20I2; Pijpker 2013), it is assumed that it is not the black text 

alone that causes discomfort but black text on a white background 

specifically. Black on white is a high contrast combination and is noted 

as problematic for some dyslexic readers (Dyslexia Association of 
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Figure 42 
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Figure 43 

My fa.r:her·s fanuly na;:e 

h~inq Fi. rrip, ;md my 

Ch1,st1an name Ph1l1p, my 

1nfri:-it ~::r:1::nif! could rake of 

bo1.h n<1mt:l'I norhinq 1cngE=r 0r 

l'"Ore exp: cit tr..,.n P:p So, 

1 call.-d r-,ya,e.lf Pip. and 

cawe to be called P1.p I 

yl ve t n.p a.s my father .. 

fa1111ly na~e. on the 

dulhcr1ty of his tor.botone 

-ttntl T"lY ~u;~c:r. lt.r':1 Joe 

G.-1gery, lliho r:ia.rr1ed the 

black.smith As I :-iever Se'i!W 

rr.y father or ny lf'-:>ther, and 

never saw any l1ke:iess cf 

P.ilher of ttem 1for "C"heir 

d'l.rl'.. wet E': ]c,nq be for~ r-he 

day~ of pho1.oqro;phs 1 , my 

The user can adjust the opacity of the 
text & background independently. 

I54 



Ireland 2014). Therefore, the aim of the feature is to allow the user the 

option to access a number of colours for both text and background 

that in combination have a relatively low contrast ratio. The colour 

options were also informed by the results of two studies (Rello et 

al. 2012; Pijpker 2013) in which yellow or off-white backgrounds in 

combination with black or grey text were shown to increase reading 

performance for a number of dyslexic participants. 

Some colours and colour combinations are said to be unsuitable 

because they may aggravate visual stress symptoms. These include red, 

red and green, and as mentioned black and white (Greer and Williams 

199 5; British Dyslexia Association 2or4). As such red and green were 

not included as options, and although the user can choose black text 

there is no option for a white background. Both text and background 

are limited to five colour settings each. A further feature included in 

the prototype allows the user to adjust the opacity of both text and 

background independently (Fig. 4 3). This feature is a means to give the 

user a more detailed level of control over the contrast ratio. 

7.4.4 Isolating text 

Within the application there are two means by which a user can isolate 

portions of text, by manually manipulating the text frame (Fig. 44) 

or by clicking on a sentence, which reduces the opacity of all other 

sentences (Fig. 4 5 ). This feature is related to the themes Text length 

(50%) and Read minimum amount (3L25%). 

7.4.4.1 Rationale 

Being able to isolate portions of text serves as a means to allow the 

user to process what they deem a 'manageable' amount of information 

without the distraction of surrounding text. The need to isolate content 

was discussed in relation to reading by 18.75% of the students and 

another 12.25% talked about it in relation to other aspects of course 

work such as writing. For some students the 'window of opportunity' 
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Figure 44 
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Figure 45 

Phlllp 

so, 
1 called my5elt Pip, and 

caree t.o be called Pip. 

blacksmith 

A sentence can be visually isolated by 
double-dicking on it. 

157 



to adequately process information that has been read may be shorter 

than for skilled readers (Peer 2009) and it has been reported that 

even with highly literate dyslexic readers brain-imaging studies have 

shown a significant reduction of activity in regions associated with 

short-term and working memory (Hatcher and Snowling 2002). This 

may have the affect of making sustained reading difficult and studies 

have demonstrated short lines of text (Schneps et al. 2013) and words 

shown in isolation having a positive impact on reading comprehension 

(Pepper and Lovegrove 2001). Furthermore, some have suggested 

an attentional deficit may make some dyslexic readers susceptible 

to visual distractions when reading (Bucci et al. 2012), and perhaps 

less text means less visual distractions. This feature may also lessen 

the intimidation some students described when faced with sustained 

reading tasks or texts the considered to be long. Indeed, one student 

said they divided texts into smaller sections so it "doesn't seem as 

daunting." 

7.4.5 Contextual resources 

The application allows a user to access complimentary knowledge 

sources linked directly to the text. When a word is highlighted a to.ol

tip appears giving the option to search Google, Wikipedia, or YouTube 

automatically, using the highlighted word as the search term (Fig.45). 

