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Dedication 
This book is dedicated to the memory of Christine Fitzmaurice. 

For many years, Christine helped people with visual stress and then 

turned her boundless energies to advocating on behalf of all 

individuals with this condition. She organised conferences, research, 

publications, and most of all people. Her tireless work on the behalf 

of others in more need than herself is greatly missed. 
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Preface 
A paper in the British Medical Journal in 1896 by Morgan 

described a child with reading difficulty, referred to by Morgan as a 

case of ‘congenital word blindness’. Morgan thought that the 

eyesight was normal in this case, although only basic vision tests 

would have been possible at that time. Morgan thought the child 

"would be the smartest lad in the school if the instruction were 

entirely oral." This statement highlighted an obvious yet sometimes 

under-emphasised feature of reading difficulty: sufferers perform 

much worse when they are asked to read than when they are asked 

to listen. Since reading requires vision and listening does not it is 

perhaps surprising that most people with reading difficulty today are 

not routinely referred for an investigation of their visual function.  

There has been increasing evidence in recent years of visual 

factors playing a role in reading difficulties and the tide seems to at 

last be changing, with a growing number of teachers and parents 

reading. This book is aimed at providing these eyecare practitioners 

with a summary of the evidence concerning the visual conditions 

that they should search for, guidelines for diagnosis and, if 

necessary, treatment of these visual disorders. 

This book is written primarily for eyecare practitioners: 

optometrists, orthoptists, ophthalmologists, and opticians. The book 

is designed to be useful for any eyecare practitioner who may wish 

to help children or adults who experience reading difficulty, whether 

in primary, secondary, or tertiary care. The book also is intended to 

be useful for education professionals and parents, wishing to 

understand more about visual conditions that can co-occur with 

reading difficulties. 
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involving eyecare practitioners when their children have difficulty 



because the book is not just about dyslexia. Vision is a core 

component of the reading process. So, any person who has difficulty 

reading, or who reads competently but reluctantly, or who reads less 

accurately than would be expected from their other abilities, ought 

to consult an eyecare practitioner who has specialized in this field. 

This applies regardless of whether the person with reading difficulty 

meets the diagnostic criteria for dyslexia. 

The authors of this book have between them been researching 

the role of visual factors in reading difficulties for over 70 years. They 

come from psychology and optometry backgrounds and share a 

passion for removing visual obstacles to successful reading. The 

views expressed are solely those of the authors and represent an 

attempt to use scientific evidence to guide best practice in this 

controversial clinical field.  

 

The title of this book deliberately avoids the word dyslexia 

viii Preface



Acknowledgment 
The book is a substantial revision of an earlier book written with 

Professor Peter Allen. The authors thank Professor Allen for his 

contributions. 

ix



Disclosures 
The Intuitive Overlays, Wilkins Rate of Reading Test, Intuitive 

Colorimeter and Precision Tinted lenses were invented by author 

AJW. AJW received an Award to Inventors from the Medical Research 

Council for the Rate of Reading Test and the Intuitive Colorimeter, 

based on a proportion of the royalties for these products. He has 

donated royalties from the latest version of the Intuitive Colorimeter 

(The Curve) to the University of Essex to fund student bursaries. 

BJWE invented the IFS system of eye exercises which are briefly 

mentioned in Chapter 3 and for which BJWE receives a royalty. The 

Intuitive Overlays, Wilkins Rate of Reading Test, Pattern Glare Test, 

and IFS exercises are available from i.o.o. Sales Ltd 

xi

(www.ioosales.co.uk). ioo sales is a company that raises funds for 

Visual Technologies (www.ceriumvistech.co.uk).   AW and BE are

Colorimeter and Precision Tinted Lenses are available from Cerium 

the Institute of Optometry, a charitable organisation. BJWE is 

Director of Research at the Institute of Optometry. The Intuitive 

committee members of the not-for-profit Society for Coloured Lens

Prescribers (www.s4clp.org).



 Contents

xiii

 

1 Introduction 1 

2 Refractive errors and ocular health  19

3 Binocular vision anomalies  37

4 Controversial vision therapies  73

5 Magnocellular theory 99

6 Coloured filters - early studies 143

7 Do coloured filters work?  169

8 How do coloured filters work? 195

9 Coloured filters as clinical tools 225

10 

11 

Clinical protocol 253

12 Research priorities and practice

Appendices

323

341

Acknowledgment ix

Disclosures xi 

Other potential uses of precision tints 293

C1
Correction to: Vision, Reading Difficulties,
 and Visual Stress



 

 

Chapter Abstract 
In this chapter the structure of the book is laid out, together with 

the underlying rationale. Types of learning difficulty and their relation 

to reading difficulties are described. The key visual deficits that can 

accompany reading difficulties – binocular instability and visual stress 

– are introduced. The associated symptoms and signs are described. 

