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Abstract 

The most common clinical pathology of childhood visual impairment in the developed 

world is cerebral visual impairment (CVI), which includes visual impairment originating 

in the central nervous system and where there is no explanatory ocular condition. 

Because of the challenges in clinical assessment and heterogeneity of presentations 

within CVI, there have been several calls to develop an empirical assessment and 

classification system to systematically measure and classify symptoms of CVI. This 

study aimed to develop a clinical assessment protocol and classification system for 

childhood CVI from a scientific perspective.  

A comprehensive clinical assessment battery was designed to identify relevant 

vision-related symptoms and to establish scientifically the most useful assessment 

tests for the proposed assessment protocol. Sixty-nine children aged 5-16 years with 

diagnosed or suspected congenital CVI of mixed abilities, including a subgroup of 

children aged 8-16 years with relatively good visual acuity and average range cognitive 

functioning, were assessed on basic vision, higher vision cognitive and 

ophthalmological measures.  

Principal components analysis suggested that three areas of vision should be 

measured in a CVI assessment protocol: ‘spatial vision’ (Sonksen logMAR, LEA 

Contrast Sensitivity Symbols), ‘stereopsis’ (Frisby Stereotest), and ‘higher vision’ (Test 

of Visual Perceptual Skills, Beery Visuomotor Integration Test). 

The results of these five tests were subjected to two stages of statistical 

classification analysis, with findings suggesting that a three-group classification most 

appropriately represented the children in this sample. Validation analyses suggested 

that the basic and higher vision, cognitive and ophthalmological features of the groups 

were all in a gradient of severity. This supports a previously hypothesized framework of 

CVI based on severity degrees of vision (which parallel the paediatric characteristics). 

Despite differences in vision (and accompanying paediatric characteristics) between 

groups, the functional impact of CVI on daily activities and quality of life was similarly 
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high across all groups. The results indicated that both basic and higher visual functions 

must be included in a comprehensive assessment of CVI, and strongly support a 

multidisciplinary approach to the clinical assessment of the condition.  

This classification system and its proposed assessment protocol may be 

valuable for assisting in the clinical assessment process and identification of CVI and 

its management needs, for establishing future clinical thresholds for CVI diagnoses, for 

comparing CVI presentations of different populations, and for systematically 

establishing prevalence and epidemiology of CVI at national population level.  
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Impact statement 
 
This study scientifically demonstrates the value of the explicit definition of childhood 

cerebral visual impairment (CVI), the proposed assessment protocol with the 

empirically tested and validated standard assessment methods, and the final 

classification framework. The classification framework developed in this study will 

enable grouping and unpicking the principle characteristics of CVI in future research 

and making sense of symptom patterns within the CVI subgroups rather than across 

the wide total population of the condition. This could also be applied to intervention 

research focussing on particular subgroups. More widely, the findings propose and 

potentially widen the boundaries of the clinical condition of CVI and who should be 

considered to have the condition. The study findings argue for the case that children 

with relatively normal visual acuity but significant difficulties in higher visual skills might 

be appropriately included within the umbrella of CVI as a clinically significant condition, 

and thus included in future prevalence studies of the condition.  

Results suggest that several areas of vision should be assessed in the standard 

clinical battery for CVI, including both basic and higher visual skills. The complex 

presentations of children with suspected or diagnosed CVI was demonstrated in this 

study. It is proposed that the standard clinical assessment of CVI should be used to 

encompass the full profile of the individual child and a number of different standard 

approaches are required to cover the full range of vision, cognitive and motor abilities 

of the individual children. This emphasizes the essential role of a multidisciplinary 

approach, involving at minimum ophthalmology, neuropsychology and 

neurodevelopmental paediatrics, as knowledge and expertise from these professional 

disciplines is necessary to conduct the comprehensive assessment. There may be a 

need to develop further the appropriate clinical services and the essential core 

multidisciplinary teams in the UK. It is hoped that this study may form a useful 

contribution to the clinical and research knowledge base and assessment methodology 

of this complex paediatric population.  
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Thesis overview 
 
The aims of this project were to reach a robust standard assessment process and 
classification system of childhood CVI which can be used in the clinical environment. 
This section summarises the main themes of each chapter.  

Chapter 1 - Introduction: This chapter summaries the background and rationale of the 
thesis, describing the current understanding of CVI, the major visual areas of the brain 
and their development, assessment methods of CVI and the value of classification 
within the condition. It also outlines the main study aims and objectives.  

Chapter 2 - Systematic review of the terminologies, definitions and assessment 
methods of CVI: This chapter identifies and critically evaluates the terminologies and 
definitions of childhood CVI in the published peer-reviewed scientific literature, to 
identify if there is an operationalizable definition of childhood CVI. These findings 
underpin the further direction of this study. 

Chapter 3 - General methodology: This chapter describes the general 
methodological approaches used in this research project, including study design, 
recruitment, research ethics, assessment materials and general statistical approaches.   

Chapter 4 – Results: Participant general characteristics: This chapter reports on 
the patterns and distributions of the sample characteristics that are non-visual, to 
consider whether the study sample was ‘representative’ in relation to other studies of 
CVI and whether there are non-visual factors that might influence the child’s vision test 
results.  

Chapter 5 – Methods: Vision assessment: This chapter describes and justifies the 
vision assessments selected for this study and outlines the method of administration 
used in this study. 

Chapter 6 – Results: Participant vision characteristics: This chapter presents the 
vision characteristics of the study sample. It identifies the vision tests that could be 
completed by the most participants and details the salient characteristics of those 
participants who could not complete assessments. It also describes the patterns of 
vision test scores and rates of impairment in the sample, and investigates the 
necessary components of a CVI vision test battery. It also lists the proposed test 
battery. 

Chapter 7 – Results: Statistical sub-typing of the classification system: This 
chapter addresses the main aim of the study, to develop statistically a novel 
classification system for congenital childhood CVI, using two stages of analysis.  

Chapter 8 – Results: Validation of the classification system: This chapter 
describes the statistical validation of the classification using multidimensional scaling, 
and the external validation of the classification, and includes six illustrative case studies 
from the sample. 

Chapter 9 - Discussion and conclusion: This chapter provides a summary of 
findings, discussion of theoretical relevance, critical review, clinical and research 
implications, future directions and conclusions of the study.  
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Chapter 1 – Introduction 
 

 

The childhood condition of cerebral visual impairment (CVI) is, in its broadest sense, an 

umbrella term for all conditions where a child’s visual difficulties originate in the brain 

rather than in the ocular structures or anterior visual pathways (Colenbrander, 2010; 

Zihl & Dutton, 2014). CVI is estimated to be the most common cause of childhood 

visual impairment in the UK and other developed countries, and its incidence is 

reported to be increasing (Blohme & Tornqvist, 1997; Boonstra et al., 2012; Durnian et 

al., 2010; Jan & Freeman, 1998; Ozturk, Er, Yaman, & Berk, 2016; Rahi & Cable, 

2003). However, the field of CVI is still in the early stages of both research and clinical 

practice, with confusion and lack of consensus in terminology, assessment methods, 

diagnostic thresholds and classification dimensions. The lack of clarity has significant 

adverse impacts on the advancement of research and clinical practice. This research 

project therefore aims to develop a scientific data-driven classification system and 

assessment protocol for childhood CVI, to increase our understanding of the condition 

and precision of measurement and to establish the empirical foundations for future 

consensus in the field. The classification system is intended to be used for future 

clinical and research purposes by providing scientifically informed subgroupings within 

CVI. The study will lead to a proposed standard clinical assessment protocol which is 

necessary to assess and classify children into these subcategories.  

This introduction chapter outlines the background and rationale of the doctoral 

study, describing the current understanding of CVI, the major visual areas of the brain 

and their development, assessment methods of CVI and the value of classification 
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within the condition. The first section of the chapter details the study aims and 

objectives. 

 

1.1 Project aims and objectives 

Considering the complexity of the developing visual system and impact of early injury 

on developmental trajectories, the heterogeneity of the population of childhood CVI and 

the potential value of subtyping within this condition, the aims of the study were: 

i) To develop a robust unified assessment approach that can be used 

across the full spectrum of childhood CVI conditions and that will lead 

to a proposed standard clinical assessment protocol, and 

 

ii) To develop a scientific classification system for childhood CVI using 

data derived from the assessment approach.  

 

Key features of the assessment approach are that it incorporates multidisciplinary 

methods including neuro-ophthalmology, neurodevelopmental paediatrics, and clinical 

developmental neuropsychology. It will cover the age span of the study (5 to 15 years) 

and can be adapted according to the age, vision, cognitive and motor abilities of the 

child. It will also incorporate measurement approaches that are standardized and 

publicly available and could be replicated in the hospital clinic setting.  

 

To fulfil these aims, the study addressed four objectives: 

1) Systematic review of the terminologies, definitions and assessments for 

childhood CVI. Before considering the development of a classification for 

childhood CVI, it was necessary to address the issue of definition. Currently 

there is no national or international consensus on what is included in the 
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condition, what we should name it or how to diagnose it. Thus in the first stage 

of the project, a systematic review was undertaken to investigate the 

terminologies, definitions and assessments used to identify and diagnose 

childhood CVI in the literature (Chapter 2). The results of this review were then 

used to inform methodological aspects of the empirical study for sample 

characteristics and potentially useful vision assessments.  

 

2) Assessment of CVI presentations.  The second stage of the research project 

involved assessing a sample of children covering the full spectrum of possible 

presentations of congenital CVI on a range of quantifiable basic and higher 

visual processes using the designed assessment approach, and identifying 

those clinical assessment tests that are most informative for the classification 

(Chapters 3-6).  

 

3) Statistical development of a classification system for congenital CVI. The 

third stage of the project involved the statistical development of the 

classification system (Chapter 7) using the empirical data collected through the 

clinical assessment protocol. 

 

4) Validation of the classification system. The final stage of the project was a 

validation of the classification system, to explore the potential value of using 

salient characteristics to identify subtypes of CVI and ensure that the subtypes 

of the classification map onto clinically meaningful characteristics (Chapter 8). 

 

1.2 Need for classification in healthcare 

Humans have an inbuilt drive to categorize phenomena into groups according to sets of 

characteristics, in order to better understand the world. Infants are able to group 
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objects according to their salient perceptual attributes from the first months of life and 

this ability is honed throughout childhood, to be able to distinguish between complex 

abstract concepts and build upon systems of categories, or classifications (Goswami, 

2008, pp. 14-19). Classification is a cornerstone of learning, allowing us to apply our 

existing knowledge to new or similar situations without having had to experience them 

previously.  

In healthcare, formal systematic classifications are used for a variety of 

purposes, including 1) to identify health conditions across diverse populations 

accurately, 2) make informed decisions about likely helpful treatments, and 3) 

extrapolate accordingly to understand other relevant information about the condition. 

An example of a globally used healthcare classification system is the International 

Statistical Classification of Diseases and Health Related Problems (ICD), developed by 

the World Health Organization (2010). Currently in its tenth revision, ICD aims to 

“permit the systematic recording, analysis, interpretation and comparison of mortality 

and morbidity data collected in different countries or areas and at different times” 

(World Health Organization, 2011, p. 3). Although originally used to classify causes of 

death, the purpose of ICD has expanded to also classify morbidity, or disease states 

(World Health Organization, 2011). It is now used to accurately diagnose and treat 

different conditions, as well as to better understand their epidemiology, subcategories, 

definitions and associated signs and symptoms.  

However the limitations of a classification must also be recognized. ICD cannot 

be validly used “to describe functioning and disability as aspects of health, or may not 

provide sufficient detail for some specialties” (World Health Organization, 2011, p.4). 

To gain a more comprehensive understanding of health conditions, the WHO has 

developed other classifications to be used in conjunction with the ICD. A notable one is 

the International Classification of Functioning (ICF), which classifies functioning and 

disability associated with health conditions (World Health Organization, 2002). In ICF, 

disability and functioning are viewed as outcomes of interactions between health 
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conditions (diseases, disorders and injuries) and contextual factors (environmental and 

personal factors). The WHO describes the ICD and ICF as “complementary, and users 

are encouraged to use them together to create a broader and more meaningful picture 

of the experience of health of individuals and populations.” (World Health Organization, 

2002, p.3).  Together, they aim to establish a common language to improve 

communication and permit comparisons of data across countries’ health-care 

disciplines, services and time (World Health Organization, 2011). The ICD and ICF are 

considered to be reference classifications, and “they may be used as models for the 

development or revision of other classifications, with respect to both the structure and 

the character and definition of the classes” (World Health Organization, 2011, p. 5). 

There are also several other international healthcare classification systems in 

wide use. Examples are the Diagnostic and Statistical Manual of Mental Disorders 

(DSM), developed by the American Psychiatric Association (American Psychiatric 

Association, 2013) to classify and diagnose mental health conditions, and SNOMED 

Clinical Terms, developed as a comprehensive glossary of international core 

terminology for electronic health records (Stearns et al., 2001).  

In addition to broad classification systems that aim to comprehensively cover 

healthcare conditions, more specific frameworks have been developed and are 

frequently used to categorize subtypes within conditions according to different 

characteristics, as well as for other purposes. An example of a paediatric condition with 

several discrete classifications is cerebral palsy, which has frameworks based on the 

limbs affected, functional abilities in everyday life, muscle tone and ambulatory status, 

as well as many others (Rosenbaum, Palisano, Bartlett, Galuppi, & Russell, 2008). 

Condition-specific classifications often evolve with new research findings, such as 

autism subtyping, which has changed substantially with the increased understanding of 

the range of presentations of the condition and the conceptualization of its core 

symptoms (Lord & Bishop, 2014). 
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CVI is not currently explicitly included in any international healthcare 

classifications, nor does it have its own subtyping. Although the ICD-10 specifies 

disorders of the eye and anterior optic pathways according to the anatomical site of 

damage, it does not name ‘cerebral or cortical visual impairment’ as such but refers 

instead to disorders of the optic nerve and pathways. These are divided further into 

four sub classifications of which the latter three are non-specific and may overlap  

(H47.4: Disorders of optic chiasm, H47.5: Disorders of other visual pathways, H47.6: 

Disorders of visual cortex, and H47.7: Disorder of visual pathways, unspecified). The 

next edition of ICD, ICD-11, is presently under development, and may give some 

indication of the changes in how CVI will be characterized in the future, including a 

more precise code for the condition and recognition of higher visual functioning 

difficulties (World Health Organization, 2018). Currently there is no international 

consensus of what constitutes the category or subcategories of CVI).  

Childhood visual impairment (VI) is functionally defined as having reduced 

visual acuity and/or visual fields in their best corrected eye (with moderate VI as best 

corrected acuity worse than 6/18 Snellen Equivalent or 0.5 logMAR, and blindness 

below 3/60 Snellen equivalent or 1.3 logMAR, or with the better seeing eye having 

a visual field no greater than 10° in radius around central fixation), according to the 

references of global ophthalmological and health diagnostic systems (e.g. ICD-10 

World Health Organisation, 2010; International Council of Ophthalmology, 2002). There 

is then further functional classification according to specific range of vision according to 

acuity measures, e.g. mild or no VI (acuity at or better than 6/18 Snellen equivalent or 

0.5 logMAR), moderate VI (acuity <6/18-6/60 Snellen equivalent or <0.5-1.0 logMAR), 

severe VI (<6/60-3/60 Snellen equivalent or <1.0-1.3 logMAR), blindness (<3/60 

Snellen equivalent or <1.3 logMAR) (ICD-10, World Health Organization, 2010). 

However, this functional classification may not fit sufficiently the classification of CVI. 

Thus, childhood CVI is a key phenomenon that requires focused scientific 

consideration in relation to classification. The subject of my thesis will focus on this 
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issue, aiming to shed light on the current situation and move forward towards an 

improved data driven classification system that will lead to better consensual 

identification and reliability of diagnosis and subtyping in the future. This study was 

conducted between October 2014 and June 2018. ICD-11 was released on 18th June 

2018, at the time of writing the discussion chapter, so the study is based on the 

previous edition, ICD-10. The implications of ICD-11 and its classification of visual 

disorders, signs and symptoms, are considered in Chapter 9. 

 

1.3 Current understanding of CVI 

The first explicit reference to the condition of blindness caused by brain damage in 

humans was described by Donald Marquis in 1934, on the basis of six case studies of 

patients with complete loss of vision due to neurological injury in adulthood (Marquis, 

1934). Marquis defined the condition of cerebral blindness according to the following 

criteria:  

“1. Complete loss of all visual sensation, including the most rudimentary 

appreciation of light and dark. 

2. Loss of reflex lid closure to bright illumination and to threatening gestures. 

3. Retention of the reflex constriction of the pupil to illumination and to 

convergence movements. 

4. Integrity of the normal structure of the retina as revealed by ophthalmoscopic 

examination.  

5. Retention of the normal motility of the eye. 

6. Presence or absence of hemiplegia, sensory disorders, aphasia and 

disturbances of orientation.”  (Marquis, 1934, pp. 573–574). 
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Most early research concerning CVI was conducted on adults and it was 

thought that Marquis’ original definition extended to neurological damage sustained in 

childhood. Individual cases of childhood CVI were reported (Acers & Cooper, 1965; 

Duchowny, Weiss, Majlessi, & Barnet, 1974; Olurin, 1970) but few systematic studies 

of childhood visual disorders caused by brain injury were conducted due to the 

difficulties in testing young children (Frank & Torres, 1979; Whiting, Jan, Wong, & 

Mccormick, 1985). However, since the 1980s there has been a strong drive to consider 

childhood onset CVI and to distinguish it from adult onset CVI (Good et al., 1994; Jan, 

Groenveld, Sykanda, & Hoyt, 1987; Whiting et al., 1985;  see Section 1.4.4 for further 

discussion). The first study to address childhood CVI specifically highlighted the 

importance of accurate definition, measurement and classification of the condition 

(Whiting et al., 1985), and now childhood CVI is commonly considered a separable 

condition from adult onset vision deficits caused by neurological damage (Dutton & 

Bax, 2010; Zihl & Dutton, 2014).  

 

1.3.2 Clinical symptoms of CVI 

A wide range of clinical symptoms can be potentially ascribed to CVI. This includes 

presentations ranging from complete blindness to relatively good visual acuity, but with 

difficulties in specific higher visual processes such as face recognition, selective visual 

attention, visual memory or visuomotor functions (Boot, Pel, van der Steen, & 

Evenhuis, 2010; McKillop et al., 2006; Ortibus, Lagae, Casteels, Demaerel, & Stiers, 

2009; MacIntyre-Beon et al., 2013). In the UK and Europe, a clinical diagnosis of CVI 

can possibly be made on the basis of visual perceptual impairments alone, however in 

North America, a visual impairment (visual acuity loss and/or significant visual field 

defect) is generally expected for a clinical diagnosis (Zihl & Dutton, 2014) though this is 

now under debate (N. Dale, personal communication; Radcliffe global network meeting 

Harvard, USA, October 2017). This study will include investigations of both basic vision 
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(that is vision that involves more basic processing including resolution of detail, 

contrast, colour, depth, motion, orientation and field vision) and higher vision (that is 

vision that involves more complex higher level processing drawing together different 

aspects of vision and other cognitive processes including visual perception, visuo-

motor integration, visual attention, visual planning and visual memory), and will 

investigate the breadth of visual difficulties in children with the condition (Chapters 5 to 

8). 

 

1.3.1 Prevalence of childhood CVI 

Currently, CVI is the most common cause of childhood VI (see previous definition in 

Section 1.2)  in developed countries, and is reported to be the cause of childhood VI in 

48% of cases in the UK (Blohme & Tornqvist, 1997; Boonstra et al., 2012; Chong & 

Dai, 2014; Hatton, Schwietz, Boyer, & Rychwalski, 2007; Rahi & Cable, 2003; see 

Solebo, Teoh, & Rahi, 2017 for a review). Studies report the prevalence of CVI to be 

increasing (Mitry et al., 2013; Ozturk, Yaman, & Berk, 2016). Advanced medical care in 

higher income countries preserving the life of babies born very preterm and/or with 

birth complications is increasing the number of children at risk of CVI, whereas 

previously more common causes of VI such as cataract, infections and congenital 

abnormalities are being more effectively treated (Solebo et al., 2017). A similar trend in 

the changing causes of childhood VI is currently being observed in middle-income 

countries (Solebo et al., 2017).  

However, the true prevalence of CVI may be even higher than reported, as 

current diagnostic procedures may not accurately identify all children with the condition, 

especially those with more subtle or milder difficulties (Williams et al., 2011; Macintyre-

Beon et al., 2013; Merabet, Mayer, Bauer, Bright, & Kran, 2017; Philip & Dutton, 2014). 

A recently published pilot study conducted amongst clinical ophthalmologists in north 

India also suggested that some ophthalmologists might have limitations in their 
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knowledge of the clinical features, investigations and prognosis of the condition 

(Maitreya, Rawat, & Pandey, 2018). Existing research studies tend to account only for 

children with a significant visual impairment (VI – reduced visual acuity or visual fields, 

e.g. Rahi & Cable, 2003; Blohme & Tornqvist, 1997). They tend to exclude children 

with relatively good visual acuities who suffer from wider visual dysfunctions such as 

visual agnosias, visual memory deficits or visual spatial processing deficits. As this 

project will explore, these children may potentially be important to include in future 

studies of prevalence of CVI.  

In addition, there is currently no international consensus on a standard 

definition or diagnostic protocol for the condition (see Chapter 2 for details). Without 

this consensus, clinicians and researchers have no shared agreement on the 

dimensions and thresholds of the condition preventing clarity on who to diagnose or 

exclude as having CVI. The significant debate about whether or not such wider visual 

dysfunctions should be included as a part of this condition must be resolved (Boot et 

al., 2010; Good, 2007; Philip & Dutton, 2014; van Genderen, Dekker, Pilon, & Bals, 

2012; Ravenscroft, 2017) and this study aims to provide important illumination on this 

issue. 

Despite undertaking regular literature searches during the course of this project, 

no published population or epidemiological studies of paediatric and demographic 

characteristics in CVI were found. Thus, findings of published studies with larger 

childhood CVI samples and ideally with national cohorts are summarized in three 

tables. These tables are not exhaustive of all available studies, but they provide an 

overview of the possible aetiologies, commonly co-occurring conditions and 

ophthalmological conditions that may be associated with childhood CVI. Table 1.1 

briefly outlines the main inclusion and exclusion criteria of these studies used for 

identifying and including children with CVI.  
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1.3.2 Paediatric conditions that may be aetiological   

The causes of CVI cluster around the prenatal period, birth and early life, with studies 

reporting between 60-85% of children to have suffered an injury leading to onset of CVI 

by the end of the first month of life (Afshari, Afshari & Fulton, 2001; Good et al., 1994; 

Good, Jan, Burden, Skoczenski, & Candy, 2001). Table 1.2 summarizes the main 

paediatric conditions and their rates of incidence in some relatively large studies of 

childhood CVI. Hypoxic/ischaemic injury is often cited as the most common cause of 

CVI, but prevalence ranged from 0-76% between studies (Khetpal & Donahue, 2007; 

Fazzi et al., 2007; Huo, Burden, Hoyt, & Good, 1999; Chong & Dai, 2014; Jan, 

Groenveld, Sykanda, & Hoyt, 1987; Matsuba & Jan, 2006; Roman & Lantzy, 2010). 

Other causes with neonatal onset include structural brain abnormalities, infections (e.g. 

congenital cytomegalovirus, meningitis, encephalitis), epilepsy, cerebrovascular 

accident, acquired brain injury and complications of preterm birth amongst other 

disorders, indicating the variety of early insults and vulnerabilities that are associated 

with aetiology of this condition (Khetpal & Donahue, 2007; Lanners, Piccioni, Fea, & 

Goergen, 1999). Two studies reported ‘unknown’ aetiology as the most common 

presentation (Bosch, Boonstra, Willemsen, Cremers, & de Vries, 2014b; Rahi & Cable, 

2003). Later childhood onset causes also include acquired brain injury, infections, 

epileptic encephalopathy, strokes and tumours (Whiting, Jan, Wong, & McCormick, 

1985; Hoyt, 2003; Matsuba & Jan, 2006).  
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Table 1.1: Recruitment and inclusion/exclusion details of the childhood CVI 
samples in published studies 

Study 
Recruitment details Relevant inclusion/exclusion Sample 

size (n) 
Matsuba & 
Jan, 2006 

Patients seen at the Visual 
Impairment Program in British 
Columbia, Canada, before 
31.12.2004 and born between 
1985-2000. 

Inclusion: Clinical 
characteristics consistent with 
CVI, prenatal or neonatal event 
causing VI 

423 

Bosch et 
al., 2014b 

Patients seen at Bartimeus 
Institute, the Netherlands, 
between 1.1.2002-1.1.2012. 

Inclusion: VA ≤0.3 cycles/cm 
and diagnosis of CVI 
Exclusion: Ocular diagnosis 
causing low vision, 
unknown/multiple possible 
aetiologies, West syndrome, 
hydrocephalus 

309 

Rahi & 
Cable, 
2003 

UK national active surveillance 
schemes in ophthalmology and 
paediatrics. Children newly 
diagnosed with severe visual 
impairment / blindness in 2000.  

Inclusion: age ≤16 years, CVI 
subsample, diagnosis provided 
by clinician 

210 

Chong & 
Dai, 2014 

Blind and Low Vision 
Education Network of New 
Zealand- registered children. 

Inclusion: VA ≤6/18 snellen 
equivalent in the better eye, 
confirmed CVI, age ≤16 years 
Exclusion: coexisting anterior 
visual pathway pathology / 
refractive error 

182 

Huo et al., 
1999 

Patients seen in a large USA 
paediatric ophthalmology 
referral practice 1979-1994.  

Inclusion: CVI diagnosis.  
Visual impairment. 

170 

Fazzi et al., 
2007 

Patients seen in the Paediatric 
Neurology Department in Pisa, 
Italy, referred between 
1.1.2002-30.6.2003.  

Inclusion: Children with CNS 
disorders deemed to have CVI. 

121 

Cavascan 
et al., 2014 

Children with CVI referred for 
VEP grating acuity 
measurement in department of 
ophthalmology of federal 
university of Sao Paolo 
(UNIFESP). 

Inclusion: Bilaterally reduced 
VA, evidence of post-chiasmatic 
brain lesion, poor visual 
behaviour and normal ocular 
structure 

115 

Khetpal & 
Donahue, 
2007 

Patients seen at Vanderbildt 
University Pediatric 
Ophthalmology Centre, USA, 
in 2002-2005. 

Inclusion: ICD 9 CVI coding 
(377.75). 

98 

Lantzy & 
Lantzy, 
2010 

Patients seen at Pediatric View 
Program, Pennsylvania 
Hospital, Pittsburgh in 1999-
2003. 

Inclusion: full datasets 
available* 

77 

Jan et al., 
1987 

Patients followed by the 
Visually Impaired program at 
the Children’s Hospital 
Vancouver, Canada diagnosed 
between 1983 and 1985  

Inclusion: vision loss, minimal 
ocular findings, CT evidence of 
postgeniculate lesions, with 
multidisciplinary assessment 
data. 

50 

VA: visual acuity 
CT: Computed tomography 
CNS: central nervous system 

ICD: International Classification of Diseases 
VEP: visual evoked potential 
*Maximum level of detail reported in the 
study 
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1.3.3 Other paediatric comorbid conditions 

As CVI originates in the brain, many children are likely to have other co-occurring 

difficulties or co-morbidities (Table 1.3), which may significantly impact on the child’s 

functioning in everyday life (Blohme & Tornqvist, 1997; Boonstra et al., 2012; Good, 

2009; Rahi & Cable, 2003). This is also a contributing factor to the difficulty in accurate 

identification of children with CVI, as many children have other significant conditions 

that may hinder them from engaging in standard assessment (Fazzi et al., 2007; 

Matsuba & Jan, 2006; Huo et al., 1999; Khetpal & Donahue, 2007). Chapter 4 

addresses these issues in more detail. 

Rates of developmental delay and intellectual disability (ID) are high in children 

with CVI (see Table 1.3). This may be due to brain damage (e.g. in syndromes or 

diffuse white matter damage) and/or the reduced access to visual or other sensory 

information that may also impact on learning and development especially in early 

childhood (Cass, Sonksen, & McConachie, 1994; Dale & Sonksen, 2002; Sonksen & 

Dale, 2002; Dale et al., 2017).  

Movement disorders, particularly cerebral palsy (CP), are commonly associated 

with CVI, with rates of co-occurrence reported by one study to be between 60-75% 

(Schenk-Rootlieb, van Nieuwenhuizen, van Waes, & van der Graaf, 1994) but with 

marked variation between this and other studies (see Table 1.3). The presence of CP 

may influence assessments requiring a motor response and CP also indicates that 

areas of the brain or greater severity of brain damage has occurred than those causing 

CVI alone. Epilepsy may also be an indicator of the greater severity and region of brain 

damage, and children with CVI also suffer frequently from this condition (Table 1.3). 

The occurrence of hearing impairment (HI) ranged between 2-15% in the 

summarized studies (Table 1.3). There is also a reported higher prevalence of social 

communication difficulties, pragmatic difficulties and autism spectrum disorder (ASD) in 

children with VI, including those with congenital disorders of the peripheral visual 
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system (Dale, Tadić, & Sonksen, 2014; Dale & Sonksen, 2002; Parr et al., 2010; 

Bathelt, Dale & de Haan, 2017; Mukaddes, Kilincaslan, Kucukyazici, Sevketoglu & 

Tuncer, 2007). However, only few studies of CVI alone report rates of autism, with 

apparently lower prevalence of the condition than in disorders of the peripheral visual 

system (Flanagan, Jackson, & Hill, 2003; Jackel, Wilson, & Hartmann, 2010; Ortibus et 

al., 2011).  

 

Table 1.3: Common comorbidities reported in published studies 
Study Intellectual 

disability % 
Motor 

impairment %  
Hearing 

impairment %  
Epilepsy/ 

seizures %  
Matsuba & Jan, 2006     87%+++        74%**** 15% 66% 
Bosch et al., 2014b  96%  98% 12% NR 
Chong & Dai, 2014 84%    54%* 6% 57% 
Huo et al., 1999     1%++      58%*** 2% 53% 
Fazzi et al., 2007 74% 100% NR 46% 
Khetpal & Donahue, 2007 NR     59%** 11% 61% 
Jan et al., 1987 84%   88% NR 58% 
+ intellectual disability not reported independently of 
other disabilities 
++ Developmental regression 
+++ moderate mental retardation 

*physical disability 
**CP or hemiparesis 
*** CP, hemiparesis or hypotonia 
****only non-ambulatory CP reported 

 

1.3.4  Ophthalmological conditions that may co-occur 

Co-occurring oculomotor deficits such as strabismus and nystagmus are common in 

children with CVI (Binder, Kruglyakova, & Borchert, 2016; Fazzi et al., 2007; Lanners, 

Piccioni, Fea, & Goergen, 1999), as are optical deficits such as refractive errors (Table 

1.4). The issue of whether children with ophthalmological conditions may be included 

as having CVI is further discussed in Chapter 2.  
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Table 1.4 Ophthalmological abnormalities reported in published studies 

Study 

O
ptic atrophy 

O
ptic disc 

abnorm
ality  

O
ptic nerve 

hypoplasia 

R
etinal 

disease 

N
ystagm

us  

Strabism
us 

(eso : exo)  

R
efractive 

errors  

Matsuba & Jan, 2006 13% - 4%  5% 17% NR NR 
Bosch et al., 2014b -  44% - - 42% 

 
77% 35%* 

M 8% 
H 17% 

Huo et al., 1999 17% - -  3% 11% 37%  
 
(51:49) 

 8%*** 
 

Fazzi et al., 2007 14% 
 

27% 
 

3% - 19% 
 

73%  
 
(58:42) 

79%**** 
M 19% 
H 23% 
A 17% 
Other 30% 

Cavascan et al., 2014 Excluded if abnormal ocular 
structure 

28% 77% 30%**** 

Khetpal & Donahue, 
2007 

42% 
 

- -  4% 21% 60% 
 
(32:68) 

20%** 

Roman & Lantzy, 2010 - - 8% 10
% 

 8% 44%   1% 

Eso: esotropia 
Exo: exotropia 
M: myopia 
H: hypermetropia 
A: astigmatism 

*±4 dioptres 
**-2 dioptres or +3 dioptres 
***±3 dioptres 
****cut-offs for refractive errors not 
specified 

 

1.3.4 Prognosis of and intervention 

CVI is a serious lifelong condition, and although a minority of children show a complete 

resolution of their visual deficits, most children will be significantly affected throughout 

their lives and require ongoing support (Hoyt, 2003; Khetpal & Donahue, 2007; Huo et 

al., 1999). To date, there are few systematic evidence-based medical or habilitative 

interventions for CVI. Neonatal brain cooling may be a promising preventative 

treatment for early brain injury (Rutherford et al., 2010; Chorna, Guzzetta, & Maitre, 

2017), however most CVI intervention research focuses on environmental and 

educational modifications to accommodate the child’s visual difficulties in everyday life.  

There has been one controlled trial investigating the effectiveness of early 

vision stimulation on visual development, aiming to facilitate active looking and 
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reinforcing visual interest to gradually structure the meaning of visual experiences 

(Sonksen, Petrie & Drew, 1991). This study used an adapted randomization scheme to 

allocate 58 children under the age of 13 months with a range of visual disorders, 

including nine children described as having CVI, to receive a general developmental 

programme (n=23, control group) or the developmental programme and a vision 

stimulation programme (n=35, treatment group). Nine areas of functional vision and 

general development were measured over 12 months at four-month intervals. The main 

factor influencing visual outcomes at 12 months was found to be the treatment group, 

with children in the treatment group showing better outcomes in all areas of vision. 

Although lower developmental status influenced visual outcomes, children with 

developmental delays did benefit from the vision stimulation programme. The authors 

also commented that although there was only a small number of children with CVI in 

the sample, those in the treatment group showed “good progress” in vision.   

Lanners and colleagues (1999) investigated the effectiveness of early vision 

stimulation on the functional vision abilities of 30 young children with CVI seen at a 

clinical service in Italy. They found improvements in visual attention, contrast 

sensitivity, and spontaneous visual curiosity in two thirds of participants at follow-up 

assessment. As this was a retrospective clinical case-note review, the time of 

intervention was not controlled for, nor was the age of children or age at follow-up. In 

addition, the vision stimulation programme was not standardized across the sample 

and different approaches were used for different children. This study did not have a 

control group and the authors note that it was not possible to separate the effects of the 

vision stimulation intervention from any improvements due to visual maturation. A 

similar approach was published by Alimovic and colleagues (2014), who studied 99 

children with CVI taking part in a one-year clinical vision stimulation programme (mean 

age 9.05 months, range 1-27 months). The authors reported that vision stimulation 

improved children’s use of vision more in everyday life more than their formal vision 

test scores.  
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McKillop and colleagues (2006) reported on the results of a focus group of 

parents of children with CVI discussing useful coping strategies to improve their 

children’s everyday life. Similar strategies are offered to children in many clinical 

paediatric ophthalmology clinics across the UK, on the basis of difficulties with the 

everyday use of vision in structured history-taking approaches (Houliston, Taguri, 

Dutton, Hajivassilou, & Young, 1999; Dutton, McKillop, & Saidkasimova, 2006; Dutton, 

2009; MacIntyre-Beon et al., 2012). Ongoing research has found that quality of life may 

improve in children under 6 years provided with the strategies, but not for older children 

(R. Bowman, personal communication, June 2017). The researchers hypothesize that 

by school age, families may have already devised individualized strategies that work 

for the child but that for families of younger children, such strategies may be valuable. 

Other sources of help such as education strategies being provided was also noted 

during the project and may have provided additional supports over the age of 6 years 

and reduced the reliance on guidance given to the parent.  

One case study reported on an environmental intervention for two children with 

complex multidisability and CVI, using a coloured tent to block out “visual clutter” when 

engaging the child with visual stimulation (Little & Dutton, 2014). Both children were 

reported to have improved visual awareness and the article described anecdotes of 

improved visual function in other children using this strategy. However this qualitative 

case study has only very limited generalizability and to the author’s knowledge, no 

other research on this method has been published.  

The CVI Range, developed by Christine Roman-Lantzy (2007), takes an 

educational approach to intervention and was developed specifically for children with 

CVI. Incorporating both an assessment and accompanying educational strategies for 

intervention for ten areas of vision described to be impaired in severe CVI, the CVI 

Range is based on a 1-10 scale of functional vision. Roman-Lantzy (2007) divides up 

the total score of the Range into three phases with intervention implications; The aim of 

intervention in children in Phase I (scoring 1-3 points) is to facilitate the development of 
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consistent visual responses, the aim of Phase II (scores of 4-7 points) is to integrate 

vision into all functional routines, and the aim of Phase III (scores of 8-10 points) is to 

demonstrate visual curiosity and consistently and spontaneously use vision in all tasks. 

Roman-Lanzty suggests that the CVI Range should be used regularly between two and 

five times a year to guide educational strategies, but the efficacy of the intervention 

must be investigated (Lantzy & Lantzy, 2010). Section 1.6.5 describes the assessment 

approach of the CVI Range in more detail.  

Considering the published and anecdotal evidence for the value of 

individualized clinical and educational strategies, there is much scope to continue 

research into interventions for children with CVI. However as most approaches 

described above involve individualized schemes, it may be of value to identify patterns 

of symptoms in subgroups of CVI to guide interventional programmes of the future, 

which should also be investigated in a controlled manner. 

 

1.3.5 Differences between anterior and posterior visual pathway damage 

Systematic differences in the development of children with congenital disorders of the 

anterior or peripheral visual system and CVI have been documented. Children with VI 

originating from the anterior or peripheral visual system have clearly measurable and 

quantifiable visual deficits, as the major definition of impairment in these children is 

derived from measurement of vision resolution (visual acuity, ICD-10) or visual field. 

Children with CVI may have a more complex range of vision-related difficulties in 

addition to reduction in visual acuity. These potential difficulties may be more difficult to 

identify and measure (Williams et al., 2011; Macintyre-Beon et al., 2012; Jacobson et 

al., 2003). The prognosis for longer-term vision outcomes may be more difficult to 

predict in children with CVI, as the brain is maturing over time in childhood and the 

insult and associations with CVI or other learning factors (e.g. intellectual or motor 
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disability) may be more difficult to predict for the individual (Matsuba & Jan, 2006; 

Lantzy & Lantzy, 2010).  

 

1.4 Neuroanatomy of vision 

1.4.1 Major vision pathways and areas of the mature brain 

To understand the different possible symptom constellations that may be ascribed to 

childhood CVI, we must consider the brain areas and pathways involved in visual 

processing. The mature brain shows distinct areas and pathways relating to different 

visual processes. The following section describes the major anatomical substrates of 

visual processing in the mature visual system.  

 

The ocular structures and anterior visual pathways 

The eye is the first part of the visual system, where incoming light is processed 

by photoreceptors to make sense of the visual environment. The amount of light that 

enters through the pupil of the eye is controlled by the iris, and refracted by the cornea, 

aqueous humour of the anterior chamber and the lens, to converge on the retina in the 

back of the eye (Snowden, Thompson & Troskianko, 2006). See Figure 1.1 for a 

diagram of ocular anatomy. 