The user can also click on a word and a dictionary definition and a 

list of synonyms will appear to the right of the page (Fig. 46). The 

definition and synonyms can be placed anywhere in the application 

and a short note added (Fig. 4 7). These features are a means to aid 

comprehension and reduce the time spent seeking definitions and 

explanations from diffused sources. The themes related to this feature 

are Multiple readings (68.75%), Text length (50%), 'Academic' 

English (43.75%), and Read minimum amount (31.25%). 



7.4.5.1 Rationale 

One of the most frequent themes (43.75%) to emerge from the 

interviews was the number of "difficult" words students encountered 

in course texts. For these students, there was a feeling that having 

to deal with what they perceived as "plain" English can be difficult 

to begin with and "academic" words can severely increase this 

difficulty. For some dyslexic students the effort involved in reading 

due to underlying cognitive and/or visual processing deficits can be 

compounded by an underdeveloped lexical resource to draw upon 

(Fidler and Everatt 2012). Due to inhibited reading development they 

are less likely to have read as much as their non-dyslexic peers (Ball et 

al. 2orr), and college may be the first time they encounter academic or 

technical style writing. For skilled readers the meaning of unfamiliar 

words can often be inferred from the context in which they are 

encountered. That is, they can work out the meaning from the theme, 

topic, argument, or narrative of a text. This can be more difficult for 

dyslexic readers as the effort involved in reading each word can use 

up a substantial amount of cognitive resources leaving less capacity 

to analyse a text at a higher level (Crombie and McCall 2001). And 

it is not just newly encountered words that can cause difficulties; the 

dyslexic reader can also struggle to decode written words they may 

know verbally and use on a regular basis (Ball et al. 2orr). 

Because of the reasons outlined above, for many dyslexic students 

reading is not a fluid process and this can be compounded by the 

need to regularly use resources such as dictionaries and other 

comprehension aids, or indeed take frequent breaks. Decoding a 

text word by word and then trying to piece together each fragment 

of information into a coherent and meaningful whole can be a 

slow, mentally draining and involved task. By providing a direct 

means to search specific online resources from within the text it is 

hoped this will shorten the overall reading time. For example, rather 

than having to open a new browser tab manually and then type or 

paste a word into a search engine and then review the results from 

different sources before accessing them, the feature will search either 
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Figure 46 
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Figure 47 
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Figure48 
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Wikipedia, Youtuhe, or Google using the word highlighted by the 

user and automatically open the search results in a new browser tab. 

The definition and synonyms that appear when a word is clicked also 

serve a similar purpose but differ in that they are contained within 

the application, and as such, provide a quicker means to access 

complimentary knowledge sources. 

7.4.6 Text summaries 

The application allows the user to access a simplified summary of a 

defined amount of text. The user highlights the amount of text they 

wish to summarise and by right-clicking on the highlighted text area 

an option to reinterpret the text into a shorter version appears 

(Fig.49). A key aim of this function would be to maintain the semantic 

integrity of the text while reducing the complexity of a text. The 

themes related to this feature are Multiple readings (68.75%), Text 

length ( 5 o % ) , 'Academic' English ( 4 3. 7 5 % ) , and Read minim um 

amount (3 r.25%). 

7.4.6.1 Rationale 

This feature is an attempt to give the dyslexic reader more accessible 

alternative versions of a text. Unlike the features Isolating text, Colour 

options, and Typesetting options this functionality is concerned with 

interpreting the content rather than how that content is presented. 

Because the challenges faced by dyslexic readers are considered to be 

most likely a result of cognitive processing deficits - phonological 

or working memory - reading difficulties for many dyslexic readers 

may only be ameliorated to a limited degree by changing presentation 

elements (Everatt and Reid 2009 ), and may only substantially benefit 

those with visual stress symptoms. The three most frequent themes 

to emerge from the interviews - Multiple readings (68.75%), Text 

length ( 5 o % ) , 'Academic' English ( 4 3. 7 5 % ) - illustrate this view 

as they suggest a difficulty with the type of content encountered by 

students in course material. This feature seeks to address each of the 



Figure 49 
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challenges described by these three themes. Reinterpreting the content 

by reducing the number of words with unexpected orthographies, 

replacing long words with shorter synonyms, and shortening the 

amount of text to be read aims to reduce the cognitive effort required 

to read, and as such lessen the need for multiple readings, the amount 

of 'difficult' words encountered, and the text length. 