Introduction to the book 
This is a book of two parts. The first part (Chapters 2-5) discusses 

the visual factors that may be associated with difficulty reading and 

dyslexia. One of these factors, visual stress (which is alleviated with 

coloured filters), is covered in detail in the second part of the book 

(Chapters 6-12), which also covers the use of coloured filters in 

neurological disorders. There are several reasons why visual stress is 

covered in detail. First, it is believed to be a condition with a 

neurological basis, which co-occurs not just with reading difficulties but 

also with common neurological conditions (e.g., migraine, autism) and 

with other rarer, but important conditions (e.g., epilepsy, stroke, 

multiple sclerosis). Also, the authors are aware of a need for an up-to-

date review that brings together the research evidence, discusses the 

controversy surrounding visual stress, and summarises clinical 

guidelines. 

The authors’ goal is for this book to be accessible not only to eye 
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care professionals and education professionals, but also to parents. 

Each section includes a lay description and there are frequent 

summaries in non-technical language. Scientific evidence is concisely 

reviewed with references to relevant literature, for those to wish to 

read further. 

In modern society most people are literate, and reading has become 

one of the most important tasks we do with our eyes. Nevertheless, 

references to reading difficulties can be traced back as far as the early 

seventeenth century when few of the population could read or needed 

to do so.  

Reading requires an individual to use their visual skills, phonetic 

ability (ability to analyse speech sounds) and knowledge of language to 

successfully recognize words and gather meaning from the written 

text. Given the complexity of the processes involved, it is unsurprising 

that there are many sources of reading difficulty. This book will 

concentrate on visual factors that can contribute to reading difficulties 

in people who do not have eye disease. 

There are several eye care professions. Optometry is the largest of 

these. The number of optometrists exceeds the sum of all the other 

eye care professionals. Most optometrists work in community optical 

practices and carry out eye examinations and sight tests. Optometrists 

have a statutory duty to diagnose and correct refractive errors (e.g., 

short-sightedness), orthoptic problems (difficulties with eye co-

ordination), and some eye diseases. Some optometrists work in the 

hospital eye service and in research. In community practices, 

optometrists work alongside opticians (dispensing opticians), who are 

experts on spectacle frames and lenses. Optometrists and 

professionally qualified opticians in the UK must be registered with the 

General Optical Council and only registered opticians and optometrists 

can dispense spectacles to children. Ophthalmologists are medical 
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professionals who have specialised in eyes. In the UK, nearly all 

ophthalmologists work in the hospital eye service where they treat eye 

disease, either with medicines or surgery. Orthoptists work mainly in 

the hospital eye service where they diagnose and treat eye co-

ordination problems (e.g., strabismus). Many orthoptists are also 

involved in vision screening, which in the UK typically takes place once, 

shortly after school entry.1 Fewer than half of vision screening services 

in the UK are compliant with the relevant specifications, often lacking 

appropriate personnel or tests.2 

Learning difficulties and reading 
Learning difficulties (disabilities) can be broadly classified into those 

that are developmental and those that are acquired. Developmental 

difficulties are much more common than acquired problems, which 

typically result from a neurological disorder. Visual stress can 

accompany both developmental difficulties and neurological 

disorders.  

Learning difficulties can also be classified into those that are general 

and those that are specific. Learning difficulties can affect a wide range 

of skills including general intelligence, as measured with an intelligence 

test, and expressed as an IQ. Specific learning difficulties (SpLD) only 

affect specific skills and can occur regardless of IQ.3 Chapters 1-5 of this 

book concentrate on SpLD. 

Since most learning is mediated by the written word, those with 

reading and spelling problems will struggle with education, even if they 

are intelligent and articulate. SpLD persist throughout life and can have 

deleterious consequences for careers.4 There are many types of SpLD.5 

Some of the main ones are summarised below.  

 Reading and spelling difficulties, dyslexia. The definition of dyslexia 
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difficulty that primarily affects the skills involved in accurate and fluent 

word reading and spelling.4 Characteristic features of dyslexia are 

difficulties in phonological awareness (an understanding of the 

sound components of language), verbal memory, and verbal 

processing speed.4 Recent thinking on the causes of dyslexia are 

discussed at the end of Chapter 5. 

 Difficulties with writing, dysgraphia. Dysgraphia can manifest as 

poor handwriting and trouble putting thoughts on paper. 

 Lack of numerical skill, dyscalculia.7 Dyscalculia refers to a wide 

range of life-long learning difficulties involving mathematics. There 

is no single form of maths disability, and difficulties vary from 

person to person and affect people differently in school and 

throughout life.  

 Difficulty with co-ordination, dyspraxia. This condition is closely 

related to conditions described by two other labels, developmental 

co-ordination disorder and clumsy child syndrome. 