Retinotopic mapping describes the arrangement of retinal cells to represent the 

visual scene, which carries on through the visual pathways to the primary visual cortex 

(Snowden et al., 2006). In retinotopic mapping, the visual scene is inverted (both 

upside-down and mirror-image). Adjacent cells process information from spatially 

adjacent areas of the visual scene. The retinotopic map is distorted so that information 

from the macula (the central, most sensitive part of the retina) is represented by a 

disproportionately large area in the map, whilst more peripheral areas are represented 

by comparatively fewer neurons (Snowden et al., 2006). 
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Figure 1.1: Schematic diagram of the human eye. Reprinted by permission from 
Wolters Kluwer: Journal of Ophthalmic & Vision Research, Ocular drug delivery; Impact of in 
vitro cell culture models, Barar, J., Asadi, M., Mortazavi-Tabatabaei, S. A., & Omidi, Y., 
Copyright (2009) 
 
 

 The retina contains three cell-layers arranged in an inverted order, with 

information moving from the deepest to the shallowest layer (Masland, 2012). The 

deepest layer of the retina contains photoreceptor cells that are stimulated by light to 

produce electrical signals. There are two types of photoreceptors that work optimally at 

different light levels. Cone cells are responsible for vision in daylight and are further 

divided into three types that respond optimally to different light wavelengths (long, 

middle and short), enabling trichromatic vision. Cone cells are most concentrated in the 

fovea and macula of the retina, and are sensitive to visual details and fast temporal 

changes in visual information. Rod cells are very sensitive to light and are responsible 

for vision in low light levels at night. Rods have very little colour sensitivity, are slower 

at responding to temporal changes in visual images and are less sensitive to fine visual 

details than cones. Rods are more concentrated in the periphery of the macula than the 
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fovea. In addition to photoreceptors, the first layer of the retina also contains horizontal 

cells. These are responsible for regulating the input from photoreceptor cells and 

adjusting to different levels of light and contain inhibitory connections to both rods and 

cones. (Masland, 2012) 

 The second layer of the retina contains bipolar cells that receive input from the 

photoreceptors and relay this information on to the retinal ganglion cells. The bipolar 

cells that receive input from cone cells synapse directly onto retinal ganglion cells, but 

those cells that receive input only from rod cells synapse onto specialized amacrine 

cells which relay information onward to the retinal ganglion cells. (Demb & Singer, 

2015) 

 The third layer of the retina contains retinal ganglion cells, which give rise to three 

pathways that carry different visual information from the eye through to the occipital 

cortex. Approximately 80% of retinal ganglion cells are small midget cells, which give 

rise to the parvocellular pathway. They have slow conduction velocity and mainly carry 

information about red-green colour differences and fine visual details. Approximately 

10% of retinal ganglion cells are parasol cells, which give rise to the magnocellular 

pathway. They show fast conduction velocity, carrying information about motion, 

contrast and depth cues. Approximately 8-10% of retinal ganglion cells are bistratified 

cells, which form the koniocellular pathway. The functions of these cells are not yet well 

understood but are thought to contribute to colour vision (Masland, 2001). In addition, a 

small number of retinal ganglion cells including photosensitive ganglion cells project to 

other structures such as the suprachiasmatic nucleus and are involved in other 

processes such as circadian rhythms and the pupillary light reflex. (Masland, 2001) 

 Most axons of the retinal ganglion cells relay information back through the optic 

disc, the location of the blind spot, into the optic nerve. The optic nerves 

hemidecussate at the optic chiasm, so that axons from the nasal hemiretina of each 

eye cross over to the contralateral hemisphere whilst axons from the temporal 

hemiretina stays in the ipsilateral hemisphere. After crossing at the optic chiasm, the 
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fibres become the optic tract and carry on to terminate in the thalamus.  (Snowden et 

al., 2006) 

 

Posterior visual pathway 

 The majority of the axons of the retinal ganglion cells terminate at the lateral 

geniculate nucleus (LGN) of the thalamus. The LGN shows preserved retinotopic 

mapping and is organized into six layers according to the information relayed by the 

optic tracts. Layers 1 and 2 of the LGN receive input from rods through the 

magnocellular pathway and contain information about coarse, fast processing, as well 

as movement, depth and contrast. Layers 3 to 6 receive input from the cones through 

the parvocellular pathway and contain slower moving information about colour (red-

green) and fine visual details. The third, koniocellular pathway contains information 

from bistratified cells and terminates between the six layers of the LGN. This pathway 

is not yet well understood but may carry information about colour processing related to 

blue cones. The LGN sends fibres called the optic radiations via the retrolenticular part 

of the internal capsule to the primary visual cortex in the occipital lobe. (Snowden et al., 

2006) 

 In addition, a small number of fibres from the optic nerve terminate on the 

pretectal area of the superior colliculus in the thalamus to form the retinotectal 

pathway. Information then moves through the pulvinar of the thalamus to the posterior 

parietal cortex. This pathway is thought to be involved in visual associative functions 

such as the pupillary light reflex and oculomotor control (Milner & Goodale, 1995). 
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Figure 1.2: Diagram of the optic pathways. Reprinted by permission from Springer 
Nature: Nature Reviews Neuroscience, Imaging implicit perception: promise and pitfalls, 
Hannula, D. E., Simons, D. J., & Cohen, N. J., Copyright (2005) 
 

Occipital cortex: Primary visual cortex and extrastriate areas 

Figure 1.2 shows the visual pathways to the occipital cortex. In the main visual 

pathway, information enters the primary visual cortex of the occipital lobe from the LGN 

through the optic radiations. The primary visual cortex, area V1 mostly on the medial 

surface around the calcarine fissure, has an upside-down retinotopic representation of 

the visual fields, first described in World War I veterans with shrapnel wounds to the 

occipital cortex (Holmes, 1918). Most of V1 is dedicated to the centre of the visual field 
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where information from the macula is processed on the gyrus on either side of the 

fissure at the occipital pole. More peripheral areas of the visual field are processed by 

incrementally smaller areas of the visual cortex in V2 and V3. Information then passes 

to the extrastriate areas that specialize in more complex processing such as colour 

perception (area V4/V8), motion perception (area V5/MT), form perception (area V3) 

and eye movements (area V9) among other processes (Snowden et al., 2006). 

 

Further visual association areas 

After traversing the occipital lobe, information passes on to several other 

regions of the brain, which carry out more complex vision-related processes and can 

integrate information from several different areas. The inferior longitudinal fasciculus is 

the major white matter pathway that leads from occipital to temporal areas, whereas 

the superior longitudinal fasciculus connects the occipital cortex to parietal and frontal 

regions (Crossmann & Neary, 2010). The structure-function relationships between non-

occipital brain areas and vision-related skills are described next.  

Parietal regions involved in visual processing: The parietal lobe is involved in 

processes such as visually guided movements, voluntary eye movements and visual 

attention, and lies near the motor areas of the brain (Dye & Bavelier, 2010; James, 

Culham, Humphrey, Milner, & Goodale, 2003). Functional magnetic resonance imaging 

(fMRI) evidence from healthy adults shows activation in parietal but not temporal areas 

for visually guided hand grasp movement (Culham et al., 2003). Patients with lesions to 

the posterior parietal cortex may display a triad of impairments termed Balint 

Syndrome, including simultanagnosia (the inability to see more than one object at a 

time in the visual scene), optic ataxia (impairment of visually guided movements) and 

oculomotor apraxia (inability to make voluntary eye movements; Rizzo & Vecera, 

2002).  
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Temporal regions involved in visual processing: Temporal regions are 

associated with visual memory and recognition of objects, places and people. 

Supporting this is the discovery of several distinct areas in the occipito-temporal 

regions that reliably respond to specific stimuli and may form together a network for 

object recognition (for a review, see Lehky & Tanaka, 206). Examples of such areas 

are the fusiform face area in the inferotemporal cortex (Duchaine & Nakayama, 2005; 

Heider, 2000; Kanwisher & Wojciulik, 2000) and the nearby occipital face area, which 

are selectively involved in the processing and recognition of faces (Steeves et al., 

2006). This compares to the parahippocampal place area and occipital place area, 

which show preferential activation for visual scenes (Dilks, Julian, Paunov, & 

Kanwisher, 2013; Epstein, Harris, Stanley, & Kanwisher, 1999). 

Frontal regions involved in visual processing: In addition to the parietal and 

temporal cortical regions described above, the frontal lobe also has an active role in 

processing visual information. Frontal areas are generally involved in ‘top-down control’ 

of complex behaviours involving many other processes and executive functions such 

as planning, coordination and attentional control. This extends to coordination of visual 

behaviours. A region to note is the frontal eye field located at the intersection of the 

middle frontal gyrus and precentral gyrus. This area is involved in the planning of eye 

movements and voluntary conjugate deviation of the eyes (Vernet, Quentin, Chanes, 

Mitsumaso, & Valero-Cabra, 2014).  

Dual Stream Hypothesis of vision processing: The putative Dual Stream 

hypothesis proposes that there are two major bidirectional pathways for visual 

information leading from the occipital cortex to higher level association areas, which 

bind together information from several neural regions to conduct more complex 

processing (Goodale & Milner, 1992; Mishkin, Ungerleider, & Macko, 1983). According 

to the hypothesis, the ‘dorsal stream’ leads from the occipital cortex to parietal areas 

and contains ‘vision for action’. The ‘ventral stream’ leads from the occipital cortex to 

temporal areas and contains ‘vision for recognition’. This hypothesis was originally 
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derived from the findings of monkey lesion experiments, where monkeys with 

inferotemporal lesions showed deficits in pattern recognition whilst those with parietal 

lesions showed selective deficits in spatial orientation (Ungerleider & Mishkin, 1982). It 

has since gained further support from other animal experiments, neuroimaging studies 

with healthy adults, and case studies of adult patients with temporal or parietal lesions 

and associated functional deficits.  

The Dual Stream hypothesis has become the most prevalent theory of higher 

visual processing in the brain, and the model has been extended to other sensory 

systems e.g. auditory/language and somatosensory processing (McIntosh & Schenk, 

2009; Weiner & Grill-Spector, 2013). However, the hypothesis has been challenged by 

recent research arguing that the connections between the visual association areas and 

occipital cortex is more complex than two streams alone (for a review, see Rossetti, 

Pisella & McIntosh, 2017). The dissociation between ‘dorsal’ and ‘ventral’ stream 

functions do not clearly map onto their neuroanatomical correlates (Rossetti et al., 

2017). It is well documented that these pathways are not unidirectional ‘streams’ with 

just feedforward connections leading from occipital areas, but that each pathway also 

has an opposite feedback pathway for top-down control (see Gilbert & Li, 2013, for a 

review, and Figure 1.3 for a schematic diagram of the interconnections of the brain 

regions related to visual processing).  

Haak and Beckmann (2017) reported evidence for a three-pathway organization 

of human visual processing, using human resting state functional MRI from 470 adults 

to model brain connectivity patterns. They suggested that in addition to a ‘dorsal 

occipitoparietal’ pathway and ‘ventral occipitotemporal’ pathway, there is a ‘lateral 

occiptotemporal’ pathway. This third pathway was associated with the MT/V5 area 

relating to movement perception, more similar to the ‘dorsal’ than the ‘ventral’ stream. 

Other researchers have also proposed a three-pathway organization and proposed that 

the third lateral pathway may be unique to humans as it involves brain regions unique 

to humans, and related to language processing (Weiner & Grill-Spector, 2013).  A 
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further criticism is that the Dual Stream Hypothesis is primarily derived from animal and 

adult lesion studies and may be less applicable to childhood when the brain and visual 

systems are still developing (see further in Section 1.4.4).  

There are now believed to be many more connections than the two streams 

suggested by the Dual Stream Hypothesis (see Figure 1.3), but this theory remains 

prevalent in the literature and is commonly used as a ‘grouping’ framework to describe 

the symptom patterns in children with CVI and other developmental disabilities (e.g. 

Dutton, 2009; Ortibus et al., 2009; Colenbrander, 2010; Gunn et al., 2003). Thus it is 

used as a gross conceptual framework to consider brain-behaviour relationships in 

visual processing and discussed further throughout this thesis.  

 

 

Figure 1.3: Diagram of the visual networks in the brain. Reprinted by permission from 
Springer Nature: Nature Reviews Neuroscience, Top-down influences on visual processing, 
Gilbert, C. D., & Li, W., Copyright (2013) 
 
V1: primary visual cortex, V2: secondary visual cortex, V3: Extrastriate area, V4: Extrastriate 
area 
AIP: anterior intraparietal area, LIP: lateral intraparietal area, MIP: medial intraparietal area, 
MST: medial superior temporal area, MT: medial temporal area 
PF: prefrontal cortex, FEF: frontal eye fields, PMv: ventral premotor area, PMd: dorsal premotor 
area,  
IT: inferior temporal area, MT: medial temporal area, SC: superior colliculus, TEO: tectum 
opticum 
PL: pulvinar, LNG: lateral geniculate nucleus, MD: medial dorsal nucleus of thalamus 
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1.4.2 Development of the vision pathways and areas in the brain  

When discussing childhood CVI, a condition characterized by neural insult to the 

immature brain, it is important to consider the development and maturation of the eye 

and brain. Although the major ocular structures are mature at birth, three main events 

take place postnatally in the fovea. The peripheral migration of the inner retinal layers, 

elongation and thinning of cone cells and their central-ward migration for denser 

concentration in the central fovea may not be complete until after 4 years of age 

(Yuodelis & Hendrickson, 1986). More peripheral retinal regions and rod cells mature 

earlier than central regions and cone cells (Hendrickson & Drucker, 1992). 

The development of brain areas related to vision may be partly hardwired and 

partly experience dependent (Hubel & Wiesel, 1962; Mahon, Anzellotti, Schwarzbach, 

Zampini, & Caramazza, 2009). Normal development of the cerebral cortex (illustrated 

in Figure 1.4) tends to progress from posterior to anterior parts, with cortical grey 

matter thinning as it matures (Gogtay et al., 2004). Sensorimotor areas involved in 

basic processing such as the occipital cortex mature before higher order association 

areas that integrate different functions from these areas (Gogtay et al., 2004). Changes 

in neurotransmitter expression over the first six years of life may affect the spatial and 

temporal integration of occipital neurons and influence the maturation of the visual 

cortex (Murphy, Beston, Boley, & Jones, 2005).  

The white matter visual pathways of the brain also mature at different rates. 

Overall white matter volume of the brain continues to increase throughout childhood 

and adolescence, until the early twenties (Giedd et al., 1999; Paus et al., 2001; 

Pfefferbaum et al., 1994). The optic radiations undergo a rapid period of myelination 

between 1-6 months after birth, which continues at a slower rate until about 24 months 

when it stabilizes (Hermoye et al., 2006; Paus et al., 2001). The myelination of the 

white matter within the occipital lobes matures at around 8-12 months (Paus et al., 

2001). The development of other vision-related pathways such as those leading from 
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the occipital cortex to temporal or frontal areas may continue until much later and 

varying ages (Barnea-Goraly, 2005).  

 

 
Figure 1.4: Maturation of the human cortex across the first 20 years of life. From 
Dynamic mapping of human cortical development during childhood through early 
adulthood, Gogtay et al., Copyright (2004) National Academy of Sciences 
The colours in this figure represent grey matter thickness, with blue indicating thinner cortex and 
pink indicating thicker cortex.  
 

1.4.2 Normal development of visual abilities 

Different visual abilities develop at different rates and may mirror the maturation of their 

anatomical substrates. Bronson (1974) hypothesized that at birth, vision is guided 

mostly by the subcortical tectal pathway and cortical pathways come “online” 

postnatally. Atkinson & Braddick suggest that varying cortical visual abilities show no 

common age of onset and develop in different trajectories (for an overview, see 

Atkinson & Braddick, 2013). Basic visual skills that are processed in the occipital cortex 

show rapid development relatively early, which then carries on at a slower rate through 

childhood (Giaschi, Narasimhan, Solski, Harrison, & Wilcox, 2013; Leat, Yadav, & 

Irving, 2009; Sonksen, Wade, Proffitt, Heavens, & Salt, 2008; see Figure 1.5). 



48	
	

However, more complex skills requiring the integration of several more basic functions 

processed in higher order association areas continue to develop throughout 

adolescence (Bova et al., 2007; Dye & Bavelier, 2010; Klenberg, Korkman, & Lahti-

Nuuttila, 2001). Both cortical and subcortical development of the brain continues 

throughout childhood and adolescence and insult at any point may lead to abnormal 

development and have wider implications on functioning.  

Extensive research has demonstrated that the normal development and 

maturation of visual abilities requires environmental stimulation (for a review, see Lewis 

& Maurer, 2005). In early animal studies of visual development, Wiesel and Hubel 

(1963) found that early monocular vision deprivation in kittens resulted in the absence 

of depth perception. They defined the critical period for visual development, during 

which visual input is vital to ensure normal visual outcomes (Hubel & Wiesel, 1963). It 

is now understood that the critical period for vision does not end abruptly but rather 

tails off slowly, and a more accurate term for this time is widely accepted to be the 

sensitive period (Lewis & Maurer, 2005). Lewis and Maurer (2005) suggest that there 

are three sensitive periods for vision development. Firstly, the period of visually driven 

normal development is the time during which visual input is necessary for normal visual 

outcomes. Secondly the sensitive period for damage is a time of vulnerability after 

which vision is functionally adult-like but during which abnormal visual input may lead 

to permanently suboptimal outcomes. Thirdly the sensitive period for recovery is the 

time during which the visual system may recover from the adverse impact of visual 

deprivation. Different visual abilities may show different timescales for these three 

sensitive periods (see Lewis & Maurer, 2005, for a review). 

 



49	
	

 
Figure 1.5: Normal visual development in the first 12 months. Adapted from 
Atkinson, J. (2000). The developing visual brain. Oxford, UK: Oxford University Press. 
 
 

Visual acuity 

The most basic vision ability is visual acuity, or clarity of vision. Acuity improves 

dramatically throughout the first year of life and then continues to develop at a slower 

rate in childhood. There is some disagreement in the literature about the age that visual 

acuity reaches adult levels, and studies may be influenced by the assessment method 

used and the type of acuity measured (for a review, see Leat et al., 2009). Resolution 

acuity, the smallest separation between dots or stripes that can be detected, seems to 

mature before recognition acuity, the ability to recognize a shape, letter or number 

(Leat et al., 2009; Saunders, 2010; Anstice & Thompson, 2014). Studies suggest that 

resolution acuity may be adult-like between 5 and 8 years of age but recognition acuity 

may not be fully developed by the age of 8 years, with some suggestion that 

improvements may continue until adolescence (Leat et al., 2009). Sonksen and 
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colleagues (2008) provide population-wide paediatric norms for an optotype recognition 

acuity test showing that the vision level of 0.000 logMAR is reached by 4 years (50th 

centile). However, a slight upward developmental trend is still seen past this age 

(Sonksen et al., 2008; see Figure 1.6).  

 

 
Figure 1.6: Sonksen logMAR developmental curve. Reprinted from Journal of AAPOS, 
12, Sonksen, P. M., Wade, A. M., Proffitt, R., Heavens, S., & Salt, A. T., The Sonksen logMAR 
test of visual acuity: II. Age norms from 2 years 9 months to 8 years, 18-22, Copyright (2008), 
with permission from Elsevier 
 
 
 

Contrast sensitivity 

Contrast sensitivity (CS) refers to the ability to detect differences in luminance 

(Milling Connon, & Newsham, 2014). The maturation of CS shows a similar 

developmental pattern to visual acuity, with rapid improvement in the early months of 

life and then slower maturation in childhood to reach adult levels between 7 and 12 

years (Leat et al., 2009). There seem to be two stages to contrast sensitivity 

development. Low spatial frequencies mature first, becoming stable at around 2 

months of age, whereas the development of higher spatial frequencies continues until 

adolescence (Leat et al., 2009; Norcia, Tyler, & Hamer, 1990).  
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Stereopsis 

Stereopsis, the ability to perceive depth from binocular disparity (Bohr & Read, 

2013), is not thought to be present at but develops rapidly over the first 6 months of life 

(Birch, Shimojo & Held, 1985). The development of stereopsis is associated with 

contrast sensitivity (Brown, Lindsey, Satkunam, & Miracle, 2007), and seems to be 

experience-dependent, needing visual stimulation to develop (Wiesel & Hubel, 1963). 

Both spatial and temporal characteristics of stimuli may influence depth perception and 

this continues to develop into adolescence (Giaschi et al., 2013).  

 

Colour vision 

The development of colour vision may also be associated with limitations in 

early contrast sensitivity (Brown, 1990). Colour perception develops quickly over the 

first 3 months of life with most infants exhibiting colour discrimination by the end of this 

period (Brown, 1990). After rapid improvement of colour discrimination abilities in the 

first months of life, gradual changes in electrophysiological responses to colours may 

be seen until the age of 18 years, when the latency and waveform of VEP responses to 

colours reach stability (Crognale, 2002).  

 

Global form and motion perception 

Visual processes involving form and motion detection may develop over longer 

periods of time (Atkinson & Braddick, 2013). Directional motion abilities emerge in the 

first 2 months of life, and more complex motion processing begins to emerge soon after 

this (Atkinson & Braddick, 2013). However global motion perception may not reach 

adult levels until about 10 to 11 years (Braddick et al., 2016; Gunn et al., 2002; 

Wattam-Bell et al., 2010).  

Similarly, infants show selectivity to orientation of lines and recognition of edges 

in the first months of life (For an overview, see Braddick & Atkinson, 2011). The 
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development of global form perception lags behind global motion processing in the 

early years but then surges past and matures before motion processing at around 6 to 

7 years (Braddick et al., 2016; Gunn et al., 2002; Wattam-Bell et al., 2010). 

 

Higher-order visual abilities 

There are a variety of higher-order visual abilities, which relate to the interaction 

of vision with other cognitive processes, that are not solely processed in the occipital 

lobe but require input from other brain areas. Difficulties in these areas have been 

termed by Dutton (2003) as cognitive visual disorders, which he loosely defines as a 

condition leading to the misinterpretation of the visual world either with respect to 

where things are or with respect to what things are.  More complex ‘visuo-cognitive’ 

abilities such as face processing, visuomotor and visuospatial skills, selective visual 

attention, and visual memory require the integration of several processes. The 

development of such skills are likely to depend on the maturation of other basic 

capacities, including motor, attention, vision, or memory skills and may not depend 

solely on the ‘surface’ visual functional ability (e.g. fine motor skills are necessary for 

visuomotor integration; Atkinson & Braddick, 2013). It may therefore be difficult to 

investigate their individual developmental trajectories in isolation. However, it is known 

that these abilities continue to develop well into adolescence and show different 

developmental trajectories (Dye & Bavelier, 2010; Kovács, Kozma, Fehér, & Benedek, 

1999; Pascalis et al., 2011).  

 

1.4.4 Difference between adult and child brain-based vision impairment 

At the theoretical level, there are several arguments why CVI in adulthood and in 

childhood should be considered as separate (although related) conditions.  Firstly, the 

types of brain damage likely to cause visual impairment in adulthood and childhood 

differ markedly. In adults, the main causes of brain-based visual dysfunctions include 
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stroke, traumatic brain injury and neurodegenerative diseases (Rizzo & Vecera, 2002; 

Afshari et al., 2001). In children, the main causes of CVI are clustered around birth, in 

hypoxic/ischaemic events, complications of preterm birth, structural brain 

malformations, neurometabolic conditions, as well as traumatic brain injury and 

infections (Good, 2009; Afshari et al., 2001; Good et al., 1994; Philip & Dutton, 2014). 

Neural insult in adulthood is likely to be focal whereas childhood brain damage is most 

likely to be diffuse, involving the general brain system (see Section 1.3.2 for common 

aetiologies of childhood CVI; Afshari et al., 2001; Good et al., 1994; Philip & Dutton, 

2014; Whiting et al., 1985). 

Neural insult in adulthood affects a mature brain system whereas childhood 

insult affects an immature developing brain system (see Section 1.4.2 for details). This 

is vital to consider with regard to the functional impact of damage relating to the 

individual’s symptoms, subsequent recovery and long-term outcomes. Neural plasticity, 

the reorganization of neural pathways and structures in response to environmental 

changes, physiological modifications and experiences (Pascual-Leone, Amedi, Fregni, 

& Merabet, 2005), is central in considering the outcomes of brain damage in childhood 

and adulthood (Good, 2009).  The capacity of the immature brain to reorganize 

functions after insult is much greater than the mature brain (Guzzetta et al., 2010). 

However, as the visual system requires environmental experience and stimulation for 

more complex processes to mature, an interruption to basic functions may have an 

impact on later developing higher functions, whether adaptive or maladaptive (Celesia, 

2005; Guzzetta et al., 2010; Hubel & Wiesel, 1962; Mercuri et al., 2003). In view of 

these considerations, it is anticipated that early brain damage may lead to different 

behavioural symptoms and trajectories of adaption, compensation or recovery than 

brain damage in adulthood.  

In adulthood, vision deficits are closely associated with particular lesion 

sites (see Greene, 2005 for a review; Section 1.4.1 describes the mature brain areas 

associated with different visual functions). For example, Milner and colleagues (1991) 
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investigated patient DF who suffered accidental carbon monoxide poisoning resulting in 

damage to temporo-occipital regions. She subsequently showed selective deficits in 

visual object recognition but relatively preserved basic visual functions, intelligence and 

visuomotor abilities. In contrast, Patient RV, described by Goodale and colleagues 

(1994), with bilateral occipito-parietal damage, showed preserved recognition of 

shapes but impaired grasp of them, whilst patient DV showed the opposite pattern of 

performance. However in childhood onset CVI there are no clear associations between 

the site of the damage and symptoms seen (Boot et al., 2010; Guzzetta et al., 2010; 

Mercuri et al., 2003; Ortibus, De Cock, & Lagae, 2011). 

Unsurprisingly, CVI in children is reported to manifest different symptoms from 

adult onset (Good et al., 1994; Roland, Jan, Hill, & Wong, 1986; Whiting et al., 1985; 

Werth, 2008). Four categories of visual deficits after brain insult in adulthood are 

recognized, 1) associative visual agnosia, 2) apperceptive visual agnosia, 3) selective 

disorders in perceptual categorization of objects, and 4) visuoconstructive 

disabilities (Ortibus et al., 2009). In childhood onset CVI however, there are no clear 

distinctions as yet within the condition according to symptom constellations (Boot et al., 

2010).  A key issue in this thesis will be to explore whether there are possible 

distinctions or categories according to vision symptom constellations. 

CVI is conventionally associated with the optic chiasm, post-optic chiasm and 

posterior pathways. The neuroanatomy shows the extraordinary complexity of the 

posterior visual system and that many different tracts, pathways and regions are 

associated in vision processing particularly as it becomes more complex. This 

highlights that the effects and symptoms of any insult to the brain and in particular the 

posterior visual system are likely to be complex, idiosyncratic and potentially 

challenging to differentiate during brain development throughout childhood. Due to the 

vast heterogeneity in functional patterns of symptoms, presentations and patterns, 

subtyping of childhood CVI may be relevant. 
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1.5 Previous classifications of childhood CVI 

1.5.1 Anatomical sites of lesions 

Previous attempts to form classifications of CVI according to sites of neural insult have 

had limited success. Studies have tended to involve selected sample populations with 

symptoms relating to CVI, such as periventricular leucomalacia (PVL) or cerebral palsy 

(CP) rather than investigating the full spectrum of potential CVI. Broadly, neuroimaging 

studies have found that damage to the occipital cortex and optic radiations is 

associated with reduced visual acuity, and compromised white matter integrity is 

associated with more severe visual impairment than damage restricted to grey matter 

(Cioni et al., 1996, 1997; Cioni, Bertuccelli, & Boldrini, 2000; Ortibus et al., 2009). 

Considering the neural correlates of higher order visual processing abilities, damage to 

the inferior longitudinal fasciculus has been implicated in object recognition difficulties 

(Ortibus et al., 2012), whilst damage to occipito-parietal areas may relate to 

impairments in visual crowding (Drummond & Dutton, 2007; Gillen & Dutton, 2003; 

Ortibus et al., 2009). Recent research has also found that the integrity of right superior 

longitudinal fasciculus is associated with performance on a task of global motion 

coherence but not global form coherence in typically developing children (Braddick et 

al., 2016).  

There are several challenges to using lesion site as part of a classification of 

CVI. Lesions seen on brain scans may not correlate well with vision functional 

impairments and this is possibly due to early neural plasticity (Guzzetta et al., 2010). 

Most research in this area has focused on trying to associate neural damage to visual 

acuity scores, however there are other areas of vision that are implicated in CVI, such 

as object recognition and visual attention, which may also be important to investigate. 

In addition, current clinical neuroimaging techniques may not be sensitive enough to 

show subtle diffuse changes in neural architecture, and research has shown that 

evidence of normal MRI findings does not preclude the presence of visual dysfunctions 
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(Boot et al., 2010; Ortibus et al., 2009). The ability to predict functional outcomes of 

CVI from neuroimaging therefore are not yet at a reliable level (Boot et al., 2010; 

Jacobson, Flodmark, & Martin, 2006). However, as neuroimaging techniques develop, 

the role of anatomical classification of CVI may become more relevant (Bauer et al., 

2014; Merabet et al., 2017). This is further discussed in Chapters 2 and 9.  

 

1.5.2 Visual skills 

A recent systematic review investigating the aetiological and anatomical bases of the 

visual difficulties seen in childhood CVI did not find evidence to support a systematic 

classification according to either of these characteristics (Boot et al., 2010). Instead, 

the authors concluded that the most feasible basis for classification would be visual 

skills, focusing on functional vision and the quantification of visual dysfunctions to aid 

clinical practice and the diagnostic process. Functional vision can be described as an 

overall estimate of how a child uses their vision in everyday life (Alimović et al., 2014; 

Ferziger et al., 2011; Sonksen et al., 1991). This may cover a wide range of visual skills 

including both basic vision (e.g. visual acuity) as well as higher visual functions such 

visuomotor integration, visual attention, recognition and memory, which are often 

affected in CVI (as described above in Section 1.3.2).  

There has been a shift from defining disability on the basis of maximum 

capacity of the individual to how the individual functions within everyday life and the 

different domains within it, and the International Council of Ophthalmology (2002) has 

recommended that the terms “low vision” and “blindness” should be based on function 

rather than on visual acuities alone. Similarly, the WHO Management of Low Vision in 

Children Report (1993) has identified four major areas of functioning in children with 

visual difficulties: communication, orientation and moving, activities of daily life, and 

sustained vision tasks. Clinicians are urged to consider the child’s visual impairment in 

the context of the extent to which they are able to function normally in these areas. 
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Thus, using visual skills would also be an ecologically valid, and parsimonious direct 

measure of the condition. 

Functional vision has been used to categorize children with CVI in a number of 

studies (see Table 1.5 for examples), but there are challenges in using this as a 

construct. Many scales of functional vision developed for this purpose only address a 

narrow area of the child’s overall visual skills such as the ability to fixate or 

demonstrate visual acuity (see Table 1.5 for a non-exhaustive list of examples of some 

published functional vision scales). A possible factor influencing this is that research 

has tended to investigate the abilities of those children with more complex impairments 

and lower functional abilities. These tools may not be consistent or standardized in 

their scale measures and they may in some cases only provide qualitative clinical 

judgments of the child’s visual abilities. Many scales are based merely on how far the 

child can see, or the ability of the child to detect objects of different sizes (Flodmark, 

Jan, & Wong, 1990; Jan et al., 1987; Roland et al., 1986; Whiting et al., 1985; Wong, 

1991). Some scales assess the child’s vision using a mix of methods moving from 

detection to visual acuity equivalents (Hoyt, 2003; Huo et al., 1999). There have been 

attempts to include a broader range of visual skills in measurement, including a recent 

visual ability classification scale developed for children with cerebral palsy that refers to 

everyday visual behaviours and potential visual acuity assessment results, as well as 

broader visuomotor functions (Ferziger et al., 2011).  

In relation to visual skills, CVI often affects the individual to a wider extent than 

basic visual function measured by visual acuity and related behaviours (Dutton & 

Philip, 2014; MacIntyre-Beon et al., 2012; Fazzi et al., 2007). Therefore in a newly 

developed classification system, it may be important to measure broader vision related 

deficits of functional vision that may affect or compound the child’s visual difficulties, 

and will be addressed in the study described here. A significant and continuing 

challenge to using visual skills as a basis for classification is standard measurement 

across the spectrum of CVI (Boot et al., 2010), and is also considered in this thesis.  
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Table 1.5: Functional vision scales utilized in studies classifying vision level in 
CVI 

Study Functional vision scale 

Ferziger et 
al., 2011 

1. Pupillary responses only 
2. Minimal light perception or optokinetic nystagmus positive or negative 
3. Fixation and gaze shift to target 
4. Fixation, gaze shift, smooth pursuit, visual function may be limited in range, 

grating acuity testing; unreliable 
5. Fixation, gaze shift, smooth pursuit, scanning and detail discrimination: 

ability to distinguish detail on grating acuity test 
                a. Low grating acuity (<2.0 cycles per degrees, cpd) 
                b. Functional grating acuity (2.0-8.0 cpd) 

Flodmark et 
al., 1990 

0. no sight 
1. light perception 
2. vision at ≤90cm 
3. vision at ≤300cm 
4. >300cm but still severely restricted 

Huo et al., 
1999 

1. Light perception only 
2. Occasional fixation on large objects, faces, or movement 
3.  Occasional fixation on small objects (i.e. pennies or stickers) or reliable 
fixation on faces 
4. Reliable fixation on small objects; visual acuity 20/400 to 20/200 
5. Reliable visual acuity not better than 20/50 (both eyes open) 
6. Completely normal vision 

Hoyt, 2003 

1.  light perception only 
2. occasional fixation on large targets 
3. occasional fixation on small objects 
4. reliable fixation on small object 6/36-6/60 
5. reliable visual acuity 6/18-6/36 
6. completely normal vision 

Jan et al., 
1987 

0. no apparent vision 
1. light perception 
2. ability to see a colourful toy measuring 5 to 6 inches within three feet 
3. within 10 feet 
4. beyond 10 feet 

Roland et al., 
1986 

1. no apparent vision 
2. light perception only 
3. ability to see colourful toy 10 cm size at a distance of 1, 3 or more meters 

Roman-
Lantzy, 2007 

1-2:   student functions with minimal visual response 
3-4:   student functions with more consistent visual response 
5-6:   student uses vision for functional tasks 
7-8:   student demonstrates visual curiosity 
9-10: student spontaneously uses vision for most functional activities 

Whiting et 
al., 1985 

No apparent vision 
Light perception 
Vision within 3 feet 
Vision within 10 feet 
Vision beyond 10 feet 

 Wong, 1991 
Blind:  no apparent vision 
Poor:  light perception 
Fair:  ability to see 1 inch woolen ball or 1cm chocolate candy at 1 foot 
Good:  ability to see 1mm chocolate candy at 1 foot distance 
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1.5.3 Visual skills and associated development 

Philip and Dutton (2014) have suggested that a more comprehensive classification of 

CVI should include classifying the child’s visual abilities in the context of their overall 

developmental functioning. They therefore proposed three subgroups: 

1. Children with profound visual impairment, 

2. Children with impaired but functionally useful vision, as well as cognitive and 

often motor challenges,  

3. Children who have impaired but functionally useful vision and who work at or 

near the expected academic level for their age. 

 

This classification system was developed on the basis of the authors’ clinical 

experience and recognizes that the child’s ability to interact within their everyday 

environment as well as their visual skills may impact on their overall function. The 

classification explicitly considers the child’s visual skills in relation to their overall 

cognitive functioning, as this is often affected in individual cases of early neural insult 

causing CVI. Cognitive functioning itself may play a considerable role in the child’s 

ability to perceive and interpret more complex visual information and to participate in 

their everyday environment. The authors go on to suggest that a multidisciplinary 

approach to assessment, which is tailored to the individual child and takes into account 

different aspects of function, is necessary for considering CVI. However there is no 

systematic empirical evidence for this classification system to date that includes these 

wider dimensions. Like many other functional vision classification systems, their system 

relies on qualitative clinical judgments, as there is no accompanying systematic 

assessment protocol.  

Of further consideration, there may be additional divisions within the three 

subgroups proposed by Philip and Dutton (2014 – listed above) or other divisions that 
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cut across the three subgroups that have or have not yet been identified by empirical 

investigation. It has been suggested that children with relatively preserved visual acuity 

but with specific difficulties in areas of higher visual processing should be included 

within the CVI classification (Colenbrander, 2010; Dutton, 2009; Jacobson, 2014). In 

particular, the idea of the dorsal stream/dorsal stream plus clustering of visual 

symptoms (Dutton, 2009) may relate specifically to children who fall in the higher 

functioning end of the CVI spectrum. Several research groups have suggested that 

there may be specific clusters of symptoms relating to the adult models of ‘dorsal’ and 

‘ventral’ function. Colenbrander (2010) and Dutton (2009) suggest that children with 

putative ‘dorsal’ deficits such as simultanagnosia and oculomotor apraxia may form a 

distinct subgroup of CVI, and another subgroup of children with more severe 

symptomatology may show both ‘dorsal’ and ‘ventral’ deficits. These authors suggest 

that ‘ventral’ deficits in isolation (e.g. in visual memory or recognition) are not 

commonly seen in children with CVI. Supporting this hypothesis, there are a few 

research studies that have provided evidence which suggests a profile of putative 

‘dorsal’ impairments in children with CVI, with children reported to suffer from 

simultanagnosia, difficulties with visually guided movements and oculomotor control 

problems (Drummond & Dutton, 2007; Gillen & Dutton, 2003; Ortibus et al., 2009). 

However, overall, there is only limited empirical evidence to support this hypothesis of 

specific ‘dorsal’ and ‘dorsal plus ventral’ subgroups. A more reliable evidence base 

covering the broad range of vision functions and symptoms indicated in congenital 

childhood CVI is required before we can develop any classification system of childhood 

CVI in the clinical context.  

 

1.6 Clinical assessment methods of childhood CVI 

In the biomedical model, the diagnostic process consists of two main objectives: 

classification of the disease state and measurement of its symptoms. The goal of 
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biomedicine is to provide adequate objective measurement of a patient’s symptoms to 

secure diagnostic accuracy and certainty, in order to intervene in the disease process 

(Marcum, 2008, p.154). Thus, the optimal framework is able to classify the signs and 

symptoms of an individual with a disease to the degree that this individual may be 

treated appropriately on the basis of this diagnosis. The following sections describe 

and critique the clinical approaches currently known to be in use to identify and 

diagnose childhood CVI. 

There is no current international consensus regarding assessment approaches 

to CVI (Boot et al., 2010) and there may be different assessment methods used in 

practice. With lack of national and international guidance and standards (Matsuba & 

Jan, 2006), there is potential variation in the current methods of ophthalmological 

assessment, basic vision assessment, neuroimaging or visual electrophysiology, 

structured history taking, CVI screening questionnaires and neuropsychological 

assessment. Thus, children may receive very different care across services. The 

systematic review concluded that in the published scientific literature there is a lack of 

clarity in reporting vision assessments used to investigate the vision of children with 

CVI, and it was not possible to identify specific assessments that may be more 

prevalent (see Chapter 2 for details).  

In order to deliver standard high-quality care to children within and across 

services, there must be a unified assessment protocol for CVI that is able to quantify 

salient visual deficits in a clinically meaningful manner. Children with CVI are 

commonly reported to show a range of non-specific behavioural symptoms, including 

and not limited to light-gazing or photophobia, difficulties in navigation, recognition and 

appropriate social interactions (Dutton, 2011; Jan et al., 1993; Ortibus et al., 2011). 

However, it must be remembered that children with CVI often also suffer from a range 

of other conditions (Section 1.3.3). Such non-specific symptoms may be due to deficits 

in basic vision, higher vision or something else. Thus the causes of these behaviours 
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must be accurately interpreted to address them correctly and establish effective 

support strategies.  

 

1.6.1 Ophthalmological and basic vision function assessment  

An ophthalmological assessment is rudimentary to a CVI assessment, as it is required 

to rule out any potential ocular causes of the vision problems which would lead to a 

different diagnosis of the primary cause of the vision difficulties. In addition, it is 

important to accurately describe any ocular problems that may be present, as children 

with CVI often suffer from some degree of ocular impairment (e.g. optic atrophy, 

strabismus, nystagmus) (Binder et al., 2016; Khetpal & Donaghue, 2007; Fazzi et. al., 

2007; Matsuba & Jan, 2006). Basic vision functions such as visual acuity, visual fields, 

stereopsis, colour vision and contrast sensitivity are commonly assessed robustly in an 

ophthalmology clinic in the UK. These are the most reliable measurable indicators of 

CVI if there are significant difficulties in the absence of ocular problems. Near detection 

methods are also assessed reliably in infants and young children in the paediatric 

developmental vision clinic context at Great Ormond Street Hospital (Sonksen, 1983) 

to distinguish very low levels of vision in infants and young children and very low 

functioning children with profound learning difficulties. However in children with 

relatively good visual acuity and visual fields but with an indication of higher visual 

processing difficulties, other assessment methods beyond the ophthalmological clinical 

assessment alone may be needed. In addition, some children with very low overall 

function and responsiveness to sensory stimulation may appear to have very low basic 

visual functions but it is difficult to reliably differentiate whether this is a visual or overall 

cognitive and brain disorder.   
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1.6.2 Neuroimaging and visual electrophysiology 

Neuroimaging is considered an important diagnostic addition, when available, to a CVI 

assessment, as the pathology is assumed to be in the brain. However there is currently 

only limited research on a clear brain deficit-vision function correlation in CVI, though 

clinically the nature and site of the brain lesions may be very informative (Merabet et 

al., 2017; Ortibus et al., 2012; Cioni et al., 1996; see Sections 1.5.1 and 2.4 for more 

details). Current clinical structural neuroimaging methods may not always reveal subtle 

lesions or potential deficits in white matter pathways even in the presence of very 

definite CVI symptoms and a medical history indicating an early predisposing 

vulnerability (see Section 1.5.1). This may play more of a contributory clinical 

diagnostic role in the future as neuroimaging methods develop, however presently the 

available neuroimaging brain scans are informative rather than definitive in the 

assessment process. Although some semi quantitative MRI grading systems have 

been developed for other paediatric conditions such as cerebral palsy (Fiori et al., 

2014), these are generally mainly used in research rather than in the clinical setting 

and there is no standard neuroradiological framework to evaluate brain injury in CVI.  

Visual electrophysiology may also be a useful neural measurement approach in 

the investigation of CVI symptoms, including in younger and more impaired children 

who may not be able to cooperate with behavioural methods of vision assessment due 

to cognitive, communication or mobility restrictions. Visual evoked potentials (VEPs) 

are able to provide an objective measure of the integrity of the posterior visual 

pathways, and poor VEP responses to visual stimuli may indicate damage to these 

pathways (Taylor & McCulloch, 1992; Good, 2001). A retinogram which is undertaken 

at the same time also establishes the integrity of the retina.  
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1.6.3 Structured history taking of visual behaviours and dysfunction 

Structured history taking has been proposed to be a vital component of the diagnostic 

procedure, as parent-report may give useful information about the child’s functioning in 

everyday activities (Dutton, 2011; Houliston et al., 1999; Macintyre-Beon et al., 2012). 

History taking may be routinely conducted at clinical appointments (e.g. by 

paediatricians, ophthalmologists) and a specific approach to identifying CVI-related 

symptoms has been empirically evaluated.  

Dutton and colleagues (1996) described a structured history taking approach 

with questions relating to behavioural symptoms anecdotally described to be very 

common in children with CVI and which are difficult to assess using standardized tools. 

These questions relate to five areas of “cognitive visual dysfunction”, namely 

recognition, orientation, depth perception, movement perception and simultaneous 

perception, aimed to map on to the Dual Stream Hypothesis. Dutton states that the 

interview battery should be modified to be relevant for each child and the interview 

assessment is likely to take between one and two hours to conduct.  

This approach was further developed into a standardized clinical history taking 

protocol by Houliston and colleagues (1999). They investigated 200 typically 

developing children and 52 children with hydrocephalus, aged 4-12 years. On the basis 

of findings from the control group, they argued that “normality” of cognitive visual 

function is established by age 11-12 years and that orientation in new surroundings 

and simultaneous perception may be the last areas to develop, similar to previous 

research describing the maturation of complex vision-associated and frontal lobe-

mediated functions (Bova et al., 2007; Johnson, 2002). Houliston and colleagues 

(1999) proposed that evidence of cognitive visual dysfunction should be sought using 

structured history taking but that this should be complemented with other assessment 

methods. If patient history indicates possible visual dysfunction, then further 

multidisciplinary assessment should be carried out to comprehensively evaluate the 

child’s difficulties and plan for interventions. This approach was also used to identify 
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visual difficulties in another study of children with hydrocephalus, using the five 

domains described by Dutton that are listed above (Andersson & Persson, 2006). The 

study found a positive correlation between the number of shunt revisions and parent-

reported visual perceptual problems. A statistically significant correlation between 

reported visual perceptual problems and IQ was also noted, but details of the strength 

of correlation were not provided. 