The fundamental aim of this feature is to improve the reader's access 

to the knowledge contained within the content. It is about freeing 

up cognitive resources so they can be allocated to help understand a 

text at a higher level rather than being overwhelmed by the process 

of letter/word decoding. Both a phonological processing and working 

memory deficit can impact the dyslexic readers ability to fully 

grasp what is being read by consuming so much cognitive resources 

that truly 'thinking about' a text's theme or argument can become 

secondary to the act of reading. A memory deficit or a difficulty in 

sound-symbol matching is often compounded by poor literacy skills 

and an underdeveloped contextual framework, which are themselves 

often a direct consequence of these cognitive deficits (Reid 2009 ). This 

feature proposes to aid comprehension by providing an alternative 

version of a text, which seeks to remove language that is considered 

particularly problematic - unusual spellings, technical terms, complex 

sentence structure - and reduce the amount of text needed to 

communicate key semantic information. 

7.4.7 Visual maps 

The application allows the user to access a visual network (Fig. 5 I) of 

a given amount of content derived from a linguistic analysis of key 

semantic elements within the text. The feature gives the user the option 

to define the amount of text they would like to be interpreted as a 

visual map and the user can choice what type of content the semantic 

analysis should focus on - theme, people, place, or thing (Fig. 50). 

The linguistic analysis process by which the map's content would be 

derived is described briefly on page I 28. The themes related to this 



feature are Multiple readings (68.75%), Text length (50%), 'Academic' 

English {4 3. 7 5 % ), and Read minimum amount (3 r.2 5% ). 

7.4.7.r Rationale 

Concept and visual mapping techniques have been noted as helpful 

learning/study strategies for dyslexic students to plan, explore and 

memorise information (Ball et al. 2orr). Because these maps present 

information holistically and are strongly visual with reduced textual 

content they put less pressure on working memory and require 

less phonological decoding. They also tend to contain less complex 

grammar with a word or short phrase often enough to convey quite 

complicated ideas. The addition of graphic elements and colour may 

also aid comprehension and memory (Reid 2009). The structure of 

visual maps may, according to some researchers, suit the strong visual 

and spatial reasoning seen with some dyslexics (Von Karolyi et al. 

2003; Howard et al. 2006). 

As with the Text summaries feature this functionality is an attempt to 

reinterpret content so that extracting meaning is less difficult, however, 

a visual map alone would not likely be enough to communicate 

comprehensibly what a text is about. As such, the feature is not 

envisaged as a complete alternative to written content but as a reading 

aid that could act as a primer or a means to get a brief overview. It 

may also be useful as a memory/study aid were the student can refer 

back to previously created maps. 
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Figure 50 
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Figure JL 
Visual map derived from a semantic 
analysis of textual content. 
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Chapter 8 

Conclusions 

8.I Overview 

This study was guided by two research questions. The first question 

aimed to find out what challenges third-level students face when 

dealing with course material, with a primary focus on reading material. 

The second question asked what design strategies could be applied to 

the design of course material that could attempt to ameliorate some of 

these challenges. 

1. What challenges do third-level students with dyslexia face when 

engaging with course material? 

2. What design strategies could be applied to the design of course 

material that may ameliorate issues associated with dyslexia? 

In attempting to address the first question the study initially explored 

research and literature on the underlying causes of dyslexia and 

how they manifest as symptoms and relate to engaging with reading 

material. By examining how a number of cognitive and visual 

processing issues associated with dyslexia affect the reading process, 

and how these processes interact with specific design features of 

reading material, a series of design considerations to make reading 

material more accessible were derived and their suitability discussed. 

Following this initial investigative research phase, a series of interviews 

with students with dyslexia were conducted so as to get first-hand 

information about their experience of engaging with third-level 

reading material. The interview responses were examined using a 

thematic analysis methodology and a set of key emergent themes 

obtained. These themes were then discussed in the context of the 

research and design considerations outlined in the initial research 

phase. Following a distillation of the information obtained from the 



primary and secondary sources a set of design strategies were outlined. 

These strategies aimed to address the second research question. 

The final part of the study involved the application of the design 

strategies. An animation outlining the features and functionality of 

a browser based prototype application was created as a means to 

highlight what design features of reading material - both form and 

content - should be the focus of accessibility considerations, and a 

means to illustrate how the design strategies could be integrated into 

an interactive digital reading environment. 