The skills involved in writing, reading, listening, speaking, and 

reasoning overlap and so it is not surprising that people can be 

diagnosed with more than one SpLD. Attention Deficit Hyperactivity 

Disorder (ADHD) is a condition that becomes apparent in some 

children in the preschool and early school years. ADHD is characterised 

by inattention and/or hyperactivity-impulsivity.8 ADHD is a common 

condition (although sometimes over-diagnosed)9 that is often 

associated with SpLD.10 ADHD is sometimes associated with 

hyperactivity (ADHD) but the condition can occur without hyperactivity, 

when the main features are inattention and impulsivity.  
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Dyslexia 
in the late 1800’s dyslexia was called congenital word blindness.11 

More recently, there has been an upsurge of interest in neurological 

factors affecting reading partly because of new and innovative imaging 

technology.12  

Dyslexia is typically described as most common in males.13 Although 

some research suggests it is equally prevalent in both sexes,14 most 

research supports a greater prevalence in males attributed to 

hormone-related protective factors in females.15  

Dyslexia often runs in families,16 and relevant genes have been 

identified.17 Dyslexia affects 5 to 17% of the school age population18 

and can have a profound effect on schooling. The term dyslexia is 

sometimes used indiscriminately to refer to specific or even non-

specific learning difficulties. The causes of dyslexia are still debated19 

although it is generally agreed that a core feature in many cases of 

dyslexia is a deficit in phonological abilities,20  a problem in 

understanding the speech sound of words. But dyslexia, is more than 

just a phonological deficit and there is evidence that dyslexia is a multi-

factorial condition.21-23 

Visual and language processing deficits often co-occur in dyslexia.24 

The visual problems that are particularly prevalent are introduced 

below and discussed at greater length later in this book. Although 

these visual factors are not usually the main cause of dyslexia and are 

probably best considered as co-occurring factors, they can contribute 

to a child’s reading difficulties. In other words, in dyslexia the problem 

with reading and spelling can be due to many factors requiring a 

multidisciplinary approach to investigation and treatment. An eye care 

practitioner is one member of this multidisciplinary team. 
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into subtypes.25 Typically, these classifications include three groups: an 

auditory or phonological subtype (dysphonetic), a visual-spatial or 

performance group (dyseidectic), and a mixed group 

(dysphonetic/dyseidectic); although other classifications have also 

been suggested.26 The classifications are controversial: some studies 

suggest that dyslexia is so heterogeneous that it defies classification.27 

It should be stressed that the visual-spatial subgroup have difficulties 

with high level visual functions, not with the low level visual functions 

that eye care practitioners assess. In fact, such classifications are not 

useful as indicators of which cases should see an eye care 

practitioner.28 Current thinking has developed beyond the concept of 

sub-types and unitary causes of dyslexia and instead considers 

dyslexia as a multifactorial condition, best considered with respect to 

“an additive risk factor model”.21 The evidence for this model and its 

implications are considered further at the end of Chapter 5. 

It is the eye care practitioner’s role to provide appropriate 

investigation and management of visual factor(s) that may contribute 

to the difficulty reading.29 Diagnosis of dyslexia is not the role of an eye 

care practitioner but that of an educational psychologist or teacher 

qualified in special educational needs. The diagnosis of dyslexia is 

usually one of exclusion, following specific educational tests, after 

other factors such as intellectual disability and gross dysfunctions of 

hearing or vision have been ruled out. Of course, a person does not 

need to have been diagnosed as dyslexic before seeking help from an 

optometrist. Indeed, it would seem sensible for any children whose 

teachers or parents suspect underachievement at school to, at an early 

stage, have a detailed investigation with an eye care practitioner who 

has specialised in vision and learning. 
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Key clinical visual correlates of reading difficulties 
The visual correlates of reading difficulties are discussed in detail in 

this book and will now, by way of an introduction, be briefly reviewed. 

Throughout this book, priority is given to evidence-based research. As 

noted in Chapter 11, this means that emphasis is placed on visual 

factors that have been shown to be associated with reading difficulties 

either in matched group studies or correlational studies. Treatments 

or interventions are only included in this book if they are supported by 

research evidence, ideally randomised controlled trials. 

Even if a visual condition is not, in general, associated with dyslexia, 

the visual condition could still contribute to difficulties with reading in 

individual cases. This is illustrated in case study 1.1. 

 

Case study 1.1 

A 29 year old lady consulted an optometrist for her first eye 

examination. She had underachieved at school and was 

now engaging in adult education, leading to referral to an 

educational psychologist. The psychologist had diagnosed 

dyslexia and, noting visual symptoms, suspected visual 

stress. Symptoms included text blurring and eyestrain.  

Examination at presentation revealed reduced visual 

acuities and a significant degree (three dioptres in the right 

eye; four dioptres in the left eye) of myopic astigmatism. All 

other optometric test results were normal.  

Spectacles were prescribed and with these, the symptoms 

fully resolved.  
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considered under five headings that conform to the precepts outlined 

earlier:  

 Background  

 Is the visual condition associated with reading difficulty? 