 

1.6.4 Screening behavioural CVI questionnaires 

Screening tools for CVI have been created mainly on the basis of clinical and 

educational experience rather than systematic statistical and empirical development 

(Macintyre-Beon et al., 2012; Ortibus, Laenen, et al., 2011; Roman-Lantzy, 2007). 

These have the value of being quickly administered, as parents fill them in directly and 

a longer history-taking interview is not required.  

The most commonly used screening questionnaire in clinical practice and 

reported in the literature is the Visual Skills Inventory, also known as the Insight 

Questionnaire, which was developed by Gordon Dutton on the basis of structured 

history taking in children with CVI (Dutton, 2011; Houliston et al., 1999). The original 

Visual Skills Inventory is a 51-item parent-report screening questionnaire for children 

aged 4-12 years at risk of CVI, and with a visual acuity of at least 6/60 Snellen 

equivalent (1.0 logMAR). Due to research revisions, there are currently several 

versions of the questionnaire in use. Items are grouped into several domains relating to 

‘dorsal’ and ‘ventral’ visual skills, with items requiring parents to rate their child’s 

behaviours in different everyday situations (e.g. Does your child have difficulty walking 

down stairs? Do rooms with a lot of clutter cause difficult behaviour?). The results of 

the questionnaire can lead to guidance on strategies which have been designed to 

address the difficulties reflected in the questionnaire (Dutton et al., 2006) and which 

assume that these difficulties are caused by visual dysfunctions. Although different 
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versions of the questionnaire contain slightly different items, they address common 

areas of vision-related behaviours including visual fields, perception of movement, 

visual search, visual guidance of movement, visual attention, crowded scenes/visual 

clutter, visual memory, and recognition/navigation (MacIntyre-Beon et al., 2012, 2013; 

Philip, 2016).  

There have been some attempts to empirically validate this questionnaire 

(MacIntyre-Beon et al., 2012, 2013; Williams et al., 2011; Philip, 2016). However each 

study used a slightly different version of the Inventory with differing administration and 

scoring procedures, so it may be challenging to compare their results directly. The 

following sections describe the findings of these studies.  

MacIntyre-Beon and colleagues (2012) investigated a limited sample of 36 

children with “problematic CVI”, referred to a paediatric vision clinic (age m=10.8 years, 

range=5.0-16.5 years) and 156 control children, reporting adequate internal 

consistency in the CVI group (Cronbach’s alpha ranging between .71 and .82 for the 

seven subsections of the questionnaire). They also reported adequate test-retest 

reliability in a subsample of 19 children with CVI (intraclass correlation=.98). However, 

the authors described some redundancy across the items of the questionnaire and 

conducted a further study to investigate this. They collected Visual Skills Inventory data 

and conducted a formal neuropsychological assessment of visual perception (visual 

attention, global form and motion, face processing and visual closure with 46 children 

aged 4-12 born preterm and 130 age and sex-matched full term controls (MacIntyre-

Beon et al., 2013). They identified a subset of 18 items in the questionnaire that on 

average resulted in higher scores in the preterm group than the control group 

(indicating more problems). They then conducted a cluster analysis to identify 

subgroupings within the preterm group, based on visual difficulties and found that 15 

children had visual behaviours indicating “cerebral visual dysfunction”. These children 

performed significantly more poorly on all neuropsychological visual perception 
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assessments but visual closure, than term-born controls (three-way ANOVA and post-

hoc Kruskal-Wallis tests p<.05, no effect sizes reported). 

Williams and colleagues (2011) investigated the associations between 

academic achievement, visual perceptual difficulties and scores on a subset of 12 

items from the Visual Skills Inventory (related to face recognition, route finding, visually 

guided movements and complex scenes) in a community-based sample of n=4,512 13-

year-olds as a part of the Avon Longitudinal Study of Parents and Children in the West 

of England. Principal components analysis of the questionnaire revealed a three-factor 

structure, which they interpreted as concerning perception of crowded scenes, the 

ability to use visual information in guiding accurate movements, and facial recognition, 

However, they found that six items in the questionnaire did not clearly load onto any 

factors. The authors also reported a small positive relationship between crowded 

scenes and reading ability, and the visually guided movement factor and academic 

mathematics performance.  

Philip (2016) conducted a study to investigate the validity and the internal 

consistency of the Visual Skills Inventory in an Indian sample of 342 children seen in a 

CVI clinic (mean age 3.8 years, range 0-17 years). The author described the inventory 

to contain 50 items divided into 15 sections of visual skills. Face validity was 

investigated by asking four ophthalmologists “does this inventory comprehensively list 

the CVI features?”. They considered the domains listed to cover CVI comprehensively, 

with no additional areas suggested. High internal consistency of the total inventory was 

reported, Cronbach’s alpha=.93 (ranging between .92-.94 within each domain). 

Construct validity was assessed by exploratory factor analysis. Initially without any 

parameters, factor analysis resulted in a five-factor structure for the items in the 

Inventory, which explained 73% of the variance in item responses. However, the author 

then imposed a two-factor structure onto the analysis, which explained 63% of the 

variance. Items were broadly grouped under ‘dorsal’ and ‘ventral’ items, however some 

items did not appear to fit under these labels (e.g. face recognition and orientation 
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items were in the ‘dorsal’ factor, and an item on guidance of movement was in the 

‘ventral’ factor). The study suggested that it may be rare for children with CVI to have 

only a dorsal or a ventral deficit.  

A main limitation of the Visual Skills Inventory is that it depends on parental 

report and does not include direct empirical testing of the child’s complex visual 

behaviours. The issue of reliability and validity are therefore pertinent and further 

research is required in assessing its value and accuracy for identifying complex visual 

dysfunction in children with CVI and across different ages. The items ask parents to 

consider complex behavioural abilities involving activities of daily living, as well as 

vision function, which may be influenced by mobility, cognition, social abilities, and 

language skills (e.g. “Does your child bump into things when walking and having a 

conversation?”, “Does your child find copying words or drawing time-consuming and 

difficult?” and “Does your child have difficulty understanding the meaning of facial 

expressions?”). For purposes of interpretation, it may therefore be important to 

consider any results in the context of the child’s overall functioning. As the 

questionnaire does not take into account differences in age, developmental level, 

mobility difficulties, or other comorbidities, several items may not be relevant to 

individual children. Each item has a “not applicable” option, however there are no rules 

on how to score or interpret the questionnaire if this option is chosen (or how many 

times). There is no standard scoring system for the questionnaire and it contains no 

normative data, making its use in the clinic or in research challenging.  

The multidisciplinary Flemish Working Group of CVI has developed a brief 

parent-report screening questionnaire for childhood CVI, to provide paediatricians and 

ophthalmologists working in outpatient settings with a quick tool to evaluate a child’s 

need for tertiary care (Ortibus, Laenen, et al., 2011). The tool originally contained 46 

items with yes/no answers, in six domains (visual attitude, ventral stream, dorsal 

stream, complex visuomotor abilities, use of other senses, associated CVI 

characteristics). The questionnaire was sent to parents of 91 children referred to a 
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paediatric CVI clinic for investigations (mean age 82 months, range 41–204 months), of 

whom 45 children were subsequently diagnosed with CVI. The CVI subsample median 

score on the questionnaire was 12 positive answers, and those without CVI had a 

median score of 7. The authors investigated four approaches to scoring the 

questionnaire and compared these to results of formal neuropsychological visual 

perception testing and clinical diagnosis of CVI. They found that using a logistic 

regression with seven individual questionnaire items to predict neuropsychological 

scores and a cut-off score of 3 to indicate CVI, the receiver operating curve had an 

area under the curve of .97. Specificity of 85% and sensitivity of 57% were reported, 

suggesting that the questionnaire has good predictive value for the identification of 

children at risk of CVI. However, this is a screening questionnaire with restricted 

interpretive value, aiming to identify those children who require more specific 

assessment rather than being a diagnostic tool. If results of the questionnaire indicate a 

possibility of CVI symptoms, further formal assessment is required.  

 

1.6.5 Educational assessment of CVI  

A different approach aimed at both assessment and intervention is the CVI Range 

(Roman-Lantzy, 2007). This was developed from an educational perspective as a 

comprehensive framework for childhood CVI including a classification scale, an 

analogous assessment structure and guidance suggestions for educational 

intervention. The CVI Range assessment is conducted through three modalities; parent 

interview, child observation and direct assessment of the child (Roman-Lantzy, 2007). 

The framework is based on ten symptoms of CVI identified on the basis of the author’s 

experience in working with children with CVI in educational settings, and each 

symptom is scored on severity (0.25, 0.5, 0.75, 1) to create and combined to create an 

overall aggregate CVI Range score of 1-10 (see Table 1.1).  
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Newcomb (2010; More details in Newcomb, 2009, unpublished thesis) 

conducted a study on the reliability and validity of the direct assessment component of 

the CVI Range with a sample of 104 children evaluated by trained assessors at 

Pediatric View (Western Pennsylvania Hospital, Pittsburgh Department of Pediatrics 

and Neonatology, adjunct clinic for children with visual disorders to the neonatal 

developmental follow-up clinic). With the full sample (n=104, age range 5-173 months), 

Newcomb reported Cronbach’s alpha=.96 for internal consistency, comparing the 

parent interview with direct assessment. With a subsample of 27 children, interrater 

reliability was scored independently by two trained assessors on the basis of one CVI 

Range assessment. Cohen’s kappa was reported to be .83, indicating excellent 

agreement between raters (Fleiss, 1981). Test-retest validity was examined with a 

subsample of 20 children seen 1-14 days apart (median time interval six days), and 

reported as a Pearson correlation of r=.99, near perfect agreement.  

However, the evidence base of this tool is still limited and there has been only 

one published study evaluating the effectiveness of the CVI Range on visual outcomes, 

by the author of the CVI Range (Lantzy & Lantzy, 2010). Seventy-three children seen 

at Pediatric View were included in this study, which reported a significant improvement 

in the overall CVI Range score of the sample between their first and last assessment, 

and that the “average” time taken to move from Phase I to Phase III of the Range was 

3.7 years. However, except for aetiologies of CVI, this study did not report the sample 

characteristics, recruitment methodology, time intervals between assessments or full 

statistical results.  

In the future, improved health based diagnostic assessments and classificatory 

systems could be compared with and used to supplement the CVI Range, which is 

designed to aid support of the child with CVI in the educational context and is 

anecdotally reported to be valuable by specialist teachers for visual impairment in the 

classroom environment.  
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1.6.6 Neuropsychological assessment  

Formal neuropsychological assessment may be a valuable clinical approach when 

setting out to determine a child’s potential higher order CVI-related visual symptoms 

particularly in children who have visual acuity that is better than Snellen equivalent of 

6/60 (logMAR 1.0) and can use vision-based materials reliably. The use of established 

neuropsychological assessments with paediatric normative data with typically 

developing fully sighted children have been reported in CVI research, usually 

combining a variety of visual neuropsychological assessments designed to investigate 

specific visual perceptual and spatial abilities (e.g. visual spatial skills, visuomotor 

integration, visual memory, visual recognition, form constancy, figure ground and visual 

attention; Geldof, van Wassenaer-Leemhuis, Dik, Kok, & Oosterlaan, 2015; Ortibus et 

al., 2009; Pagliano et al., 2007). Visual perception test batteries designed specifically 

for children with CVI have also been developed to address the needs of this clinical 

population (Ortibus et al., 2009; Stiers, De Cock, & Vandenbussche, 1998). It is 

generally accepted in these reports that the use of neuropsychological assessments, 

particularly those that are visual perceptual and spatial directed, are a useful reliable 

addition to the assessment of children with CVI who have sufficient visual acuity to use 

the test materials reliably.  

A question about validity of these tests for tapping into and assessing complex 

visual dysfunction is raised by Macintyre-Beon and colleagues (2013). These 

investigators found that in five of 15 children born preterm and reported to have 

significant visual difficulties in everyday life, no formal neuropsychological test scores 

were in the impaired range (see Section 1.6.4 above).  

Neuropsychological assessment must therefore be conducted with careful 

consideration for the individual child and other factors affecting test performance such 

as motor impairment in cerebral palsy. For successfully differentiating whether the 

higher order visual abilities are distinct from more general cognitive ability, they should 

also be conducted in the context of a cognitive assessment in order to appropriately 
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interpret test scores and to assess whether there is a discrete higher visual processing/ 

visual cognitive dysfunction. Additional information about ophthalmology, basic vision, 

paediatric history and ideally, neuroimaging is also necessary to identify CVI and 

neuropsychological assessment alone cannot be used to diagnose the condition.  

 

1.6.7 Value of a multidisciplinary approach to identification of CVI  

The majority of tools used to identify CVI were not originally developed to diagnose this 

condition. Both clinically and in research, groups of assessments are often used 

together to address different parts of the diagnostic process, which will draw on 

different disciplines including paediatric ophthalmology, optometry and orthoptics, 

developmental paediatrics, neuroimaging, visual electrophysiology, clinical 

neuropsychology, occupational therapy. For example, conducting an ophthalmological 

examination to check for eye health, a developmental paediatric assessment to 

consider overall paediatric history and current vision status and co-morbidities, an 

optometric assessment to test for visual acuity and impairment, and an MRI brain scan 

to investigate for the presence of neural insult. Individually, such assessments are 

unlikely to reach sufficient specificity or sensitivity to accurately differentiate between 

CVI and other conditions. However, when taken together to and combined into a final 

integrated formulation, the multidisciplinary team and disciplines using a combination of 

assessment methods may successfully identify CVI in the childhood population at 

different ages and levels of vision and cognitive ability (Sargent, Salt, & Dale, 2010). 

This combined approach is however only found in few paediatric centres such as Great 

Ormond Street Hospital, where a multidisciplinary paediatric neurodisability/ 

developmental vision clinic team works alongside paediatric ophthalmology. These 

may also be supplemented by education, e.g. in the form of consultative liaison with 

and questionnaires completed by the child’s teacher, who is able to observe the child 

across a variety of visually challenging situations or observations of the child in the 
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school environment.  There remains a paucity of research in the evaluation and clinical 

evidence base for multidisciplinary integrated CVI assessments and for their reliability 

and validity (Roman-Lantzy, 2007).  A cohesive assessment battery which is shown to 

be reliable and valid in its measurement methods and which can be used successfully 

in the context of varying vision levels, motor and cognitive ability needs to be 

developed and evaluated.  

 

1.7 Chapter summary  

CVI is a very heterogeneous disorder and the complexity and multisystem involvement 

of the condition must be recognized. There is potential for involvement of basic visual 

functions, higher visual functions and cognitive components as core characteristics, 

which are potentially of classificatory relevance. As the most common cause of 

childhood visual impairment in the UK (Rahi & Cable, 2003), and with a potentially 

underestimated prevalence (Williams et al., 2011), it is important to be able to 

accurately identify the full range of the visual difficulties of children suffering from this 

condition.  

This chapter has discussed that CVI is a complex phenomenon and the 

assessment and identification and diagnosis of CVI requires a combination of different 

professional disciplines, methods of assessments and tools to cover the possible range 

of vision and related abilities and dysfunctions. Because of this complexity, there is a 

need for a reliable assessment battery and associated derived ‘framework’ of childhood 

CVI that classifies children in a systematic manner according to their specific 

symptoms (Zihl & Dutton, 2014). It should also account for symptoms caused by any 

possible comorbid impairments in an appropriate manner. There is currently not 

sufficient high quality empirical research to form a classification system of CVI on the 

basis of published research findings (Boot et al., 2010). Thus, there is a strong case to 

conduct an observational study of children with CVI using an appropriate 
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multidisciplinary approach and unified assessment protocol for identifying CVI across 

the spectrum of the condition. This will provide the systematic empirical evidence that 

may then be utilized to develop a new classification system of CVI.  
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Chapter 2 – Systematic review of the terminologies, 
definitions and assessment methods of childhood 
CVI 

	

	

2.1 Introduction 

As argued in Chapter 1, the diagnostic characteristics of a medical/ paediatric condition 

require a clear set of terminology, definition and means of measuring the phenomenon. 

Although the pathology of childhood CVI is well accepted, subtly different terminologies 

and definitions are currently applied to this condition. This variation influences and 

potentially undermines the confident selection of appropriate clinical assessment 

methodologies (Boot et al., 2010; Hoyt & Fredrick, 1998). Thus, before advancing to 

design an evidence-based classification system of CVI in this study, it was important to 

describe and clarify the existing range of terminologies, definitions and assessment 

methods of the condition in the literature in order to establish whether there is any 

consensus of diagnostic category or sub-categories. A systematic review was therefore 

conducted to identify and critically appraise the existing approaches in the published 

literature.  

Within the concept of ‘cerebral/cortical visual impairment’, the shift from using 

the term ‘blindness’ to ‘visual impairment’ is now generally accepted to reflect the fact 

that most children presenting with the condition have a degree of functional vision 

(Baker-Nobles & Rutherford, 1995; Flodmark et al., 1990; Good, 2009; Whiting et al., 

1985). However, there are significant differences between the terminologies used to 

refer to CVI (Colenbrander, 2010; Roman-Lantzy, 2007; Zihl & Dutton, 2014). In 
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Europe, the term ‘cerebral visual impairment’ is preferred, to cover the possibility that 

damage could originate from either or both cortical and subcortical regions (Lanzi et al., 

1998; Oud et al., 1999; Roman-Lantzy, 2007, p. 5). In North America, whilst clinicians 

and researchers acknowledge the possible involvement of subcortical damage, the 

term ‘cortical visual impairment’ has been culturally preferred (Matsuba & Jan, 2006; 

Roman-Lantzy, 2007; Siatkowski et al., 2013).  

There are also different and at times conflicting definitions of CVI in current use. 

A notable inconsistency amongst CVI definitions relates to whether or not there must 

be a visual acuity reduction or whether a more general visual dysfunction is sufficient 

for a diagnosis. William Good (2001) has proposed including higher visual function 

(visual perceptual) deficits in the framework of CVI, and this is reflected in many 

definitions of CVI in Europe (Fazzi et al., 2012; Lanzi et al., 1998; Pel et al., 2014; 

Stiers, De Cock, & Vandenbussche, 1998). However, the conventional definition used 

in North America continues to require a significant visual acuity reduction or visual field 

deficit to be present in a diagnosis of CVI (Hoyt, 2003; Ortibus et al., 2011; Siatkowski 

et al., 2013). Definitions also diverge on how eye health is considered. Some 

definitions merely state that a significant vision reduction within the context of normal 

eye health is sufficient to attribute CVI (Cavascan et al., 2014; Fazzi et al., 2007). 

Others state that when potential ocular abnormalities do exist, they cannot explain or 

account for the degree of visual deficit (Ferziger et al., 2011; Hoyt, 2003; Khetpal & 

Donahue, 2007). Definitions also differ according to whether suspicion or evidence of 

neurological involvement is mentioned, or how neural issues are characterized. The 

neuroanatomical areas described differ between definitions, ranging from focal 

occipital/striate cortex damage to including all posterior visual pathways and the 

specification of higher visual association areas beyond the occipital cortex (Fazzi et al., 

2012; Good et al., 2001; Jan et al., 1993). Some merely contain the broad term of 

“brain damage” without further specification (Boonstra et al., 2012).  
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Some of these discrepancies between definitions and terminologies are 

relatively minor and it may seem pedantic to draw such attention to these details. 

However, as there is no consensus on the current diagnostic definitions of ‘CVI’, all the 

potential problems for research and clinical practice described in Chapter 1 are 

pertinent. For instance, in research it is difficult to compare findings from different 

studies as the study samples may differ markedly in their characteristics. In the clinical 

context, children with the ‘classic’ presentation of visual acuity reduction in the absence 

of anterior pathway damage and a clinical history or direct indication of neural damage, 

it may be relatively straightforward to clinically diagnose CVI. However, for children with 

more complex presentations such as relatively good visual acuity but significant 

difficulties in higher visual processing and cognition, it is challenging to determine 1) 

where to set the diagnostic boundaries of the condition, and 2) whether to ascribe the 

evident symptoms to CVI or to other developmental conditions like general learning 

disability (Good 2007). In addition, the suspicion of neural damage is often difficult to 

confirm clinically (Ortibus et al., 2009, see Section 1.6.2), leading a recent systematic 

review exploring the visual perceptual dysfunctions of childhood CVI to conclude that 

the definition should be based on functional vision alone rather than neuroanatomical 

sites (Boot et al., 2010). The value of using functional vision to define and classify CVI 

is discussed further in this study (Section 1.5 and Chapters 5-8). 

As there is currently no national or international consensus on the definition of 

childhood CVI covering the range of childhood developmental abilities and age, no 

universally accepted diagnostic assessment process or framework derived from a 

shared definition exists (Matsuba & Jan, 2006). The diagnostic process may be based 

on the ophthalmological examination, a basic vision examination, standardized 

neuropsychological assessment, neuroimaging or any combination of these. No clinical 

guidelines are available regarding which professionals would be appropriate or 

qualified to reach a clinical diagnosis of the condition. Moreover there are only a few 

evidence-based habilitative or therapeutic interventions, of limited scope, as it is 
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difficult to evaluate potential treatments in the absence of a stable reference standard 

for classifying CVI and related change (Edwards et al., 2010). There are known to be 

multiple assessment approaches for testing CVI (Cavascan et al., 2014; Ortibus et al., 

2011; Philip & Dutton, 2014; see Section 1.6), and it may be useful to consider how 

these relate to the existing definitions and identification of CVI symptoms. 

Previous efforts to reach an international consensus on the definition of 

childhood CVI have been undertaken by round table discussion by expert clinicians 

and researchers (Bax & Dutton, 2010; Dennison & Lueck, 2006; Frebel, 2006). An 

alternative approach, taken in this study, is to first systematically review those 

definitions used in published empirical studies of CVI. A systematic review may 

highlight whether there are practical differences of definition and what systematic 

descriptions are being used and how these have been ‘operationalized’, thereby 

permitting a critical examination of definitions already in use and their utility. To the 

author’s knowledge, such a systematic investigation has not yet been conducted.  

The primary aim of this systematic review is to identify and critically 

evaluate the terminologies and definitions of childhood CVI in the published 

peer-reviewed scientific and medical literature, thereby identifying if there is a 

consensual definition of childhood CVI in current practical use and the nature of 

such a definition. The secondary aim of the review is to describe the 

assessment methods used in the scientific and medical literature that may be of 

clinical or diagnostic practical utility. Drawing on the systematic review findings, 

a clarification of the most consensual or practically useful definition and related 

‘operationalizing’ through assessment method will underpin the further direction 

of this study*.  

*A version of this study has been published: Sakki, H. E., Dale, N. J., Sargent, J., Perez-Roche, 
T., & Bowman, R. (2018). Is there consensus in defining childhood cerebral visual impairment? 
A systematic review of terminology and definitions. British Journal of Ophthalmology, 102(4), 
424-432. 
 



79	
	

2.2 Method 

2.2.1 Search Strategy 

The literature search was run in the Ovid MEDLINE®, Embase Classic+Embase, 

PsycINFO, CINAHL, and AMED databases in June 2015, and rerun in January 2017 to 

update the search. All free text terms and subject headings relating to CVI and 

childhood were used. Searches were restricted to original peer-reviewed research 

articles and the grey literature was excluded. No publication time limits were applied as 

this is a relatively new field of research with no previous consensus or systematic 

evaluation, and any possible effects of time on definitions and terminologies used were 

not known. A manual search was performed on four textbooks of childhood CVI. 

Results were stored in EndNote X7, and duplicates were removed. The reference lists 

of included articles were inspected manually for previously unidentified references. 

Only English language articles were included as there was no capacity for translation. 

See Table 2.1 for full details of the search process.  
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Table 2.1: Detailed search strategy 
Online search strategy    
Stages of the online search  

1. Free text search of all terms relating to CVI and childhood 
2. Subject heading search of all terms relating to CVI and childhood 
3. Excluding letters, editorials, comments and reviews 
4. Limited to humans, English language and childhood  
CVI-related free-text search terms 

1. Cortical$ visual$ impair$ 
2. Cerebral$ visual$ impair$ 
3. Central$ visual$ impair$ 
4. Neurological$ visual$ impair$ 
5. Occipital$ visual$ impair$  
6. Cortical$ blind$ 
7. Cerebral$ blind$ 
8. Central$ blind$ 
9. Neurological$ blind$  
10. Occipital$ blind$ 
 

Childhood-related free-text search 
terms 

11. Child$ 
12. Adolesc$ 
13. Infan$ 
14. Youth 
15. Teen 
16. P*ediatric 
17. Baby 
 
 

*possible additional letter in use 
$truncated word stems 

 
Subject headings 
AMED: Child; Infant; Adolescent; Child, preschool 
CINAHL: Blindness, cortical; Childhood 
Embase: Cerebral blindness; Childhood; Infancy; Adolescence 
Medline: Blindness, cortical; Child; Infant; Adolescent 
PsychInfo: no applicable subject headings 
Limits 
Humans, Childhood 
Manual search of textbooks 

1. Roman-Lantzy, C. (2007). Cortical Visual Impairment: An Approach to Assessment 
and Intervention. AFB Press. 

2. Dutton, G., & Bax, M. (2010). Visual Impairment in Children due to Damage to the 
Brain: Clinics in Developmental Medicine (Vol. 10). John Wiley & Sons.  

3. Zihl, J., & Dutton, G. (2015). Cerebral Visual Impairment in Children: Visuoperceptive 
and Visuocognitive Disorders. Springer, Vienna. 

4. Lueck, A. H., & Dutton, G. (2015). Vision and the Brain: Understanding Cerebral 
Visual Impairment in Children.  AFB Press.  

	

2.2.1.1 Inclusion/exclusion criteria and process 

Titles and abstracts were independently reviewed by two researchers. When there was 

insufficient detail to determine eligibility, the full text was obtained. Full text articles 

were reviewed independently by the same researchers for inclusion criteria. Table 2.2 

describes the full eligibility criteria. Articles were included if they 1) were original 

research papers published in peer-reviewed scientific journals, 2) contained a 

childhood CVI sample (aged 0-19 years), 3) contained a definition of CVI and 4) 
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contained descriptions of the methods used to identify children with CVI/allocate 

children into the CVI group. 

Definitions of CVI were subdivided into three groups on the basis of detail 

provided. The ‘descriptive definition’ was classified as a statement, which explicitly or 

implicitly described the core characteristics of CVI. In most papers the definition of CVI 

was clearly identified with phrases such as “[CVI] is defined as…” (Fazzi et al., 2009; 

Frank & Torres, 1979; Ghasia, Brunstrom, Gordon, & Tychsen, 2008; Jan et al., 1993; 

Khetpal & Donahue, 2007; Sakai et al., 2002) or “[CVI] is a clinical syndrome 

manifested by…” (Frank, Kurtzberg, Kreuzer, Vaughan, & Vaughan Jr, 1992). These 

were taken to be explicit definitions. However, in some cases there was no explicit 

definition of CVI in a single phrase. These were considered ‘descriptions not reaching 

definition status’ as it was unclear whether they were a more general description or a 

narrower definition of CVI to suit a specific study or sample. Examples of theses are, 

“Poor visual function in an infant with a normal anterior visual pathway is a prognostic 

dilemma for an ophthalmologist. Central visual impairment is suggested as a term that 

describes this disorder and includes both acquired and congenital abnormalities” 

(Granet et al., 1993), and, “CVI may include damage to one or more visual structures 

including the optic radiations, primary visual cortex, association visual cortices, and 

white matter pathways that connect visual cortical areas” (Weinstein et al., 2012).  

‘Diagnostic/operationalizing criteria’ were often similar to the descriptive 

definition but were classified as explicit statements and descriptions of how the 

participants were diagnosed or allocated into the CVI group according to clinical 

features or assessment results.  Examples of how such criteria were identified are “CVI 

was diagnosed clinically…” (Bosch et al., 2014a; Bosch et al., 2014b; Good, 2001; 

Good & Hou, 2006; Good, Hou, & Norcia, 2012), “…clinical characteristics consistent 

with CVI…” (Matsuba & Jan, 2006), and “…diagnosis of CVI was based on…” (Khetpal 

& Donahue, 2007). Most articles contained both a descriptive definition of CVI (either 

explicit definition or implicit description not reaching definition status) and diagnostic/ 
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operationalizing criteria for CVI. Both datasets were extracted in these cases, as these 

often differed and required separate critical synthesis and appraisal. Disagreements at 

both stages were resolved by discussion between reviewers.  

 
Table 2.2: Inclusion criteria of the systematic review 

Inclusion criteria 
1. Original research papers published in peer-reviewed scientific journals 
2. Contained a childhood CVI sample (0-19 years) 
3. Written in English 
4. Contained a descriptive definition of CVI and/or diagnostic/operationalizing 

criteria of CVI  
5. Quantified the identification/measurement of CVI 

 

2.2.2 Data extraction 

 A data extraction tool was designed for this review. Information was extracted 

concerning 1) demographics and identification of the articles, 2) terminology, definitions 

and diagnostic/operationalizing criteria of CVI, and 3) methodological information and 

sample characteristics (see Appendix 1 for data extraction template). 

 

2.2.3 Data analysis 

A mixed methods analysis was conducted. Firstly a qualitative analysis was conducted 

to identify the characteristics that were included in the descriptive definitions and 

diagnostic/operationalizing criteria of CVI. Secondly a quantitative analysis of these 

characteristics was run to find the prevalence of components and summarize findings 

in a narrative synthesis.  

 

2.2.3.1 Thematic analysis 

Thematic analysis was conducted to analyse the content of definitions. This is a six-

step qualitative method used to identify, analyse and report patterns within data (Braun 

& Clarke, 2006). Similar approaches have previously been used to analyse definitions 
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in healthcare research (Frank et al., 2010; Lebeau et al., 2014). Definitions and 

diagnostic/ operationalising criteria were analysed separately. All definitions and 

diagnostic/ operationalizing criteria were extracted as data codes for inductive 

identification of themes. Data codes were split and organized according to themes 

within definitions and diagnostic/operationalizing criteria and reviewed to identify 

possible subthemes, and re-reviewed. Themes and subthemes were named and 

described. Themes and subthemes were re-reviewed at the final stage to check that 

codes were correctly categorized. A second researcher independently coded 20% of 

data for interrater reliability. Cohen’s Kappa was .85, indicating an excellent level of 

agreement (Fleiss, 1981). 

 

2.2.4 Quality assessment 

A quality assessment tool was designed for this review. The quality of the included 

studies was assessed by the level of detail in each definition; whether they contained 

an explicit definition, a description not reaching definition status, or 

diagnostic/operationalizing criteria. Studies were also assessed for whether the 

definition and diagnostic/operationalizing criteria matched if both were reported. 

Studies that had an explicit descriptive definition, clear diagnostic/operationalizing 

criteria and where the elements of the definition and diagnostic/operationalizing criteria 

related to each other consistently and matched were rated as ‘good quality’. Studies 

that only had an explicit descriptive definition but no diagnostic/operationalizing criteria 

were rated as ‘medium quality’. Studies in which the elements of the definition and 

diagnostic criteria did not relate consistently and match or which only had 

operationalizing/diagnostic criteria or a description not reaching definition status were 

rated as ‘poor quality’.  
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2.3 Results 

2.3.1 Article characteristics  

Figure 2.1 shows the PRISMA diagram of the review process. Fifty-one articles 

included a descriptive definition or diagnostic/operationalizing criteria of CVI and were 

included (see Table 2.3 for included studies and Appendix 2 for full definitions and 

diagnostic/ operationalizing criteria). Although several papers were published by the 

same research groups or teams within the same hospital/university site, definitions of 

CVI could vary between the papers and it is not clear if the research teams or samples 

are overlapping. Seven papers published data from children at the VI programme at the 

Children’s Hospital Vancouver, Canada (Bencivenga, Wong, Woo, & Jan, 1989; 

Flodmark et al., 1990; Jan et al., 1987; Jan et al., 1993; Matsuba & Jan, 2006; 

Robertson, Jan, & Wong, 1986; Roland, Jan, Hill, & Wong, 1986), six from the 

Wilhelmina Children’s Hospital Utrecht, the Netherlands (Eken et al., 1996; Eken, de 

Vries, van der Graaf, Meiners, & van Nieuwenhuizen, 1995; Oud et al., 1999), three 

from the University of Pisa, Italy (Cioni et al., 1996, 1997; Fazzi et al., 2007), two from 

a Pediatric Ophthalmology Unit in San Francisco, USA (Hoyt, 2003; Huo et al., 1999), 

and two from the Bartimeus Institute, the Netherlands (Bosch et al., 2014a; Bosch et 

al., 2014b). Other articles may have also published on overlapping samples but not all 

studies reported their recruitment sources in enough detail to recognize this. It was not 

possible to identify articles that reported data on the same or overlapping samples 

where several publications by single research groups or the same hospital/research 

site fulfilled the inclusion criteria. Thus, all eligible articles were treated individually and 

included in the analysis. 

The study samples were derived from a range of clinical populations or sub-

populations including children at risk of CVI, specific subgroups with definitely 

diagnosed CVI and general CVI samples (Table 2.4). In 34 articles, CVI had been 

diagnosed before the study and in 17 there was an explicit diagnosis or allocation of 
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children to the CVI group. In 47 articles, CVI was diagnosed on the basis of reduced 

visual acuity and in four articles on the basis of wider visual dysfunction (Table 2.3). 

Forty-seven articles (92%) reported sample size, with CVI-only samples ranging 

between 2-423 participants (mdn=34). Median gender distribution, reported in 23 

studies (45%), was 55% male (range 38-78% male). Twenty-nine studies (60%) 

reported participant age, ranging between 0-45 years. Four studies (9%) that included 

single participants over 19 years (aged 45, 35, 25 and 20 years) were included as they 

were part of large childhood samples. Participants in the included studies were 

reported to have a number of comorbidities including intellectual disability, movement 

disorder, seizure disorder, hydrocephalus, hearing impairment and other conditions 

(Table 2.4). However, no articles explicitly considered how to diagnose CVI in the 

context of other conditions. 

 

2.3.2 Quality assessment 

Thirty-three articles (65%) included both a descriptive definition and diagnostic/ 

operationalizing criteria, eight (16%) included only a descriptive definition and ten 

(20%) included only diagnostic/operationalizing criteria. Of the 41 papers containing 

descriptive definitions, 35 (85%) had explicit definitions and six (15%) had ‘descriptions 

not reaching definition status’. According to quality assessment, four papers had good 

quality, eight had medium quality and 39 had poor quality definitions (Table 2.3). 



86	
	

 
Figure 2.1: PRISMA diagram of literature review process 
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2.3.3 Terminology 

Table 2.5 describes the geographical distribution of the research groups and the CVI 

terminologies used. Articles were published between 1979 and 2016 (Table 2.5). The 

most prevalent terminology was cortical visual impairment (43% of all papers), used 

most commonly in North America (67% of North American papers). The terminology 

most used by European research groups was cerebral visual impairment (41% total, 

83% of European papers). Other terminologies identified were cortical blindness, 

cerebral blindness, central visual impairment, cerebral visual disturbance and 

retrogeniculate visual loss. These were used by eight papers (16%), the majority 

published before 2000. 

 

Table 2.5: Geographical locations of research groups and CVI terminologies 
used 

Geographical location of research group Terminology 

Continent (n) Country (n) City/State (n) 
Cerebral visual 

impairment 
(n=21) 

Cortical visual 
impairment 

(n=22) 
Other 
(n=8) 

North America (24) 

Canada (8) Vancouver (7) 
Toronto (1) 

2 16 6 
USA (16) 

New York (2, 1*) 
San Francisco (5, 1*) 
Los Angeles (1) 
Philadelphia (2) 
Missouri (1) 
Minnesota (1) 
Arkansas (1) 
Nashville (1) 

Europe (18) 

Belgium (1) Leuven (1) 

15 1 2 

Italy (5) Pavia (3) 
Pisa (2+)  

The Netherlands 
(11) 

Amsterdam (2) 
Nijmegen (2) 
Utrecht (5, 1*) 
Rotterdam (1) 

Turkey (1)  Izmir (1) 

Asia (5) 

Hong Kong (2) Hong Kong (2) 

1 4 - India (1) Bangalore (1) 
Japan (1) Sendai (1*) 
South Korea (1) Seoul (1) 

Middle East (2) Israel (2)  Ramat Gan (1**) 1 1 -  Haifa (1**) 
Oceania (1) New Zealand (1) Auckland (1) 1 - - 
South America (1) Brazil (1) Sao Paolo (1) 1 - - 
*    Children recruited from this area and corresponding author based in this area, collaborating authors based 

in other regions nationally 
**  Children recruited from other regions nationally and corresponding author based in this area, collaborating 

authors based in other regions nationally 
+    Children recruited from this area and corresponding author based in this area, collaborating authors based 

in other regions internationally 
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2.3.4 Definitions of CVI 

In the 41 descriptive definitions, thematic analysis revealed three consistently occurring 

themes within the definitions of CVI (Table 2.6). Eleven papers (27% of all definitions) 

had definitions containing all three themes and were all rated as having explicit 

definitions. Theme combinations within definitions were very heterogeneous, thus 

themes were considered separately. The most common theme was Vision Deficits 

(n=37, 90% of definitions) and contained three subthemes, of which visual impairment 

(defined according ICD-10, World Health Organization, 2010), was the most prevalent 

(n=20, 54% of subthemes). The theme of Eye Health (n=21, 51% of definitions) 

contained three subthemes of which eye health normal/near normal (e.g. “normal or 

minimal ocular findings”, Robertson et al., 1986) was most prevalent (n=15, 71% of 

subthemes). The theme of Brain Integrity theme (n=30, 76% of definitions) contained 

six subthemes of which retrochiasmatic pathway damage was most prevalent (n=12, 

42% subthemes).  

 

2.3.5 Diagnostic criteria of CVI 

In the 43 studies detailing diagnostic/operationalising criteria (84% of all papers), ten 

(23% criteria) mentioned all three content themes of CVI in different combinations 

(Table 2.6). The most commonly occurring theme was Vision Deficits (n= 42, 95% of 

criteria), with its most common subtheme being visual impairment (n= 30, 70% of 

subthemes).  The most common subtheme of Eye Health (n=40, 93% of criteria) was 

eye health normal/near normal (n=22, 51% of subthemes). Brain Integrity was only 

present in 28% of diagnostic/operationalizing criteria (n=12), with the most common 

subtheme being posterior visual pathway damage (n=5, 42% criteria). 
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2.3.6 Assessment of CVI 

Studies reported the use of a variety of methods to assess for and diagnose CVI (Table 

2.7). In 25 studies, the assessor was not reported. Sixteen studies partially reported the 

assessors or had only one professional assessing the participants. Ten studies 

reported assessment by a multidisciplinary team (Robertson et al., 1986; Roland et al, 

1986; Jan et al., 1987; Wong, 1991; Jan et al., 1993; Kwok et al., 1996; Stiers et al., 

1998; Matsuba & Jan, 2006; Khetpal & Donahue, 2007; Chong & Dai, 2014), three of 

which did not detail the team members. There were different professionals reported to 

be involved in the assessments of different studies including ophthalmologists, 

paediatricians, neurologists, psychologists and other allied health professionals (Table 

2.7). In their assessment/ examination methods, 19 studies explicitly reported fundus 

examination, 19 explicitly reported refraction and 20 explicitly reported an ocular 

motility assessment. Twenty-eight studies implied that fundus examination or 

ophthalmological examination had been conducted for inclusion criteria but this was not 

directly reported. All 51 studies reported on undertaking a vision assessment including 

visual acuity (n=34), standard or non-standardized functional detection vision 

assessment of very low vision (n=16), visual fields (n=15), cognitive/ 

neuropsychological/visual perception (n=4 assessed, n=7 attempted), contrast 

sensitivity (n=3), and stereopsis (n=2). Twenty-eight studies conducted visual 

electrophysiology assessment. Thirty-one studies reported conducting a neuroimaging 

assessment, including MRI, CT, cranial ultrasound and PET. Due to incomplete 

reporting of specific tests used, it was not possible to gain a comprehensive or reliable 

picture of the total clinical assessment protocols that are used most widely in the 

identification of childhood CVI in the published literature (and derived from this, their 

related clinical settings). 
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6.3.7 Sensitivity analysis 

As several articles did not contain explicit definitions of CVI or diagnostic/ 

operationalizing criteria and not all studies reported assessment methods of all areas of 

CVI that they described, analysis was rerun with the ‘best case’ data. This included 

only those 12 articles that were rated as good or medium quality (see Figure 2.1 and 

Table 2.3).  

The articles included in the sensitivity analysis were published between 1986 

and 2016. Four articles used the term cortical visual impairment, six used cerebral 

visual impairment and two used the older term cortical blindness. All definitions 

included Visual Deficits, with nine referring to visual impairment, two referring to 

complete blindness and one referring to wider visual dysfunctions. Nine definitions 

mentioned Eye Health, with five referring to normal/near normal eye health and four 

reporting that the extent of vision problems could not be explained by eye health. Only 

five definitions mentioned Brain Integrity, with a variety of subthemes used.  

Only the four good quality articles contained diagnostic/operationalizing criteria 

as well as a descriptive definition, which matched each other according to the quality 

assessment.  In these articles all diagnostic/operationalizing criteria pertained to Vision 

Deficits and Eye Health, and one article referred to Brain Integrity. A variety of 

subthemes in each area were seen and patterns could be extracted.  

 

2.4 Discussion 

This systematic review found diverse terminologies, definitions, diagnostic/ 

operationalizing criteria and assessment methods for childhood CVI, indicating that 

there is no past or current consensus of the condition in the published scientific or 

clinical literature. The discussion is divided into sections discussing the findings of 

terminology, definitions and assessment methods identified in the analysis, after which 

critical review of the findings is undertaken. 
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2.4.1 Terminology 

Terminologies varied according to geographical location, as has been previously 

suggested by other researchers (Bosch et al., 2014b; Good et al., 2012; van Genderen 

et al., 2012). Cerebral and cortical visual impairment were most commonly used, the 

former in Europe and the latter in North America. Other terms showed no particular 

geographical patterns and some older terms are no longer in use. These are not 

considered to represent the pathological condition of CVI accurately as they refer to 

total loss of vision although most children with CVI show some degree of visual 

function (Dennison & Lueck, 2006; Jan et al., 1993; Roland et al., 1986). The overall 

consensus points towards favourable use of the term cerebral visual impairment or 

cortical visual impairment.  