8.2 Findings 

8.2.I Underlying processes and reading accessibility 

From a causal perspective there are three underlying processing 

difficulties/dysfunctions that have a direct influence on the interaction 

between the dyslexic reader and textual content. These are a 

phonological processing deficit, poor working memory, and impaired 

visual processing, and they are key to understanding why so many 

people with dyslexia struggle with literacy tasks. It is important to 

note that not all those who exhibit symptoms associated with dyslexia 

have all these deficits, dyslexia is a highly individualistic condition and 

some may only exhibit a mild expression of one of these deficits while 

others may be severely affected by all three. 

Of the three, a phonological processing deficit is considered to be 

the leading cognitive explanation and the most reliable signifier of 

the condition. Phonological processing is considered vital to literacy 

development, especially so at an early age, a deficit/impairment in this 

area can greatly impact the rate and degree at which reading skills are 

acquired. Furthermore, a deficit in this area can force an individual 

to rely on other cognitive processes that do not require such a level 

of sound-symbol matching to decode written content. For example, 

where skilled readers can instinctively break a word down into its 



constituent phonetic parts and reassemble them to form a coherent 

phonological unit, dyslexic individuals may have to consciously and 

deliberately remember that a specific set of letters in a particular 

arrangement correspond to a certain sound/set of sounds. In short, 

dyslexic readers often rely on a visual memory of the whole word. 

This has the effect that unfamiliar words -words that have not been 

stored - cannot be read, as there is nothing to reference them against. 

This can be compounded by underdeveloped literacy skills and less 

exposure to written content, which results in a limited lexical resource 

to draw upon. 

A working memory deficit describes a difficulty in holding information 

in the working memory system for an adequate amount of time 

so as to extract meaning from it. It is considered that a limited 

working memory capacity reduces the ability to process what is 

being read at a higher cognitive level - the act of reading can be so 

mentally strenuous that there is less cognitive capacity available for 

comprehension. This has the effect that dyslexic individuals often 

have to reread a text multiple times before a sufficient degree of 

comprehension is attained. Indeed, of the seven key emergent themes 

from the analysis the need to conduct multiple readings was the most 

frequently discussed - 68.75% of participants described it as a key 

challenge. 

Unlike both the phonological and working memory deficits, symptoms 

related to visual processing are not considered as prevalent. However, 

they are still seen as a significant barrier to reading accessibility for 

many dyslexics. They have also been the most common focus of design 

research and applied strategies. Improving the accessibility of textual 

content for both digital and print media has generally focused on 

ameliorating visual stress symptoms such as crowding and contrast 

sensitivity. There are number of key design elements that have been 

shown to potentially affect the level of visual stress experienced by 

the dyslexic reader. These include, type size, letter and word spacing, 

typeface used, and the contrast ratio between text and background. 
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8.2.2 Student interviews and design strategies 

Seven main themes emerged following the analysis of the student 

interviews: 

• Multiple Readings (68.75%) 

• Text length (50%) 

• 'Dense' text (50%) 

• 'Academic' English ( 4 3 . 7 5 % ) 

• Read minimum amount only (3L25%) 

• Type Size (31.25%) 

• Use of external references (25%) 

The nature of the discussions that informed these themes reflect 

the underlying causes and key challenges that affect the quality of 

reading for dyslexic students. Five of the seven themes refer directly 

to the interaction between reader and content whereas two relate to 

the presentation of that content. This illustrates that dyslexia affects 

reading primarily at the cognitive processing stage, that is, the act of 

reading itself is inhibited and as such design strategies focusing on 

the presentation of content will only increase accessibility so much. 

In short, it is about the accessibility of the content itself - the type 

of language and words used, the length of a text, familiarity with 

the subject - as well as the form that content takes. As such, the 

design strategies outlined can be divided into two categories, those 

that attempt to address visual processing difficulties, and those whose 

aim is to aid comprehension and lessen the cognitive effort it takes to 

extract meaning from a text. 