 Is there evidence of the visual condition contributing in a causal 

way to reading difficulty? 

 How is the visual condition detected? 

 How is the visual condition treated? 

Binocular instability 
Binocular instability (Chapter 3) describes a subtle problem in 

coordinating the two eyes together. In the clinic, binocular instability is 

detected as an unstable heterophoria and low fusional reserves (for 

description see Chapter 3). A controlled study found that the main sign 

of binocular instability (low fusional reserves) is present in about 5% of 

good readers and in 15% of poor readers.30 This does not mean that 

15% of poor readers need optometric treatment because binocular 

instability may in some cases be subtle and may not require treatment 

if it is not causing symptoms.31 The fact that 5% of good readers have 

one of the signs of binocular instability shows that there is not a simple 

causal relationship between fusional reserves and reading ability: low 

fusional reserves will not necessarily make a person a poor reader.  

Visual Stress 
Visual Stress is sometimes called Meares-Irlen Syndrome in 

recognition of the two individuals who first described the use of 

coloured filters as a treatment for people who experience discomfort 
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used generically to describe both coloured overlays (transparent 

plastic sheets placed on the page) and coloured lenses. 

Visual stress is arguably a form of photophobia, characterised by 

symptoms of perceptual distortion and discomfort when viewing 

certain spatially repetitive stimuli, typically text. The symptoms can 

often be alleviated using coloured filters of a specific individually 

chosen colour.32 The condition appears to have a greater prevalence in 

individuals who suffer from dyslexia,33 34 migraine,35-37 autism,38-40 

chronic fatigue syndrome (myalgic encephalitis),41-43 multiple 

sclerosis,44 stroke,45-47 head injury48 and photosensitive epilepsy.49-51 

In susceptible individuals, symptoms of visual stress are likely to 

occur when the visual scene contains elements of a high contrast 

configurations of stripes (Figure 1.1).52-55  Visual stress is believed to be 

a condition separate from dyslexia, but the two conditions can co-

occur.4 33 34 

Reading material (which has stripes from horizontal lines and from 

vertical letter strokes) has the potential to elicit visual stress.56 57 A 

condition that would nowadays be called visual stress was described 

by Critchley (1964),58 Meares (1980)59, Irlen (1983)60 and Wilkins 

(1984).61 The susceptibility of some individuals to reading-related visual 

stress has been variously termed scotopic sensitivity syndrome, Irlen 

syndrome, Meares-Irlen syndrome (MIS),62 pattern-related visual stress 

(PRVS),54 Meares-Irlen syndrome/visual stress (MISViS)63, and sensory 

visual stress.31 The history of this condition is described in Chapter 6.  

Wilkins has proposed that the underlying anomaly in visual stress is 

a hyper-excitability of the visual cortex, possibly as a result of impaired 

gain control mechanisms, and that the effects of this can be alleviated 

in a variety of ways, including modifying the design and layout of 

printed text and through the use of colour.53 61 Although there is 
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remains controversial (discussed later in this book). In particular, the 

exact mechanism is still debated and under investigation. 

 

 

Figure 1.1. The pattern glare test, described in Chapter 10. 

The prevalence of visual stress depends on the diagnostic criteria 

used but significant degrees of visual stress is likely to affect fewer than 

one in five people with dyslexia.64 65 Adults with dyslexia are also more 

likely to have visual stress than adults who are good readers, and the 

combination of dyslexia and visual stress adversely affects reading 

speed.34 Visual stress, together with the various approaches to the 

correction of the condition using coloured filters, are discussed in 

Chapters 6-8. 
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Visual symptoms in people with reading 

difficulties 
Eye care practitioners are in an ideal position to screen for people 

who may be experiencing reading difficulties by asking a few key 

questions when taking a patient’s symptoms and history. Parents of 

children who have trouble learning to read often seek help from a 

teacher and/or an educational psychologist. Teachers and educational 

psychologists may recommend that the child consults an eye care 

practitioner who has specialised in vision and learning. Since reading 

involves vision, it is perhaps surprising that such a recommendation is 

not made more often. 

A visual problem is particularly likely to be present in a person who 

has trouble learning to read if they report headaches and eye-strain 

after reading. The symptoms that are associated with the most 

relevant visual problems (e.g., visual stress, binocular instability) 

typically develop after a period of reading, and visual stress tends to be 

more common when viewing many lines of text in smaller fonts. This 

means that these visual problems may produce more symptoms in 

older children, who are “reading to learn”, rather than in younger 

children, who are “learning to read”. It is recommended that eye care 

practitioners ask, "After you have been reading for a while, do the 

words or letters do anything different?” 

 

Suspicious symptoms are graphically illustrated at 

www.opticalm.ca, and can include: 

 Letters appearing to move – this can appear in many forms 
including the words moving up and down, side to side, words 
merging, words breaking up and words moving. 