On the basis of this systematic review and for the remainder of my study, I 

would argue that the term cerebral visual impairment is the most suitable and inclusive 

term for CVI; cortical and subcortical damage to the posterior visual pathways are both 

accepted neural causes of the condition (Jacobson & Dutton, 2000; Lanzi et al., 1998; 

Ortibus et al., 2009). Even researchers using the alternative term of cortical visual 

impairment acknowledge this by suggesting that the term cerebral may most accurately 

describe the breadth of neural insults causing this condition (Colenbrander, 2010; 

Good, 2009). Some researchers in the USA have also started to refer to the condition 

as “cortical/cerebral visual impairment” (Merabet et al., 2016; Merabet et al., 2017).  

 

2.4.2 Definitions 

Diversity was found in the content of CVI descriptive definitions, and three core 

characteristics of CVI were identified. These related to visual deficits, eye health and 

brain integrity, which could be further sub-divided according to their specific content. 

However, most definitions did not describe all three characteristics. Based on this 

analysis, the most consensual definition of childhood CVI including all three identified 
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characteristics was a visual impairment caused by damage to the retrochiasmatic 

pathways with normal/near normal eye health. These components of visual impairment 

and normal/near normal eye health remained most common in the sensitivity analysis 

but only five of these articles mentioned brain involvement. The analysis of 

diagnostic/operationalizing criteria showed similar results to the sensitivity analysis. 

The two most prevalent diagnostic/ operationalizing criteria were visual impairment, in 

the context of normal/near normal eye health. Only one paper mentioned Brain 

Integrity.  

 

2.4.3 Assessment methods 

According to the assessment methods reported in the systematic review, there did not 

appear to be a consensus on standardized vision, ophthalmological, 

neuropsychological or brain imaging assessment protocols for the condition. No 

patterns of commonly used assessment methods could be identified, and most studies 

did not name the specific measures used for assessment and only described the 

general assessment domain (e.g. visual acuity or forced choice looking paradigm, 

rather than naming Teller Cards or logMAR chart). In addition, many articles did not 

explicitly describe the full process or sequence of diagnostic/ identification approaches 

to reach a diagnosis of CVI; they implied that areas such as fundus examination and 

visual acuity assessment had been undertaken as part of the inclusion criteria of the 

study. With the absence of complete assessment information in many articles, it was 

therefore difficult to determine how a diagnosis of CVI was reached or to compare the 

assessment methods across the studies.  
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2.4.4 Critical review 

This systematic review has highlighted issues that may need to be addressed for a 

clinically useful definition of childhood CVI. Firstly, although the term visual impairment 

is well accepted in this context, there has been a question of whether it is sufficiently 

broad to describe the range of visual difficulties described in the population. Many 

children with CVI have greater difficulty in everyday visual behaviours than is explained 

by visual acuity (Good, 2007; Jan et al., 1987; Macintyre-Beon et al., 2013; van 

Genderen et al., 2012). Many children at risk of CVI with normal visual acuities show 

significant visual perceptual difficulties that affect daily living (Fazzi et al., 2009; 

Macintyre-Beon et al., 2013; van Genderen et al., 2012). Some authors have argued 

that the descriptor of a ‘broad spectrum of visual dysfunctions’ may better align with the 

recommendations of the WHO, the International Council of Ophthalmology and recent 

research suggesting that assessing vision difficulties should be based on wider visual 

function rather than visual acuity/field assessment alone (Boot et al., 2010; 

International Council of Ophthalmology, 2002; World Health Organization, 1993). A 

related debate is the issue of what is included in the term ‘visual impairment’. The ICD-

10 (World Health Organization, 2010) refers to ‘significant visual acuity and/or visual 

field reduction’ but there have been calls to expand the term to include wider visual 

deficits (Boot et al., 2010; Good, 2007; Philip & Dutton, 2014; van Genderen et al., 

2012). My thesis will explore further if the category of childhood CVI should encompass 

these wider visual dysfunctions, by assessing higher visual processing as well as basic 

visual functions, and whether further sub-classification of the condition is also required 

in a comprehensive classification framework.  

Secondly, the description of no/minimal eye involvement may not be accurate 

as some ocular pathology is commonly reported in CVI (Binder et al., 2016; Fazzi et al., 

2007; Ferziger et al., 2011; Good et al., 2001; Jacobson & Dutton, 2000; Boot et al., 

2010; Ortibus et al., 2009). A more appropriate description may be that ‘any degree of 

ocular/anterior pathway damage present cannot explain the degree of visual 
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dysfunction’. This issue will also be explored further in my thesis, by exploring 

empirically the range of ocular pathologies that may co-exist within the broader 

diagnostic framework of CVI.  

Thirdly, this systematic review showed that the descriptions of Brain Integrity 

were the most limited part of the definitions and diagnostic/operationalizing criteria. The 

more accepted description of retrochiasmatic pathway damage recognises that multiple 

heterogeneous areas of the posterior visual system may be affected and more diffuse 

brain involvement. Individual brain damage may be identified on CT or MRI brain 

scans, but current clinical neuroimaging methods may or may not show abnormalities 

in the presence of definite behavioural symptoms and clinical information supporting 

the diagnosis (Boot et al., 2010; Ortibus et al., 2009). In the future, new experimental 

methods may reveal subtle morphological brain differences but these require powerful 

imaging and intensive data analysis which is not feasible in current clinical practice 

(Bauer et al., 2014; Martín et al., 2016; Merabet et al., 2016; Seghier et al., 2004). This 

highlights the complex issue of ‘brain damage’ in the context of clinical definitions of 

CVI.  For example, some children born preterm may have significant visual perceptual 

difficulties but normal clinical MRI scans (Ortibus et al., 2009), so should they be 

diagnosed as having CVI? In some cases evidence of lack of Brain Integrity is inferred 

and it is assumed that clinical visual symptoms originate at brain level because of the 

child’s medical history. This may be particularly the case in ‘milder’ examples of CVI, 

and the appropriate clinical diagnosis of children with significant visual perceptual 

deficits but no apparent neurological insult remains a challenge.  

In this thesis, the systematic review is used to support the decision to adopt a 

wide multi-factorial functional assessment battery and approach to include investigation 

of eye health, assessment of visual acuity, basic vision and higher visual processing/ 

neuropsychological and visual perceptual function in the context of paediatric history. 

This is so that the comprehensive dataset is available for an empirical data driven 
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approach to inform on the most appropriate diagnostic classificatory framework and 

categories.  

The limitations of this systematic review must be considered when interpreting 

the results. The inclusion of potentially overlapping samples across studies and several 

publications by the same research groups/ hospital sites may have biased findings 

towards the views of more prolific researchers. However, definitions and diagnostic 

criteria of groups were not constant across studies, thus selection bias from these 

groups is unlikely. Although many articles were case note reviews of medical records, 

this analysis was based on empirical published research and cannot be viewed as an 

accurate account of general clinical practice in the UK, USA or elsewhere. Thus it may 

not reflect the full range of clinical practice or expert opinion. It may be important to 

consider further expert clinical opinion in the future, as the most consensual definition 

must be useful in clinical settings for diagnostic and treatment purposes. Further issues 

may also needed to be considered in the future such as the impact of age of onset in 

childhood may lead to differing symptom presentations and outcomes (Aghaji, Okoye, 

& Bowman, 2015; Good et al., 1994; Hoyt, 2003; Roland et al., 1986; Thun-

Hohenstein, Schmitt, Steinlin, Martin, & Boltshauser, 1992; Whiting et al., 1985). 

Another possibly relevant feature for future consideration is aetiology, such as the 

difference between congenital and later acquired CVI from infection, trauma or brain 

tumour, which may affect the brain damage, visual difficulties and comorbidities seen 

(Aghaji et al., 2015; Brodsky et al., 2002; Bosch et al., 2014b; Hoyt, 2003). It may also 

be very important to consider how other paediatric conditions, commonly occurring with 

CVI (e.g. cerebral palsy, intellectual disability), may affect the presentation and 

symptoms associated with CVI. These issues will be explored further in the thesis.  

The most “consensual” definition found in this systematic review states that 

childhood CVI is a visual impairment caused by damage to the retrochiasmatic 

pathways with normal/near normal eye health.  However, this may not be the best 

quality definition for advancing the understanding of the functional aspects of CVI, as it 
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does not provide sufficient direction for measurable aspects of CVI Therefore on the 

basis of this systematic review it is now proposed that an alternative definition is used 

in this thesis, as follows:  

 

Childhood cerebral visual impairment is a verifiable visual dysfunction, 

which cannot be attributed to disorders of the anterior visual pathways or any 

potentially co-occurring ocular impairment. 

 

This definition only includes components that are directly measurable and can 

be replicated by others (i.e. is ‘verifiable’ as empirically ‘true’ because it is explicit, 

measurable and replicable) using currently commercially available and ‘high standard’ 

validated clinical tools of the ophthalmology and paediatric neurodisability /neurology/ 

neuropsychology disciplines. This would underpin moving towards establishing a 

proposed unified assessment protocol that is replicable by other assessors and 

researchers. Without developing this and within the context of limited consensus on 

diagnostic procedures shown in this systematic review, clinicians and researchers will 

continue to draw on diverse individual and often unreported means of assessing and 

diagnosing the condition. Currently it is challenging to compare across studies as the 

definitions of CVI and included participants may be different, their assessment 

methodologies may be highly variable, and these are at times vague and not explicitly 

reported and therefore cannot be replicated by other teams. It is proposed from this 

systematic review that at minimum, research publications should always report the 

sample characteristics, descriptive definition and diagnostic or operationalizing criteria 

of CVI as well as their precise assessment methods of CVI. This would permit future 

comparison across studies and thereby increase the empirical evidence base to 

advance scientific and clinical understanding of the condition.  
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2.5 Chapter summary  

This chapter reported a systematic review of the terminologies, definitions and 

assessment methodologies of childhood CVI. This review was carried out to inform the 

methodological decisions of the empirical investigation of this study. It was argued that 

cerebral visual impairment is currently the most appropriate terminology to refer to the 

condition as this is an inclusive term which may include both cortical and subcortical 

damage to the brain. Although a consensual definition was reached from considering 

the most prevalent themes contained in the published literature, this was not 

considered to be of the best quality. Thus, an alternative definition was argued for, and 

will be used in the remainder of this study. Having completed the systematic review, 

the next stage of my thesis is needed for further advancing an evidence-based 

definition for CVI that builds on current knowledge about childhood CVI. This requires 

conducting direct assessment of CVI symptoms to consider whether a more refined 

empirically led definition and classification system of the condition is required. These 

are reported in Chapters 3 to 8. 
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Chapter 3 – General methodology 

	

	

This chapter describes the general methodological approaches used in this thesis, 

including study design, recruitment, research ethics, assessment materials and general 

statistical approaches. Issues raised in the systematic review (Chapter 2) were 

considered when determining the sample inclusion criteria and selecting the most 

appropriate assessment methods. More detailed information on specific vision 

assessments and statistical methods are discussed in further relevant chapters.  

 

3.1 Primary research aim and objectives 

The primary research aims of this study were to develop a robust unified assessment 

approach that can be used across the full spectrum of childhood CVI conditions, and to 

develop a scientific classification system for childhood cerebral visual impairment using 

data derived from the assessment approach. 

In order to address these aims, more specific objectives were considered.  

1. The breadth of visual difficulties should be investigated as impairments in both 

basic and higher visual functions have been previously described (see Chapters 

1 and 2).  

2. The question of whether children with relatively preserved basic visual functions 

but deficits in ‘higher visual abilities’ can be included within the umbrella term of 

CVI will be considered, as this is under debate (see Chapter 2). 

3. Taking into account the impact of co-occurring conditions on measuring CVI 

symptoms (Chapter 1), it will be important to understand whether a standard 
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assessment battery could be administered across the range of ages and 

abilities of children with CVI, in a reliable and valid manner.  

4. Finally, a key issue in this thesis will be to explore whether there are possible 

distinctions or categories according to symptom constellations in CVI and to 

examine the validity of the classification in terms of clinical applicability. 

 

3.2 Overall study design 

To pursue these objectives and to resolve these issues and questions, a cross-

sectional observational study was conducted. Participant recruitment was conducted 

through two hospital research sites and self-referral. Testing was conducted at a single 

appointment for each participant at the GOS Institute of Child Health Developmental 

Neurosciences Programme testing facilities in London. The recruitment and testing 

period of the study lasted from July 2015 to June 2017. This study was conducted in 

close collaboration with clinical services at GOSH, which is reflected in the 

methodology described below.	 

 

3.3. Recruitment and sample selection criteria  

The intended recruitment achievements were to recruit the full range of CVI 

presentations and to run a statistical classification analysis within the timescale of a 

doctoral research project.  

A crucial consideration was the availability of eligible children from relevant 

hospital sites and self-referral. At the study planning phase it was estimated that 

approximately 90 children with probable CVI per year are referred to the GOSH 

Developmental Vision service, particularly those aged under 5 years. Around 100 

children per year are referred to the ophthalmology department with probable CVI with 

a wide range of ages and symptom severities. A recent previous doctoral research 
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project run at the same research institute, investigating children with CVI, reached its 

recruitment target of 50 participants within the allocated time frame, demonstrating the 

feasibility of recruiting at least this sample size (A. Tsirka, personal communication, 

2016). However, the pool of eligible participants for Tsirka’s research and the current 

study were overlapping (being recruited from GOSH ophthalmology and of similar 

ages), and thus the burden of participation may have resulted in some children 

participating in the first project not wishing to take part in more research. With regard to 

self-referral, a recent longitudinal project of infants with VI conducted at GOSH/ICH 

reported that 14% of children ascertained onto the project were recruited through self-

referral (Dale et al., 2017 – data reported in supplementary table S1 of the article). 

Additionally, the project reported that 77% of ascertained children consented to 

participate.  

To conduct appropriate statistical analyses, a sufficiently large sample size was 

needed. For the originally planned analysis method of cluster analysis, a power 

calculation is not appropriate as no effect sizes are being produced. Loose guidelines 

have been published however. Allen and Goldsten (2013), suggest that for each 

variable entered into cluster analysis, there should be at least 10 participants. Formann 

(1984) suggests that sample size should be 2n, where the number of variables to be 

inputted into analysis is n (discussed in Mooi & Sarstedt, 2011).   

Because of these considerations, it was decided that a full sample of n=70, 

including a high functioning subgroup of n=20, would be large enough to conduct 

statistical analysis (to include approximately 6-7 variables in the cluster analysis) and 

could be recruited from hospital sites and self-referral within the time frame of the 

study. At study planning, the recruitment timeframe was predicted to be one year.  
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3.3.1 Recruitment sources 

Possible participants were identified through: 

1. The database of children who had previously or were currently attending the 

tertiary specialist Developmental Vision Clinic (neurodisability) service at GOSH 

(DVC), 

2. Current attendance at the ophthalmology clinic, or other neurodisability clinics 

(Movement Disorder service, Developmental and Augmentative Communication 

service) at GOSH, 

3. Current attendance at the paediatric clinic at Moorfields Eye Hospital (MEH), 

4. Self-referral by families (information about the project was posted on relevant 

vision charity websites and the UCL GOS Institute of Child Health website, see 

Appendix 3 for details). 

 

Initial identification and ascertainment of participants through all clinical routes 

involved clinician review of patient information related to the study inclusion criteria 

(age, vision disorder diagnosis, level of functional visual abilities and relevant paediatric 

history). All potential participants identified through GOSH or MEH services were first 

approached by their clinician, who provided brief verbal information about the study. 

They were also given a study pre-consent information pack (including a study flyer, an 

information sheet for parents, an information sheet for children aged 5-7 years or 8-15 

years, and an expression of interest form). If the family agreed to be contacted, their 

details were passed on to the researcher. The researcher then contacted the family via 

telephone to discuss the project in more depth. For self-referral, the family contacted 

the researcher directly to express their interest in participation. They were then 

provided with the study pre-consent pack.  

For all potentially eligible children, the researcher checked that each child was 

eligible to participate in the study during a telephone conversation. Families were also 

given a chance to ask any questions and then further consider the project after 
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speaking with the researcher before undertaking final consenting and agreeing to 

participate in the project.  

 

3.3.2 Eligibility and inclusion criteria 

In order to ensure that children were drawn from the full possible presentations of CVI 

symptoms, children aged 5-15 years with a suspected or diagnosed congenital CVI of 

all vision levels, cognitive levels and with any possible co-occurring conditions were 

eligible for this study.  

The total sample included a subsample of ‘high functioning’ children aged 8-15 

years with higher level of visual function and estimated normal cognitive functioning/ 

intelligence as they were expected to be able to undertake an additional 

neuropsychological assessment battery including visual materials. This high functioning 

subgroup (termed the HF subgroup henceforth) was of particular interest in this study, 

to investigate the higher visual processing difficulties commonly reported in children 

with CVI and the inclusion of which under the umbrella of the condition is debated (see 

Chapter 2).   

The specific inclusion and exclusion criteria for this study are listed in Table 3.1, 

and the next sections describe the justification for these specific inclusion and 

exclusion criteria.  
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Table 3.1: Inclusion and exclusion criteria of the sample population 
Inclusion criteria for overall group 

1. Aged between 5 years 0 months and 15 years 11 months 
2. Diagnosis or suspicion of CVI  
3. Medical history indicating likelihood of congenital onset of CVI (e.g. preterm birth, 

cerebral palsy, meningitis, seizures, documented pre-, peri- or postnatal difficulties, 
abnormal MRI findings, abnormal VEP findings), originating within the first four weeks 
of life 

4. Concerns regarding functional vision, across all levels of vision ability 
5. All levels of cognitive functioning 
6. Any co-occurring conditions 
7. Willingness/ability of family to travel to the UCL GOS ICH for testing for one day  
8. Relative fluency in English (parents and child if developmentally appropriate) 

Additional inclusion criteria for HF subgroup  

9. Aged between 8 years 0 months and 15 years 11 months,  
10. Normal intelligence (estimated Verbal IQ ≥ 80)  
11. Visual acuity level better than 1.0 logMAR (6/60 Snellen equivalent) 

Exclusion criteria for overall group  

1. Aged under 5 years or 16 years and above 
2. Acquired CVI after the first four weeks of life (e.g. suspected to be caused by head 

injury, later childhood infection)  
3. Family not able to travel to the UCL GOS ICH for testing 
4. Child not able to understand English and parents have insufficient English to fill in 

parent rated questionnaires. 

Additional exclusion criteria for HF subgroup  

5. Severe motor impairment (equivalent to CP Gross Motor Function Classification Scale 
levels IV-V)  

6. Limited hand skills (equivalent to CP Manual Abilities Classification Scale System 
levels III-V) 

 

3.3.2.1 ‘Aged between 5 years 0 months and 15 years 11 months’ 

As the main objective of this study was to develop a comprehensive assessment 

system for children with suspected CVI, it was considered desirable to include a wide 

age range of school aged children from 5 to 15 years. The lower and upper age cut offs 

were selected for practical assessment reasons, whilst keeping the age range as wide 

as possible.  

The lower age cut off of 5 years was chosen as it was not feasible to combine 

the preschool and school aged range using the same assessment protocol, discussed 

further in Chapter 9. For developmental reasons, it is also more difficult (though 

arguably not impossible, see Ortibus, Peirens, Schoolmeesters, & Vanparijs, 2016) to 
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differentiate the higher aspects of cerebral vision such as higher visual processing from 

general cognitive ability in young children, as related cognitive abilities are still very 

immature (Section 1.4.2). Although several assessment batteries for preschool-aged 

children are currently under development (Ortibus et al., 2016; Breckenridge, Braddick, 

& Atkinson, 2013) they are not yet in widespread clinical use or in use at GOSH, an 

important consideration when selecting assessments for this study.  

The upper age cut-off of 15 years 11 months was selected to include the 

accepted childhood range of middle childhood and younger adolescence. It was not felt 

appropriate to include older young people, as this would require using adult range 

assessment tools with norms above age 16 years. Similar vision and 

neuropsychological assessments for older adolescents would require the use of adult 

assessments which do not necessarily correspond to the norms of the younger age 

tests, thus making comparisons between the adult and child versions of the tasks 

difficult (Gordon, Duff, Davidson, & Whitaker, 2010; Nagle & Lazarus, 1979).  

HF subgroup additional consideration: The lower age cut-off for the HF 

subgroup was chosen as 8 years 0 months as a recognised childhood age when higher 

neuropsychological testing is feasible permitting the assessing of more complex higher 

visual processing and related abilities which continue to develop well into adolescence 

(Dye & Bavelier, 2010; Klenberg, Korkman, & Lahti-Nuuttila, 2001; Zihl & Dutton, 

2014).  

 

3.3.2.2 ‘Diagnosis or suspicion of CVI’ 

As no consensual national guidelines exist for the clinical assessment of CVI and the 

medical diagnosis of the condition is not reliably standardized across clinical services 

(Boot et al., 2010; see Chapter 2), it is believed that not all children with the probable 

condition actually receive a diagnosis (Williams et al., 2011; Macintyre-Beon et al., 

2013; Philip & Dutton, 2014). Additionally, children with relatively normal visual acuity 
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and concerns regarding complex higher visual processing difficulties may not be 

referred to specialist ophthalmological/ paediatric clinics in the UK (Macintyre-Beon et 

al., 2013; Williams et al., 2011). Therefore, in order to include all possible presentations 

of CVI, including the higher functioning end of the spectrum, it was decided to invite to 

participate those children with a clinical diagnosis of CVI as well as those with a 

suspected CVI condition.  

For children with a diagnosed CVI condition, this had initially been determined 

by an ophthalmologist or paediatrician either in GOSH, MEH or from external 

ophthalmological or paediatric hospital sites. In order for a child with no definite 

diagnosis to be included, parents needed to report significant difficulties in everyday 

functional vision which were also acknowledged by specialist teachers and clinicians 

involved with the child. This could include problems with face- or object recognition, 

spatial navigation, visual memory, visual attention or other vision-related activities 

attributed to CVI (as described by e.g. MacIntyre-Beon et al., 2013; Roman-Lantzy, 

2007).  

Some of the difficulties that parents reported were vision-related behaviours 

that might also be influenced by other cognitive domains (e.g. difficulty reading, 

difficulty recognizing faces). Therefore all parents were carefully questioned prior to 

inclusion to establish that the child had a cluster of vision related behaviours that could 

constitute CVI. Information was collected on whether the child had been seen by an 

ophthalmologist and whether they had any ophthalmological diagnoses. Parents were 

also asked about the child’s paediatric diagnoses. In cases where there was no 

previous diagnosis of CVI or other ophthalmological diagnoses were disclosed, a 

consultant paediatric ophthalmologist (Mr Richard Bowman, RB) was consulted about 

whether the child’s visual symptoms were likely to be caused primarily by CVI or 

ophthalmological factors. Only those children whose visual difficulties were deemed to 

be primarily caused by CVI by the ophthalmologist were included. For very low 

functioning children with significant other conditions (e.g. intellectual disability, cerebral 
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palsy), a consultant paediatrician (Dr Jenefer Sargent, JS) was consulted about 

whether the child’s behavioural symptoms were likely to be indicative of a visual 

difficulty or caused by other factors (e.g. mobility, comprehension, social 

communication difficulties). Only those children whose symptoms were deemed likely 

to be of visual origin by the paediatrician were included. 

 

3.3.2.3 ‘Medical history indicating likelihood of congenital onset of CVI’	

It was important to limit the very diverse potential paediatric heterogeneity of this 

sample in some way, to reach a more cohesive sample for classification purposes. This 

was done by restricting the suspected age of brain injury/insult presumed to lead to the 

onset of CVI. The congenital onset of CVI/brain insult was therefore selected. This was 

viewed as the most advantageous for the following reasons. 

1) The majority of children with diagnosed CVI have a paediatric history of an early 

birth insult within the first month of life (Afshari et al., 2001; Good et al., 1994; 

Good et al., 2001; individual studies listed in Table 3.2). 

2) Several previous studies have separated children with CVI into groups 

according to the (suspected) time of onset. Commonly, when the onset of CVI is 

pre- or perinatal, this is termed congenital CVI, whereas a later onset of the 

condition is termed acquired CVI in the published literature (Matsuba & Jan, 

2006; Sonksen et al.,1991; Whiting et al., 1985). 

3) The ongoing development of the brain and neural plasticity may play an 

important role in the presenting symptom clusters. Thus children with a period 

of normal brain development before a brain insult causing CVI may have 

different presentations to children with abnormal brain development associated 

with CVI from birth (Guzzetta et al., 2010). 
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Table 3.2: Proportion of children with CVI onset before the end of the neonatal 
period 

Study  Sample size % with congenital CVI  

Alagaratnam, Sharma, Lim, & Fleck, 2002 107 69% 

Chong, & Dai, 2014 183 79% 

Haddad, Sei, Sampaio, & Kara-Jose, 2007 319 67% 

Whiting et al., 1985 50 60% 

Khetpal & Donahue, 2007 98 84% 
 

In this study, it was therefore decided that the child’s medical history needed to 

provide an indication that the brain insult and apparent onset of the condition was 

within four weeks of birth to ensure that the CVI was not due to a later acquired injury. 

Indication of early brain vulnerabilities likely to cause CVI included preterm birth, 

intraventricular haemorrhage, hypoxic-ischaemic event, infection, structural brain 

abnormalities, seizure disorder, or a genetic syndrome.  

Each child’s medical history was judged individually. All parents were asked 

about whether their child had experienced any of the following common risk factors for 

CVI within the first four weeks of life: hypoxia/ischaemia, preterm birth, infection, 

periventricular leucomalacia, seizures, cerebrovascular incident, or genetic 

condition/congenital brain abnormality. Those children who did not have a known early 

incident in their paediatric history but who fulfilled all other inclusion criteria of concerns 

around visual functioning and had a strong history of visual difficulties from the first 

months of life were however also included in the sample. Those children who were 

reported to have suffered from an event after the first four weeks of life, after which 

their visual difficulties were reported to have emerged, were excluded.  

	

3.3.2.4 ‘Concerns regarding functional vision, across all levels of vision ability’ 

Children with all levels of vision ability, as measured by visual acuity, were included in 

this study in line with the consensus and common European definition of CVI (Lanzi et 

al., 1998; Oud et al., 1999; Salavati et al., 2015). The definition that was proposed from 
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the systematic review (see Chapter 2) also included the wider visual dysfunctions in the 

presence of normal/near normal visual acuity (e.g. problems with seeing things in a 

busy environment, object recognition, visual memory, etc.) as well as documented 

visual acuity/visual field loss. The decision to include the full breadth of visual 

dysfunction and vision ability would permit the study to investigate whether children 

with mild or no visual acuity reduction should also be classified as having CVI, in 

addition to those with overt VI. The inclusion criterion was therefore ‘stated concerns 

regarding functional vision’, which could be reported by the child, parents, teachers or 

other professionals involved in the care of the child.  

All children in the sample had reported concerns regarding everyday functional 

vision, ranging from 1) profound or severe VI and being a tactile/Braille learner and with 

significant difficulties discriminating visual details to 2) better vision including 

mild/moderate VI or relatively good acuity but with marked difficulties in everyday use 

of vision such as problems reading, problems seeing the classroom whiteboard, 

problems recognizing people’s faces or difficulties in seeing things in crowded 

environments.  

 

3.3.2.5 ‘All levels of cognitive functioning’ 

Children with all levels of cognitive functioning, including significant intellectual 

disability, were included in order to include the widest possible spectrum of conditions 

with CVI. This was taken into consideration in the design of the assessment protocol 

and there are different assessment tools chosen to investigate a particular visual skill 

or domain depending on the individual child’s general ability level.  

 

3.3.2.6 ‘Any co-occurring conditions’ 

Children with any potential co-occurring conditions were also included in the study. As 

the majority of children with CVI suffer from other conditions such as motor impairment 
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or epilepsy in addition to their visual difficulties, excluding children with some or all co-

occurring conditions would have limited the sampling and potentially prevented the 

results generalizing to the overall population of children with CVI. It was therefore 

decided that no co-occurring condition would by definition be excluded.  

 

3.3.3. Recruitment strategy 

In order to achieve a representative sample of children for the primary objective of 

designing a classification framework, it was of primary importance to ensure that the 

full spectrum of CVI presentations could be identified. The recruitment strategy was 

therefore a combination of non-probability convenience sampling through clinic-referred 

children or parent self-referral enrolment, with some further within group stratification to 

achieve a priori-set characteristics of targeted numbers of ‘higher functioning’ children 

and to ensure the full spectrum of ages, vision levels and cognitive levels were 

included. Although a random probability sample is the most desirable sampling for 

representation of population characteristics, it was not felt feasible that such a 

recruitment strategy to achieve this could be undertaken within the budget and time 

limits of the study. As this study did not aim to undertake an epidemiological study of 

prevalence, the recruitment strategy to achieve a sufficient spectrum of CVI 

presentations was considered appropriate and adequate for the primary objectives of 

this study.  

At the commencement of the study, any eligible child was ascertained through 

the above pathways (Section 3.3.1). Once each child had been identified, their parents 

contacted and their Expression of Interest form received, the characteristics of the 

individual child were examined further before the final recruitment process and 

consenting advanced to confirm eligibility. The characteristics of the ascertained pre-

consented children and the already recruited sample were evaluated at regular weekly 

intervals throughout the recruitment period to ensure that children of all ages, cognitive 
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abilities and CVI-related symptomatology were represented. At ten months from 

recruitment onset, the assistance of the GOSH neurodisability service consultant 

paediatrician (JS) was sought to identify very low-functioning children who could be 

invited to participate in the study. This led to eight children (12% of final study sample) 

being recruited onto the project as a result of stratified sampling as this group was 

underrepresented in the sample at the time. No other stratification was necessary and 

the desired sample size of n=20 in the HF subsample was fulfilled.  

  

3.4 Research ethics 

Ethical approval for this study was granted by the Fulham NHS Research Ethics 

Committee on 27.05.2015 (REC reference 15/LO/0848). Local R&D approval from 

GOSH/ICH was obtained on 22.06.2015. The research study was added onto the NIHR 

CRN Portfolio (North Thames CSP) on 10.06.2015. (Cerebral Visual Disorders 

Classification System, study ID: 19146). Permission from MEH to be a Patient 

Identification Centre (with Dr Ngozi Oluonye acting as local collaborator) was received 

on 14.07.2015. A major amendment was granted by the Fulham NHS Research Ethics 

Committee on 25.08.2015. This amendment concerned changes to the project protocol 

and consent form, specifically for participants who were already attending GOSH 

clinics in which similar clinical assessments may be undertaken as part of their routine 

clinic appointment. In the amended consent form, parents may be asked to grant 

permission for the clinic test results to be released from the patient records to the 

research database so that the tests or examinations do not have to be repeated. This 

amendment also added a request for the researcher to access the patient records of 

their brain MRI scans from GOSH if available.  

Written consent was obtained from the parent/guardian prior to participating in 

the research project including undertaking the research assessment and any access to 

medical records. Children who were able to understand the implications of participating 
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in the project were also asked for written assent to participate. The researcher informed 

each child and parent participant that they could withdraw from the study at any time 

without any negative impact on their clinical care. All participants’ data was handled in 

accordance with the principles of the Data Protection Act 1998 and the project was 

registered with the data protection officer at the UCL Institute of Child Health. In order 

to lessen the burden of the study, participant travel and overnight hotel expenses, if 

required, were reimbursed and research assessments were arranged at the 

participants’ convenience.  

 

3.5 Materials 

As this study was developed with the aim of results being fed back into clinical practice 

as directly as possible, it incorporated multidisciplinary methods including 

ophthalmology, developmental paediatrics, and developmental neuropsychology. It 

also primarily used measurement approaches that are standardized and publicly 

available and could be replicated in the hospital clinic setting.  

 

3.5.1 Vision assessments 

Table 3.3 below lists the basic and higher vision assessments used in this study by the 

investigator (HS) and the preferred order of administration. These assessments are 

discussed in detail in Chapter 5 (including the reasoning for selection of the 

assessment battery within the context of available assessment methods and details of 

administration and scoring).  
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Table 3.3: Vision assessment battery and preferred administration order  

 Assessment order* Assessment name 

Basic vision 
assessment 

1. 

Keeler Cards (Keeler Ltd, 2014) 

Sonksen logMAR Test (Sonksen et al., 2008) 

Near Detection Scale (NDS) (Sonksen et al., 1991) 

Sonksen Picture Test (Sonksen & McRae, 1987) 

3. 

Hiding Heidi Contrast Sensitivity Test (Hyvarinen, n.d . 
- a) 

LEA Contrast Sensitivity Optotype Test (Hyvarinen, 
n.d . - b) 

Frisby Stereotest (Frisby, 2013) 

Ishihara Colour Vision Test (Ishihara, 1972) 

7. 

Motion coherence threshold assessment (Gunn et al., 
2002) 

Form coherence coherence threshold assessment 
(Gunn et al., 2002) 

Higher visual 
assessment 

4. 
LEA Rectangles test (Hyvarinen, n.d . - d) 

LEA mailbox test (Hyvarinen, n.d . - c) 

5. Test of Visual Perceptual Skills – 3rd Edition (Martin, 
2006) 

6. Beery-Buktenika Developmental Test of Visuomotor 
Integration – 6th Edition (Beery et al., 2010) 

8. 

Wechsler Intelligence Scales for Children – 4th edition 
(WISC): Block Design (Wechsler, 2004) 

NEPSY: Arrows, Geometric Puzzles (Korkman, Kirk, 
& Kemp, 2007) 

Test of Everyday Attention for Children (TEA-Ch): Sky 
Search, Map Mission (Manly et al., 1998) 

Children’s Memory Scale: Dot Locations (Cohen, 
1997) 

* Second in the assessment order is cognitive/developmental assessment 
 

3.5.2 Cognition 

The conventional way to determine cognitive level is to assess and measure according 

to chronological age to reach a standard intellectual quotient (IQ; Wechsler, 2004; 

2013). ICD-10 refers to IQ ranges to assist in the diagnosis of intellectual disability as 

shown in Table 3.4 (World Health Organization, 2010). DSM-5 classification continues 

with this approach but also includes additional consideration of adaptive functioning 

across social, conceptual and practical domains where feasible (American Psychiatric 
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Association, 2013). However in children and adults with VI, adaptive functioning may 

also be affected by constraints arising from living in the environment. 

 

Table 3.4: ICD-10 categorization of intellectual disability 
Category label ICD-10 IQ level* 

Mild intellectual disability 50-70 

Moderate intellectual disability 35-49 

Severe intellectual disability 20-34 

Profound intellectual disability <20 

*Each category estimate also has 5-point overlap with each other (upwards)   
 

Depending on the chronological age and estimated expressive language level 

of the participant, they were assessed with the Wechsler Intelligence Scales for 

Children -4th edition (WISC-IV, for children aged 6-16 years - Wechsler, 2004), the 

Wechsler Preschool and Primary Scales of Intelligence, 5th Edition (WPPSI-V, for 

children aged 5-6 years - Wechsler, 2013), or the Reynell Zinkin Scales for infants and 

young children with a visual impairment (RZ - Reynell & Zinkin, 1975).  A small minority 

of children were unable to complete any standard developmental assessment due to 

severe multidisabilty. In these cases, the child’s developmental level was estimated by 

the experienced consultant paediatrician (JS) who referred the child to the project. 

As the Wechsler scales have been developed for children with no sensory 

impairments, it was decided to administer only the verbal subtests that form the 

composite score of the Verbal Reasoning Index (VCI). Some researchers have 

alternatively used the Perceptual Reasoning Index (PRI) as a measure of cognition in 

children with CVI (Ortibus, De Cock, & Lagae, 2011; van Genderen et al., 2012). 

However, to ensure that the participants in our study who had very low levels of vision 

were not disadvantaged by not being able to see the pictorial materials or their details 

of the PRI subtests, we used the VCI only as a measure of cognition that could be used 

reliably across the total sample regardless of vision level. This has been reported as an 

appropriate approach to measuring cognition in children with severe VI in previous 
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research by the research group of this study and by others (Bathelt, De Haan, Salt, & 

Dale, 2016; Dekker, 1993; Roberts, Anderson, & Doyle, 2010), as well as by the 

clinicians of the DVC. A further argument for this decision is that the VCI does not 

include subtests that overlap with the higher vision assessment such as the WISC-IV 

Block Design and other visual perceptual and spatial tests (see Chapter 5 for further 

details), thereby preventing any confounding between the cognition and the vision 

assessments.  

WISC-IV. In the WISC-IV, the VCI is comprised of three subscales. In the 

Similarities subscale, the participant is presented with two words that represent 

common objects or concepts and asked to describe how they are similar to each other 

(e.g. “In what way are a shirt and a shoe alike?”). The Vocabulary subscale requires 

the child to give definitions for words that are read out loud (e.g. “What does brave 

mean?”). The Comprehension subscale requires the child to answer questions based 

on their understanding of general situations and social situations (e.g. “Why do cars 

have seatbelts?”).  

Each item in the WISC-IV was considered for its vision-related content. As a 

result, the reversal rule of Vocabulary was not applied to the initial four picture items in 

the subscale. All participants were given full credit for these four items even if they did 

not obtain the full two points for the first two verbal items in this task. In addition, one 

question in the Comprehension subscale was changed to account for this (from 

original: “What should you do if you see thick smoke coming from the window of your 

neighbour’s house?” to “What should you do if you smell thick smoke coming from the 

window of your neighbour’s house?”), in line with the modification reported by Bathelt 

and colleagues (2016).  

Notwithstanding these modifications, standard administration and scoring of the 

VCI subscales was undertaken according to the WISC-IV UK manual (Wechsler, 

2004). Each subscale start point was determined according to the participant’s age in 

line with the manual guidance and reversal rules were administered as described in the 
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manual with the exception of Vocabulary as described above. Subscale administration 

was terminated after five consecutive items scoring 0 points for Similarities and 

Vocabulary, and after four consecutive items scoring 0 points for Comprehension. Raw 

scores were converted to scaled scores according to the participant’s age and the sum 

of scaled scores for the three subscales was converted to a standard score for VCI 

using the WISC-IV UK manual normative data (Wechsler, 2004).  

WPPSI-V. In the WPPSI-V, the VCI is comprised of two subscales (Wechsler, 

2013). The Information subscale requires the participant to answer questions about a 

broad range of general knowledge topics (e.g. “Who wears a crown?”). In the 

Similarities subscale, the assessor reads out two words that represent common objects 

or concepts and the participant must describe how they are similar by finishing the 

assessor’s sentence (e.g. “Biscuits and ice cream are both…”).  

Each item in the WPPSI-V was also considered for its vision-related content. 

For both subscales of the VCI in the WPPSI-V, the initial four items are presented as 

pictures. As with WISC-IV Vocabulary, these initial items were not presented and the 

child was given full credit for these items if they did not reach the discontinuation rule 

without scoring any points. If a child was not able to score any points on Information or 

Similarities, administration was terminated and the RZ scales were administered 

instead. This was done for two participants. Many verbal items in the WPPSI-V VCI 

subscales also include vision-related content (e.g. Information items: “What do people 

write with?”; “What colour is most dirt?”; “How many eyes do you have?”; Similarities 

item: “Red and yellow are both…?”). However these items were not altered for this 

study as it was felt that further modification of the assessment might invalidate the test 

norms (Wechsler, 2013).  Although some participants had a hearing impairment, left 

temporal lobe damage or speech and language delay, language impairments could not 

be explicitly accommodated for in this assessment.  

Notwithstanding these modifications, standard administration and scoring of the 

VCI subscales was undertaken according to the WPPSI-V UK manual (Wechsler, 
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2013). Each subscale start point was determined according to the participant’s age in 

line with the manual guidance and reversal rules were administered as described in the 

manual. Subscale administration was terminated after three consecutive items scoring 

0 points. Raw scores were converted to scaled scores according to the participant’s 

age and the sum of scaled scores for the two subscales was converted to a standard 

score for VCI using the WPPSI-V UK manual normative data (Wechsler, 2013).  

For participants over the age of 7 years 7 months assessed with the WPPSI-V, 

the subscales were administered from the first item onwards and discontinued after 

three consecutive scores of 0. No VCI could be calculated as the WPPSI-V is only 

standardized up to 7 years 7 months, so age equivalents for each subscale from the 

manual were used instead. The mean age equivalent was then used to calculate a 

developmental quotient (DQ) for the child. A DQ is a standardized measure of 

development, calculated by dividing the developmental age (in this case mean age 

equivalent) of the child by their chronological age and multiplying by 100. A score of 

100 indicates that the child’s developmental age matches their chronological age 

exactly. Scores below 100 indicate that the child’s developmental age is younger than 

their chronological age and scores above 100 indicate that the child’s developmental 

age is older than their chronological age.  

Reynell-Zinkin Scales. The RZ scales were conducted with children with an 

estimated developmental level below 5 years. This was practically determined if the 

child was not yet speaking in full sentences or if the child was unable to cooperate 

when conducting the WPPSI-V, as the WPPSI-V test scores rely on verbally fluent 

responses. The RZ scales are a semi-standardized developmental assessment for 

infants and young children with visual impairment (Reynell, 1972). The assessment 

contains six subscales, four of which were administered during this assessment: 

Sensorimotor Understanding (SMU), Verbal Comprehension (VC), Expressive 

Language (content, EL-c) and Expressive Language (structure, EL-s). Each subscale is 

scored separately and the RZ manual can be used to obtain subscale age equivalents 
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based on norms for blind, partially sighted or sighted children (see Dale & Sonksen 

2002; Vervloed, Hamers, van Mens-Weisz, & Van de Vosse, 2000; and Dale et al., 

2017 for limitations of the RZ norms). The sighted norms were used to estimate age 

equivalents for all children in the sample who were tested with the RZ in order to keep 

this consistent with the norms used in the WISC-IV and WPPSI-V, which are only for 

sighted children. On the basis of the age equivalent estimate of the sensorimotor 

understanding subscale, a DQ was calculated for each child, as explained above. 

Although a published study reported calculating a composite DQ score based on 

averages of all subscales (Signorini et al., 2012), this is not a standardized approach 

and not described in the RZ manual. Thus the SMU subscale was chosen to be an 

estimate of cognitive development, in line with previous research (Reynell, 1979; Dale 

et al., 2017). If the child had a movement disorder affecting the use of their upper limbs 

and could not complete the SMU subscale, their score and age equivalent from the VC 

subscale was used to calculate the DQ (this was necessary for one child). 