The design strategies in the first category are focused on the 

presentation of type and type design, colour, and the amount of 

viewable content. The typeface and typesetting options are aimed 

at issues of crowding and text blurring, considered to be a result of 

a letter positional coding deficit, peripheral focus bias, or a visual 

attention deficit. These design strategies relate to the themes 'Dense' 

text and Type size. The colour and opacity customisation strategy 
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is aimed at contrast sensitivity, and although such issues did not 

emerge as major themes in the interviews it was considered due to 

their prevalence as a noted feature of dyslexia in the literature that an 

attempt to address them was deemed appropriate. The text isolation 

strategy, demonstrated in the prototype as a functionality that allows 

the user to view one sentence on its own or reduce the amount of text 

in the text frame, proposes to reduce crowding effects. It is related 

to the theme 'Dense' text. This strategy is also an attempt to address 

the intimidation described by a number of the students when they are 

faced with sustained reading tasks. Intimidation can be a result of a 

fear of "getting lost" when reading and having to start again, and the 

sheer cognitive effort it takes to read even a small amount for some 

of the participants. Therefore, providing a means to present a tailored 

amount of text can be viewed as a way to alleviate the cognitive 'load'. 

That is, reading small amounts of text allows a manageable amount 

of information to be consumed before the processing capacity reaches 

its limit. The strategy to isolate text can therefore be listed under both 

categories in that it proposes to address visual processing (crowding) 

and working memory difficulties. 

The summerisation, visual network, and complimentary resources 

strategies are all a means to aid the extraction of meaning from 

a text and reduce the effort/time it takes a student to read. The 

complimentary/contextual knowledge sources strategy relates directly 

to the themes 'Academic' English and Use of external references. 

The visual network and summerisation strategies also relate to these 

themes by offering a less involved way to extract a degree of meaning 

from a text, however they are more likely to reduce the amount of 

times a student will need to reread a text, and as such, better address 

the themes Read minimum amount only and Multiple readings. This 

is not to suggest that giving the reader the option to access alternative 

words and contextual sources may not reduce the overall reading 

time but because the other two strategies offer a truncated version or 

a semi-graphical representation of a text it allows the user access to 

information which requires less reading. 
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8.3 Conclusion 

In reviewing the challenges outlined by the students in the interviews 

with regards to reading course material and the design strategies 

proposed to ameliorate some of these challenges it seems apparent 

that a more holistic approach to designing course material would 

benefit students with dyslexia and improve the accessibility of 

reading material. Currently the design of course material is tailored 

for fully literate students with little or no accommodation made for 

students with dyslexia. This has the affect that for many they must 

first overcome a significant barrier before they reach a level playing 

field with their non-dyslexic peers. In short, they start from further 

back. Design therefore can be seen as a means to reduce this distance. 

However, it is important to define design more broadly than just a 

means to arrange presentation elements and consider aesthetic form. 

The major themes that emerged from the interviews clearly illustrate 

the main challenges faced by the students lie in the process of reading 

itself and this process can be influenced by cognitive (phonological, 

working memory), visual (crowding, text bluring, visual stress) 

and psychological (confidence, intimidation, perceived readability) 

factors. As such, design needs to consider how to interpret content for 

dyslexic readers. For example, consideration should be given to visual 

interpretations, language processing technologies, or alternatives to 

reading such as audio or film. Furthermore, because digital technology 

allows the potential for customisation there is now flexibility to how 

design elements are presented, and as such, visual processing issues 

can be better addressed than when reading material was designed 'one 

size fits all'. This surely shifts the emphasis away from issues related to 

visual processing as the primary focus and towards the content itself, 

and how best to transfer the knowledge contained within a text rather 

than solely on how the content is presented. 
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8.4 Reflections 

On review of the study there are two key areas that I believe could 

have been approached in a different way, which would have improved 

the quality and validity of the research. Firstly, the greatest limitation 

of the research is that the applied design strategies were not user-tested. 

Specifically, that a working prototype was not presented to a group of 

dyslexic students to obtain their feedback about the suitability of its 

features. This would have allowed a truer analysis of the validity of 

the proposed design strategies as a means to ameliorate the challenges 

faced by dyslexic students, and would have permitted a greater degree 

of certainty about the limitations or usefulness of each of the strategies. 

A lack of time was the sole contributor to the decision to forgo user

testing. This was the result of inadequate time-managment processes 

on my part where certain aspects of the research were allocated too 

much time at the expense of others. The consequence of this is a 

certain imbalance in the research; the subject of dyslexia and related 

topics is covered in detail but the analysis of the student interviews 

in the context of design research is not as comprehensive as it should 

have been. 