 Letters appearing to blur especially with closely spaced small print 
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 Letters appearing double 

 Letters changing size 

 Letters changing contrast 

 Letter or word reversals 

 Colours or shapes appearing on the page 

 Text appearing to flicker 

 Discomfort under fluorescent lights and some LEDs 

 The occurrence of headaches, nausea or dizziness 

 Eyes becoming tired or sore 

 The page appearing too bright 

 

Symptoms are discussed in more detail in Chapter 10, which 

includes a more extensive list of symptoms and the conditions that are 

likely to cause these symptoms (Table 10.1). 

The practitioner should be aware of the limitations in the use of 

symptoms as a diagnostic tool. The recall of symptoms is prone to bias; 

memory processes have been shown to be biased by mood, emotion 

and many other factors.66 Recall of symptoms may vary and can 

depend on factors such as the mood at testing. Intermittent problems 

might be specific to certain environmental factors such as lighting or a 

particular task. Also, people often fail to recognise significant 

symptoms until the symptoms have been removed – they consider 

what they are experiencing to be normal. As illustrated in Table 10.1, 

most symptoms are non-specific: it is not possible to diagnose a visual 

problem with certainty from symptoms alone. 

In addition to symptoms, the parent or teacher may observe 

behaviours or signs which alert the practitioner to the possibility of 

visual problems. Suspicious signs when reading include the following: 
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 Rubbing eyes  

 Excessive blinking  

 Tracking the text with a finger due to difficulties in keeping 

place (Figure 1.5a) 

 Closing or covering one eye (Figure 1.5b) 

 Moving unusually close or far away from text 

 Poor concentration which might be indicated by yawning, 

frequently looking away from the page and fidgeting 

 Poor reading fluency that slows the longer the person reads 

The number of signs and symptoms experienced by the person can 

give an indication of the severity of their susceptibility to visual stress. 

The reporting of symptoms provides a useful indication that an 

individual may warrant further investigation, as discussed in later 

chapters. Symptoms are more reliable when a person is asked about 

their symptoms whilst they are viewing text than when they are asked 

to recollect their symptoms.66 

Some teachers use checklists including the symptoms and signs 

listed above to indicate the presence of visual stress. However, these 

symptoms and signs can also be caused by a variety of conditions such 

as uncorrected refractive error (requiring glasses or contact lenses), 

accommodation (a focussing weakness) and/or binocular vision (eye 

coordination) problems, in addition to or independently of visual 

stress. The authors have always advocated that people with reading 

difficulties should have a full visual investigation by an eye care 

practitioner who has specialised in vision and learning (see Chapter 

10). Research in recent years has helped to outline the protocol for 

these investigations and this will be described in Chapter 10. 

Chapter 1 - Introduction 13

 Wearing spectacle lenses with tints or sunglasses when reading 



References 
1. Emond A, Adams C, Barlow J, et al. G354(P) Health for all children 5: a 

comprehensive critical review of evidence supporting child health 
programmes. Archives of Disease in Childhood 2019;104(Suppl 2):A145-A45. 
doi: 10.1136/archdischild-2019-rcpch.342 

2. British and Irish Orthoptic Society, Clinical Council for Eye Health 
Commissioning. Vision screening provision in children aged 4-5 years in 
England: Findings from a Freedom of Information Request 2019. 
https://www.orthoptics.org.uk/wp-content/uploads/2020/03/2019-VS-FOI-
Report-March-2020.pdf, 2020. 

3. Ferrer E, Shaywitz BA, Holahan JM, et al. Uncoupling of reading and IQ over 
time: empirical evidence for a definition of dyslexia. Psychol Sci 
2010;21(1):93-101. doi: 0956797609354084 
[pii];10.1177/0956797609354084 [doi] 

4. Rose J. Identifying and teaching children and young people with dyslexia and 
literacy difficulties. Department for Education, 2009. 

5. World Health Organization. International classification of diseaes for 
mortality and morbidity statistics: World Health Organization; 2018 
[updated 17/12/2020. Eleventh:[Classification]. Available from: 
https://icd.who.int/browse11 accessed 22/03/2021 2021. 

6. Snowling MJ, Hulme C, Nation K. Defining and understanding dyslexia: past, 
present and future. Oxf Rev Educ 2020;46(4):501-13. doi: 
10.1080/03054985.2020.1765756 [published Online First: 2020/09/18] 

7. Shalev RS, Gross-Tsur V. Developmental dyscalculia. Pediatr Neurol 
2001;24(5):337-42. 

8. World Health Organization. International Statistical Classification of Diseases 
and Related Health Problems (ICD-11), 2021. 