Interpretation of IQ/DQ scores:  In order to obtain a ‘standard’ cognitive score 

that could be applied across the total sample for reasons of statistical computation, VCI 

scores and DQs were used as an IQ estimate (for children with no formal IQ score), in 

line with previous studies where cognition was measured across a wide range of ability 

and derived from several different measures (Kawabe et al., 2016; Kono et al., 2016; 

Kurita, Osada, Shimizu, & Tachimori, 2003). From here onwards, this combined DQ/IQ 

scale is referred to as “IQ estimate”, and when discussing any subsamples where all 

participants completed a formal age-appropriate standardized IQ test (WISC-IV or 

WPPSI-V), VCI is discussed.  

To further assist this ‘standardization’ across the total sample, ordinal 

categories describing differing cognitive levels were developed according to those used 

in the Wechsler Scales test manuals and applied to both the IQ/DQ of the individual 

participants (see Table 3.5). All participants who were not able to complete a formal 

age-appropriate IQ assessment fell into the lowest category (extremely low range).  
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Table 3.5: Descriptive categories of cognitive level (adapted from the test 
manuals of the Wechsler scales) 
Category Test score 

Above average  Formal VCI measurement >120 

High average Formal VCI measurement 110-119 

Average  Formal VCI measurement 90-109 

Low average Formal VCI measurement 80-89 

Borderline Formal VCI measurement 70-79 

Extremely low  Formal VCI measurement <70 
Measured on RZ – DQ <70 
Not able to measure formally 

 

3.5.3 Questionnaires 

The assessment battery contained four parent-report questionnaires, described further 

below. The assessor explained all relevant questionnaires to the parent at the 

beginning of the assessment and they were encouraged to ask questions if they 

needed more information about any part of the questionnaires. 

 

3.5.3.1 INSIGHT questionnaire 

All parents were asked to fill in the INSIGHT questionnaire, or Visual Skills Inventory. 

This is a paediatric CVI screening questionnaire in wide clinical use (see Section 1.6.4 

for details on research on the INSIGHT questionnaire). The scoring of the INSIGHT 

questionnaire is discussed in more depth in Chapter 5.   

 

3.5.3.2 Child health questionnaire  

A child health questionnaire was developed for this study on the basis of areas 

commonly explored during a clinical structured history taking with parents in GOSH 

DVC, as advised by the consultant neurodisability paediatrician of the project (see 

Appendix 4). The questionnaire gathered information about the child’s ophthalmological 

diagnoses and interventions, all other medical diagnoses, details of the child’s 
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education and any other support or interventions they were receiving. The 

questionnaire contained a mixture of open-ended items, multiple choice, and binary 

yes/no responses.  

 

3.5.3.3 Demographics questionnaire 

A parent demographics questionnaire was developed on the basis of items used in the 

most recent 2011 UK Census survey (Office for National Statistics, 2011), and 

gathered maternal and paternal information about education, employment, ethnicity 

and cultural background, and marital status. A series of categorical items were included 

from which parents chose the answer most relevant to themselves. See Appendix 5 for 

the demographics questionnaire.  

 

3.5.3.4 PEDS-QL questionnaire 

The PedsQL 4.0 UK version was used to investigate the child’s general health-related 

quality of life (Varni, Burwinkle & Seid, 2006). This is a well-validated questionnaire that 

has been used in a variety of research contexts and can be easily compared with other 

measures of health-related quality of life (Upton et al., 2005; Upton, Lawford, & Eiser, 

2008; Varni et al., 2006). The questionnaire is copyrighted but can be accessed with 

the authors’ permission from the following website: https://www.pedsql.org. As it was 

important to have a standard measure of quality of life across the sample, the parent-

proxy report rather than the version of child self-report was used, although some 

researchers report that the parent-proxy measure may not have a strong relationship 

with child self-report quality of life (Cremeens, Eiser, & Blades, 2006; Eiser & Morse, 

2001). This decision took into account that some children were too young or lacked 

capacity to fill in a child self-report quality of life measure.  

The PEDS-QL contains 23 items divided into four subscales (eight items in 

Physical functioning; five items each in Emotional functioning, Social functioning, and 
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School functioning) that are scored on the basis of the child’s behaviour in the past 

month. Each item is rated by the parent on a 5-point Likert scale ranging from 0 (never 

a problem) to 4 (always a problem).  

Scoring and interpretation: The PEDS-QL gives a total score comprising all 23 

items, a Physical Domain score comprising the Physical functioning subscale and a 

Psychosocial Domain comprising the Emotional, Social and School functioning 

subscales. Items are reverse-scored and summed for each domain and each scale is 

transformed to a 0-100 scale, with higher scores indicating better quality of life. The 

PEDS-QL 4.0 UK version has published normative data, against which the data 

collected in this study is compared (Upton et al., 2005). As the PEDS-QL is designed 

for children with no mobility or sensory impairments, some items were not applicable all 

participants. This is further discussed in Chapter 9.  

  

3.5.4 Additional medical information  

3.5.4.1 Ophthalmological information 

A full ophthalmological assessment was conducted by the consultant ophthalmologist 

on the study (RB) and an orthoptist at GOSH Ophthalmology Department as part of 

routine clinical examinations which the child was referred for. Eye examination included 

fundoscopy and retinoscopy (with or without cycloplegia according to appropriate 

clinical care, as determined by the consultant ophthalmologist), as well as any other 

assessment deemed clinically necessary on an individual basis by the ophthalmologist. 

The eye examination results were recorded onto a standard data template (see 

Appendix 6). Fundoscopy was recorded as normal/abnormal and comments were 

included by the ophthalmologist if deemed necessary. Refraction was coded as normal 

or abnormal and comments on the type of refractive error were included by the 

ophthalmologist. Accommodation lag was also described in this section, if present. The 

ophthalmologist also determined whether or not the child’s diagnosis of CVI could be 
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clinically confirmed on the basis of the ophthalmological assessment. Two of the 

following three criteria needed to be fulfilled in order for the CVI diagnosis to be 

confirmed: 1) known history or brain injury, 2) convincing symptoms of functional vision 

difficulties in daily life reported by parents, and 3) some objective evidence of visual 

difficulties on examination (n.b. the ophthalmologist did not have access to the 

research assessment neuropsychological test results) (R. Bowman, personal 

communication, June 2018).  

The orthoptist assessment (conducted by Mr Roopen Kukadia, RK) included 

ocular motility, corneal reflexes, convergence and visual field assessment. The relevant 

information from each participant’s most recent GOSH ophthalmology assessment and 

related report was extracted for this study, with written parental consent. See Appendix 

6 for details of the assessments undertaken by the ophthalmologist and the orthoptist. 

For ocular motility, the cover test was conducted and results for each eye recorded at 

near and distance as symmetrical, exotropic, esotropic, hypertropic or hypoptropic. For 

data purposes, only exotropia and esotropia are coded in this study as no child had 

only a hyper/hypotropia according to the orthoptist. A qualitative comment for 

nystagmus was obtained and coded as nystagmus absent or present. Visual fields 

were recorded for each eye separately or binocular as normal/abnormal (and the 

abnormality described if present). Visual fields were then coded by the researcher as 

normal, right field defect, left field defect, inferior field defect or generalized field loss.  

  

3.5.4.2 Paediatric diagnoses 

Information about the child’s health and paediatric diagnoses were obtained through 

several sources. If possible, paediatric diagnostic information was extracted from the 

participant’s most recent GOSH Neurodisability service report (from attending the DVC, 

Movement Disorder clinic or Developmental and Augmentative Communication clinic), 

as these reports include details of the child’s overall medical history and all available 

paediatric diagnoses. However, as only a subset of participants was seen in the 
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hospital neurodisability department, information on the remaining children was 

extracted from the ophthalmology department report of the child. This was used in 

combination with the parent-rated child health questionnaire to obtain the relevant 

medical details and paediatric diagnoses. ICD-10 classified paediatric diagnoses were 

extracted. These included current seizure disorder, presence of attention deficit 

hyperactivity disorder (ADHD), autism spectrum disorder (ASD), developmental 

coordination disorder (DCD), dyslexia, and hearing impairment (HI).  

Presence of movement disorder and details of the limbs affected were coded 

(left/right hemiplegia, diplegia, quadriplegia, unspecified). Movement disorder was also 

coded according to the severity of gross motor function limitation according to the 

Gross Motor Function Classification Scale (GMFCS; Palisano et al., 1997). The 

GMFCS estimate was made by the researcher (HS) with the aid of the consultant 

neurodisability paediatrician (JS) who had extensive experience in using this scale and 

coaching non-experts e.g. parents/teachers in making accurate GMFCS level 

judgments.   

It was not possible to ascertain for certain the aetiology of each participant’s 

CVI, and thus risk factors for CVI were coded instead. The following risk factors were 

coded: infection, hypoglycaemia, genetic condition, preterm birth, intraventricular 

haemorrhage, cerebrovascular accident, genetic condition (with brain involvement), 

hydrocephalus, seizures, periventricular leucomalacia, and likely hypoxia/ischaemia. It 

was not always possible to determine whether or not a child had suffered from 

hypoxia/ischaemia at birth as these records were not available at the tertiary hospital of 

the study and parents were not always reliable reporters of this. Thus, when possibly 

applicable this was coded as ‘likely hypoxia-ischaemia’ according to parental report.  

 

 

 



134	
	

3.5.4.3 MRI data  

Parental consent was obtained to access the participant’s clinical brain MRI scan if this 

was available at GOSH. This project did not have the objective to conduct research 

neuroimaging as part of the development of a classification framework based on 

clinical testing; however having the opportunity to view the reports of the clinical MRI 

scans was potentially informative in relation to children’s medical history and the final 

classification framework.  A consultant neuroradiologist (Kshitij Mankhad, KM) and 

specialist registrar (Giacomo Talenti, GT) at GOSH scored all available brain MRI 

scans. MRI scans were evaluated according to a standard template, and then coded by 

the researcher (HS) according to the following semi-quantitative template, which was 

adapted from the (Fiori et al., 2014) brain MRI coding template for CP, for use in this 

specific study (see Figure 3.1).  

The coding template permits investigation of brain regions separately, with 

higher scores indicating more damage. All regions were also summed to obtain a total 

brain integrity score; hemisphere scores were obtained by summing the lobar and 

striatum scores of each hemisphere.  Figure 3.1 illustrates the MRI scoring regions and 

composite scores.  

 

Cerebral lobes: The lobes (frontal, parietal, occipital, temporal) were scored separately. 

For each lobe, cortical grey matter and subcortical white matter were scored (0=no 

abnormality seen, 1=abnormality seen on scan) and summed for a lobar score of 0-2 

for each lobe in each hemisphere.  

Striatum: The thalamus and basal ganglia were coded separately (0=no abnormality 

seen, 1=abnormality seen on scan) and summed for a striatum score of 0-2 in each 

hemisphere. 

Brainstem: the brainstem was given a score of 0 if no abnormalities were seen and a 

score of 1 if an abnormality was seen on the scan.  
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Cerebellum: The left and right hemispheres and vermis of the cerebellum were scored 

for the cerebellum, with a score of 0 for each region if on abnormality was seen and a 

score of 1 if an abnormality was seen on the scan, with a total score of 0-3.  

 

Figure 3.1: Flow chart of region and composite scores of the MRI coding 
template, scores in parentheses. Based on Fiori et al., 2014 

 
In addition, as this project focuses specifically on cerebral vision, the visual 

pathways were coded separately. Three regions were investigated: the pregeniculate 

area (optic nerves, optic tracts), post-geniculate area (optic radiations) and the visual 

cortex. Each region was given a score of 0 if no abnormalities were noted and 1 if any 

abnormalities were recorded, resulting in a total score ranging between 0-3. 
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3.6 Assessment procedure 

Participants attended one assessment at the UCL GOS ICH testing facilities. All 

children were assessed with both eyes open and best corrected vision, wearing their 

eye glasses. Assessment time ranged between one and six hours depending on the 

child participant’s age, vision level and cognitive abilities (see Chapter 6 for further 

details on how many participants were able to complete the assessment battery). The 

assessment accommodated for as many breaks as the child required. Parents were 

asked to complete a set of questionnaires during the assessment and participants aged 

10-16 years also completed two self-report questionnaires. As the sample included 

children of varying ages, developmental levels and those with significant movement 

disorders, the precise details of the assessment battery administered varied according 

to the appropriateness for each child’s individual needs (as detailed above Section 

3.5.2, and further in Chapter 5).   

In a hospital setting, the range of assessments in this study would be carried 

out by a range of healthcare professionals. Vision and ophthalmological investigations 

would be conducted by ophthalmology professionals including ophthalmologists, 

optometrists and orthoptists. Cognitive and neuropsychological assessment would be 

carried out by a clinical neuropsychologist. Neuroimaging would be carried out by 

radiology department professionals. Paediatric information relating to co-occurring 

conditions and the child’s medical history would be collected by a neurodisability/ 

developmental paediatrician or paediatric neurologist.  

Due to the funding and time limits, as well as the purpose of this PhD research 

project, the PhD researcher conducted the majority of the assessments in the study 

under direct training and supervision by the clinical neuropsychologist (ND, Naomi Dale 

– primary supervisor), the ophthalmologist (RB, Richard Bowman – supervisor), and 

the neurodisability paediatrician (JS, Jenefer Sargent – clinical supervisor). An 

orthoptist carried out assessment of ocular motility and visual fields, and a consultant 
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paediatric ophthalmologist carried out the clinical eye examination, as described in 

Section 3.5.4.1. 

 

3.6.1 Order of administration of assessments 

The research assessments administered by the PhD researcher listed below, were 

conducted in a standard order wherever possible, according to 1) assessment of visual 

acuity, 2) cognitive/ developmental assessment, 3) basic vision assessment (contrast 

sensitivity, stereopsis, colour vision), 4) simple visual perceptual tasks (LEA 

Rectangles, LEA Mailbox), 5) standardised test of visual perception (Test of Visual 

Perceptual Skills), 6) assessment of visuomotor integration (Beery Developmental Test 

of Visuomotor Integration), 7) computerised form- and motion coherence threshold 

tasks and 8) higher neuropsychological assessment (according to the child’s abilities). 

See Appendix 6 for the assessment protocol proforma and Table 3.3 for details of 

assessments and the assessment order.  

However, many children were recruited through GOSH neurodisability service 

and attended the DVC where the clinical team usually conduct some of the same 

assessments included in the research protocol. For these children, the order of 

assessments occasionally differed as the testing undertaken during the child’s clinical 

care was prioritized (see Appendix 7 for a flow chart of the possible assessment 

pathways). Where possible, HS conducted the assessments for the research project 

during the DVC appointment and under the supervision of the clinical psychologist 

assigned to the appointment. Details of the assessment scores were extracted from 

GOSH medical records after the research assessment session, with parental consent. 

The possible assessment environments and assessors are outlined in Table 3.6. 
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Table 3.6: Variation in research assessment environments and related assessors  
Research assessment environments 

1) Full assessment completed at the ICH Wolfson Centre by HS  

2) Assessment partially conducted at the ICH Wolfson Centre by HS and partially at GOSH 
DVC by HS 

3) Assessment partially conducted at the ICH Wolfson Centre by HS and partially at GOSH 
DVC by clinician (clinical psychologist, speech and language therapist, occupational therapist 
or consultant neurodisability paediatrician depending on the assessment) 

 

3.6.2 Clinical ophthalmology examination 

The clinical ophthalmology appointment was conducted directly after the research 

assessment by the consultant paediatric ophthalmologist and senior orthoptist 

associated with the research study (see Section 3.5.4.1 above). If the child was 

scheduled to have a clinical assessment that could not be completed directly after the 

research assessment, the two appointments were conducted on separate dates.  

In some cases, the child was under the care of a different ophthalmologist in 

GOSH and had recently had an assessment or had been discharged from the service 

and the consultant paediatrician (JS) deemed it medically unnecessary and a burden 

on the family for the child to be re-referred to RB. The ophthalmological information 

was therefore extracted from the child’s most recent GOSH clinical Ophthalmology 

records (as listed above in Section 3.5.4.1).  

 

3.7 Data management and general analysis approach 

The research data was collected through the direct assessment of participants, parent-

report questionnaires, and relevant GOSH medical records (including brain MRI 

scans), as outlined above. The researcher scored all data according to the standard 

scoring methods indicated for each clinical test, unless explicitly stated otherwise. For 

non-standardized assessments, scoring procedures are described as appropriate (in 

the relevant sections of this chapter and Chapter 5). All data was manually entered 
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onto SPSS 22.0 and analysed using this software. Twenty percent of all data was re-

scored and re-entered by the researcher to check for any data entry errors and to 

assess entry reliability. No data entry errors were found. 

This study had several stages of analysis, firstly exploring the overall descriptive 

data patterns and univariate relationships between variables (Chapters 4 and 6) before 

advancing to more complex multivariate procedures, which are described later 

(Chapters 7 and 8). Firstly, the patterns and distributions of the general sample 

characteristics are described (Chapter 4). Then, the specific vision and vision-related 

abilities of the sample are explored to identify potentially useful variables for the 

statistical development of the classification system (Chapters 5 and 6). Finally, 

statistical analysis and development of the data-driven classification system is 

undertaken and evaluated (Chapters 7 and 8). Specific statistical analytic approaches 

are described in more detail in the relevant chapters.  

Any imbalances, skews or biases that might influence the future classification 

analyses were examined. Histograms, skewness/standard error (<1.96) ratio, and 

Kolmogorov–Smirnov tests were used to assess the normality of distributions of 

interval level data. Bar charts and tabulation were used to investigate the distributions 

of categorical and binary data. For all variables, the possibility of outliers was 

investigated. Any score over two standard deviations from the sample mean was 

considered an outlier and was highlighted in the data. However, as the CVI population 

is very heterogeneous and not well characterised, all data points were kept in the 

analysis, as it could not be determined whether the score was an outlier or a valid but 

rarer response. 

Parametric or non-parametric descriptive statistics were then used as 

appropriate to report the general characteristics of this study sample. For all statistical 

analyses, the two-tailed p-value was set at p<.05. Effect sizes were calculated as 

appropriate using Cohen’s d for analyses with continuous variables, Phi for 

investigating the strength of association between binary categorical variables, and 
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Cramer’s V for strength of association between categorical variables with more than 

two categories. Eta squared (η2) was used for nonparametric analyses with two groups 

of continuous variables (the ratio of variance explained in the outcome variable by the 

predictor) and can be interpreted in an analogous manner to the correlation coefficient. 

It was not possible to calculate effect sizes for non-parametric analyses of continuous 

variables with more than two groups (Field, 2013). See Table 3.7 for interpretations of 

effect sizes of the strength of correlations. 

 

Table 3.7: interpretation of effect sizes 
Cohen’s d (Cohen, 1988) 

Effect size Interpretation  
d ≥ .2 <.5 Small effect 
d ≥ .5 <.8 Medium effect 
d       ≥ .8 Large effect 

Phi/Cramer’s V (Davis, 1971)  
Size Interpretation* 
.01-.09 Negligible relationship 
.10-.29 Low relationship 
.30-.49 Moderate relationship 
.50-.69 Substantial relationship 
    ≥.70 Very strong relationship 

Correlation  (Cohen, 1988) 
Size Interpretation* 
<.1 Negligible correlation 
  .1-.29 Small correlation 
  .3-.49 Medium correlation 
    ≥.50 High correlation 
*Positive or negative effects, ranging from -1 to +1 
	

3.8 Chapter summary 

This chapter outlined the main methodological considerations of the project, including 

sampling and recruitment, ethics, general test materials and the statistical approaches 

of the study. The recruitment target was to include 70 children aged 5-15 years with the 

widest possible presentation range of CVI, including all potential co-occurring 

conditions. Data collection involved several types of data including direct assessment 

of vision and cognition by the PhD researcher (vision assessments are considered 

separately in Chapter 5), clinical eye examination at a hospital ophthalmology 
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department, questionnaire data, and MRI brain scans for a subset of participants. The 

materials selected were based on standardized clinical tests that are widely used in UK 

hospital clinics, and to utilize a multidisciplinary battery. The general univariate analysis 

approach of the study was described, and more specific analyses are detailed in later 

chapters. Following on from this general methodology chapter, Chapter 4 next details 

the results of the sample general paediatric characteristics, before later chapters 

consider vision results (Chapters 6-8).   
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Chapter 4 – Results: Participant general characteristics 

	

	

4.1 Introduction  

As detailed in Chapter 1, children with CVI form a very heterogeneous clinical 

population. This chapter sets out to report on the sample general participant 

characteristics that are non-visual. These are described and explored to consider their 

patterns and distributions and whether they are similar to other reported samples with 

CVI in the literature. This will enable consideration whether the sample is 

‘representative’ in relation to other studies and whether there are non-visual factors that 

might influence the child’s performance or test results during the study assessment. 

This is of importance to establish when considering the data driven classification 

framework in Chapters 5 to 8.  

As CVI originates in the brain and may be caused by a wide range of potentially 

aetiological factors, many children are likely to have other co-occurring difficulties or 

co-morbidities. These are necessary to consider because they may be important for 

understanding patterns between different developmental disorders and their 

association or possible influence on assessment performance and results. It is 

important to consider the child’s visual abilities within the context of their overall 

general developmental or intellectual level, as they may not be independent of each 

other. In addition, a low cognitive level may challenge a child’s ability to comprehend 

test instructions or take part in the full assessment. Both CP and epilepsy may 

influence the child’s test performance and results and will need consideration in this 
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study. The occurrence of hearing impairment (HI) may have a significant effect on the 

child’s language development, which is generally assumed to be an area of greater 

strength in children with VI (Dale & Edwards, 2015). This may be relevant to this study 

if any child has significant HI as the estimate the child’s cognitive functioning (see 

Chapter 3). HI may impact on the administration of these tests and the interpretation 

and validity of the test results. It is also relevant for consideration of other assessments 

with verbal instructions that may not be repeated (e.g. memory tests) or that have 

auditory components (e.g. attention tests).  

There are potential overlaps between some presenting symptoms and test 

results for assessments of ASD and higher visual processing disorders, for example 

lack of eye contact, or not looking at a visual target because of a behavioural ‘aversion’ 

rather than not being able to see it. Moreover, other neurodevelopmental conditions 

such as attention deficit hyperactivity disorder (ADHD) and developmental coordination 

disorder (DCD) may also have overlapping symptoms with difficulties that are 

commonly attributed to CVI, such as difficulties with visual attention, visual scanning, 

as well as visuomotor skills and motor coordination (Chokron & Dutton, 2016; Frebel, 

2006). This will also require careful consideration of whether any ASD, ADHD or DCD 

difficulties may be influencing the test results, for example in assessment of visual 

search of a complex picture and whether the child can sustain their visual attention or 

assessment of visuomotor integration, which also depends partly on motor abilities and 

speed.  

The role of eye health and ophthalmological disorders is relevant to consider as 

children with CVI may also suffer from ophthalmological deficits, though in some 

samples this is an exclusion criteria. Thus these must also be characterised and any 

possible impact of an eye condition on the child’s vision abilities should be considered. 

Of potential relevance to this study, demographic characteristics such as 

parental socioeconomic status (SES) may be related to general child development and 

cognitive outcomes (Johnson et al., 2015; Walker et al., 2011). Lower parental SES 
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has been associated with child health problems, behavioural problems and low 

parental education has been found to relate to lower child educational achievement 

and IQ (for a review, see Bradley & Corwyn, 2002). The effects of family demographic 

factors on child developmental outcomes are very complex and may be directly 

influencing or mediating factors (Bradley & Corwyn, 2002). Their distributions are 

therefore considered further in this chapter as they are potentially factors that might 

influence the classification system development in the study.  

Quality of life (QoL) concerns all areas of general wellbeing (including physical, 

psychosocial and economic factors) in the individual. QoL is important to consider in 

this study as this is often used as a patient-reported outcome measure to help 

characterize the impact of a condition of an individual (Cochrane, Marella, Keeffe, & 

Lamoreux, 2011; Rahi, Gilbert, Foster & Minassian, 1999; Tadic, Hogan, Sobti, 

Knowles & Rahi, 2013). VI may impact on many areas of QoL in young people (Tadic 

et al., 2015) and children with VI have been reported to show lower QoL than typically 

developing children, with a 35% reduction in scores (Chadha & Subramanian, 2011). 

Boulton, Haines, Smyth and Fielder (2006) found that children with vision pathway 

disorders (including CVI) had worse QoL than children with VI caused by ocular 

conditions or nystagmus only. Additionally, children with VI and additional impairments 

had lower QoL than children without additional impairments, important to consider in 

this study as children with CVI have high rates of significant co-occurring conditions. 

 

4.2 Method  

4.2.1 Participants, method and materials 

All participants were included in this analysis. See Chapter 3 for recruitment details, 

specific inclusion and exclusion criteria and subgroup details. A variety of information 

sources were used to gather details of sample general characteristics, including direct 

child assessment, parent-rated questionnaires and the hospital medical records. Table 
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4.1 summarizes the general characteristics of the sample explored in this chapter, and 

the measures used to collect this data.  Full methodological details are described in 

Chapter 3. The results of the HF subgroup are reported separately from the rest of the 

sample (the lower functioning/age overall group - LF/A group). The HF subgroup is 

represented in blue in graphs and the LF/A group is represented in grey.  

 

Table 4.1 Sample general characteristics and their data sources 
General characteristics  Data source 
Age and gender  Child health questionnaire 
Cognitive/developmental level Tested cognitive assessment during study 
Confirmation of clinical CVI diagnosis Ophthalmological appointment* 
Paediatric disorders that may be aetiological  Medical records / child health questionnaire 
Brain integrity Brain MRI scan report* 
Co-occurring conditions (ICD-10) Medical notes / child health questionnaire 
Ophthalmological conditions Clinical ophthalmology examination* 
Maternal demographic factors Demographics questionnaire 
Child’s education Child health questionnaire 
Quality of life PEDS-QL questionnaire 
*undertaken at site hospital  

 

4.2.2 Statistical analysis  

The general characteristics of the total sample are described, alongside those of the 

HF subgroup. Any imbalances, skews or biases that might influence the future 

classification analyses were examined (see Section 3.7 for further details of statistical 

methods). Maternal demographic data was compared to the 2011 UK Census results of 

the adult female population (≥16 years) in England and Wales (Office for National 

Statistics, 2011). PEDS-QL data was compared to the UK paediatric normative dataset 

collected by Upton and colleagues (2005).  
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4.3 Results 

4.3.1 Participant ascertainment and recruitment sources 

In this study, 109 children were ascertained as possible participants between July 2015 

and April 2017. However, 38 children were not formally consented onto the study for 

the following reasons. Fifteen children did not fulfil the eligibility criteria of the study (10 

male, 5 female; age range 2-9 years; recruitment source – self-referral=12, GOSH 

ophthalmology=2, GOSH DVC=1). These children were excluded due to the following 

reasons: n=6 the ophthalmologist deemed the visual impairment to be primarily caused 

by ocular impairment; n=3 too young; n=3 acquired CVI; n=2 not from England.  

During the course of the initial pre-consent process, the families of 11 children 

decided that they did not want to take part in the study (7 male, 4 female; age range 5-

14 years; recruitment source – self referral=5, GOSH ophthalmology=3, GOSH 

DVC=3). In addition, the families of 12 children did not respond to the assessor’s two 

contact attempts part way through the initial pre-consent process (7 male, 5 female; 

age range 5-15 years and 2 unknown ages; recruitment source – self referral=5, GOSH 

ophthalmology=1, GOSH DVC=4, MEH=2). 

Seventy-one children were formally consented onto and assessed in this study. 

However, two children were excluded from analysis. One child was excluded (female; 

aged 6 years; recruitment source – self referral) as she did not attend a clinical 

ophthalmology appointment after the research assessment and had never previously 

attended GOSH ophthalmology clinic. Thus no ophthalmological data was available 

and any possible ocular impairment could not be accounted for or ruled out. A second 

child was excluded (male; aged 6 years; recruitment source – GOSH ophthalmology) 

as it became evident from parent questionnaires that his CVI-related visual symptoms 

began after suffering from meningitis aged two years. Thus according to study inclusion 

criteria, the onset of CVI was deemed to be acquired rather than congenital.  
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At the time of assessment, four children were over the age of 15 years 11 

months. These participants had been recruited onto the project before the age limit of 

the project but due to scheduling conflicts it was not possible to assess them before 

their sixteenth birthdays. These families still wished to participate and there were no 

other methodological reasons to exclude these children, so they were included.  

On the basis of age, cognition and vision level, 26 children were determined to 

be eligible to be included in the ‘higher functioning’ (HF) subgroup and the additional 

neuropsychological battery was administered (detailed in Chapters 5 and 6).  

Of the final total study sample of 69 participants, 28 (41%) were recruited 

through self-referral. Parents reported finding out about the study through charities 

(n=11), healthcare professionals (n=8), word of mouth (n=4) or unspecified (n=5). 

Twenty-two children (32%) were recruited through GOSH neurodisability clinics and 19 

(28%) were referred through GOSH ophthalmology Clinic. Of the HF subgroup, 11 

(42%) were recruited through self-referral, 3 (12%) through neurodisability clinics and 

12 (46%) through the ophthalmology clinic (see Section 3.3.2 for details of the HF 

subgroup).  

 

4.3.2 Assessment details 

Research assessments took place between October 2015 and June 2017. The study 

investigator (HS) conducted all assessments in the research battery for 61 (88%) 

participants (nine partially during a clinical DVC appointment). For eight participants 

(12%), the study investigator conducted part of the research assessment and a DVC 

clinician conducted part of the assessment during a clinical DVC appointment. The 

consultant ophthalmologist (RB) conducted the ophthalmology assessment for 64 

children (91%). Six children (9%) were examined by a different consultant 

ophthalmologist at GOSH, and it was deemed clinically unnecessary for them to be 

seen by RB.  
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4.3.3 Recruitment and sample characteristics of final study sample 

The final study sample of 69 children contained 31 (45%) male and 36 (55%) female 

participants (HF subgroup=12 male, 14 female). The median age of the final sample 

was 8.53 years (IQR=6.58-11.98 years). Age distribution was positively skew, with an 

overrepresentation of children aged below 8 years (see Figure 4.1). The HF subgroup 

showed a distribution of participants according to the inclusion criterion for age of 8-16 

years (mdn=12.10 years, IQR=10.84-14.26 years), as can be seen from Figure 4.1.  

 

 
Figure 4.1: Age distribution of the study sample. The HF subgroup represented in 
blue and the LF/A group is represented in grey.  
	

4.3.4 Cognitive/developmental level 

The median age of participants assessed with the RZ was 6.05 years (IQR=5.40-6.64 

years), the median age of participants assessed with the WPPSI-V was 6.12 years 

(IQR=6.04-7.31 years), the median age of participants assessed with the WISC-IV was 
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11.16 years (IQR=8.47-13.47 years) and the median age of participants who were 

unable to complete a standardized developmental assessment was 8.36 years 

(IQR=7.79-10.92 years).  

Of the total sample, 55 participants (80%) completed a formal standard 

cognitive assessment within the age norms. Two children aged over 7 years 7 months 

could not complete the WISC-IV subtests but completed the WPPSI-V. Eight children 

who did not have sufficient language to complete a formal cognitive assessment were 

assessed using the RZ scales. Four children were not able to complete any of the 

standard developmental assessments due to severe movement disorder and limited 

communication abilities.  

The VCI of children who completed a formal age-appropriate cognitive 

assessment ranged from the above average to the extremely low range. The cognitive 

levels of the children who could not complete any developmental assessment or were 

assessed with the RZ scales were all in the extremely low range. When converted onto 

a single scale of estimated IQ (see Chapter 3 for details), participant scores for the total 

sample ranged between 9 and 139, showing a negative skew with a median IQ 

estimate of 87 (IQR=69.0-98.5; Figure 4.2). Forty-four participants (64%) scored in the 

average range (VCI >79), five participants (7%) were in the borderline range (VCI 70-

79) and 20 participants (29%) were in the extremely low range (VCI/IQ estimate <70). 

Of the 20 children in the extremely low range suggesting ID, 10 children were in the 

mild range, three were in the moderate range, four were in the severe range and three 

children were in the profound range according to ICD-10 classification (see Chapter 3). 
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Figure 4.2 IQ estimate distribution of the total sample (and the HF subgroup). The 
HF subgroup represented in blue and the LF/A group is represented in grey. 
	

4.3.5 Confirmation of clinical CVI diagnosis 

For 42 (61%) participants, the consultant ophthalmologist was able to reach a 

diagnosis of CVI during the clinical appointment. For 21(30%) children, the 

ophthalmologist was not able to reach a confident diagnosis of CVI. Six (9%) 

participants were not assessed by RB in ophthalmology clinic so they were not 

included. In the HF subgroup, the ophthalmologist examined all participants and 

reached a confirmed diagnosis of CVI for 14 participants (54% of subgroup). 

 

4.3.6 Paediatric disorders that may be aetiological 

Participants were born between 24 and 42 weeks’ gestation. According to WHO 

classification of gestational age, 32 children (46%) were born at term (≥37 weeks’ 

gestation), eight children (12%) were born moderate to late preterm (32-36 weeks’ 

gestation), 13 children (19%) were born very preterm (28-31 weeks’ gestation) and 16 

children (23%) were born extremely preterm (<28 weeks’ gestation). The distribution of 
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gestational age at birth was kurtotic with a bimodal distribution, with two peaks at 26 

and 40 weeks’ gestation (see Figure 4.3). A similar pattern was seen in the HF 

subgroup.  

 
Figure 4.3. Gestational age distribution of the sample. The HF subgroup 
represented in blue and the LF/A group is represented in grey. 
 

Table 4.2 reports on the paediatric disorders that may be aetiological. 

Periventricular leucomalacia (PVL) was the most commonly reported paediatric 

disorder for CVI in the total sample. Intraventricular haemorrhage (IVH) was the most 

common disorder in the HF subgroup. No children in the HF subgroup had a history of 

neonatal seizures, hypoglycaemia or a genetic abnormality. Hydrocephalus was only 

reported in the HF subgroup (19% of the subgroup).  

 

 

 

 

 



152	
	

Table 4.2: Paediatric disorders that may be aetiological in the sample population 
Disorder* Total sample, n=69 (%) HF subgroup, n=26 (%) 
Periventricular leucomalacia 20 (29%) 6 (23%) 
Intraventricular haemorrhage 16 (23%) 7 (27%) 
Likely hypoxia / ischaemia 13 (19%) 6 (23%) 
Neonatal infection 

Confirmed 
Suspected 

 
9 (13%) 
3 (4%) 

 
3 (12%) 
1 (4%) 

Neonatal seizures 7 (10%) 0  
Hydrocephalus 5 (7%) 5 (19%) 
Genetic 

Confirmed 
Suspected 

 
3 (4%) 
1 (1%) 

 
0  
0  

Cerebrovascular incident 3 (4%) 1 (4%) 
Hypoglycaemia 3 (4%) 0  
No known disorders 9 (13%)  6 (23%) 
*Paediatric disorders may co-occur  
	

4.3.7 Brain integrity 

Brain MRI scans were available for 32 children (46% of total sample). For these 

participants, the median age at scan was 4.43 years (IQR=0.35-7.80), showing a 

positive skew. Nine children’s scans were obtained in the first year (of whom seven 

were scanned in the first month of life).  

The paediatric characteristics for participants who did and did not have MRI 

data available were compared to see if those with MRI were similar to and 

representative of the total sample.  No significant differences were seen in cognitive 

level (U=487.00, p>.05), weeks gestation at birth (U=536.00, p>.05), whether or not 

CVI diagnosis was clinically confirmed (χ2=.203, p>.05), gender (χ2=.16, p>.05), or 

presence of movement disorder (χ2=.67, p>.05). Children with MRI were significantly 

younger than those with no MRI (MRI group mdn=7.77, IQR=6.32-10.93, no MRI group 

mdn=10.97, IQR=7.33-12.91; U=410.00, p=.027, η2=.07, negligible correlation). There 

was also a significant difference in recruitment sources (χ2=15.64, p<.001, V=.48, 

moderate relationship). Children who were self-referred to the project were least likely 

to have an MRI report and children recruited through the hospital neurodisability 

service were most likely to have an MRI. 
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Table 4.3 shows the total and region scores for the subgroup with MRI data 

(see Section 3.5.4.3 for details on how MRI brain scans were scored). The total brain 

scores of participants ranged between 0 and 18, with six children (19%) showing no 

apparent abnormalities. Approximately three quarters of children showed abnormalities 

in left or right frontal, or temporal areas, or in the striatum. More participants showed 

abnormalities in the occipital and parietal areas (about 86-89%). 19% of participants 

had a cerebellar abnormality and 12% of participants had a brainstem abnormality.  

In the visual pathways, five children (15%) showed an abnormality in the 

pregeniculate pathways, 23 (70%) showed a lesion in the postgeniculate pathway and 

11 (33%) showed a visual cortex lesion. Six children showed no abnormalities in the 

visual pathways, 16 (49%) showed lesion in one of these three areas (two 

pregeniculate, 12 postgeniculate, two visual cortex), ten (30%) showed abnormality in 

two areas (two in pregeniculate and postgeniculate pathways, eight in postgeniculate 

pathway and visual cortex) and one child (3%) showed lesions in all three areas of the 

visual pathways.  
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Table 4.3. MRI brain summary scores 
Summary scores* Mean score (SD) Number of children 

with no abnormality 
(%) 

Total brain score (0-24) 7.91 (5.29) 6 (  9%) 
Right hemisphere score (0-10) 3.63 (2.59) 6 (  9%) 
Left hemisphere score (0-10) 3.78 (3.08) 8 (11%) 
Right lobar scores* 0 1 2  
Frontal, n (%) 18 (25%) 10 (14%)   4 ( 6%)  
Parietal, n (%)   9 (13%) 18 (25%)   5 ( 7%)  
Temporal, n (%) 19 (27%)   9 (13%)  4 ( 6%)  
Occipital, n (%)   8 (11%) 13 (18%) 11(16%)  
Right striatum, n (%) 18 (25%) 12 (17%)  3 ( 4%)  
Left lobar scores* 0 1 2  
Frontal, n (%)  16 (23%) 11 (16%) 5 (  7%)  
Parietal, n (%) 10 (14%) 16 (23%) 6 (  9%)  
Temporal, n (%) 17 (24%) 10 (14%) 5 (  7%)  
Occipital, n (%) 9 (13%) 15 (21%) 8 (11%)  
Left striatum, n (%) 17 (24%) 11 (16%) 5 (  7%)  
Other brain areas* 0 1 2 3 
Cerebellum, n (%) (score range 0-3) 26 (81%)  3 (4%) 0 3 (4%) 
Brainstem, n (%)  (score range 0-1) 28 (88%) 4 (6%)    
Visual pathway scores* 0 1 2 3 
Total visual pathway, n (%) (score range 
0-3) 

6 (  9%) 16 (49%)  10 (30%) 1 (3%) 

Pregeniculate pathway, n (%) 17 (85%) 5 (15%)    
Postgeniculate pathway, n (%) 10 (30%)  23 (70%)    
Visual cortex, n (%) 21 (67%)  11 (33%)   
*See Section 3.5.4.3, and Figure 3.1 for further details of how MRI head scans were scored 

 

4.3.8 Co-occurring conditions (ICD-10) 

Participants were reported to have a range of co-occurring or co-morbid conditions as 

listed in Table 4.4 (see Section 3.5.4.2 for methodology of recording co-occurring 

diagnoses). The most prevalent was movement disorder, present in 54% of the 

sample. Excepting a single child with a degenerative disorder affecting the cerebellum 

(with a possible genetic cause), the movement disorder was caused by CP. Those 

participants with a movement disorder showed a range of severity of gross motor 

impairment according to the GMFCS. 13% of participants had a current seizure 

disorder. 13% were diagnosed with ASD. 6% had DCD. 3% had diagnosed dyslexia. 

3% had a hearing impairment.  
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Table 4.4: Comorbid confirmed ICD-10 recognized conditions in the sample  
Condition* Total sample n=69 (%) HF subgroup (n=26) 
Movement disorder 

GMFCS level 
I 
II 
III 
IV 
V 

 
Limbs affected 

Left hemiplegia 
Right hemiplegia 
Diplegia 
Quadriplegia 
Unspecified 

37 (54%) 
 

7 
9 
6 
1 
9 
 
 

2 
7 
7 

12 
6 

7 (27%) 
 

3 
1 
2 
1 
0 
 
 

0 
3 
2 
1 
1 

Current seizure disorder 13 (19%) 2 (  8%) 
Autism spectrum disorder 9 (13%)  3 (12%) 
Attention deficit hyperactivity disorder 4 (  6%)  2 (  8%) 
Developmental coordination disorder 4 (  6%) 1 (  4%) 
Hearing impairment 2 (  3%) 1 (  4%) 
Dyslexia 2 (  3%) 1 (  4%) 
*Conditions may co-occur   

  

4.3.9 Ophthalmological conditions  

It was not possible to conduct a full ophthalmological assessment with four children as 

they did not cooperate with the assessment (2 male : 2 female; age range 6.00-12.09 

years; IQ estimate range 21-84). However, the ophthalmologist noted no obvious 

ophthalmological impairments in these children.  

Table 4.5 summarizes the ophthalmological characteristics of the participants. 

59% had a refractive error, with 26% showing myopia, 30% hypermetropia and 38% 

astigmatism (astigmatism often co-occurred with myopia or hypermetropia). 74% 

participants showed evidence of strabismus, with exotropia (outward turn of the eye) 

more prevalent than esotropia (inward turn of the eye). 40% children suffered showed 

nystagmus. 32% children showed evidence of fundus abnormality (slightly pale optic 

discs n=6, mild temporal pallor of optic nerves n=2, bilateral optic atrophy n=2, small 

optic nerves n=4, ametropia n=1, dysplastic right disc n=1, slightly pale film n=1, 

previous retinal detachment n=1, history of RoP n=1, no comments n=2). Thirty-three 

(48%) had only strabismus/nystagmus and two (3%) had a fundal abnormality only. 