Secondly, it also seems apparent that the research project was too wide 

in its focus, particularly in regard to the ambition to outline a full 

series of design strategies. I believe the research would have benefited 

from focusing in on more specific aspects of the reading experience 

and related design elements rather than attempting to address as many 

of the challenges as it did. As such, the strategies outlined address 

these challenges in a shallower manner than I would have liked. Due 

to the time involved exploring the broad range of design features and 

dyslexia related processes, the analysis of the findings and the creation 

of the practice-based outcomes did not get as dedicated attention as 

originally intended. 
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8.5 Future work 

Future work looking at the design of reading material for dyslexic 

students should consider design as a means to not only shape the 

visual form of textual content to make it more accessible but to try and 

interpret content so that information contained within a text is better 

transferred to the student. This process requires an acknowledgment 

that there are limitations to only addressing visual processing deficit 

symptoms. The themes that emerged from the interviews demonstrate 

that a significant challenge for the students concerns the content itself 

as much - if not more - than the visual presentation of that content. 

Future research can explore how to aid the extraction of meaning 

from a text and ease the difficulty that can be inherent in the reading 

process for many dyslexic individuals through strategies that include 

Natural Language Processing, summerisation technologies, audio, 

video, and multi-sensory learning techniques. An area of particular 

interest is advanced semantic analysis and the potential it may have 

when combined with graphical interpretations of language. This 

study did briefly touch on this area in the shape of the visual mapping 

strategy but I believe it is a subject that would be worthy of a more 

comprehensive investigation. 
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Figure 9 
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Figure IO 

Reversed and misplaced letters are often used as a 
visual shorthand for dyslexia (SpecialEdpost 2013). 

Figure II 
Dyslexie has a handwritten style & is relatively large 
due to its generous counters & appendices. 
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Figure I2 

OpenDyslexic shares similarities with Dyslexie, most 
noticeably x-height & the heaviness of the bottom of 
the characters. 

Figure IJ 
The parallel processing model of word reading, and 
a proposed model for dyslexic readers. 

Figure I4 
Text & presentation formatting options on the 
Dyslexia Association of Ireland website. 

Figure IS 
Text formatting options on the National Disability 
Authority website. 

Figure I6 
Text & presentation formatting options on the 
BBC website. 

Figure r7 
DysWebxia interface 

Figure I8 
ClassMate Reader 

Figure 19 
Poster outlining the role of different area of the 
brain in language processing & reading. Used as 
a reference tool. 

Figure 20 

Dual route theory of reading diagram. 
Used as a reference tool. 

Figure 21 

Visual mapping techniques used as a means to 
understand the relationships between symptoms 
and the practical consequences of dyslexia. 

Figure 22 

Poster outlining the availability & dyslexia-relevant 
function of assistive technologies. 

Figure 23 
Poster outlining the relevant features of typefaces 
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Figure 24 
Application proposal for an eBook reader designed 
for dyslexic users, outlining features & functionality. 

Figure 25 
Poster broadly outlining the process by which a 
visual mapping application could translate audio 
input into a visual map network. 

Figure 26 
Still frame from an animation, which demonstrates 
the user process and user interface of a proposed 
audio-visual mapping application. 

Figure 27 
Online application Wardle. Word cloud of Martin 
Luther King's 'I Have a Dream' speech based on 
word frequency alone. 

Figure 28 
Semantic analysis of Martin Luther King's 
'I have a Dream' speech. 

Figure 29 
Visual map derived from a basic semantic analysis of 
Martin Luther King's speech. 

Figure 30 
The user can stop the audio recording of a text at 
any point so they can create a visual map of the 
text's content. 

Figure 31 
The user can determine the amount of content to be 
analysed in the creation of the map. 

Figure 32 
The theme of the map is determined by the type of 
content the users wants to analyse. 

Figure 33 . 
In this case the map was based on the most prevalent 
topic within a chapter of the text. 

Figure 34 
The user can customise the map by editing the text, 
moving words, and rearranging links & nodes. 
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Figure 35 
Further customisation includes changing type 
formatting & adding images. 

Figure 36 
The map can be saved and used as a audio/reading 
aid or study tool. 

Figure 37 
The five faces included were chosen based on their 
visual attributes, and the frequency by which they 
are suggested as suitable for dyslexic readers. 

Figure 38 
The application allows the user to format line-height 
& letter spacing. 

Figure 39 
The application allows the user to format word 
spacing & type size. 

Figure 40 
Proportionaly linked type size & leading size scaling. 