9. Kazda L, Bell K, Thomas R, et al. Overdiagnosis of Attention-
Deficit/Hyperactivity Disorder in Children and Adolescents: A Systematic 
Scoping Review. JAMA Netw Open 2021;4(4):e215335. doi: 
10.1001/jamanetworkopen.2021.5335 [published Online First: 
2021/04/13] 

10. McDougal E, Gracie H, Oldridge J, et al. Relationships between cognition and 
literacy in children with attention-deficit/hyperactivity disorder: A 
systematic review and meta-analysis. Br J Dev Psychol 2021 doi: 
10.1111/bjdp.12395 [published Online First: 2021/10/05] 

11. Morgan P. A case of congenital word blindness. Br Med J 1896;Nov 7:1378. 
12. Finn ES, Shen X, Holahan JM, et al. Disruption of functional networks in 

dyslexia: a whole-brain, data-driven analysis of connectivity. Biol Psychiatry 
2014;76(5):397-404. doi: 10.1016/j.biopsych.2013.08.031 [published 
Online First: 2013/10/16] 

13. Liederman J, Kantrowitz L, Flannery K. Male vulnerability to reading 
disability is not likely to be a myth: a call for new data. J Learn Disabil 

14 Chapter 1 - Introduction

https://www.orthoptics.org.uk/wp-content/uploads/2020/03/2019-VS-FOI-Report-March-2020.pdf
https://www.orthoptics.org.uk/wp-content/uploads/2020/03/2019-VS-FOI-Report-March-2020.pdf
https://icd.who.int/browse11


Online First: 2005/04/09] 
14. Shaywitz SE, Shaywitz JE, Shaywitz BA. Dyslexia in the 21st century. Curr 

Opin Psychiatry 2021;34(2):80-86. doi: 10.1097/YCO.0000000000000670 
[published Online First: 2020/12/06] 

15. Granocchio E, De Salvatore M, Bonanomi E, et al. Sex-related differences in 
reading achievement. J Neurosci Res 2021 doi: 10.1002/jnr.24913 
[published Online First: 2021/07/10] 

16. Rack JP. The biological bases of reading ability: (1) Evidence from behaviour-
genetic studies. Dyslexia Review 1995:7-11. 

17. Thambirajah MS. Developmental dyslexia: an overview. Advances in 
Psychiatric Treatment 2010;16(4):299-307. doi: 10.1192/apt.bp.108.006072 

18. Habib M, Giraud K. Dyslexia. Handb Clin Neurol 2013;111:229-35. doi: 
10.1016/B978-0-444-52891-9.00023-3 [published Online First: 2013/04/30] 

19. Smythe I. Dyslexia. Br J Hosp Med (Lond) 2011;72(1):39-43. doi: 
10.12968/hmed.2011.72.1.39 [published Online First: 2011/01/18] 

20. Saksida A, Iannuzzi S, Bogliotti C, et al. Phonological skills, visual attention 
span, and visual stress in developmental dyslexia. Dev Psychol 
2016;52(10):1503-16. doi: 10.1037/dev0000184 

21. O'Brien G, Yeatman JD. Bridging sensory and language theories of dyslexia: 
Toward a multifactorial model. Dev Sci 2020:e13039. doi: 
10.1111/desc.13039 [published Online First: 2020/10/07] 

22. Slaghuis WL, Lovegrove WJ, Davidson JA. Visual and language processing 
deficits are concurrent in dyslexia. Cortex 1993;29:601-15. 

23. van der Kleij SW, Segers E, Groen MA, et al. Post-treatment reading 
development in children with dyslexia: the challenge remains. Ann Dyslexia 
2019;69(3):279-96. doi: 10.1007/s11881-019-00186-6 [published Online 
First: 2019/10/17] 

24. Ramus F, Rosen S, Dakin SC, et al. Theories of developmental dyslexia: 
insights from a multiple case study of dyslexic adults. Brain 
2003;126(4):841-65. 

25. Boder, E. Developmental dyslexia: A diagnostic approach. Dev Med Child 
Neurol 1973;15:663-87. 

26. Watson C, Willows DM. Information-processing patterns in specific reading 
disability. J Learn Disabil 1995;28(4):216-31. 

27. Brown GDA. Cognitive analysis of dyslexia. Perception 1988;17:695-98. 
28. Evans BJW. Dyslexia and Vision. Chichester: Wiley 2001. 
29. Evans BJW. Guest editorial. Do visual problems cause dyslexia? Ophthal 

Physiol Opt 1999;19(4):277-78. 
30. Evans BJW, Drasdo N, Richards IL. Investigation of accommodative and 

binocular function in dyslexia. Ophthal Physiol Opt 1994;14(1):5-19. 
31. Evans BJW. Pickwell's Binocular Vision Anomalies. Sixth ed. Philadelphia: 

Elsevier 2021. 
32. Millodot M. Dictionary of Optometry. Seventh ed. Oxford: Butterworth-

Heinemann 2009. 

15References

2005;38(2):109-29. doi: 10.1177/00222194050380020201 [published 



Syndrome. J Res Reading 2005;28(3):350-64. 
34. Singleton C, Trotter S. Visual stress in adults with and without dyslexia. 