Nineteen participants (28%) suffered from both strabismus/nystagmus and a fundal 
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abnormality. Only 11 participants (16%) showed no apparent ophthalmological deficits, 

including no refractive error. The specific inclusion and exclusion criterial relating to eye 

health and ophthalmological conditions are described in Chapter 3.  

 
Table 4.5 Ophthalmological characteristics of the sample 
Characteristic Total sample, n=69 (%) HF subgroup, n=26 (%) 
Refractive error* 

Myopia 
Hypermetropia 
Astigmatism 

Not able to measure 

39 (59%) 
17 (26%) 
20 (30%) 
25 (38%) 
3  

12 (48%) 
8 (32%) 
4 (16%) 
6 (24%) 
1  

Strabismus 
Direction of strabismus 

Exotropia  
Esotropia 

Not able to measure 

50 (74%) 
 

28 (41%) 
22 (32%) 
1  

14 (54%) 
 

12 (46%) 
2 (  8%) 
0  

Nystagmus 
Not able to measure  

27 (40%) 
2  

7 (27%) 
0  

Fundoscopy abnormal 
Not able to measure 

21 (32%) 
4  

6 (23%) 
0  

*Conditions may co-occur 
Refractive errors were reported by the ophthalmologist and coded as above 
Strabismus was noted if the orthoptist reported eso/exotropia on the cover test   

 

4.3.10 Maternal demographic factors 

The ethnicity distribution of mothers in this sample is very similar to the 2011 UK 

Census data on ethnicity (see Table 4.6 for a comparison). This sample had a slightly 

higher percentage of mothers identifying as Asian/Asian British and mixed/multiple 

ethnic groups than in the 2011 UK Census data. In addition, no mothers in this sample 

identified as being of the category: Black/African/Caribbean/Black British in comparison 

to 3% of the UK 2011 Census data. 

 

Table 4.6: Maternal ethnicity of the sample population 
Maternal ethnicity Current study sample UK 2011 Census data 
White/ White British 59 (86%) 86% 
Asian/Asian British 6 (9%) 8% 
Mixed/multiple ethnic groups 2 (3%) 2% 
Other 1 (1%) 1% 
Black/African/Caribbean/Black British 0 (0%) 3% 
n=1 missing 
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Fifty-five mothers (81%) were born in the UK and 13 (19%) were not (n=1 

missing). Fifty-seven mothers spoke English as their first language and 11 spoke a 

different first language (n=1 missing). Non-native English speakers had spoken English 

for 2 to 45 years. Fourteen mothers reported their children to have two home 

languages and five mothers reported their children to have three home languages.   

Maternal education level was higher in the current sample compared to the UK 

2011 Census data (see Table 4.7). No significant patterns were seen between 

maternal education and child IQ estimate (Fisher’s exact p>.05). 

 

Table 4.7: Maternal education level of the sample population 
Maternal highest qualification 
level 

Current study sample, 
n (%) 

UK 2011 Census* (%) 

Level 1+2 
No qualifications 
Secondary school  

13 (19%) 
0   (  0%) 
13 (19%) 

55% 

Level 3 
A levels/final year examinations 
Some higher education 

18 (27%) 
15 (22%) 
3   (  5%) 

12% 

Level 4 
University graduate 
Some postgraduate work 
Master’s degree 
PhD/Professional degree 

36 (54%) 
12 (18%) 
10 (15%) 
  7 (10%) 
  7 (10%) 

27% 

n=2 missing 
* England and Wales female population  

 

Mothers of participants in this study showed a different distribution of marital 

status from the 2011 UK Census (see Table 4.8). A higher percentage of mothers were 

married or living with their partners in the study sample than in the England and Wales 

adult female population according to the UK 2011 Census. No mothers in the study 

sample were widowed, compared to 7% of the UK female population in the 2011 

Census. Fewer mothers were single or divorced in this sample compared to the UK 

Census and a similar proportion was separated.  
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Table 4.8: Maternal marital status of the sample population 

Maternal marital status Current study sample UK 2011 Census* (%) 

Single/never married    4 (  6%) 35% 
Married 51 (74%) 47% 
Separated 3 (  4%) 3% 
Divorced 4 (  6%) 9% 
Living with partner/civil partnership 6 (  9%) 0.2% 
Widowed 0 (  0%) 7% 
N=1 missing (gender, age) 
* England and Wales female population 

 

4.3.11 Child education  

Information about schooling was missing for one child (female, 7.83 years, IQ estimate 

64, GMFCS level V) because the parents did not return the child health questionnaire. 

Eight children (12%) attended mainstream school without additional support. Forty 

children (59%) attended a mainstream school with additional support provided. Four 

children (6%) were home schooled. One child (<2%) attended a specialist school for 

visual impairment. Twelve children (18%) attended a specialist school for special 

educational needs (SEN) but not specialist for visual impairment. Two children (3%) 

attended a special school for CP. One child (<2%) attended a specialist school for 

dyslexia.  

 

4.3.12 Quality of life 

PEDS-QL data was missing for two children (ages 8.88 and 7.77 years, 1 male and 1 

female, IQ estimate 11 and 64, GMFCS level V for both children). The mean PEDS-QL 

scores for normative data, the total study sample and subsamples according to other 

salient characteristics are shown in Table 4.9. The mean PEDS-QL Physical sample 

score was significantly lower than the normative data, t(66)=16.42, p<.001, d=2.01, 

large effect. The mean PEDS-QL psychosocial sample score was significantly lower 

than the normative data, t(66)=21.82, p<.001, d=2.67, large effect. The mean PEDS-
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QL total sample score was significantly lower than the normative data, t(66)=22.47, 

p<.001, d=2.75, large effect. 

As a number of participants in this sample had a movement disorder which may 

affect scores in the Physical Domain, the effect of this on PEDS-QL scores was 

investigated. On average, participants with a movement disorder scored significantly 

lower in the PEDS-QL Physical domain than participants with no movement disorder, 

t(65)=3.27, p>.01, d=0.82, large effect. There were no significant differences in PEDS-

QL Psychosocial or Total scores according to presence of movement disorder. There 

were no correlations between age at assessment and any PEDS-QL scores. There 

were no significant differences in PEDS-QL scores according to when the sample was 

split according to ±80 VIQ estimate (Psychosocial U=491.00, Physical U=453.5, Total 

U=436.0; p>.05).  

 

Table 4.9: PEDS-QL scores of the sample population and normative data 
Data set PEDS-QL domain 

Physical Psychosocial Total 
Normative data* 
(m, SD) 

84.99 79.00 81.12 

Total sample, n=67  
(m, SD) 

38.74 (23.06) 40.02 (14.62) 39.70 (15.09) 

Movement disorder  
(m, SD) 

Yes (n=30) 
No (n=37) 

 
29.20 (18.88) 
46.48 (23.45) 

 
40.23 (13.58) 
39.86 (15.60) 

 
36.74 (12.79) 
42.10 (16.50) 

Cognitive level 
(mdn, IQR) 

VCI <80 (n=23) 
VCI ≥80 (n=44) 

 
37.50  (18.75-37.50) 
35.95 (19.53-52.25) 

 
43.33 (33.33-46.67) 
40.83 (26.25-52.92) 

 
43.48 (30.44-50.00) 
37.70 (25.00-51.90) 

Normative data from Upton et al 2005 

 

4.4 Discussion  

This chapter aimed to investigate the general participant characteristics of the study 

sample in order to consider whether this sample is similar to other samples reported in 

CVI research, and to consider whether any non-visual factors may influence 
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participants’ performance on the vision assessment in this study. The final sample 

contained children across the full spectrum of age and with a wide range of potentially 

aetiological paediatric factors, co-occurring conditions, and ophthalmological 

characteristics. 

Over half of this sample was recruited through specialist hospital services, 

similar to the recruitment strategy of many other previous studies of CVI who recruited 

solely through hospitals (Fazzi et al., 2007; Good, Hou, & Norcia, 2012; Jan et al., 

1987; Ortibus et al., 2011; van Genderen, Dekker, Pilon, & Bals, 2012). However, this 

strategy may preclude children at the higher functioning end of the CVI spectrum with 

milder deficits who may not present at medical clinics (Macintyre-Beon et al., 2013; 

Williams et al., 2015). In order to recruit the full spectrum of childhood CVI conditions, 

this study also accepted self-referral by families, and 40% of participating families were 

recruited through this route. This recruitment strategy was intended to maximise the 

inclusion of higher-functioning children who may not present at medical services, to 

enable investigation of higher visual difficulties and whether these should be included 

in the spectrum of CVI. As such, it must be noted that this recruitment strategy also 

risked including children who may not have CVI, as all children were not referred by a 

medical professional. However, as the definition of CVI is not clear (see Chapter 2), 

even when recruiting through medical services, different clinicians could be using 

slightly different criteria for CVI. It is important to remember that the recruitment aim 

was to include all presentations of CVI rather than the correct proportions of presenting 

symptoms. Thus it was felt that the recruitment target was reached for this aim, and it 

was not expected to bias the results. 

In order to ensure that all participants’ CVI was investigated in a standard 

manner, they were seen by a consultant ophthalmologist at GOSH. However, for six 

children who had been examined at GOSH by a different ophthalmologist, it was 

considered in unnecessary for their clinical care to undergo another clinical 

ophthalmological examination and they were not seen by RB. Importantly, not all 
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children’s CVI was clinically confirmed in this study by the consultant ophthalmologist. 

The lack of a confirmed CVI diagnosis may not mean that the child does not suffer from 

the condition, but highlights the difficulty in current clinical diagnostic procedures, (see 

above and Chapters 1 and 2). Some other studies have also investigated children with 

confirmed and unconfirmed CVI (e.g. Ortibus, Laenen et al., 2011; Geldof et al., 2015). 

However, many have included only those with a clinically confirmed CVI and other 

research-defined criteria (e.g. Whiting et al., 1985; Khetpal & Donahue, 2007; Fazzi et 

al., 2007). It may be important to consider whether there are any systematic differences 

in vision-related characteristics in the next chapters between participants with and 

without confirmed CVI.  

Participant age distribution was positively skew, with an overrepresentation of 

children aged 8 years and below. A possible reason for this is that children with CVI 

symptoms often present in the hospital clinical ophthalmology and neurodisability 

clinics of the study before or at the start of school age, as difficulties begin to become 

clearer when children are more challenged (N. Dale, personal communication, April 

2018). The issue of age is of potential relevance to considering vision assessment, as 

neuropsychological assessment would not be suited for the youngest children due to 

test norm restrictions, and will be investigated further (Chapter 6). Gender distribution 

was relatively equal, in line with the general population distribution.  

This sample reported a wide range of potentially aetiological factors, including 

most of those detailed in previous studies (see Table 4.2). About half of children were 

born preterm, similar to the sample of Fazzi and colleagues (2007), but higher than in 

other studies detailed in Table 4.2. The most common potentially aetiological factor in 

the study sample was periventricular leucomalacia, with a higher proportion of children 

than in other studies, several of which did not report this in their aetiologies (Huo et al., 

1999; Khetpal & Donahue, 2007; Matsuba & Jan, 2006). Intraventricular haemorrhage 

was the second most common factor, but this was not separately reported in many 

other studies of CVI so this cannot be compared directly. Hypoxia/ischaemia was only 
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the third most common possibly aetiological factor in this sample, with a lower rate than 

in many other studies (see Table 4.2). A similar percentage of participants were 

reported to have a history of an early infection in this study as in other published 

research (see Table 4.2). The rate of hydrocephalus was also in the range of other 

studies, albeit in the lower range of the reported incidences (Fazzi et al., 2007; Khetpal 

& Donahue, 2007; Matsuba & Jan, 2006). This sample had a relatively low rate of 

reported genetic defects compared to other published studies (Bosch et al., 2014b; 

Matsuba & Jan, 2006; Roman & Lantzy, 2010). This study sample had some children 

with hypoglycaemia, described as a rare cause of CVI (Kabakus et al., 2005). In a 

minority of participants, no particular early risk factors for CVI were reported or 

identified, similar to previous studies reporting a group of children to have no known 

cause for their CVI (see Table 4.2). As this study only included children with congenital 

CVI, the sample did not contain any children with acquired/traumatic brain injury or 

brain tumours. The differences in rates of potentially aetiological paediatric factors may 

possibly be explained by differences in recruitment strategies targeting higher 

functioning children, and possibly factors such as hypoxia/ischaemia may lead to more 

severe presentations of the condition. As the goal of recruitment was to cover the 

spectrum of CVI, the wide range of potential aetiologies in this sample may be 

indicative of satisfying this target.  

Structural brain malformations were not included as a separate factor in this 

study as it was not possible to code this accurately from the available medical data. 

However, MRI brain scans were available for a subset of 32 participants. These scans 

indicated that children had a range of brain abnormalities which were not restricted to 

the visual pathways, illustrating the complex and more diffuse nature of brain 

involvement which could impact on the children’s functioning and learning. In addition, 

some scans did not reveal any abnormalities, which may derive from available clinical 

imaging methods not being sensitive enough to pick up subtle changes in brain 

structure (Boot et al., 2010; Merabet et al., 2017; see Chapters 1 and 2).  
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Participants were reported to suffer from a range of co-occurring conditions that 

might have a significant impact on their ability to complete standard assessments due 

to mobility restrictions, attentional factors or lower cognitive level. This is well described 

in the literature relating to CVI (Good, Jan, Burden, Skoczenski, & Candy, 2001; Philip 

& Dutton, 2014), and needs to be considered in further analysis (Chapter 6). A wide 

distribution of IQ scores from the profound level equivalent to ID to the superior VCI 

range was seen, but many previous studies reported a higher number of children with 

intellectual disability (IQ<70) than was reported for this sample. This may possibly 

reflect the recruitment strategy of the current study, which targeted higher functioning 

children. Over half of the sample was reported to have a movement disorder (CP in all 

but one case), which must be considered when analysing any vision assessments 

requiring motor responses. Only two children reported HI, but they were both wearing 

hearing aids during the assessment and were able to participate in the study. There 

were several participants who reported ASD, DCD and ADHD, which potentially have 

overlapping nonspecific behavioural symptoms with CVI (Dutton, 2011; Jan et al., 

1993; Ortibus et al., 2011). Thus, careful consideration of the symptoms of these 

children is warranted, especially in the INSIGHT questionnaire (Chapter 6).  

Most participants were able to engage in clinical ophthalmological assessment, 

which may be necessary to rule out or account for the possible influence of any 

ophthalmological impairments, for making a clinical diagnosis of CVI. Participants 

exhibited a range of ophthalmological conditions associated with the peripheral or 

ocular visual system; this indicated that CVI and ocular VI may co-occur, contrary to 

some of the definitions in the literature (Fazzi et al 2007; Matsuba et al 2006; Binder et 

al 2016). The rates of reported refractive errors, strabismus, nystagmus and fundus 

abnormalities differed considerably between the studies summarized in Table 4.3, so it 

is challenging to compare rates of ophthalmological conditions. However, the rates of 

these conditions fell within the ranges reported in Table 4.3. It will be important to 
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consider the impact of any ophthalmological conditions on vision assessment 

performance (Chapter 6).  

The ethnic distribution of participating mothers was similar to that of the 2011 

UK Census. Notably however, no mothers identified as Black/African/Caribbean or 

Black British compared to 3% of the UK population (Office for National Statistics, 

2011). Compared to the Census, a higher proportion of mothers reported being in a 

relationship. In general mothers in the sample were more highly educated compared to 

the UK Census. This may reflect the fact that mothers with higher educational levels 

may be more active in seeking medical attention. Furthermore, it is worth highlighting 

that the 2011 UK Census collected data from females as young as 16 years who may 

still be in full-time education, differing from the study sample. Overall, no concerns 

about family demographic factors influencing participants’ vision assessment 

performance were raised. Children in this study attended a variety of schools, 

indicating the wide range of educational needs in this sample. However, most children 

attended mainstream school with additional support, which may not be the optimal 

learning environment or offer them adequate support.  

Children in this sample scored significantly lower in all areas of the PEDS-QL 

measured, in comparison to normative data (Upton et al., 2005), similar to previous 

findings reporting low QoL in children and young people with VI (Boulton et al., 2006; 

Chadha & Subramanian, 2011). Unsurprisingly, children with movement disorder 

scored lower than children without on the physical subscale. However, no differences 

were found on other subscales relating to movement disorder, cognitive level or age. 

Thus is may be informative to use the Psychosocial or Total scores of the PEDS-QL in 

the later validation procedures of the classification developed in this thesis.   
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4.5 Chapter summary 

This study found the study sample to have a range of ages, cognitive levels and co-

occurring conditions. It is important to examine the results of vision assessment in 

further chapters within an overall paediatric perspective, taking into account possibly 

influential factors, such as cognition, mobility, sensory impairment, other potentially 

confounding paediatric conditions with similar behavioural symptoms (ASD, DCD), and 

ophthalmological factors (see Chapter 6). It is also important to investigate whether 

there are any systematic differences in the general participant characteristics reported 

in this chapter, according to later classification analysis subgroupings. Any patterns 

found could be potentially of relevance in identifying the wider clinical phenotypes of 

the subgroups, and is explored in Chapter 7.	

	  



166	
	

 

 

Chapter 5 – Methods: Vision assessment  

	

	

According to the systematic review conducted as a part of this study (Chapter 2), there 

is no consensually agreed means of systematically assessing to identify and diagnose 

CVI in childhood. In Chapter 2 it was argued that it would be important for a consensus 

definition on CVI to have a ‘verifiable’ means of systematic assessment and explicit 

reporting of the methods of assessment of CVI. There is a range of possible 

assessments available to clinicians and researchers, used in different combinations 

across different reported studies in the literature and in different clinical services (See 

Chapter 1). In this study, the vision results were ‘verifiable’ on that they were obtained 

by using tests that are standardized in their administration method and interpretation of 

test scores, so that they are replicable in a reliable manner across a variety of settings.   

The primary assessment undertaken must include functional vision testing to 

establish whether there is impairment or not in the core domain of vision. In a 

neurodevelopmental condition such as CVI, where clinical identification and diagnostic 

judgement draws on the systematic measurement of visual behavioural symptoms, it 

will be necessary to systematically assess for relevant areas of functional vision. The 

assessments considered for this study, which includes children from 5 to 16 years, 

need to be applicable across the childhood age range and to be accessible for children 

who have movement and/or communication restrictions, which are common in the CVI 

context. Paediatric normed vision tests are used as basic vision continues to mature 

until 8-9 years of life (see Section 1.4.2, Leat et al., 2009; Sonksen et al., 2008). As 

higher visuo-cognitive skills continue to mature throughout childhood and in parallel 
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with other developmental advances (see Chapter 1), it is particularly important to 

consider these assessed abilities in the context of the child’s own developmental level.   

This chapter explains and justifies the vision assessments selected for this 

study and describes the method of administration used in this study. Other alternative 

test possibilities for future research are listed in Appendix 8. As this study aims to 

support an improved method and classification of assessment of CVI for adoption in 

clinical use and translation into practice, standard methods of assessment that are 

used at the hospital site of the study and also in other NHS services in England have 

been selected. They are also available for international usage and are commercially 

disseminated. Vision was therefore measured in this study through clinical behavioural 

assessments only and visual electrophysiology methods were not undertaken. 

 

5.1 Basic vision assessments  

 5.1.1 Visual Acuity  

Visual acuity is the main domain in which to determine if a visual impairment is present 

(alongside visual fields, see Section 5.1.5), and is often reported to be compromised in 

CVI (e.g. Khetpal & Donahue, 2007; Lehman, 2012; Fazzi et al., 2007; Skozenski & 

Good, 2004; Matsuba & Jan, 2006). If not measured directly in studies of CVI, it is very 

often alluded to in the inclusion criteria (see Chapter 2 – Table 2.4, for a review). As the 

most basic measure of vision, it may also influence performance on any other tasks 

involving the visual domain.  

There are several kinds of visual acuity test (Anstice & Thompson, 2014; see 

Section 1.4.2) and this is relevant for consideration of which visual acuity tests to select 

for the study. The methods in this study included resolution acuity (the smallest 

separation between dots or stripes that can be detected; Leat et al., 2009), recognition 

acuity (the ability to recognize a shape, letter or number), and detection acuity (the 
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ability to detect a visual detail), which will need to be taken into consideration when 

comparing the visual acuity scores of children who have had to be assessed with 

different methods. Several different methods of visual acuity assessment had to be 

used in this protocol to encompass the wide range of age, vision level and ability in the 

participant sample. Some children, for example, had very low levels of vision and/or 

intellectual ability and could only be tested with resolution and detection acuity, as they 

could not understand the test requirements of more sophisticated tests or could not 

respond to the test. As the development of visual acuity continues throughout the first 

years of life until 7-8 years (Leat, Yadav, & Irving, 2009; Sonksen, Wade, Proffitt, 

Heavens, & Salt, 2008), it was decided to use standardised visual acuity assessment 

methods that had been normed across age in a paediatric population. Visual acuity 

assessment was aimed to be undertaken with all participants with available vision, 

whatever their age or level of intellectual ability. HS administered all visual acuity tasks. 

 

5.1.1.1 Keeler Cards 

In order to have a standard comparison of visual acuity across the total sample, all 

participants were assessed using the Keeler Acuity Cards (Keeler Ltd., 2014), a forced 

choice preferential looking task of grating acuity (resolution acuity) which can be used 

to assess children at all levels of ability including preverbal infants and young children 

(see Figure 5.1). This assessment or the very similar Teller Cards, have reportedly 

been used in several past studies of childhood CVI to measure visual acuity (e.g. Salati 

et al., 2002; Alimovic et al., 2014; Boonstra et al., 2014; Cioni et al., 1997).   

In this test, the participant was presented with a grey rectangular card 

containing a white-outlined circle on either side, at a 38cm distance. One circle is grey 

like the background and the other has a black and white grating. The cards are 

arranged in order of reducing grating width requiring greater resolution acuity and there 

are 17 cards. The largest grating width card has a Snellen equivalent of 1/1000 (2.2 

logMAR) and any child who is unable to see this at standard distance is below the 
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grating acuity (resolution acuity) level of the test. Young children will look at the striped 

grating rather than the grey circle if they are able to see it. 

The assessor was masked to which side the target was presented at and made 

a judgment by looking through a central peephole in the card about the direction the 

participant was looking in. The assessor then checked whether the participant had 

been looking at the target grating. After each correct response, the participant was 

presented with the card containing the next narrower grating. When the participant was 

not able to make a correct response, a reversal staircase procedure was applied and 

increasingly wider gratings were presented until the participant once again made a 

correct response, at which point successively narrower gratings were presented. This 

reversal procedure was conducted five times with each target presented at both sides 

to ensure that the participant was not responding at chance, and the test resulted in a 

Snellen equivalent visual acuity score. 

A minor modification to the test procedure was made to ensure developmental 

age- appropriate task instructions. Participants who were able to understand simple 

verbal instructions were explicitly asked to “look at the stripy ball”. Some participants 

did not show sufficient visual fixation for a preferential looking judgment to be made by 

the assessor. These participants also had significant movement and mobility and 

communication restrictions. In these cases, the assessor (with the aid of the parents) 

determined whether the participant had a reliable yes/no response. The Keeler Card 

procedure was then modified so that the assessor pointed at one side of the card and 

asked, “Is this the stripy ball?” and the participant indicated their response. This was 

repeated for both sides of the card and with the target reversed in random order on the 

other side of the card. The participant needed to respond correctly to all four trials for 

the response to be recorded as correct. The staircase procedure was conducted as 

above. The child’s visual acuity level was taken to be the Keeler card with the 

narrowest grating that they could respond to accurately.  
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Figure 5.1: Keeler Acuity Cards 

 

5.1.1.2 Sonksen LogMAR Test 

Optotype acuity tests have been used previously to assess children with CVI and are 

the most precise measure of acuity (e.g. Fazzi et al., 2007; Ortibus et al., 2009; Salati 

et al., 2002; Geldof et al., 2015; Ozturk et al., 2016; Leat et al., 2009). Participants who 

were developmentally and visually able to recognize or match letters also completed 

the Sonksen logMAR to test (see Figure 5.2; Salt, Wade, Profitt, Heavens, & Sonksen, 

2007). This is the only paediatric optotype acuity assessment to date which provides 

published developmental normative data to interpret test results up to nine years, at 

which age the normative data shows stability and similar values to adult data (Sonksen 

et al., 2008).  

The Sonksen LogMAR Test measures recognition acuity and was conducted 

with all participants able to read or match the letters in the test (HOTVUX). The 

participant was asked to identify sequentially smaller letters, with uncrowded optotypes 

presented one at a time and crowded optotypes presented one line (four letters) at a 

time at intervals of .250 logMAR. The participant was tested with both eyes open for 

both distance vision at 3m (crowded and uncrowded optotypes), and for near vision at 

40cm (crowded optotypes only). Test administration was terminated when the 

participant was unable to identify two sequential uncrowded optotypes or could only 

identify fewer than three crowded optotypes in a line. The test resulted in a logMAR 
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score of visual acuity for each measurement, which could be compared to the 

published paediatric normative data of the assessment (Sonksen et al., 2008). 

 

 
Figure 5.2. Sonksen LogMAR Acuity Test materials 

 

5.1.1.3 Near Detection Scale 

Participants who were unable to match letters or whose vision was not sufficient to see 

optotypes were assessed using a functional vision assessment method for 

investigating detection acuity, the Near Detection Scale (NDS; Sonksen, Petrie, & 

Drew, 1991). This task has been used previously with young children with CVI 

(Sonksen, Petrie & Drew, 1991). This test was conducted with participants who were 

unable to complete the Sonksen LogMAR test but had enough head and eye control for 

the assessor to make reliable judgments about the direction of their vision gaze.  

In this test, the participant was presented with a series of different sized ‘lures’ 

of reducing size at a 30cm distance and visual fixation was examined (see Figure 5.3 

for lures). It is less precise than optotype or grating acuity tests but in cases where a 

participant was unable to respond to more detailed assessments, the NDS provided 
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valuable information about their approximate visual detection ability at very low levels 

of vision. It could also distinguish whether the child had any basic ‘form’ vision (to non 

light reflecting solid ‘lure’) or whether their vision level was in the profound visual 

impairment range (light perception at best). In research by Sonksen, Dale and 

colleagues (e.g. Sonksen, Petrie & Drew, 1991; Dale & Sonksen, 2002; Tadic et al., 

2009; Dale et al., 2017), points 0-1 measured the profound visual impairment range 

(PVI) and points 2-9 measured the severe visual impairment range (SVI). 

Administration was terminated when the participant did not shown an overt response to 

the presented stimulus.  

 

Figure 5.3: NDS lures 
 

5.1.2 Coding of visual acuity 

Due to the differing assessments used across the sample, visual acuity was coded into 

categories to form a single variable across the total sample (Table 5.1). The 

categorization of visual acuity used in this study follows that developed by Cumberland 

and colleagues (2016), which closely follows that of the ICD-10 (World Health 

Organization, 2010). However, Cumberland and colleagues (2016) divided visual acuity 

scores in the “mild or no VI” WHO category further into socially significant VI and near 

normal vision (see Table 5.1). Many participants in this study only had a mild acuity 

reduction, thus was important to differentiate between normal visual acuity and mild 

acuity reduction. Both the WHO and Cumberland categorizations are based on 

distance visual acuity measures and the Cumberland categorization is based on vision 
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in the better seeing eye (Cumberland et al., 2016; World Health Organization, 2010). 

However in the current study, near vision scores with both eyes open were used to 

code visual acuity unless otherwise indicated, as the NDS and Keeler Cards only 

measure near vision. The most detailed vision test result that the child was able to 

complete was used to code their visual acuity into an appropriate category. 

 Although the Cumberland and colleagues (2016) categorization of visual acuity 

permits division into further subcategories of mild or no visual impairment, it must be 

noted that this system was developed for adults, and is based on a crowded distance 

visual acuity measure from the better seeing eye. As such, it is not known how 

applicable using this categorization may be in children whose vision was measured 

both eyes open at near distance. However, in the absence of other published 

categorizations for the mild or no VI end of the range and for the purpose of this 

sample with many children showing only minor visual acuity reductions, it was deemed 

valuable to incorporate in the categorisation.  

	

Table 5.1: Categories of visual impairment according to visual acuity  
WHO ICD-10  Cumberland et al., 

2016  
LogMAR range Snellen equivalent 

range 

0. Mild or no VI 
Bilateral normal 0.00-0.20 6/6 – 6/9 
Bilateral near normal 0.21-0.30 <6/9-6/12 
Socially significant VI 0.31-0.49 <6/12-6/18 

1. Moderate VI Moderate VI 0.50-1.00 <6/18-6/60 
2. Severe VI Severe VI 1.01-1.30 <6/60-3/60 
3. Blindness 

Blindness 

1.31-1.78* <3/60-1/60* 

4.Blindness 1.79* – light 
perception 

<1/60* – light 
perception 

5. Blindness No light perception 
*Or counts fingers at 1 metre distance 

 

 5.1.3  Sonksen Pictures Test 

The Sonksen Pictures Test was used to evaluate both visual acuity and 2D object 

recognition. Object recognition has been found to be impaired in children with CVI 

(Stiers et al., 1998; Houliston et al., 1999; Fazzi et al., 2009). The test has been 

normed with a sample of children aged 6 to 10 years with artificially reduced visual 
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acuity (Sonksen & Macrae, 1987). This test contains pictures of common everyday 

objects and test performance is associated with recognition acuity of single optotypes 

(Sonksen & Macrae, 1987). The pictures are divided into three levels according to 

visual complexity, also associated with visual acuity (level I being the most simple and 

level III the most complex). According to the authors, there are no significant 

vocabulary constraints in naming the objects for children aged 6 years and above. The 

test is however also routinely used in the clinic environment in the main hospital site of 

the study with children who are able to give verbal responses (practically from 3 years 

onwards, in the absence of developmental delay). 

Only participants with enough spoken language to be able to respond verbally 

to the task demands were asked to complete this test, in which the participant was 

asked to identify the 10x15cm-sized coloured drawings of everyday objects (total 

number of 18) on plain backgrounds at a 3m distance. If the participant was unable to 

accurately name the object, the assessor moved closer in stages to 2m, 1m, 0.5m or 

0.3m distance for the participant to attempt the trial again. The distance at which each 

picture was correctly named was recorded and summed across all items to result in a 

score of 0-54 (with a higher score indicating better test performance). Although the 

normative study did not provide clinical cut-off scores to describe ‘normal’ or ‘impaired’ 

performance, most participants with normal visual acuity in the normative study were 

able to accurately name all of the 18 picture objects at a 3m distance and this was 

taken to be “normal” performance (Sonksen & Macrae, 1987). Thus, if a participant did 

not reach the ceiling performance on the task and was performing at a cognitive level 

above 5 years, a deficit in visual object recognition was suspected.  Table 5.2 lists the 

pictures in the Sonksen Picture test stimuli and their complexity level.  
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Table 5.2: Items in the Sonksen Picture Test and their visual complexity levels 
Level I Level II Level III 
Shoe Telephone Sweets 
Cup Pencils Brush and comb 
Spoon Milk Chocolate 
Ice-lolly Apple Bicycle 
Banana Car Orange 
Watch Socks Buttons 

 

5.1.4 Contrast sensitivity  

Contrast sensitivity was investigated in this study, as it has been reported to be 

compromised in children with CVI (Fazzi et al., 2007; Sakai et al., 2002; Good et al., 

2012; MacIntyre-Beon et al., 2013). Contrast sensitivity can be measured either by 

using optotypes or gratings (McAnany & Alexander, 2006), and similarly to visual acuity 

assessment, the contrast sensitivity test tool used depended on the participant’s ability 

to respond to the tests. All participants attempted a preferential looking optotype test 

and if possible, they were also assessed with grating and optotype contrast sensitivity 

tests, as discrepancies between these methods have been reported (Hyvarinen & 

Rovamo, 1983; Leat & Wegmann, 2004; McAnany & Alexander, 2006). HS 

administered all contrast sensitivity tasks. 

	

5.1.4.1 Hiding Heidi Contrast Sensitivity Test 

All participants were assessed for detection of contrast using the Hiding Heidi Contrast 

Sensitivity test (Hyvarinen, n.d. - a) for a consistent measure across the sample. It has 

been used in several studies with children with CVI (Fazzi et al., 2007; Leat & 

Wegmann, 2004). This is a preferential looking test where the child is presented with 

two white 23x23cm cards at 1m distance, one of which is a blank control card and the 

other which contains a schematic face at four different contrast levels (100%, 25%, 

10%, 5%, 2.5%, 1.25% - see Figure 5.4 for an example of test materials). The 

participant must visually orient to the target face card or indicate the face for a correct 
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response to be recorded. The same staircase procedure used for the Keeler Cards was 

used for presenting these stimuli. Normal performance was assumed to be the ability to 

identify the face at all contrast levels, as Leat and Wegmann (2004) found that most 

children aged 4 years and above with normal visual acuity were able to correctly 

identify the face at even the lowest contrast. Thus, scores were coded as “normal” if 

the participant responded correctly to the 1.25% stimulus, and “weaker” if they could 

not.  

 

 
Figure 5.4: Hiding Heidi test 25% contrast and blank control cards 
	

5.1.4.2 LEA Symbols Contrast Sensitivity 

The LEA Symbols contrast sensitivity test (Hyvarinen, n.d.-e) was used to assess 

participants who could match or name shapes and was administered according to the 

standard instructions of the test, as this may be a more sensitive measure than the 

Hiding Heidi test (Leat et al., 2004). Presented at a 1m distance with binocular viewing, 

the participant was asked to identify LEA Symbols sequentially at 100%, 25%, 10%, 

5%, 2.5% and 1.25% contrast level by either naming or matching them on a card (see 

Figure 5.5). If the particpant correctly identified the first symbol in each line of five, the 

contrast was lowered to the next level. When the participant was unable to correctly 

identify the first symbol of a line, they were asked to name all five symbols in the line 

and administration was stopped when the child was unable to identify more than two 
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symbols in a line. Each correctly identified symbol was scored 1 point (assuming that 

all symbols would be correctly identified when the first symbol of a line was correct), 

and summed together for a maximum score of 30 (with a higher score indicating better 

ability to distinguish contrast). This task does not have paediatric normative data but a 

previous study reported that in children with normal visual acuity, most children with 

normal visual acuity aged 4 years and above were able to correctly identify all symbols 

in the task (Leat & Wegmann, 2004).  

 

 
Figure 5.5 LEA Symbols contrast sensitivity 25% contrast optotypes and 
matching card 
 

5.1.4.3 LEA Grating Test 

The LEA grating contrast sensitivity test (Hyvarinen, n.d.-b) was used to assess 

participants who were able to understand and correctly respond to the task instructions. 

This has been used previously with high functioning children with CVI (Geldof et al., 

2015). In the task, the participant was shown a circular grating in different orientations 

(vertical, horizontal or either diagonal) and asked to indicate verbally or by drawing a 
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line in the air, which way the gratings were oriented. The maximum distance at which 

the participant was accurately able to identify the correct grating orientation in at least 

three out of five presentations was taken to be the limit of their contrast and from this 

distance and the spacing of the gratings, it was possible to calculate the maximum 

cycles per degrees (cpd) that the participant could perceive using the nomograms 

provided with the assessment. This was conducted with both 10% and 2.5% contrast 

level gratings and the task took approximately five minutes to complete (see Figure 5.6 

for test materials). General paediatric normative data for grating contrast sensitivity 

have been published (Beazley, Illingworth, Jahn, & Greer, 1980; Gwiazda, Bauer, 

Thorn, & Held, 1997). 

 

 
Figure 5.6 LEA Grating Contrast Sensitivity stimuli 

 

5.1.5 Coding of contrast sensitivity 

Similarly to visual acuity, as contrast sensitivity was measured using different 

assessments for different children, binary coding of “normal” and “weaker” was used for 

consistent coding across the sample. This binary score was based only on 

performance on the Hiding Heidi test at 1m distance as this study and previous 

research both suggest that the Hiding Heidi and LEA Symbols assessments were not 

very relatable to each other (see Chapter 6; Leat & Wegman, 2004) Performance on 

contrast sensitivity assessment was coded as “normal” if the participant responded to 
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the 1.25% contrast stimulus appropriately and “weaker” if they were not able to 

respond correctly to the 1.25% contrast stimulus. 

 

5.1.6 Visual fields 

Visual field assessment was included in the test battery as visual field impairments may 

be coded as a visual impairment, and thus may be a presenting symptom of CVI 

(World Health Organization, 2010). Children with CVI are also reported to suffer from 

visual field defects (Bosch et al., 2014a; Saidkasimova et al., 2007; Fazzi et al., 2007; 

Merabet et al., 2016). A variety of visual field tests have been reportedly used to test 

children with CVI, including confrontation (e.g. Alimovic et al., 2014; Bosch et al., 

2014a) and kinetic perimetry (Cioni et al., 1997; Fazzi et al., 2007). Visual field 

assessment was conducted as part of the clinical ophthalmological examination set up 

for this study so the orthoptist selected the most appropriate clinical assessment and 

administered the assessment. The method selected was based on the child’s 

estimated understanding of the task requirements and ability to complete the task. 

Visual field assessment was attempted with all participants.  

The most comprehensive visual field assessment method was the Octopus 

Perimeter, which uses kinetic perimetry to assess the visual field of each eye 

separately and quantifies the visual field boundaries and possible scotomata (specific 

field defects resulting in a “blind spot” in the visual field). Administration lasted about 20 

minutes and required the participant to sit still with their chin resting on a headrest. The 

participant was shown small points of light that move in a central-ward direction in 

different areas of their visual field. The participant pressed a button when they thought 

they had seen a light and this was assumed to be the limit of their visual field. The 

Octopus Perimeter produced a map of the visual fields for the participant, with 

reference to normative data for the perimeter. 
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If a participant was unable to complete this test, the SVOP perimeter, which 

uses eye-tracking technology to see where the participant tracks stimuli on a screen, 

was used. This test was only conducted for binocular vision and lasts about five 

minutes. The participant was required to look at visual stimuli presented in different 

parts of a screen and the perimeter mapped the child’s visual field, producing a similar 

map to the Octopus Perimeter. 

If formal perimetry was not possible, the confrontation technique was used for a 

basic estimate of the participant’s visual fields. This required two assessors, one in 

front of the participant holding their visual attention in the midline and the other behind 

the participant bringing in a series of coloured lures (approximately 2cm diameter) 

sequentially into different parts of the their visual field (left and right superior, eye level 

and inferior visual fields).  The assessor in front judged at which point the participant 

was able to see the lure. This technique is able to reveal only gross visual field defects.  

According to the clinical orthoptist’s findings, the participant’s visual fields were 

coded as “normal” “lower visual field defect”, “left visual field defect”, “right visual field 

defect” or “generalized field loss”. For some participants, the test results were 

inconclusive.  

 

5.1.7 Colour vision  

Colour vision is important to consider as cerebral achromatopsia is a rare but 

recognized visual deficit caused by brain impairment (Dutton, 1994). Participants with 

sufficient visual acuity to see the visual stimuli in the test were assessed for colour 

vision using the Ishihara colour vision test, 24-plate version (see Figure 5.7 for example 

item; Ishihara, 1972). This was selected because it is a routine clinical method of 

testing colour vision, can be responded to verbally or non-verbally, and is quick and 

engaging for children. HS administered the colour vision task. 
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In the Ishihara test, the participant was shown a series of 24 plates with 

coloured points, of which a subset of different colour points make an embedded 

number or path, at a comfortable viewing distance (approximately 30-40cm). The 

participant was asked to read out numbers on the first 17 plates presented, and then 

trace along a path for the last nine plates, so this assessment could also be conducted 

with participants who do not recognize numbers. If the participant correctly responded 

to at least 12 plates, colour vision was considered normal according to test instructions.  

For participants who had motor or communication difficulties affecting speech 

and who were able only to provide a reliable yes/no response, modified test 

administration was attempted. This approach took a significantly longer time to 

administer than the standard procedure. In this modification, only single digit numbers 

were attempted and double-digit plates were presented so that only one number was 

shown at a time. When presenting the participant with a plate, a number line was used 

with the assessor reading out each number from 0 to 9 in turn and asking the 

participant to indicate yes/no whether it was the target number on the plate. All 

numbers were presented to the participant for each item and if they were able to 

correctly identify the number and correctly say no to all other numbers, the item was 

considered to be passed. For double digits, both numbers on the plate had to be 

correctly identified for the item to be passed.  

 
Figure 5.7: First Ishihara number plate image redacted due to copyright 
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5.1.8 Stereopsis  

Impaired stereopsis may be one of the presenting symptoms of CVI (e.g. Fazzi et al., 

2007; Andersson et al., 2006). The Frisby Stereotest was used to assess for stereopsis 

(Frisby, 2013), and has been previously reportedly used with children with CVI 

(MacIntyre-Beon et al., 2013). This assessment was chosen because there is 1) no 

need to wear glasses in the task, 2) it is easy to modify the assessment for children 

lacking speech, 3) it has simple instructions, 4) it can measure stereoacuity (the 

smallest depth difference that can be detected) rather than just presence or absence of 

stereopsis, and 5) it is in routine use in the clinic environment. This task was attempted 

with all participants who could see the visual test materials. HS administered the 

stereopsis task. 

The Frisby Stereotest is a simple perceptual test where the participant was 

presented with four images on a plastic plate, one of which created the illusion of a 

circular form “popping out” if stereopsis is present (see Figure 5.8). The participant 

needed to find the “circle that pops out” in three plates of decreasing thickness (and 

increasing difficulty). The participant’s threshold of stereoacuity was found by 

measuring the furthest distance at which they could make a reliable response to the 

thinnest plate (minimum three out of four trials correct at that distance). Test response 

was conventionally verbal but this assessment could also be modified for nonverbal 

participants to be used as a preferential looking test according to the test manual 

(Frisby, 2013). Stereoacuity was notated in sec/arc. Stereopsis was also coded into 

ordinal categories according to the Frisby Stereotest manual as no stereopsis; weak 

stereopsis (≥300 sec arc); mid-quality (299-40 sec arc); good (≤ 40 sec arc) (Frisby, 

2013). 
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Figure 5.8. Frisby Stereotest stimulus plate 

	

5.1.9 Form and motion coherence threshold 

The global form and motion coherence tasks were created by Atkinson, Braddick and 

Wattam-Bell (Braddick et al., 2003; Braddick et al., 2000; Gunn et al., 2002). These 

were the only assessments in the study protocol that have not been standardised for 

routine use in clinical settings, and were included in the total assessment battery to 

explore additional visual features of CVI, which cannot currently be measured through 

routine standardized clinical tests. Form and motion coherence tasks have reportedly 

also been used with CVI populations, and may be impaired (A. Tsirka, personal 

communication 2016; MacIntyre-Beon et al., 2013). These tests are psychophysical 

tasks of visual form and motion recognition, that have been experimentally developed 

for measuring higher-level vision processing than processing in the eye and anterior 

visual system but of lower level than higher visuo-cognitive processing. Task 

performance has been associated with discrete brain vision pathways that are ‘dorsal’ 

and ‘ventral’ (Braddick et al., 2016). These tasks were attempted by participants who 

had sufficient visual acuity to see the visual materials (in practice, vision acuity 1.0 
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logMAR or better) and who demonstrated an understanding of the task requirements 

(i.e. passed the practice items). HS administered the form and motion coherence 

threshold tasks. 