Figure 4I 
The user can adjust the leading independently 
of type size. 

Figure 42 
Type & background colour options were chosen 
to produce a relatively low contrast ratio while 
preserving legibility & readability. 

Figure 43 
The user can adjust the opacity of the text 
& background independently. 

Figure 44 
The amount of text visible can be changed by 
manually manipulating the text frame. 

Figure 45 
A sentence can be visually isolated by double-clicking. 

Figure 46 
The user can search online sources directly from 
within the text. The highlighted word will be used 
as the search term. 
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Figure 47 
By clicking on a word a definition and a list of 
synonyms will appear to the right of the page. 

Figure 48 
The user can add notes to a specific word and store 
the notes for future reference. 

Figure 49 
The user can access a summary version of a defined 
amount of text from within. 

Figure 50 
The application gives the user the option to define 
the amount of text they would like to be interpreted 
as a visual map. 

Figure 51 
Visual map derived from a semantic analysis of 
textual content. 
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Appendices 

IO.I Appendix A: Interview questions 

College work - general 

or. As a student with dyslexic what do you feel are the greatest 

challenge(s) during college? 

02. As a student with dyslexic how do you feel your experience of 

college could be improved? 

Printed course material 

03. Can you describe in detail your approach to reading printed 

courses material? 

05. Are there any aspects of reading printed course material you find 

particularly challenging? 

06. Are there any changes you like to see made to the presentation of 

printed course material? 

Digital course material 

07. Can you describe in detail your approach to reading digital 

courses material? 

08. Are there any aspects of reading digital course material you find 

particularly challenging? 

09. Are there any changes you like to see made to the presentation of 

digital course material? 
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Formats 

ro. What is you preferred format/medium for course material? 

Studying and revision 

I I. Can you describe in detail your approach to studying? 

r2. Are there any aspects of studying you find particularly challenging? 

I 3. As a student with dyslexic how do you feel the experience of 

studying could be improved? 

Assistive technologies 

q. Could you tell me about any assistive technologies you may use? 

r5. Are there any changes you would make to (said assistive 

technologies)? 

r6. Have you ever used Mind Mapping as a strategy to help with 

college work? 



Io.2 Appendix B: Ethics committee approval form 

IADT Institute Research Ethics Committee 
Postgraduate Students 

FEEDBACK FORM FOR ETHICAL APPROVAL 

Title of project 

Name ofresearcher(s) 

Name of supervisor(s) 

Date of decision 

Decision of Institute Research Ethics Committee (tick as appropriate): 

y Ethics application is successful - student may proceed with project as per the proposal 
under the guidance of their supervisor. However, no major changes may be made to the 
project without prior approval of the Institute Research Ethics Committee. 

□ Unsuccessful - supervisors to approve changes. The proposal is not currently acceptable, 
but only minor changes are required. The student should make these changes under the 
guidance of their supervisors, who may then approve the proposal on behalf of the 
Institute Research Ethics Committee. 

□ Unsuccessful - Resubmission required, with the Chair of the Institute Research Ethics 
Committee to approve changes. The proposal is not currently acceptable, and major 
changes are required in order to gain ethical approval. The student should revise their 
proposal, under the guidance of their supervisors, and should submit the revised proposal 
for consideration by the Chair of the Institute Research Ethics Committee. 

□ Unsuccessful - Resubmission required, with the Institute Research Ethics Committee to 
approve changes. The proposal is not currently acceptable, and major changes are 
required in order to gain ethical approval. The student should revise their proposal, under 
the guidance of their supervisors, and should submit the revised proposal for a future 
meeting of the Institute Research Ethics Committee. 

□ Unsuccessful - project is unsuitable for research. The proposal is not ethically acceptable, 
and involves a topic or population that is unsuitable for study at postgraduate level. The 
Institute Research Ethics Committee recommends that the student considers developing a 
different proposal, under the guidance of their supervisor, which should be submitted to a 
future meeting of the Institute Research Ethics Committee. 