Journal of Research in Reading 2005;28(3):365-78. 
35. Marcus DA, Soso MJ. Migraine and stripe-induced visual discomfort. Arch 

Neurol 1989;46:1129-32. 
36. Harle DE, Shepherd AJ, Evans BJ. Visual stimuli are common triggers of 

migraine and are associated with pattern glare. Headache 2006;46(9):1431-
40. 

37. Vieira A, van der Linde I, Bright P, et al. Preference for Lighting Chromaticity 
in Migraine With Aura. Headache 2020;60(6):1124-31. doi: 
10.1111/head.13801 [published Online First: 2020/04/14] 

38. Ludlow AK, Wilkins AJ. Atypical Sensory behaviours in children with 
Tourette's Syndrome and in children with Autism Spectrum Disorders. Res 
Dev Disabil 2016;56:108-16. doi: 10.1016/j.ridd.2016.05.019 

39. Whitaker L, Jones CR, Wilkins AJ, et al. Judging the Intensity of Emotional 
Expression in Faces: the Effects of Colored Tints on Individuals With Autism 
Spectrum Disorder. Autism Res 2016;9(4):450-9. doi: 10.1002/aur.1506 

40. Ludlow AK, Wilkins AJ, Heaton P. Colored overlays enhance visual 
perceptual performance in children with autism spectrum disorders. 
Research in Autism Spectrum Disorders 2008;2(3):498-515. 

41. Wilson RL, Paterson KB, Hutchinson CV. Increased Vulnerability to Pattern-
Related Visual Stress in Myalgic Encephalomyelitis. Perception 
2015;44(12):1422-6. doi: 10.1177/0301006615614467 

42. Loew SJ, Marsh NV, Watson K. Symptoms of Meares-Irlen/Visual Stress 
Syndrome in subjects diagnosed with Chronic Fatigue Syndrome. 
International Journal of Clinical Health & Psychology 2014;14(2):87-92. 

43. Smith AP, Behan PO, Bell W, et al. Behavioural problems associated with 
the chronic fatigue syndrome. Br J Psychol 1993;84 ( Pt 3):411-23. 

44. Newman WB, Wilkins AJ, Zoukos Y. Spectral filters can improve reading and 
visual search in patients with multiple sclerosis. J Neurol 
2007;254(12):1729-35. 

45. Beasley IG, Davies LN. The effect of spectral filters on reading speed and 
accuracy following stroke. Journal of Optometry 2013;06(03):134-40. 

46. Beasley IG, Davies LN. Susceptibility to pattern glare following stroke. J 
Neurol 2012 doi: 10.1007/s00415-012-6418-5 [doi] 

47. Beasley IG, Davies LN. Visual stress symptoms secondary to stroke 
alleviated with spectral filters and precision tinted ophthalmic lenses: a 
case report. Clin Exp Optom 2012 doi: 10.1007/s00415-012-6418-5 [doi] 

48. Fimreite V, Willeford KT, Ciuffreda KJ. Effect of chromatic filters on visual 
performance in individuals with mild traumatic brain injury (mTBI): A pilot 
study. J Optom 2016 doi: 10.1016/j.optom.2016.04.004 

49. Wilkins AJ, Binnie CD, Darby CE, et al. Inferences regarding the visual 
precipitation of seizures, eye strain, and headaches. In. Generalised 
Epilepsy: Neurological Approaches 1990:Eds. 

16 Chapter 1 - Introduction

33. Kriss I, Evans BJW. The relationship between dyslexia and Meares-Irlen 



1980;15:85-117. 
51. Wilkins AJ, Darby CE, Binnie CD. Neurophysiological aspects of pattern-

sensitive epilepsy. Brain 1979;102:1-25. 
52. Wilkins A. Reading and visual discomfort. In: Willows DM, Kruk RS, Corcos 

E, eds. Visual Process in Reading and Reading Disabilities. First ed. Hillsdale, 
New Jersey: Lawrence Erlbaum Associates 1993:435-56. 

53. Wilkins A. Visual stress: origins and treatment. CNS 2021;6:1-13. 
54. Allen PM, Gilchrist JM, Hollis J. Use of visual search in the assessment of 

pattern-related visual stress (PRVS) and its alleviation by coloured filters. 
Invest Ophthalmol Vis Sci 2008 

55. Evans BJW, Cook A, Richards IL, et al. Effect of pattern glare and colored 
overlays on a simulated-reading task in dyslexics and normal readers. 
Optom Vis Sci 1994;71(10):619-28. 