The form coherence threshold test evaluated the participant’s ability to perceive 

a circular shape created by lines aligned in a circular fashion on the left or right side of 

the screen. The motion coherence threshold test evaluated the participant’s ability to 

perceive coherent circular movement of lines on a screen. Both tests have been used 

widely in different paediatric clinical populations such as hemiplegia, Williams 

Syndrome, and autism spectrum disorder (Gunn et al., 2002; Atkinson et al., 2003; 

Atkinson & Braddick, 2005) as well as with typically developing children, so a set of 

normative data was available for comparison (Atkinson et al., 2003; Braddick et al., 

2016; Braddick et al., 2000; Gunn et al., 2002).  

The form and motion coherence threshold tasks are computerized tests that 

assessed the participant’s threshold of perception. They use a 2-up 1 down staircase 

procedure, where the percentage of lines in a circular pattern on one side of the 

computer screen is reduced across trials until the participant’s response is incorrect, 

and then increases by two steps. Coherence begins at 100% and becomes more 

degraded at subsequent presentations with a 100% coherence dummy variable 

(showing all stimuli presented in a coherent form/motion) at every sixth presentation. 

After a training period presenting only 100% coherence items to allow participants to 

understand the task requirements, the participant was required to make their choice of 

two possible options (left and right of the screen) to indicate where they saw the 

coherent form/motion, using the computer keyboard. This could be modified so that a 

child indicated their answer to the assessor, who recorded it. Each task lasted about 

three minutes, with 30 trials presented in each. The programme algorithm then 

determined the lowest percentage of coherence on form/motion for the participant to 

respond correctly at above chance (50%) level.  
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The data from the form and motion coherence tasks was compared to published 

paediatric data from these tasks, of typically developing 4-11 year olds and adults 

(Gunn et al., 2002). Scores could be compared to the appropriate age-norm and for 

children aged 12 and above, the adult norms were used. Participants scoring under the 

10th centile according to their chronological age were considered to have “weaker” 

ability in the task.  

 

5.2 Higher vision assessments 

The assessments selected for investigating higher vision were decided on the basis of 

being well validated standardised tests, commonly available and used clinical 

assessment tools for children that are viewed as measuring visuo-cognitive abilities, 

including visual perceptual skills and visuo-motor skills. This would permit reliable 

comparisons across the sample. As these tests are compiled of scales and sub-scales 

covering a number of different related abilities, the following tests are discussed in total 

and then in relation to the individual subscales covered. HS administered all higher 

vision assessments. 

When selecting the battery of ‘higher visual’ assessments, the following issues 

were relevant and considered. The test materials could 1) be used across the relevant 

age range (5-15 years or 8-15 years), 2) contain relevant paediatric normative data 

(particularly for neuropsychological assessments), 3) be used in the clinical 

environment  (for future translation into clinical practice), 4) cover together as a battery 

a wide range of measurable ‘higher visual’ functions possible, and 5) be feasibly 

administered within the time limits of the assessment and within realistic child attention 

and stamina limits.  

The following sections describe the assessments in the ‘higher vision’ battery. 

In the full battery, the following functions were assessed: 1) visual attention/complex 
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visual scenes, 2) visuomotor integration/visually guided movements, 3) visual memory, 

4) visual spatial skills, and 5) visual perceptual skills.   

 

5.2.1 Interpretation of neuropsychological assessments 

The neuropsychological assessments described below (TVPS, NEPSY-II, TEA-Ch, 

WISC-IV and CMS, indicated with a star symbol*) contain population normative data 

against which individual test performance may be compared. For the assessments 

used in this research project, individual subtest raw scores were compared to the 

population norms to result in a scaled score ranging from 0 to 19 points (m=10, SD=3). 

For a composite score of several subtests, scaled scores for individual subtests are 

added to create a sum of scaled scores. This value is then compared to the population 

normative data to result in a standard score (m=100, SD=15). Scaled and standard 

scores are compared to other standardized scales such as percentiles.  

Table 5.3 describes the interpretation of standardized scores of 

neuropsychological assessments. This interpretation is very similar to that of the 

cognitive levels listed in Chapter 3 (Table 3.5), but contains some additional levels at 

very low and high ends of the scale. In addition to the “above average” range listed in 

Table 3.5 (standard score>119), two additional categories of superior (standard score 

125-129) and very superior (standard score >129) are also described. The “extremely 

low” range listed in Table 3.5 (standard score/DQ <70 or not formally measured), is 

divided into two categories of moderate impairment (standard score 61-69), and 

profound impairment (standard score ≤60). 

All neuropsychological vision assessments were compared to each child’s 

verbal cognition level, to determine whether each vision skill was in line with the child’s 

cognitive level, or an area of strength or weakness in their cognitive profile. The child’s 

VCI score was compared to their vision score for each variable. For variables with 
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scaled scores, the VCI was also converted to a scaled score using the ranges of Table 

5.3 below. Chapter 5 details the statistical comparison procedures. 

 

Table 5.3 Comparison between standardized neuropsychological test scores 
Wechsler clinical categories Scaled score Standard Score z-score Percentile 
Very superior 

 
19 145 +3 99.9 
18 140 +2.67 99.6 
17 135 +2.33 99 
16 130 +2 98 

Superior 15 125 +1.67 95 
Above average 14 120 +1.33 91 
High average 13 115 +1.00 84 
Average  12 110 +0.67 75 

11 105 +0.33 63 
10 100 0 50 
9 95 -0.33 37 
8 90 -0.67 25 

Low average 7 85 -1 16 
6 80 -1.33 9 

Borderline impairment 5 75 -1.67 5 
4 70 -2 2 

Moderate impairment 3 65 -2.33 1 
Profound Impairment 2 60 -2.67 0.4 

1 55 -3 0.1 
 

It was also important to consider whether a child’s performance in a task was 

affected by vision constraints alone or more general cognitive constraints (e.g. lower 

scores in visual attention could reflect a difficulty in vision or a general attentional deficit 

(which might also be auditory) or broader overall lower cognitive processing). To take 

this complex differentiation issue into consideration, the ‘higher visual’ assessments 

used in this battery were ‘matched’ with corresponding tests of non-visual function 

when possible (e.g. visual attention tasks versus auditory attention tasks), to 

investigate whether there may be a selective deficit in the visual attentional domain. 

Unfortunately it was not possible to ‘match’ all tasks equally according to visual and 

non-visual test requirements, but “control” non-visual tasks were selected as closely as 

possible to measure a similar underlying function without requiring a visual component 

to complete the task. The ‘control’ tasks are described in the appropriate sections. 

Chapter 5 details the statistical comparison procedures. 
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As it is difficult to interpret low test scores for young children at the low end of 

the normative data, who may also have a slightly lowered IQ, only participants aged 8 

years and above with an IQ estimate of ≥80 (standard score) were asked to complete a 

subset of neuropsychological assessments (forming the High Functioning (HF) 

subgroup, see Chapter 3 for further details). These assessments included the TEA-Ch, 

NEPSY-II, WISC-IV and CMS.  

 

5.2.2 LEA Rectangles 

The LEA Rectangles test (Hyvarinen, n.d.-d) was used to investigate the ability to 

reproduce visual objects and is a modification for clinical paediatric population of the 

classic Efron task where rectangles of different shapes but equal surface areas must 

be made into different patterns (Efron, 1969). Paediatric norms for the LEA Rectangles 

task have been published (for children aged 4-11 years; Williams et al., 2015), and this 

task is used by clinicians in some clinic environments. This test has also been used to 

investigate visual perceptual deficits in children with CP at risk of CVI (Mitry et al., 

2016). 

Participants who were judged to understand the task requirements and had 

sufficient fine motor skills/manual abilities to handle the blocks in the task were asked 

to complete the task. The standard test administration of the normative study was used 

in this project (Williams et al., 2015). Firstly the participant was shown a long thin and 

short wider rectangle and asked to identify the “long one” and the “short one”.  Then 

the participant was asked to close their eyes while the assessor made a standard 

staircase-like pattern with a set of blocks. The child was then asked to copy this 

pattern. This was conducted once with an “open” pattern with blocks separated by 

approximately 1 cm and then with a closed pattern, with all blocks touching (see Figure 

5.9 for the task patterns).  
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Williams and colleagues (2015) found that 65% of the 214 children in the study 

were able to perform the task with no difficulties. Task performance improved with age, 

with 95% of children of 6 years and above showing no difficulties in the task, but even 

in the eldest subgroup (11-year-olds), 9% of participants showed minor/moderate 

difficulties.  Unfortunately the scoring system of the normative study for the LEA 

Rectangles only reached poor to fair interrater reliability and after discussing with the 

first author (C. Williams, personal communication April 27, 2015), it was decided that a 

new scoring system would be developed for this study. This also accommodated the 

assumption that some children may be performing very poorly on this task, and a 

separate category for very severe impairment on the task was included. The child’s 

performance on each of the two trials was scored on a three-point scale from 1 (no 

difficulties) to 3 (could not complete task), and summed to give a total score between 2-

6 points, with a higher score indicating more difficulties. There are no “clinical” cut-off 

scores for this task.  

 

 
Figure 5.9. Closed and open patterns of the LEA Rectangles 

 

5.2.3 LEA Mailbox 

The LEA Mailbox task (Hyvarinen, n.d.-c) was used to investigate the integrity of 

making visually guided movements. This task was used by Milner and colleagues 
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(1991), to examine the visual abilities of a patient with brain imaging (MRI) evidence of 

a temporo-occipital lesion. It has been modified for clinical use in paediatric 

populations, with published paediatric normative data (Williams et al., 2015), and is 

used by clinicians in some clinic environments. This test has also been used to 

investigate visual perceptual deficits in children with CP at risk of CVI (Mitry et al., 

2016). 

Participants judged to understand the task instruction and who had sufficient 

fine motor skills/manual ability to manipulate the card required for the task by 

accurately turning their wrists were asked to complete the task. In the task, which took 

approximately five minutes to administer, the participant was asked to post a plastic 

10cm length square card through a 12x2cm opening in a second circular card, “as if 

you were putting a letter into a mailbox” (see Figure 5.10 for the LEA Mailbox task 

materials). The posting card was given to the participant in four different orientations 

(vertical, horizontal and both diagonals) and at each orientation, two trials were 

conducted, with the opening of the circular card in the same orientation and at a 90° 

angle to the card.  

According to Williams and colleagues (2015), 96% of the 207 children who 

completed the assessment in the normative study, were rated to have perfect 

performance on the task and the remaining 4% as showing mild/moderate difficulties. 

However, similarly to the LEA Rectangles, the researchers found only “fair” inter-rater 

reliability in this task. After discussing with C. Williams (personal communication April 

27, 2015), it was decided that a new scoring system would be developed for this study. 

Similarly to the LEA Rectangles, this scoring system also accommodated the 

assumption that some participants may be performing very poorly on this task, and a 

separate category for very severe impairment on the task was included. The 

participant’s performance on each of the eight trials was scored on a four-point scale 

from 1 (no difficulties) to 4 (could not complete task), and summed to give a total score 
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between 4-32 points, with a higher score indicating more difficulties. There are no 

“clinical” cut-off scores for this task.  

 

 
Figure 5.10: LEA Mailbox materials 

 

5.2.4 Test of Visual Perceptual Skills – 3rd edition* 

The Test of Visual Perceptual Skills, 3rd Edition (TVPS) was chosen for this project as it 

has been used to assess visual perceptual skills in children with higher visual 

processing difficulties, it is normed across childhood and allows the assessor to 

interpret subtests separately as well as one overall score (Martin, 2006). This test (or 

previous editions) has been used with children at risk of CVI, and deficits have been 

noted (Ortibus et al., 2011; Hård et al., 2000; Ego et al., 2015). This test contains 

seven subtests that measure different aspects of visual perception (see Table 5.4). 

Each subtest contains 18 items and administration of a subscale is started at the first 

item of each subscale and terminated after three consecutive fails. Subtests may be 

interpreted as composites of “Basic Visual Processes”, “Sequencing” and “Complex 

Visual Processes”, as well as examining scores on individual subtests (see Table 5.4). 
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All seven subtests may be added for a Total Score. This test is normed from 4-18 years 

and administration takes approximately 30 minutes. Participants who were able to 

understand the task instructions and respond verbally or by pointing were asked to 

complete this task. See Table 5.4 for administration instructions for each subtest 

according to the test manual. Figure 5.11 illustrates an example item of the Visual 

Discrimination task in the TPVS.  

 

Table 5.4: Composites, subtests and administration of the TVPS 
Composite Subtest  Subtest administration 
Basic Visual 
Processes 

Visual 
Discrimination 

The child is shown a design and asked to point to the matching 
design among the choices shown below 

Visual 
Memory 

The child is shown a design for 5 seconds on one page, the 
page is turned and the child is asked to choose the same 
design from among the choices shown on the following page 

Spatial 
Relationships 

The child is shown a series of designs on a page and asked to 
choose the one that is different from the rest (in detail or in 
rotation of part of or whole design) 

Form 
Constancy  

The child is asked to find one design among others on the 
page (larger, smaller or rotated) 

Sequencing Visual 
Sequential 
Memory 

The child is shown design sequences comprising increasing 
number of elements for 5 seconds each on one page, the page 
is turned and the child is asked to choose the same design 
sequence from among the choices shown 

Complex 
Visual 
Processes 

Figure 
Ground 

The child is asked to find one design among many within 
complex background 

Visual 
Closure 

The child is shown a complete design on the page and asked 
to match it to one of the incomplete patterns on the page. 

 

 
Figure 5.11: TVPS Visual Discrimination Example A item image redacted due to 

copyright 
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5.2.5 Beery Buktenica Developmental Test of Visuomotor Integration 6th 

edition* 

It is important to investigate visuomotor skills as previous CVI research reports dorsal 

vulnerability, which may affect visually guided movements (Boot et al., 2010 for a 

review; Geldof et al., 2015; Fazzi et al., 2004; Chokron & Dutton, 2016). The Beery 

Buktenica Test of Visuo-Motor Integration (Beery VMI) is a commonly administered 

assessment in clinical settings and is normed from age two years upwards to 

investigate visuomotor integration (Beery & Buktenica, 2010). It has been used 

previous in studies of children at risk for CVI (Stiers et al., 2002; Ortibus et al., 2011). 

Participants who understood the test instructions and were able to hold a pencil to draw 

(and if a participant had CP, had an estimated MACS score better than level III) were 

asked to participate.  

The VMI required the participant to copy a series of line drawings of increasing 

complexity, with task administration terminated after three erroneously drawn 

consecutive figures. The Beery VMI also contains two supplementary tasks that allow 

the results of the VMI to be interpreted according to motor and motor-free factors that 

may influence performance. The Visual Perception supplementary task shows the 

shapes from the VMI sequentially and the participant was required to select which one 

of three or five options was exactly the same as the target shape. Administration was 

stopped after three minutes or if the participant made three consecutive errors. The 

Motor Control task required the participant to trace the shapes of the VMI within narrow 

boundaries. This task had a five-minute time limit. The Beery VMI and its supplemental 

tasks are normed from 2 to 99 years and give standard scores according to age. Figure 

5.12 shows an example of the Beery VMI.  
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Figure 5.12: Example pages of the Beery VMI, Motor Coordination and Visual 

Perception tasks, completed image redacted due to copyright 
 

5.2.6 Nepsy-II* 

The NEPSY-II contains a wide range of neuropsychological assessments including in 

the visual domain (Korkman, Kirk, & Kemp 2007). This tool has been well-validated and 

correlated with other cognitive and neuropsychological assessments, and is commonly 

used for both research and clinical purposes (for a review, see Brooks et al., 2009). 

Only the participants in the HF subgroup were asked to complete these tasks.  

The Arrows and Geometric Puzzles subtests were administered.  Arrows is a 

non-motor judgment of line orientation task. For each item, the participant was 

presented with a schematic dartboard picture with a set of arrows pointing in different 

directions. The participant was asked to decide which arrow was aligned to point 

directly at the centre of the bull’s-eye without tracing the line with their finger. In later 

items, the participant had to choose two arrows that point directly to the centre of the 

bull’s-eye. Administration was discontinued after five consecutive errors.  

Geometric Puzzles is a visual spatial task where the participant was presented 

with six complex geometric target shapes on the side of a grid containing more 

complex shapes. The participant was asked to find the two target shapes on the side 
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that exactly match two shapes in the grid within a 45-second time limit. The shapes in 

the grid could be rotated but could not be flipped around as a mirror image. All items 

were administered. These subtests contain normative data for children aged 6-16 

years. Figure 5.13 shows an example item from Arrows and Geometric Puzzles.  

 

 
Figure 5.13: Example items from NEPSY-II Arrows and Geometric Puzzles image 

redacted due to copyright 
 

5.2.7 Test of Everyday Attention for Children* 

The Test of Everyday Attention for Children (TEA-Ch) was selected as it contains 

subtests that measure several areas of vision-related attention and other non-visual 

tasks (Manly, Robertson, Anderson, & Nimmo-Smith, 1998). Only the participants in 

the HF subsample were asked to complete these tasks.  

Visual attention was investigated using the Sky Search and Map mission 

subtests. Both subtests are measures of selective attention and required the participant 

to find target items within a large visually cluttered page (and thus also involve 

searching complex visual scenes). Sky Search required the participant to find as many 

pairs of spaceships that are the same within a large page of spaceship-pairs as fast as 

possible and was timed. Sky Search also has a motor control task that only presents 

the target pairs of spaceships, which the participant is required to circle as fast as 

possible. Map Mission required the participant to encircle as many target items (knives 

and forks or petrol stations) as possible on a map of a town within a one-minute time 

limit.  
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The child’s scores on Sky Search and Map Mission were compared to the 

auditory subtest of Score!. Score! is a measure of auditory sustained attention and 

required the participant to count the number of beeps with random time intervals 

correctly in ten trials. Discrepancies in test performance between the visual and the 

auditory attentional subtests were explored to examine whether the child might have a 

more global attentional deficit or whether this appeared limited to the visual domain. 

The TEA-Ch contains separate normative data for girls and boys aged 6-15 years 11 

months.  Figure 5.14 illustrates the response sheets for Sky Search and Map Mission. 

 

 
Figure 5.14: Map Mission (version A) and Sky Search (version A) task materials 

image redacted due to copyright 
 

5.2.8 Children’s Memory Scale 

Visual memory may be impaired in CVI (Dutton et al., 2004; Philip, 2016; McKillop et 

al., 2006). Thus, two immediate recall subtests from the Children’s Memory Scale 

(Cohen, 1997) were administered to investigate this. Only the participants in the HF 

subsample were asked to complete these tasks. 

Dot Locations is a measure of visual working memory where the participant was 

presented with the picture of a grid with blue dots in a pattern for five seconds each 

(repeated three times) and after presentation was asked to demonstrate with blue 
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markers on a response grid where they thought the correct dots belonged (see Figure 

5.15). After the third trial, a confound trial with a different pattern of red dots on the grid 

was shown which the participant needed to copy. Finally the participant was asked to 

recall the pattern of the original blue dots. Participants aged 8 years and below were 

presented a 3x4 grid with six dots and those aged 9 years and above were presented a 

4x4 grid with eight dots, according to the test manual.  

Word Pairs, a measure of auditory working memory, was also administered, as 

a non-visual ‘control’ task.  The participant was read a set of unrelated word pairs. 

Then they were prompted with the first word of each pair and asked to recall the 

second word in the pair.  Appropriate feedback was given for each item and the correct 

word pairing was given if the participant did not respond correctly. This was repeated 

three times with the same word pairs in different orders. Then the participant was 

asked to recall as many of the word pairs as possible without being given the first word 

of each pair. 

 

 
Figure 5.15: Dot Locations task materials (9-15 year-old version) image redacted 

due to copyright 
 

5.2.9 Wechsler Intelligence Scales for Children –IV* 

The Block Design subtest of the Wechsler Intelligence Scale for Children 4th Edition 

(WISC-IV) was used to assess visual spatial skills (Wechsler, 2004; see Section 3.5.2 

for more details of the WISC-IV). The WISC Block Design task and other similar tests 
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have been previously used to assess children with or at risk of CVI, and impairments 

have been found (Stiers & Vandenbussche, 2004; Stiers et al., 2002). Only the 

participants in the HF subsample were asked to complete this task. Block Design 

required the participant to use a set of red and white cubes to make different 

geometrical patterns to match examples as quickly as possible.  

 

5.3 INSIGHT Questionnaire 

In addition to direct child assessment, dynamic visual behaviours or functions were 

probed using the INSIGHT Questionnaire (Visual Skills Inventory) that parents were 

asked to complete on the basis of their child’s current observed behaviours in the 

everyday environment. This questionnaire was included as it contains items about 

visual behaviours that cannot be measured directly using standardized assessments. 

The INSIGHT questionnaire has been used in many previous studies of children with 

CVI and children at risk of CVI to investigate the functional impact of any vision 

difficulties on vision-related everyday behaviours (e.g. MacIntyre-Beon et al., 2012; 

Williams et al., 2011; Philip, 2016; see Section 1.6.4).  

There are several variations of the INSIGHT questionnaire. The version 

selected for this study has one form for children aged 8 years and under (containing 51 

items) and another for children aged 9 years and older (containing 54 items; Ulster 

University, n.d.). The questionnaire probes eight areas of visually related behaviours 

(see Table 5.5). Each item was answered by the parent on the basis of their child’s 

current behaviour and rated on a five-point Likert scale (0-4) with a higher rating 

indicating more difficulty in the behaviour/skill. Each item also has a not applicable 

(N/A) option. All parent participants were asked to complete this questionnaire. 

 

Table 5.5: Domains of the INSIGHT questionnaire and number of items in each 
domain 
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Domain of the INSIGHT Questionnaire 
Questionnaire version 

Younger (≤8 
years) 

Older (≥9 
years) 

Visual field impairment or impaired visual attention on one 
or other side 13 12 

Impaired perception of movement 5 6 
Difficulty handling the complexity of a visual scene 9 11 
Impairment of visually guided movement of the body and 
further evidence of visual field impairment 7 7 

Impairment of visually guided movement of the upper limbs 2 2 
Impaired visual attention 4 4 
Behavioural difficulties associated with crowded 
environments 4 4 

Impaired ability to recognize what is being looked at and to 
navigate 7 8 

 

Scoring and interpretation: There is no standard scoring of the INSIGHT 

questionnaire and previous research has taken various approaches to scoring 

(Andersson & Persson, 2006; Dutton, 2011; Houliston, Taguri, Dutton, Hajivassiliou, & 

Young, 1999; Philip, 2016). Additionally, as the questionnaire does not have normative 

data, it is not possible to determine what is a clinically elevated score. Many parents 

did not complete the full questionnaire or answered N/A to several items. Thus in this 

study, the questionnaire score was standardized to be able to make comparisons 

between participants who may have had different numbers of items answered.  

A percentage total score for each child was calculated as follows. Firstly, the 

maximum possible score that the child could have achieved from the items that had 

valid responses was determined (i.e. the number of items not answered N/A or left 

blank). For example, if the parent had given a valid response to 45 items, then the 

child’s maximum possible total score was 180 (45 items x 4 - maximum possible score 

on each item). Then the total score of the questionnaire was calculated for the child by 

summing the scores of each valid item for the child. The child’s percentage total score 

was then achieved by dividing the child’s total score by their maximum possible score 

and multiplying by 100. This resulted in a score ranging between 0 and 100, with higher 

scores indicating more difficulties. The total number of items answered N/A and items 

with no response were also summed. 
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 5.4 Chapter summary 

This chapter outlined the vision assessments selected for this study and their 

justification. It also described the administration of each assessment in this study, as 

well as interpretation of test scores. Notwithstanding the two experimental tasks, tests 

were selected on the basis of being standardized clinical assessment tests publicly 

available and published and widely used in UK clinical practice and viewed as ‘good 

practice’ or ‘gold standard’ well validated tests for research and clinical practice. 

Assessments of ‘basic’ vision included visual acuity (and 2D object recognition), 

contrast sensitivity, stereopsis, colour vison, visual fields and two experimental tasks of 

form and motion coherence threshold. Assessments of ‘higher’ vision included simple 

visual perceptual tasks, and neuropsychological tests targeting visual perceptual skills, 

visuomotor integration, visual attention, visual spatial skills and visual memory. The 

results of these assessments are discussed next, in Chapter 6. These results are then 

further applied in Chapters 7 and 8, for use in the statistical development and validation 

of the classification system.	  
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Chapter 6 – Results: Participant vision characteristics  

	

	

6.1 Introduction 

This chapter presents the vision characteristics of the study sample, following from the 

Chapter 4 that described the general participant characteristics of the sample and 

Chapter 5 that described the vision assessment methodology. This chapter set out to 

identify the vision tests that could be completed by the widest range of participants and 

would contain distribution variability relevant to the further classification analyses of 

potential subgroups within the sample (considered in Chapters 7 and 8). It also aimed 

to better understand the patterns of vision abilities in this sample, and to investigate the 

important areas of vision assessment that should be measured when testing for CVI. 

To achieve these goals, this chapter explored the feasibility and applicability 

(i.e. the ability of the participants to complete the tasks with interpretable results) of 

using the selected vision tests with this sample. The score distributions of all vision 

assessments are then described, providing important information about the patterns of 

vision characteristics in this sample of children with anticipated CVI, to further our 

understanding of the condition. It is also relevant to consider whether participants had 

specific vision deficits or broader impairments in cognition or other functions (e.g. 

attention, memory), which may be affecting performance on or results of the vision 

tests. Finally, a multivariate analysis was computed to identify useful assessments in a 

clinical vision test battery for CVI, removing redundancy in the number of tests needed 

but also including all relevant test areas.  
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6.2 Method 

6.2.1 Participants, materials and procedure 

The general study methodology and statistical approach, participant characteristics of 

the study sample and the methodology of content and administration of the vision 

assessments are described previously in Chapters 3 to 5. For each vision test analysis, 

all participants who were able to complete the task with interpretable results were 

included, and the relevant participant characteristics are reported for those children 

who were unable to complete each task (see Sections 6.2.2 and 6.3.1 below). The 

results of the HF subgroup are reported separately from the rest of the sample (the 

lower functioning/age overall group - LF/A group). The HF subgroup is represented in 

blue in graphs and the LF/A group is represented in grey.  

 

6.2.2 Statistical approach 

The analysis and statistical approach undertaken in this chapter are as follows.  

Applicability of the selected tests: Firstly, the applicability of the selected tests to 

the sample were investigated, and the relevant participant characteristics of those 

children who were not able to give interpretable results were described in relation to 

age, gender, IQ, and presence of movement disorder (CP in all but one case), 

including GMFCS score as relevant.  

Vision test distributions and patterns of impairment: Secondly the score 

distributions for all test results were investigated across the sample of children who 

completed the particular test, and appropriate parametric or non-parametric 

descriptive statistics were reported depending on the normal or non-normal 

distribution respectively. For tasks with more than 20% missing data (n≥14), the 

general sample characteristics were also reported for those participants who did 

complete the task. The number of participants scoring in the clinically impaired range, 
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according to the test manual, was reported for each task (the ranges of impairment 

are described in Chapter 5). For neuropsychological tests, scores falling below two 

standard deviations from the mean (standard score <70, scaled score <4) were 

considered to be in the impaired range, and can be classified clinically as being in the 

moderate to profound impairment range (see Section 5.2.1, Table 5.3). For 

assessments with reported paediatric normative reference data (either available in the 

test manual or published in peer-reviewed journals), parametric one sample t-tests or 

non-parametric one-sample Wilcoxon signed rank tests were conducted, to 

investigate whether the sample mean differed from the normative data.  

For the tests that had standardized scoring (see further in Section 5.2.1), their 

relationships with cognition test results (VCI, see Section 5.2.1) were investigated to 

explore whether the vision test results were strengths or weaknesses in relation to the 

participant’s overall cognitive functioning (paired samples t-tests).   

For assessments with a significant motor component (Beery VMI, LEA 

Rectangles, LEA Mailbox; WISC-IV Block Design; TEA-Ch subtests), the possible 

constraint of having a movement disorder on performance was investigated (i.e. CP 

compared to non-CP groups) using parametric or non-parametric statistics as 

appropriate (independent samples t-test or Mann Whitney-U test). 

For those neuropsychological assessments with available equivalent non-vision 

based data (i.e. visual vs. auditory attention; visual vs. verbal memory), vision scores 

were also compared to non-vision scores using paired sample t-tests (or Wilcoxon 

signed rank tests for non-parametric data), to investigate whether there was a specific 

vision-related weakness or a more general impairment affecting other areas like 

auditory memory or attention.  

Multivariate analysis of vision test battery: Thirdly, the relationships between 

relevant vision variables were investigated using principal components analysis (PCA), 

to identify latent structures in the data, and to inform useful vision assessment areas for 

CVI. This method establishes the linear components existing within the data and how 
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different variables relate to these components (Field, 2005, pp.619-680). Field (2013) 

suggests that for selection of appropriate sample size at least 10-15 participants are 

available for each input variable. The Kaiser-Meyer-Olkin statistic (KMO) of sampling 

adequacy and Bartlett’s test of sphericity were conducted to examine the adequacy of 

the sample size of this analysis, as the sample size of this analysis was smaller than 

recommended (described in detail in Section 6.3.5). Only those standardized vision 

tests that could be completed by the majority of the participants were included in the 

analysis. The determinant statistic was investigated to check for possible 

multicollinearity in the dataset. A direct oblimin rotation was conducted to ease 

interpretation of results, considering the high probability that factors may be correlated. 

All factors with eigenvalues >.7 were retained (Joliffe, 1972). 

 

6.3 Results 

6.3.1 Applicability of the selected tests 

Table 6.1 is a table of the frequency of participants in the total sample and HF 

subgroup who were able to undertake the tests leading to interpretable results in the 

assessment battery. Twenty (29% of the total sample) participants were able to 

complete only 50% or fewer of the vision assessments. These children were all very 

low functioning. For most participants with missing test results, this was due to them 

not being able to participate in the test due to cognitive/motor/speech and language 

restrictions (see Table 6.1 for details of the ages, genders, cognitive levels, and 

GMFCS levels of participants with missing data). Thirteen children were unable to 

cooperate with any form of visual field assessment. In seven children for whom visual 

field testing was attempted, results were inconclusive. Thus 20 children had no valid 

visual field assessment data. 

However, for a minority of participants, test results were missing for other 

reasons, detailed below. For two participants, form and motion coherence data was 
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missing due to task materials not being available. Two children did not complete Block 

Design as the test materials were unavailable at the time of assessment Three 

participants in the HF subgroup did not complete the CMS subtests and one did not 

complete the Score DT! subtest due to time constraints. One HF participant could not 

undertake this test as she could not see the small visual details of Map Mission. 
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6.3.2 Basic vision test data distributions and patterns of impairment 

6.3.2.1 Visual acuity 

Visual acuity was measured by the Sonksen logMAR near score both eyes open 

(n=56), the Keeler Cards score (n=11) and the NDS score or clinician estimate (n=2). 

Figure 6.1 shows a scatterplot of the Sonksen logMAR and Keeler Card scores for 

each participant, plotted against participant age. Participants showed a range of visual 

acuity according to the Cumberland et al. (2016) categorization (see Section 5.1.2, 

Table 5.1 for details). The score distribution showed two peaks: 44% of participants 

had normal range visual acuity, 7% had near normal range acuity, 10% had socially 

significant VI range, 29% had moderate range VI, 6% had severe VI range and 4% 

were in the blind range (see Figure 6.2). As expected from the exclusion criteria, no 

children in the HF subgroup were categorized as being in the severe VI range.  
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Figure 6.1: Scatterplots of Sonksen LogMAR near, both eyes open crowded 
optotypes and Keeler Card Snellen equivalent scores, plotted against participant 
age. The LF/A group is represented in grey and the HF subgroup is represented in 
blue. Please see Table 6.1 for details of non-completing participants (missing data 
Sonksen logMAR n=13, Keeler Cards, n=6). 
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Figure 6.2: Category of visual acuity according to Cumberland et al. (2016). The 
LF/A group is represented in grey and the HF subgroup is represented in blue.  
 

Sonksen Picture Test. As can be seen from Figure 6.3, the score distribution 

was strongly negatively skewed, with 22 participants (36% of the 61 participants 

completing this task) scoring the highest possible score of 54. Seven participants 

(12%) scored between 51-53. Nine participants (15%) scored between 41-50, six 

participants (10%) scored between 31-40, five (8%) scored between 21-30, seven 

(12%) scored between 11-20 points and five participants (8%) scored 10 points or 

lower.  
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Figure 6.3: Sonksen Pictures total score distribution. Higher score indicates better 
performance 
 

6.3.2.2 Contrast sensitivity 

As the majority of participants in the sample were unable to complete the LEA grating 

contrast acuity (see Table 6.1), the results from this test are not reported or used in the 

remaining study.  

The score distribution on the Hiding Heidi test was positively skewed as 

illustrated in Figure 6.4, with 54 participants (81% of the 67 participants who completed 

the task) showing “normal” contrast sensitivity (i.e. seeing the 1.25% target at 1m). 

Thirteen children (19% of completing participants) were categorized as having “weaker” 

contrast sensitivity, of whom four (6%) correctly identified the 2.5% stimulus, five (8%) 

correctly identified the 5% stimulus and three (5%) were not able to identify the 5% 

stimulus.  

A similar positively skewed distribution was seen in the LEA Optotype test 

scores, with 40 children (70% of the 57 participants completing this task, shown in 

Figure 6.5) obtaining the ceiling score of 30, indicating “normal” contrast sensitivity.  
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Seventeen participants showed “weaker” contrast sensitivity, with scores ranging 

between 9 and 28 points (30% of the participants completing the task).  

 
Figure 6.4: Distribution of scores in the Hiding Heidi CS test. 1.25% contrast taken 
to be “normal” performance. The LF/A group is represented in grey and the HF 
subgroup is represented in blue.  
 

 
Figure 6.5: Distribution of scores in the LEA Optotypes CS test. Higher scores 
indicate better performance, with 30 points taken to be “normal” performance (symbols 
1-5 at 100%, 6-10 at 25%, 11-15 at 10%, 16-20 at 5%, 21-25 at 2.5% and 26-30 at 
1.25%). The LF/A group is represented in grey and the HF subgroup is represented in 
blue.  
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6.3.2.3 Visual fields 

Forty-nine children (71% of total sample) had interpretable visual field data. As can be 

seen in Figure 6.6, 27 participants (55%) showed normal visual fields. Nine (18%) had 

a right visual field defect, three (6%) had a left visual field defect, five (10%) had an 

inferior field defect and five (10%) showed a generalized visual field loss.  

 

  
Figure 6.6: Categorization of visual field defects. The LF/A group is represented in 
grey and the HF subgroup is represented in blue.  
 

6.3.2.4 Colour vision 

Only one child showed a colour vision deficit: red-green colour blindness (aged 8 

years; male; VCI=91; HF subgroup), and 51 (98%) of the completing children showed 

no colour vision deficit.  
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6.3.2.5 Stereopsis 

The categorization of stereopsis scores can be seen in Figure 6.7 (see Section 5.1.7 

for the categorization definitions of stereopsis). Twenty-seven children (50% of the 54 

children completing the task) showed no stereopsis, and 27 children (50%) showed 

evidence of stereopsis, with seven (13%) being categorized as having weak, eight 

(15%) as having mid-quality and 12 (22%) as having good quality stereopsis. 

 

  
Figure 6.7: Categorization of stereopsis (according to Frisby, 2013). See Section 
5.1.8 for Stereopsis categories. The LF/A group is represented in grey and the HF 
subgroup is represented in blue.  
 

6.3.2.6 Form and motion coherence threshold 

Thirty-nine children (57%) completed all trials of motion coherence (age m=11.18 

years, SD=3.36; 16 male, 23 female; VCI m=92.36, SD=15.09; CP= 13 - GMFCS I=4, 

II=4, III=5; HF subgroup n=23). The distribution of motion coherence scores was 

positively skewed and kurtotic (mdn=30.69, IQR=22.96). Figure 6.8 shows the 

individual participant scores plotted with age, and the 10th, 50th and 90th centile 

boundaries based on norms of typically developing children published by Gunn and 
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colleagues (2002). Eighteen children (46%) showed threshold scores below the 10th 

centile, and 21 children (54%) showed a coherence threshold score at or above the 

10th centile.  

Forty children (58%) completed all trials of form coherence (age m=11.11, 

SD=3.34; 15 male, 25 female; VCI m=92.70, SD=15.22; CP=12 - GMFCS I=4, II=3, 

III=5; HF subgroup n=24). The distribution of form coherence data was positively 

skewed and kurtotic (mdn=25.28, IQR=14.23). Figure 6.8 shows the participant scores 

and 10th, 50th and 90th centile boundaries based on the typically developing children 

norms (Gunn et al., 2002). Twenty-three children (58%) showed form threshold scores 

below the 10th centile, and 17 children (43%) showed threshold scores at or above the 

10th centile.  
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Figure 6.8: Motion coherence scores and form coherence scores of the 
participant sample and 10th, 50th and 90th centile score boundaries according to 
age (adapted from Gunn et al., 2002). The LF/A group is represented in grey and the 
HF subgroup is represented in blue. The red reference line indicates the 10th centile, 
the yellow line indicates the 50th centile and the green line indicates the 90th centile. 
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6.3.3 Higher vision test data distributions and patterns of impairment 

6.3.3.1 LEA tests 

Fifty-four participants (78% of sample) were able to complete the LEA Rectangles (age 

m=10.08 years, SD=3.46; 24 male, 30 female; VCI mdn=90, IQR=82.5-100.5; CP=19 - 

GMFCS – I=5, II=8, III=6; HF subgroup n=26). Figure 6.9 shows the data distribution of 

this task. Twenty-eight participants (52% of the participants completing the task) 

obtained the ceiling score of 2 in this task. As this task has a considerable motor 

component, the possible influence of a movement disorder on performance was 

investigated. There was no significant difference between group scores of those 

participants with CP compared to those with no CP, U=281.5, p>.05.  

Fifty-three participants (77% of sample) completed the LEA Mailbox task (age 

m=10.11 years, SD=3.49; 24 male, 26 female; IQ estimate mdn=89, IQR=82-101; 

CP=18 - GMFCS – I=5, II=8, III=5 HF subgroup n=26). The LEA Mailbox scores of the 

sample were positively skewed, with seven participants (13% of participants completing 

task) obtaining a ceiling score of 8 and 31 participants in the “normal range, scoring 8-

12 points (59% of the 53 participants completing the task – see Figure 6.10). Thus, 22 

participants (42% of participants completing the task) showed a lowered score in the 

LEA Mailbox task. When comparing group scores between children with and without 

CP, no significant difference was found, U=247.0, p>.05.   
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Figure 6.9: Distribution of LEA Rectangles scores. Lower score indicates better 
performance. The LF/A group is represented in grey and the HF subgroup is 
represented in blue. 

 

 
Figure 6.10: Distribution of LEA Mailbox scores. Lower score indicates better 
performance. The LF/A group is represented in grey and the HF subgroup is 
represented in blue. 
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6.3.3.2 Beery VMI 

Forty-three children (62% of total sample) completed the Beery VMI (age m=10.66 

years, SD=3.43; VCI m=92.23, SD=14.62; 18 male: 25 female; CP=13 - GMFCS – I=5, 

II=4, III=4; HF subgroup n=26). The VMI standard scores of the sample was normally 

distributed, with a similar standard deviation to the normative population but a 

significantly lower mean than the normative population (sample m=73.77, SD=13.93; 

t(42)=-12.35, p<.001, d=.3.81, large effect, See Figure 6.11). Fifteen participants (35% 

of participants completing the task) scored in the clinically impaired range according to 

Wechsler categorization (standard score <70; See Chapter 5, Table 5.3). Participant 

VCI was significantly higher than Beery VMI score, t(42)=6.99, p<.001, d=2.16, large 

effect (paired samples t-test). There was no significant difference in Beery VMI score 

according to presence of CP or not, t(42)=1.45, p>.05. 

A normal distribution was found in the supplementary task of Visual Perception, 

but with the sample mean distribution significantly lower than the normative data 

(m=74.93, SD=23.42; t(42)=6.90, p<.001, d=2.13, large effect). Eighteen participants 

(42%) were in the clinically impaired range (standard score <70). A similar pattern was 

seen in the Motor Coordination supplementary task, with a normal distribution in the 

sample data that was significantly lower than the normative data (m=70.09, SD=16.11; 

16 participants (37%) in the clinically impaired range; t(42)=11.90, p<.001, d=3.67, 

large effect).  
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Figure 6.11: Distribution of standard scores in the Beery VMI. Higher score 
indicates better performance (normative population m=100, SD=15). Scores <70 are in 
the clinically impaired range. The LF/A group is represented in grey and the HF 
subgroup is represented in blue. 
 