Feedback from Institute Research Ethics Committee, including required changes (if 
appropriate): 
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10.3 Appendix C: Student consent form 

Consent Form 

Title of Project: Design Strategies and Dyslexia: Improving the Accessibility of 

Course Material for Third-level Students with Dyslexia 

Name of Researcher/s: Colm Dunne 

I confinn that I have read and understand the information sheet for 
□ 

the above study and have had the opportunity to ask questions 

I understand that my participation is voluntary and that r am free 
□ 

to withdraw at any time 

I agree to take part in this study □ 

I agree to the interview being audio recorded □ 

1 agree to allow the data collected to be used for future research projects □ 

I agree to be contacted about possible participation in future research projects □ 

Date: 
Participant Signature 

ColmDunne Date: 
Researcher Signature 

I agree for any quotes to be used □ 

I don't want any quotes to be used □ 

I want to see any proposed quotes before making a decision □ 

Date: 
Participant Signature 

Colm Dunne Date: 
Researcher Signature 

200 



Io.4 Appendix D: Student information sheet 

Title of Project: Design Strategies and Dyslexia: Improving 
the Accessibility of Course Material for Third-level Students 

with Dyslexia 

Purpose of the Research 

The aim of the project is to research ways in which web technologies 

and applications may help improve the delivery of course material to 

third-level students with dyslexia. Following on from initial research 

into dyslexia, the experiences of dyslexic students, and assistive and 

web technologies, the project will see the design and development of a 

purpose built digital application. 

Invitation 

You are being invited to consider taking part in the research study 

Dyslexia, Digital Technology and College: Improving the accessibility 

of course material for students with dyslexia. This project is being 

undertaken by Colm Dunne as part of a Masters by Research at the 

Faculty of Film, Art and Creative Technologies at the Institute of Art, 

Design, and Technology, Dun Laoghaire. 

Before you decide whether or not you wish to take part, it is important 

for you to understand why this research is being done and what it will 

involve. Please take time to read this information carefully and discuss 

it with friends and relatives if you wish. Ask us if there is anything that 

is unclear or if you would like more information. 

Do I have to take part? 

You are free to decide whether you wish to take part or not. If you 

do decide to take part you will be asked to sign two consent forms, 

one is for you to keep and the other is for our records. You are free to 

withdraw from this study at any time and without providing a reason. 

You may answer questions in as much or little detail as you wish. By 
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choosing to either take part or not take part in the study will have no 

impact on college grades, assessment or future studies. Your decision 

to participate or not will have no effect on your relationship with the 

DITIIADT or on your academic record. 

If I take part, what do I have to do? 

You will be asked to answer questions in a one-to-one interview. 

There is no written component of the study and all answers may be 

answered verbally. The initial questions will be followed by a semi

structured interview with questions about your experience of college 

course work and website/application accessibility. The interview will 

be supported by visual examples of course material, websites, and 

digital applications. These examples will be used as a talking point 

and a reference for some of the questions. The interview will take 30 

minutes. 

What are the benefits (if any) of taking part? 

There are no personal benefits to taking part. However, the 

information obtained from the interviews will be used to design and 

build an application that aims to improve the accessibility of course 

material for third-level students with dyslexia. 

What are the disadvantages and risks (if any) of taking part? 

There are no disadvantages or risks to taking part. 

How will information about me be used? 

The interview will be audio recorded. All the information shall be 

reviewed anonymously and will inform the design and development 

of a digital application. The purpose of the study is to gather 

information about your experience with course work in general and 

how information technology may improve the accessibility of course 

material. The study is not an investigation of any one individual's 

experience. Its purpose is to find patterns of user behavior that may 

inform the construction of a digital application. The data obtained 

may be used in further research studies carried out by Colrn Dunne. 
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Who will have access to information about me? 

The information obtained fro m the participants will be reviewed 

anonymously. Each participant's confidentiality will be safeguarded 

during and after the study. The data will be stored securely on a 

password-protected computer and each set of information will be 

labeled numerically with no reference to the individual participant. 

What will happen to the results of the study? 

The results of the study will be used to inform the design and 

development of a digital application. The data may also be referenced 

in a written dissertation. Both dissertation and digital application will 

be submitted as part of a Masters by Research at the Institute of Art, 

Design, and Technology. 

Who has reviewed the study? 

IADT Institute Research Ethics Committee and The Department of 

Technology and Psychology Ethics Committee (DTPEC). Dublin lnsitute 

of Technology Ethics Committee. 

What if there is a problem? 

If you have a concern about any aspect of this study, you may wish 

to speak to the researcher(s) who will do their best to answer your 

questions. You should contact the researcher Colm Dunne or his 

supervisor Dr. Irene Connolly. Contact details are below. 

Thank you for participating. 
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