56. Wilkins A. Visual discomfort and reading. In. Vision and Visual Dysfunction 
1991;Vol. 13:ed. 

57. Wilkins AJ, Nimmo-Smith I. On the reduction of eyestrain when reading. 
Ophthal Physiol Opt 1984;4(1):53-59. 

58. Critchley M. Developmental dyslexia. London: Whitefriars Press 1964. 
59. Meares O. Figure-ground, brightness contrast and reading disabilities, 

1980. 
60. Irlen H. Successful treatment of learning difficulties. Paper presented at 

Annual Convention of the American Psychological Association, Anaheim, 
California 1983 

61. Wilkins A, Nimmo-Smith I, Tait A, et al. A neurological basis for visual 
discomfort. Brain 1984;107:989-1017. 

62. Evans BJW. Coloured filters and dyslexia: what's in a name? Dyslexia Review 
1997;9(2):18-19. 

63. Evans B. Coloured filters and other co-occurring visual factors in dyslexia. 
In: Stein J, ed. Dyslexia and Co-occurring difficulties. First ed. Bracknell: 
British Dyslexia Association 2012:25-46. 

64. Evans BJW, Allen PM, Wilkins AJ. A Delphi study to develop practical 
diagnostic guidelines for visual stress (pattern-related visual stress). 
Journal of Optometry 2017;10(3):161-68. 

65. Evans BJW, Allen PM. A systematic review of controlled trials on visual stress 
using Intuitive Overlays or the Intuitive Colorimeter. Journal of Optometry 
2016;9(4):205-18. 

66. Hollis J, Allen PM. Screening for Meares-Irlen sensitivity in adults: can 
assessment methods predict changes in reading speed? Ophthalmic Physiol 
Opt 2006;26(6):566-71. 

 

17References

50. Wilkins AJ, Binnie CD, Darby CE. Visually-induced seizures. Prog In Neurobiol 



Chapter 2   
Refractive errors & ocular health 

Chapter Abstract 
The components of a clinical optometric examination are explained, 

and how they relate to ocular health, visual fields, colour vision and 

refractive error. The possible associations with reading difficulty and 

techniques for treatment are set out. It is concluded that refractive 

errors, visual acuity, and ocular pathology are not correlates of 

developmental reading difficulties. However, refractive errors are 

common and can affect the ability to resolve detail, and therefore can 

contribute to reading difficulties in some cases. 

Ocular health 
Thankfully, eye diseases are rare in childhood. Certain pathologies 

can, however, significantly reduce a child’s visual acuity although such 

reduced acuity does not necessarily affect reading under optimal 

conditions.1 Eye disease is not more common in children with reading 

difficulties,2 3 but can occur in any child and an examination of ocular 

health is an essential part of any eye examination. 

Eye disease become increasingly prevalent with age, and this can 

cause reduced visual acuity and/or restricted visual fields, which can 

impair reading. This acquired reading difficulty is very different to the 

developmental reading difficulty that is present in dyslexia. 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
A. J. Wilkins and B. J. W. Evans, Vision, Reading Difficulties, and Visual Stress,
https://doi.org/10.1007/978-3-031-03930-0_2

19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-03930-0_2&domain=pdf


using automated perimeters. These perimeters may be insensitive to 

some of the subtle visual field asymmetries that have been reported 

as correlates of reading difficulties (dyslexia), which are discussed in 

Chapter 5. In laboratory-based studies there is a continuing debate as 

to whether people with reading difficulties show visual field (left/right) 

asymmetries on verbal or visual spatial tasks4-6 (Chapter 5). Some 

researchers have found that in certain tasks individuals with dyslexia 

show a statistically significant right-sided bias7 leading to descriptions 

of “mini-neglect” of the left visual field in poor readers;8 although this 

was not found in a line bisection task.9 In any event, visual neglect is 

quite different to a visual field defect (subtle or otherwise) and there is 

no good evidence that clinically abnormal visual fields are a significant 

factor in reading difficulties. 

In recent years, a new method of perimetry has become popular for 

detecting glaucoma. It uses a frequency doubling technique (FDT) that 

is believed to detect the magnocellular deficit in glaucoma (see Chapter 

5). It has been shown that the test can also detect a magnocellular 

deficit in dyslexia.10 The deficit is subtle and is not likely to interfere 

with the clinical use of FDT to detect glaucoma,11 which is extremely 

rare in childhood. 

Visual fields 
Eye care practitioners often perform an assessment of visual fields 
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Figure 2.1. Frequency doubling technique for visual field testing 

Occasionally, patients can acquire reading difficulties, usually 

abruptly, as a sign of neurological disease (e.g., stroke). Clinicians 

should be alert to the possibility of these rare cases, which require 

prompt neurological investigation. Although most reading difficulties 

are not due to neurological disease, routine visual field testing is a 

sensible precaution in children who are able to perform the test as it 

will help to detect some of these rare cases, when the aetiology is not 

apparent from the history.  

Colour vision anomalies 
In schools, colour is used extensively for teaching and many 

vocations and hobbies require some degree of colour identification. 

Approximately one in 12 men and one in 200 women have a congenital 

colour vision deficiency. This is sometimes called “colour blindness”, 

although this term is deprecated because people with colour vision 
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