6.3.3.3 Test of Visual Perceptual Skills 

Forty-nine participants (71% of total sample) completed the TVPS (age m=10.43 years, 

SD=3.42 years; VCI m=91.80, SD=14.51; 21 male: 28 female; CP=16 - GMFCS I=5, 

II=5, III=6). The TVPS total scores were normally distributed with a similar standard 

deviation to the normative population, but significantly lower mean (sample m=79.49, 

SD=18.01, t(48)=7.97, p<.001, d=2.30, large effect– see Figure 6.12). Two outliers 

were noted, with high scores (see Figure 6.11). Fourteen participants (29% of 

participants who completed the test) scored in the clinically impaired range on the 

TVPS Total. Participant VCI was significantly higher than TPVS Total, t(48)=4.60, 

p<.001, d=1.33, large effect (paired samples t-test). For all the composite scores, 

normal distributions were seen, with similar standard deviations to the population but 

significantly lower sample mean scores than the population mean. On Basic 

Processes, 15 participants (31%) were in the clinically impaired range (m=80.65, 

SD=18.80, t(48)=7.20, p<.001, d=1.29 large effect). On Sequencing, 12 participants 
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were in the clinically impaired range (25%, sample m=82.44, SD=17.99, t(48)=6.76, 

p<.001, d=0.98, large effect). On Complex Processes, 18 participants were in the 

clinically impaired range (37%, sample m=77.73, SD=19.77, t(48)=7.89, p<.001, 

d=1.13, large effect). As the TVPS is a motor-free test, it was not necessary to test for 

the possible effect of movement disorder on test performance.  

Table 6.2 describes the distributions of individual TVPS subscales scaled 

scores, including the number of participants in the impaired range. The sample data 

distributions in all subtests were significantly lower than the normative data, and 

between 14 and 26 (29% to 53%) participants scored in the impaired range on the 

subscales. 

 

 
Figure 6.12: TVPS Total standard score distribution. Higher score indicates better 
performance (normative population m=100, SD=15). Scores <70 are in the clinically 
impaired range. The LF/A group is represented in grey and the HF subgroup is 
represented in blue. 
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Table 6.2: TVPS subtest distributions and frequencies of participants in the 
impaired range 
TVPS Subscale Median (IQR) Distribution Clinically impaired 

range (scaled <4) n (%) 
Visual discrimination 6 (3 - 9) Positive skew 19 (39%) 
Visual memory 6 (2-10) Normal 16 (33%) 
Spatial relations 7 (3-12) Normal 14 (29%) 
Form constancy 4 (2 - 8) Positive skew 20 (41%) 
Visual sequential memory 6 (3 - 9) Normal  15 (27%) 
Figure ground 4 (2 - 8) Positive skew 22 (45%) 
Visual closure 5 (2 - 9) Normal  17 (35%) 

 

6.3.3.4 NEPSY-II 

All participants in the HF subgroup completed the NEPSY subtests. The scaled scores 

of Arrows were normally distributed (m=6.04, SD=3.84, see Figure 6.13), with the 

sample mean significantly lower than the reference standard, t(25)=5.26, p<.001, 

d=2.10, large effect. One outlier was noted with a high score (Figure 6.12). Seven 

children (27%) scored in the impaired range (scaled score <4). Participant VCI was 

significantly higher than Arrows score, t(25)=3.72, p=.001, d=1.49, large effect (paired 

samples t-test). The scaled score distribution of Geometric Puzzles was normal 

(m=7.27, SD=2.66, see Figure 6.13), with the sample mean significantly lower than the 

reference standard, t(25)=5.23, p<.001, d=2.09, large effect. One outlier was noted 

with a high score (Figure 6.14). Two children (8%) scored in the impaired range. 

Participant VCI was significantly higher than Geometric Puzzles score, t(25)=2.42, 

p=.023, d=.97, large effect (paired samples t-test). These tasks are both motor-free so 

it was not necessary to test for the possible effect of movement disorder on test 

performance. 
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Figure 6.13: NEPSY Arrows scaled score distribution Higher scores indicate better 
performance (normative population m=10, SD=3). Scores <4 are in the clinically 
impaired range. 
 
 

 
Figure 6.14: NEPSY Geometric Puzzles scaled score distribution. Higher scores 
indicate better performance (normative population m=10, SD=3). Scores <4 are in the 
clinically impaired range. 
 
 
 



223	
	

6.3.3.5 WISC-IV 

Twenty-four participants of the HF subgroup completed Block Design. As can be seen 

in Figure 6.15, the Block Design scaled scores were normally distributed (m=7.50, 

SD=3.35). The study sample mean was significantly lower than the reference standard, 

t(23)=3.66, p=.001, d=1.53, large effect. One outlier was noted with a high score 

(Figure 6.14). Two participants (8%) scored in the clinically impaired range. There was 

no significant difference between participant VCI and Block Design scores t(23)=1.84, 

p>.05 (paired samples t-test). Participants with no CP scored significantly higher than 

those with CP on Block Design, U=28.00, p=.047, η2=.177, small effect (no CP 

mdn=9.0, IQR=5.5-10.0; CP mdn=5.0, IQR=4.0-6.0).  

 

 
Figure 6.15: WISC-IV Block Design scaled score distribution Higher scores 
indicate better performance (normative population m=10, SD=3). Scores <4 are in the 
clinically impaired range. 
 

6.3.3.6 CMS 

For the 23 participants in the HF subgroup who completed the CMS, the distribution of 

scaled scores was normal (m=8.09, SD=4.06, see Figure 6.16), and a one sample t-
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test showed that the sample mean was lower than the reference standard, t(22)=2.26, 

p=.034, d=.96, large effect. Four participants (17%) were in the clinically impaired 

range. There was no significant difference between participant VCI and Dot Locations 

scores t(22)=.54, p>.05 (paired samples t-test). Dot Locations had no motor component 

that would affect the test score so it was not necessary to test for the possible effect of 

movement disorder on test performance. The data distribution of Word Pairs was 

normal (m=7.75, SD=4.38), and a paired samples t-test showed no significant 

difference between Dot Locations and Word Pairs scores, t(22)=.35, p>.05.  

 

 
Figure 6.16: CMS Dot Locations scaled score distribution Higher scores indicate 
better performance (normative population m=10, SD=3). Scores <4 are in the clinically 
impaired range. 
 

6.3.3.7 TEA-Ch 

All participants in the HF subgroup completed Sky Search. Scores were normally 

distributed (m=7.27, SD=2.89, Figure 6.17), and the sample mean was significantly 

lower than the normative data, t(25)=4.81, p<.001, d=1.92, large effect. Three 

participants (11.5%) scored in the clinically impaired range. Participant VCI was 
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significantly higher than Sky Search score, t(25)=2.14, p=.043, d=.86, large effect 

(paired samples t-test). There was no significant difference in Sky Search score 

according to presence of CP or not, U=34.0, p>.05. 

Twenty-five participants completed Map Mission, and scores were normally 

distributed (m=4.72, SD=3.16, Figure 6.18). The sample mean was significantly lower 

than the reference standard, t(24)=8.37, p<.001, d=3.42, large effect, with ten 

participants (40%) performing in the clinically impaired range. Participant VCI was 

significantly higher than Map Mission score, t(24)=4.62, p<.001, d=1.89, large effect 

(paired samples t-test). There was no significant difference in Map Mission score 

according to presence of CP or not, U=38.5, p>.05. 

 Score! (m=7.38, SD=4.08) was normally distributed. When comparing Sky 

Search scaled scores to Score! scaled scores using a paired samples t-test, no 

significant difference was found, t(25)=0.12, p>.05. However, Map Mission scaled 

scores in participants were found to be significantly lower than Score! scaled scores, 

t(24)=2.98, p=.007, d=1.21, large effect. 

 
Figure 6.17: TEA-Ch Sky Search scaled score distribution Higher scores indicate 
better performance (normative population m=10, SD=3). Scores <4 are in the clinically 
impaired range. 



226	
	

 
Figure 6.18: TEA-Ch Map Mission scaled score distribution. Higher scores indicate 
better performance (normative population m=10, SD=3). Scores <4 are in the clinically 
impaired range. 
 

6.3.4 INSIGHT Questionnaire data distributions and patterns of impairment 

Sixty-six parents (96% of sample) completed the INSIGHT questionnaire. Twenty-four 

parents answered all items. The number of N/A items ranged between 0-26 (mdn=2, 

IQR=0-5), with a very low median indicating that most parents answered the majority of 

items. The percentage of items with valid responses (i.e. not left blank or answered N/A 

– see Section 5.3) ranged from 51-100% (mdn=96% items answered, IQR=90.6-

100.0). However, no participants were excluded from the analysis.  

The data distribution of the sample percentage total scores was kurtotic 

(mdn=56.37, IQR=46.52-64.21, Figure 6.19 – see Section 5.3 for calculating 

percentage total scores). There were three outlying data points, one with a very low 

score and two with a high score compared to the rest of the dataset (Figure 6.19). The 

percentage total score showed no correlation with age (rs=-.05, p>.05), or cognition as 

measured by IQ estimate (rs=-.04, p>.05). There was no group difference in percentage 

total score according to whether or not the child had CP, t(64)=.35, p>.05 (no CP n=37, 
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percentage total score m=56.46, SD=14.633; CP n=29, percentage total score 

m=55.35, SD=9.94). 

 

 
Figure 6.19: Distribution of INSIGHT Questionnaire percentage total scores. 
Higher scores indicate more reported difficulties. The LF/A group is represented in grey 
and the HF subgroup is represented in blue. 
 

6.3.5 Principal components analysis 

Principal components analysis (PCA) was run with five sets of results from 

standardized tests that were considered highly pertinent to a classification framework 

for CVI (see Chapters 1, 2 and 5), that were completed by the majority of the 

participants, and that showed within-sample variance. The test results used were from 

1) Sonksen logMAR near BEO, 2) LEA contrast sensitivity optotypes, 3) Frisby 

Stereotest, 4) TVPS Total score, 5) Beery VMI total score. This led to a ‘reduced’ 

subsample of n=43 who had undertaken all of the above tests (see Table 6.1). 

The KMO statistic indicated that the strength of the relationships among 

variables was mediocre (KMO = .536). Bartlett’s test of sphericity was χ2(10)=49.01, 
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p<.001. No concern about multicollinearity was found (Determinant=.29). These 

statistical results showed that it would be acceptable to run the PCA with this dataset. 

Three factors were extracted. Factor 1 had an eigenvalue of 1.98 and 

accounted for 40% of the variance in the data. Factor 2 had an eigenvalue of 1.57 and 

accounted for an additional 32% of the variance. Factor 3 had an eigenvalue of .73 and 

accounted for an additional 15% of the variance. The model showed an acceptable fit 

of the data, with only 40% of residuals >.05.  

Table 6.3 shows the factor loadings of the PCA. Factor 1 appeared to relate to 

basic vision, specifically spatial vision, as contrast sensitivity and visual acuity loaded 

highly onto it. Factor 2 related to higher visual skills as both the Beery VMI and the 

TVPS loaded highly onto this factor. Factor 3 seemed to also relate to basic vision but 

more specifically depth perception. Visual acuity also loaded onto this factor. The 

variables apart from the Sonksen LogMAR variable loaded highly onto one factor only. 

A possible explanation for the Sonksen LogMAR loading onto two factors (and only to a 

moderate level) is that the other vision test abilities were underpinned by the visual 

acuity measured by the Sonksen logMAR.  

 
Table 6.3: PCA factor loadings 
Pattern matrix (structure matrix) Factor 1 Factor 2 Factor 3 
LEA CS optotypes  .98 (.95)   
Sonksen LogMAR -.67 (-.79)   .47 (.65) 
Stereopsis   -.97 (-.97) 
Beery VMI  .92 (.90)  
TVPS total  .86 (.88)  
Percentage of variance 39.6 31.5 14.5 
Eigenvalue  1.98 1.57 .725 
Factor loadings <.3 not displayed 

 

6.4 Discussion 

This chapter sought to examine patterns of visual abilities across the sample, to identify 

those vision tests that may be the most useful to enter into the statistical classification 

analysis and to identify the important areas of vision that should be tested for CVI.  
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Although the sample was heterogeneous in relation to vision, cognitive and 

motor abilities, most participants were able to complete the majority of assessments. 

However, a minority of participants, who were all low functioning, were only able to 

complete half of the vision tests at maximum. These children’s cognitive levels were 

mostly in the clinically borderline or impaired (extremely low) ranges (IQ estimate <80), 

and they were mostly in the younger to middle age range of the study (6-12 years). 

Most children with missing data also had a movement disorder. These children were 

not entered into the multivariate statistical analyses as their data was missing as a 

result of vision, motor and/or cognitive restrictions in being able to complete the tests 

and were therefore not considered as missing completely at random. However, this 

subgroup is discussed further in Chapters 7 and 8 when considering the participants 

entered into the classification analysis, and Chapter 9, in the interpretation of the study 

results. 

The patterns of vision results were very individually variable and distributed 

across the sample. Many of the children had a number of tests in the clinically impaired 

range and others in the non-impaired range, and individual children showed particularly 

high scores on some tests but difficulty on others. All participants but two were able to 

complete a formal visual acuity test at near distance with both eyes open, and all 

participants could be categorized according to their acuity level. About half of the visual 

acuity scores were in the normal to near normal acuity range, and the other half acuity 

ranged between socially significant VI to blindness (i.e. light perception at best). Not all 

children were tested using the same materials, but only a minority of participants were 

categorized solely according to the Keeler Cards, NDS or paediatrician estimate, rather 

than the Sonksen LogMAR recognition acuity test. NDS scores showed variable 

performance but none of the seven children tested with this were profoundly visually 

impaired, as all demonstrated at least a reaction to non-light reflecting stimuli on the 

task. Near detection vision is lower than visual acuity ranges so it may be difficult to 

estimate a more detailed acuity level from this data. Previous research indicates that 
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grating acuity tests such as the Keeler Cards may lead to less accurate scores of visual 

acuity than recognition acuity tests (Leat et al., 2009). As all of the children in the 

‘reduced’ subsample were able to engage with the Sonksen LogMAR test, this variable 

was chosen to be used in the further classification analyses of the ‘reduced’ subsample 

who completed all vision tasks. The visual acuity categorization of Cumberland et al 

(2016) was used for acuity scores in the total sample classification of Chapter 7. 

For contrast sensitivity, most of the sample was able to complete the Hiding 

Heidi task. This was a very positively skewed distribution with the majority of the 

sample reaching the ceiling score of the task, and of which only about one fifth of 

participants showed ‘weaker’ contrast sensitivity. The LEA Symbols optotype test also 

showed a strong positive skew but with more variability in scores, with one third of 

participants scoring in the ‘weaker’ range. Previous research suggests that the LEA 

Symbols contrast sensitivity optotype test may be more sensitive than the Hiding Heidi 

test in detecting contrast sensitivity impairment (Leat & Wegman, 2004), and all 

children in the ‘reduced’ subsample were able to complete this task. Thus it was 

decided that the LEA Symbols optotypes test would be the better test to use for CS in 

the ‘reduced’ subsample analyses of the study, and Hiding Heidi was used in the total 

sample classification analyses. It must be acknowledged that both the Hiding Heidi and 

the LEA Symbols tasks are limited in reaching the full range of contrast sensitivity in 

children with normal vision, who are easily able to reach ceiling scores on the tasks 

(Leat & Wegman, 2004). The LEA Grating Contrast Sensitivity would have been a 

more comprehensive and precise measure for the full range of vision and allowed the 

plotting of a contrast sensitivity curve for each child. This task was attempted but there 

were difficulties in task administration (e.g. children not understanding task instructions) 

and therefore the majority of participants were not able to engage in the task to provide 

interpretable data. This limitation is discussed in Chapter 9. 

Most participants were able to complete the Frisby Stereotest, and stereopsis 

was affected in the majority of the sample, with half of the participants not able to 
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demonstrate any stereopsis on testing. There was considerable variability in the data 

distribution, and this variable is further considered in the classification analysis. 

Almost half of the participants completing a visual field assessment showed a 

visual field defect, with a variety of defects reported. However only a subsample of 

about half of the participants were able to give an interpretable result for visual field 

testing and several different measures were used with different methodologies and test 

sensitivity.  Due to the large amount of missing data and the variety of tests used to 

measure visual fields, this data is not considered in the classification analysis.  

No children showed signs of cerebral achromatopsia in this study, although one 

participant had red-green colour blindness. Because there was minimal variability in the 

results of the Ishihara colour vision test, this was excluded from further consideration.  

On the experimental tasks of form and motion coherence threshold, variability 

was seen across the sample scores. When compared to paediatric normative data 

(Gunn et al., 200), over half of the sample scored below the 10th centile on form 

coherence and almost half of the participants scored below the 10th centile on motion 

coherence, indicating that these areas may also be compromised in some children with 

CVI. These tasks were not intended to be included in the classification analysis as they 

are experimental tasks and not originally designed for clinical practice.  

Evidence of higher visual deficits was seen in the vision test score distributions 

of the sample. Half of the sample had made errors in the LEA Rectangles and LEA 

Mailbox tests. On standardized tests measuring ‘higher’ visual skills, the sample also 

had impairments, and test scores were significantly lower than the paediatric normative 

data distributions in most areas of vision investigated. This indicated that on a group 

level, the tested vision abilities of the sample were lower than would be expected in 

typically developing children of a similar age range.  

The TVPS was completed by the majority of participants and showed variability 

in scores across the sample (with almost one third in the clinically impaired range). 
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Participants also showed a range of scores on the individual subtests of the TVPS, 

between the clinically impaired and the average ranges. The Beery VMI showed similar 

patterns, with one third of participants scoring in the clinically impaired range. These 

tasks are therefore considered as potentially valuable to use for the classification 

analysis in Chapter 7. 

The participants in the HF subgroup showed a range of scores in the additional 

neuropsychological tests, with considerable variation between participants. Mean 

scores on these tasks were mostly in the low average to average ranges, but 

particularly low scores were seen in Map Mission (a test of selective visual attention for 

identifying targets in a complex visual scene), with a mean score in the borderline 

impaired range. This may indicate a possible vulnerability in ‘dorsal’ skills. The 

neuropsychological assessments administered only to the HF subgroup were not used 

for the classification analyses, as full datasets were not available for the statistical 

procedures.  

When comparing the higher vision scores to verbal cognition level, it was found 

that participant scores on most tasks (Beery VMI, TVPS, NEPSY subtests, TEA-Ch 

subtests) were significantly lower than that of their cognitive level, suggesting that 

these vision tasks were areas of relative weakness. However the CMS Dot Locations 

and WISC-IV Block Design tests did not show any discrepancy with verbal cognition.  

When investigating whether a deficit was a selective visual difficulty or a 

broader neuropsychological impairment, participant scores on the Map Mission visual 

attention task were significantly lower than of the test of auditory attention, suggesting 

a selective deficit in the visual attention domain rather than of a more general 

attentional deficit. No selective impairment was seen between the visual CMS Dot 

Locations task and the verbal Word Pairs task. This calls into question whether some 

areas of vision considered to be processed in the ‘dorsal stream’ (Milner & Goodale, 

1992) may be more vulnerable in CVI than areas considered to be processed in the 
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‘ventral stream’ (e.g. visual recognition and memory tasks), as also suggested by other 

researchers (e.g. Dutton, 2009; Colenbrander, 2010).  

The impact of fine motor dexterity and mobility deficits on tasks with motor 

components was considered. The LEA Mailbox, LEA Rectangles, Beery VMI and Block 

Design tasks all require a significant motor component to perform them, which could 

impact on their test performance. However, visually guided movements are also 

purported to be impaired in some children with CVI and potentially a vision-based skill 

deficit (e.g. Drummond & Dutton, 2007), particularly in those studies focussing on 

‘dorsal’ difficulties. It may therefore be useful to consider visuomotor integration skills 

as a vision skill further in the classification analyses. Only participant performance on 

Block Design was found to be adversely affected by the presence of a movement 

disorder, so it may be feasible to assume that poor performance on the other tasks with 

a motor component may be due to vision-related rather than motor-related difficulties.  

The INSIGHT questionnaire was scored for most participants and showed 

variability across the sample. All children (but one) showed elevated scores, and the 

whole sample were reportedly showing behavioural visual functional difficulties in the 

everyday environment according to their parent’s responses. As this is a parent-rated 

questionnaire rather than an objectively measured assessment and the questionnaire 

is not standardized, it was not included in the statistical development of the 

classification framework.  

Although the vision tests that were not standardized or had a significant amount 

of missing data (visual fields, LEA Rectangles, LEA Mailbox, form and motion 

coherence thresholds, neuropsychological tests only completed by the HF subgroup, 

INSIGHT Questionnaire) were not considered for use in the classification analysis, they 

were available as test material for the validation of the study (see Chapters 7 and 8). 

Principal components analysis (PCA) was conducted with a set of five 

standardized vision tests that were completed by the majority of the sample, and 

revealed three underlying factors in the data. These appeared to relate to basic vision 
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(with visual acuity and contrast sensitivity tests loading highly onto this factor), 

stereopsis (with the stereopsis and visual acuity tests loading highly onto this factor), 

and higher vision (with visual perception and visuomotor integration tests loading highly 

onto this factor). This finding suggests that in CVI, it may be important to test for both 

basic and higher level vision abilities as they may relate to different underlying 

constructs. This is highly salient for the clinical assessment of children with suspected 

CVI, as multidisciplinary expertise may be required to complete a robust assessment 

that covers the relevant domains of vision and can be interpreted in light of the child’s 

developmental level and any other paediatric conditions. The implication of this finding 

on clinical assessment considerations is further discussed in Chapter 9. 

 

6.5 Chapter summary 

This chapter explored the vision abilities of the participants in the study, including the 

abilities of the participants in the sample to complete each task, the ranges of sample 

scores on each vision task and possible external influences for each vision task. A 

range of vision abilities was found, with some participants performing in the normal 

range and some in the impaired range, across the vision tasks. However there was a 

considerable amount of missing data due to participant difficulty in engaging in the 

assessment for many reasons, including low cognition and movement disorder.  

Of the clinical vision tests, the majority of participants were able to complete five 

tasks: Sonksen logMAR (both eyes open, near distance), LEA Contrast Sensitivity 

Optotypes, Frisby Stereotest, Beery VMI and TVPS, and this was taken to be the 

proposed vision tests for the cluster analysis and for the proposed assessment protocol 

of the study. The principal components analysis led to the variables loading onto three 

domains which were interpreted as 1) spatial vision (Sonksen LogMAR, LEA Contrast 

Sensitivity Optotypes), 2) stereopsis (Frisby Stereotest, Sonksen LogMAR) and 3) 
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higher vision (Beery VMI, TVPS), indicating that basic and higher vision were 

distinguishable factors which should be separately assessed. 

The findings of this chapter and the vision test battery described above are next 

considered in the statistical classification analysis in Chapter 7, to reveal potential 

subgroups of children according to functional vision abilities as recommended by 

previous research (Boot et al., 2010). The patterns and groupings of vision deficits are 

further investigated in the external validation of Chapter 8, which examines the vision 

patterns of the different classification categories.   
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Chapter 7 – Results: Statistical sub-typing of the 
classification system  
	

	

7.1 Introduction 

This chapter addresses the main aim of the study, which is to develop a novel 

classification system for congenital childhood CVI through statistical comparison and 

other data-driven methodology. It is anticipated that this will lead to a better 

understanding of the basic and higher vision components of the condition and whether 

or how they group together according to symptom or difficulty patterns. The objective of 

this chapter is to investigate whether a viable classification system can be derived 

statistically from the variance of difficulty shown in the individual test scores that have 

been measured within the sample (see description in Chapter 6).  

 

7.1.1 Value of case analysis 

Although multivariate analysis of variables such as factor analysis or PCA (see Chapter 

6) can be very informative for revealing relationships between variables and latent 

constructs in a dataset (Field, 2013), this type of analysis is not sufficient to show 

patterns within individual profiles that could justify the existence of actual ‘subtypes’ of 

a condition. The aim of this study was to explore whether the sample does divide into 

discrete individual subgroups and thereby to create a classification system to cover all 

sub-types of childhood CVI on the basis of measurable visual behaviours. It was 

therefore necessary to conduct an analysis that investigated the relationships between 

cases (participants) rather than variables (vision test measures). This type of analysis 
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has the potential to reveal discrete subgroups of children within the current sample and 

to investigate the symptom patterns that cluster together and their relevant paediatric 

characteristics (Allen & Goldstein, 2013; Aldenderfer & Blashfied, 2011; Everitt & Rabe-

Hesketh, 1997). 

	

7.1.2 A priori cluster analysis 

Cluster analysis was planned a priori to be the method for classification in this study, to 

classify children on the basis of visual skills. Cluster analysis is a set of heuristic 

methods used to classify cases into groups based on statistical similarity (Allen & 

Goldstein, 2013). It has been used to investigate the underlying structure of data and to 

identify naturally occurring clusters of cases in both neuropsychology and biomedical 

sciences (Allen & Goldstein, 2013; Aldenderfer & Blashfield, 2011). Cluster analysis 

does not have a strong theoretical basis (Aldenderfer & Blashfield, 2011). Thus, it 

should only be used in instances where there is theoretical justification for the analysis.  

Because cluster analysis works by grouping cases together, it will always result 

in some version of classification, with all cases being allocated into a cluster at some 

point. However, it does not evaluate the quality or the appropriateness of the clustering 

nor give a cut-off at which point clustering should stop, so this must be judged using 

some external criteria (Aldenderfer & Blashfield, 2011). In addition, cluster analysis is 

recognised as a not very stable method and using different clustering algorithms, 

distance measures (see Section 7.3.1.5), or including different subsamples in the 

analysis may result in different clusterings (Allen & Goldstein, 2013; Marquand, 

Wolfers, Mennes, Buitelaar, & Beckmann, 2016). 

These methods work best where the data have clear and distinguished 

groupings (Marquand et al., 2016). Although they are fairly robust, they are parametric 

analyses and require fairly large sample sizes (Allen & Goldstein, 2013; Aldenderfer & 

Blashfield, 2011). Thus, the analysis stages should be planned in advance and 
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decisions should be based on evidence or theory that is relevant to the particular data 

in the analysis (Allen & Goldstein, 2013). It is also vital to conduct a validation analysis 

of the resulting findings of the clusters to check whether they are truly distinct groups in 

relation to variables external to the cluster analysis (Allen & Goldstein, 2013; Marquand 

et al., 2016). Aldenderfer and Blashfield (2011) suggest that four main factors influence 

the performance of cluster analysis (discussed further in Section 7.2.1): 

1. the elements of the cluster structure,  

2. the presence of outliers in the data and degree of coverage required, 

3. degree of cluster overlap, 

4. choice of similarity measure. 

These issues will be explored further in relation to the findings of the cluster analysis of 

this study.   

 

7.1.3 Secondary post hoc classification analysis 

A subset of very low functioning children was not able to complete the full vision test 

battery (see Chapter 6), so they could not be included in a cluster analysis based on 

visual skills, as cluster analysis cannot include variables with any missing data (see 

Section 7.3.1.2 for details). Thus, an alternative post hoc exploratory analysis was 

conducted using data that were available for the total sample. This analysis tested a 

specific previously proposed classification of CVI proposed by Philip and Dutton (2014; 

Section 1.5.3 for details), suggesting the presence of three subgroups in CVI according 

to vision, mobility and educational attainment factors. This is only a post-hoc 

exploratory analysis, developed to be able to conduct a statistical classification with the 

total study sample, but it may also have the potential to investigate a different way of 

classifying children with CVI and its suitability. 
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7.1.4 Statistical approach of this study 

In order to address the chapter objective whilst considering the limitations of the data 

collected, three analyses were conducted in the development of the classification 

system: 

Analysis 1: Univariate analyses comparing the very low functioning children 

who were unable to complete the majority of the tests, to the children who were able to 

complete the vision test battery, to investigate whether they are discrete groups.  

Analysis 2: A priori planned cluster analysis to further subtype those children 

who were able to complete the vision test battery according to vision skills, as 

suggested by previous research (see Chapter 2; Boot et al., 2010).  

Analysis 3: Exploratory cluster analysis of the total study sample to investigate 

the Philip and Dutton (2014) proposed classification system of childhood CVI, based on 

data that were available for the total study sample. 

 

7.2 Analysis 1: Total sample classification  

7.2.1 Method 

7.2.1.1 Participants 

Participant recruitment and data collection is described in detail in Chapters 3 to 6. All 

participants in the study were included in Analysis 1. Forty-nine children were able to 

complete most of the vision test battery, considered as Group A hereafter. Twenty 

children in the sample were very low functioning and could not engage with most of the 

vision test battery, and they are labelled Group B.  
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7.2.1.2 Materials 

Patterns of vision, ophthalmology and paediatric characteristics were investigated and 

compared between Group A and Group B. The variables investigated were: 

1) Vision: i) Visual acuity level (according to the Cumberland et al., 2016 coding), 

ii) Sonksen Pictures total score, and iii) Hiding Heidi contrast sensitivity score; 

2) Whether or not the child had a definite diagnosis of CVI according to the 

ophthalmologist; 

3) Paediatric characteristics: Age, gender, IQ, risk factors for CVI, and comorbid 

conditions; and 

4) Ophthalmology: Presence of strabismus, nystagmus, fundus abnormalities and 

refractive error. 

Chapter 3 describes the general materials and methods of the study and Chapter 5 

describes the vision test methodology of the study. 

	

7.2.1.3 Statistical approach 

Group differences in variables were investigated using Mann Whitney-U tests (selected 

because of unequal sample sizes and skew data) and the Chi squared test/Fisher’s 

exact test for categorical variables. For categorical variables with fewer than five 

positive scores (e.g. number of participants with DCD, ADHD and HI), no statistical 

comparisons were made, but only group percentages were reported and described 

qualitatively. Effect sizes are reported as appropriate (see Chapter 3 for further details). 

 

7.2.2 Results  

Table 7.1 describes the vision characteristics of Group A and Group B. Systematic 

differences were seen in the vision characteristics between the two groups across all 

measures. Group A (with scores ranging between the normal visual acuity and 
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moderate VI levels and only 22% at moderate VI level and none worse) had 

significantly better visual acuity on the group level than Group B (with scores ranging 

between the near normal visual acuity and blind levels and 80% at moderate VI level or 

worse, including 35% at severe VI/blind; substantial relationship between group 

membership and acuity score). On the Sonksen Picture test, Group A showed 

significantly better performance (mdn=53, IQR=40-54) than Group B (mdn=16, 

IQR=3.22; medium effect). Group A also had significantly better performance on the 

Hiding Heidi Contrast Sensitivity test, with only three children (6%) showing “weaker” 

contrast sensitivity, compared to nine children (50%) in Group B (substantial 

relationship between group membership and performance).   

 

Table 7.1: Vision characteristics of Group A and Group B 
Characteristic Group A  (n=49) Group B group (n=20) Significance 

test* 
Visual acuity 

Bilateral normal 
Bilateral near normal 
Socially significant VI 
Moderate VI 
Severe VI 
Blind 

 
30 (61%)  
  4 (  8%) 
  4 (  8%) 
11 (22%) 
  0 (  0%) 
  0 (  0%) 

 
0 (  0%) 
1 (  5%) 
3 (15%) 
9 (45%) 
4 (20%) 
3 (15%) 

p<.001, V=.69 

Median Sonksen Picture 
test score (IQR) 

53 (40-54) 16 (3-22)  
(n=7 missing) 

U=37.0, 
p<.001, η2=.41 

Hiding Heidi test  
(normal : weaker) 

46 : 3 9 : 9  
(n=2 missing) 

p<.001, φ=.51 

 

Systematic differences were also seen in certain paediatric characteristics 

(Table 7.2). The median age of Group A was significantly higher than Group B 

(medium effect). The cognitive level of Group A was also significantly higher (mdn=91, 

IQR=84-102) with the majority of children in the average range, than the cognitive level 

of Group B (mdn=49, IQR=27-68, medium effect) with the majority of children in the 

extremely low (clinically impaired) range. Children in Group B had a significantly higher 

prevalence of movement disorder (80%) than Group A (33%; moderate relationship), 

as well as current epilepsy (Group A= 12%, Group B=35%, small effect). However in a 

range of other paediatric risk factors, including gestational age, periventricular 
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leukomalacia, intraventricular haemorrhage, neonatal seizures, and likely 

hypoxia/ischaemia, there were no significant group differences. In terms of 

ophthalmological characteristics, children in Group B showed a higher rate of refractive 

errors (low relationship), strabismus (moderate relationship) and nystagmus (moderate 

relationship) than Group A, but no significant difference in the presence of fundus 

abnormalities. The characteristics of the children in Group B are further examined in 

relation to the cluster analysis sub-typing in Group A in Chapter 8. 
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Table 7.2: Paediatric and ophthalmological characteristics of Groups A and B 
Characteristic Group A  

(n=49) 
Group B 
group (n=20) 

Significance 
test 

Confirmation of CVI 27 (58%)  
(n=2 missing) 

15 (94%) 
(n=4 missing) 

χ2=7.08, p=.012, 
φ=-.335* 

Paediatric 
characteristics 

Median age, years 
(IQR) 

10.9 (7.3-13.1) 7.0 (6.0-8.7) U=249.5, 
p=.001, η2=.15 

Gender (m : f) 21 : 28 10 : 10 χ2=.29, p>.05 
Median IQ estimate 
score (IQR) 

91 (84-102) 49 (27-68) U=129, p<.001, 
η2=.34 

Risk factors for 
CVI 
 
Number of children 
with condition (% 
subsample) 

Median weeks 
gestation at birth 
(IQR) 

36 (27-40) 32 (28-40) U=454.5, p>.05 

Periventricular 
leucomalacia 

12 (25%) 8 (40%) χ2=1.66, p>.05 

Intraventricular 
haemorrhage 

12 (25%) 4 (20%) p>.05 

Neonatal seizures 3 (6%) 4 (20%) p>.05 
Likely hypoxia/ 
ischaemia 

10 (20%)  
(n=2 missing) 

3 (15%) p>.05 

Infection 5 (10%) 4 (20%) p>.05 
Hydrocephalus 5 (10%) 0 p>.05 
Hypoglycaemia 1 (2%) 2 (10%)  
Cerebrovascular 
accident 

1 (2%) 2 (10%)  

Genetic  3 (7%) 0  
No known risk 
factors 

8 (19%) 0 p=.047,  φ=.26 

Co-occurring 
conditions 
 
Number of children 
with condition (% 
subsample) 

Movement disorder 16 (33%) 16 (80%) χ2=12.80, 
p<.001, φ =.431 

Current epilepsy 6 (12%) 7 (35%) p=.042, φ =.264 
ASD 8 (16%) 1 (5%) p>.05 
ADHD 4 (8%) 0  
DCD 4 (8%) 0  
HI 1 (2%) 1 (5%) p>.05 
Dyslexia  2 (4%) 0  
No comorbidity 19 (39%) 3 (13%) χ2=3.70, p>.05 

Ophthalmological 
characteristics 
 
Number of children 
with condition (% 
subsample) 

Refractive error 26 (53%) 16 (80%) χ2=4.33, p=.038, 
φ =.250 

Strabismus 32 (65%) 18 (90%) χ2=6.09, p=.014, 
φ=.30 

Nystagmus 15 (31%) 12 (60%)  
(n=2 missing) 

χ2=13.84, 
p=.002, φ =.414 

Fundus 
abnormalities 

14 (29%) 7 (35%) (n=3 
missing) 

χ2=.83, p>.05 

For subgroup comparisons, Mann Whitney-U tests, Chi-squared tests and Fisher’s exact tests were 
conducted, as appropriate 
*p<.05, **p<.001 
For variables with <5 participants reported to have the condition (e.g. ADHD), statistical comparisons were 
not conducted  
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7.3 Analysis 2:  Subtyping cluster analysis of Group A 

7.3.1 Method 

7.3.1.1 Participants 

Analysis 2 is only undertaken with Group A, who are all higher functioning than 

Group B (see Section 7.2.2 for details of the sample characteristics). Full data 

sets for the standardised assessments were available for 43 children (see 

Section 7.2.1.2 for details). In addition, six participants were only included in 

some internal validation analyses but not the main cluster analysis due to 

missing data for the Beery VMI (see below for further details). 

 

7.3.1.2 Variables  

There is no single rule for the number of variables that can be entered into a cluster 

analysis. However, a minimum sample size of 2n has been suggested by Formann in 

1984, where the number of variables to be inputted into the analysis is n (discussed in 

Mooi & Sarstedt, 2011). Alternatively it has been suggested that the sample size 

should be at least 10 cases per variable entered into the analysis (Allen & Goldstein, 

2013). On the basis of the analyses described in Chapter 6, appropriate variables for 

cluster analysis were selected. Variables were selected on the basis of the following 

criteria: 

1. The broadest possible range of visual skills was covered, including both basic 

and higher visual processes, but minimizing redundancy in data (i.e. excluding 

those assessments that appear to be measuring the same or very similar ability, 

e.g. Sonksen LogMAR and Sonksen Pictures); 

2. The majority of participants in Group A were able to complete the task items of 

the assessment and give interpretable results for the assessments;  
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3. The test scores showed variability within the subsample, as the purpose of the 

variable selection was to maximise subgroup differences (Morris, Blashfield, & 

Satz, 1981); 

4. Only variables derived from standard assessments and with published 

paediatric normative data available were considered for the main analysis of the 

sub-typing of Group A. This linked with the study intention that the final output 

should be readily translated into the clinical context.   

 

This led to the following basic vision variables considered for the analysis:  

1. Visual acuity: Sonksen logMAR BEO Near  

2. Stereopsis: Frisby Stereotest  

3. Contrast Sensitivity: LEA Optotype test 

The higher visual processing variables considered for the analysis were: 

1. Beery VMI  

2. TVPS Total  

 

Additionally, the influence of additional non-standardised or clinically available test 

variables was explored in the internal validation of the analysis (Section 7.3.1.7); this 

would permit investigation of the full richness of the data collected. The additional 

variables considered in further validation analyses were: 

1. LEA Rectangles 

2. LEA Mailbox 

3. Form Coherence threshold 

4. Motion Coherence threshold 
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For internal validation, a further cluster analysis variation was also run including 

only motor-free standardised assessments and excluding those involving motor 

function (i.e. Beery VMI). This would ensure that the testing underpinning the sub-

typing would not limit children who had motor disorders that would influence their 

performance. The effect of clustering using the slightly different samples was also 

conducted, by using different input variable combinations. Examining these variations 

in analysis allowed an investigation of the stability of the cluster solution, as the 

selection of input cases in cluster analysis may influence the solution. The final 

variables included in the main cluster analysis and variations can be seen in Table 7.3. 

They include firstly those who undertook all of the standardised tests (n=43), secondly 

those who undertook all of the motor free standardised tests (n=49) and thirdly those 

who undertook all of the vision tests, including the broader non-standardised/non-

clinical tests (n=38). See Section 7.3.1.7 for further details of internal validation. 

 

Table 7.3: Variables included in the cluster analyses 
Variable Main analysis 

(n=43) 
Motor-free analysis 
(n=49)  

All vision tests analysis 
(n=38) 

Visual acuity ✔ ✔ ✔ 
Contrast 
sensitivity 

✔ ✔ ✔ 

Stereopsis ✔ ✔ ✔ 
LEA Rectangles - - ✔ 
Motion coherence - - ✔ 
Form coherence - - ✔ 
Beery VMI ✔ - ✔  
TVPS total  ✔ ✔ ✔ 
✔: included in analysis 

 

As cluster analysis cannot accommodate missing data (Allen & Goldstein, 

2013), variables with missing data scores were not included. All of the vision variables 

apart from the TVPS and Beery VMI showed skew and/or kurtotic distributions (see 

Appendix 9). Neither a log10 nor square root transformation was successful in 

normalizing the distributions so the untransformed data was used. This must be 

considered when interpreting any results. As cluster analyses are parametric, variables 
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should be independent of each other and only those variables that are necessary for 

the analysis should be included. There was a concern about collinearity for the LEA 

Mailbox variable (VIF=3.47), so this was not included in the cluster analysis. Similar 

data types should be used for optimal outcomes and ordinal data should be treated as 

interval data (Allen & Goldstein, 2013; Aldenderfer & Blashfield, 2011). Thus all data in 

the analysis was considered as interval data. All variables were also transformed to a 

0-1 scale prior to creating the proximity matrix, to rule out larger values having more 

influence over the data (e.g. TVPS standard scores would have a larger influence than 

Frisby Stereotest scores). In the transformation of each variable, the largest value of 

each dataset was assigned to be 1 and the smallest was assigned to be 0, and the 

intervening data was appropriately assigned a value on the interval level as decimal 

points according to the relative distances between the values.  

In a second internal validation process involving input variables, all vision 

variables were transformed into a four-point ordinal scale to ensure that they were all 

coded according to the same number of ordinal categories (Table 7.4). This validation 

procedure is discussed in Section 7.3.1.7.  

 

Table 7.4: Four-point ordinal scale for variables considered for internal validation 
of classification analysis 
Variable Ordinal scale 

0 1 2 3 
Visual acuity 
(logMAR)* 

Normal/near 
normal vision 
(0.00-0.30) 

Socially 
significant VI  
(0.31-0.49) 

Moderate VI 
(0.50-1.00) 

Severe VI (>1.00) 

Stereopsis “Good” stereopsis “Mid range” 
stereopsis 

“Poor” 
stereopsis 

Stereopsis absent 

Contrast 
sensitivity 

30 points 25-29 points 20-24 points <20 points 

Beery VMI** Average range 
(≥90) 

Low average 
range (80-89) 

Borderline 
range (70-79) 

Clinically impaired 
range (<70) 

TVPS** Average range 
(≥90) 

Low average 
range (80-89) 

Borderline 
range (70-79) 

Clinically impaired 
range (<70) 

*See Chapter 5, Table 5.1 for details of visual acuity coding (Cumberland et al., 2016) 
^See Chapter 5, Section 5.1.8 for details of stereopsis coding 
**See Chapter 5, Table 5.3 for details of neuropsychological test score categories 
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7.3.1.3 Cluster analysis method 

Cluster analysis uses a proximity matrix (for a set of cases and variables, an overall 

similarity or dissimilarity score between each pair of cases based on the variable 

scores for each pair), to which a clustering algorithm is applied in order to create the 

cluster structure. As cluster analysis is a group of heuristic methods, it is necessary to 

select the most appropriate one for this data set. There are three main clustering 

methods, described below. 

1. Hierarchical clustering. Hierarchical clustering is the most commonly used 

cluster analysis method, in which individuals are joined to or separated from 

clusters at iterative stages, where the algorithm is rerun after each 

join/separation, until only one group exists or all participants are in their own 

separate group (Everitt et al., 2011). There are two main methods of 

hierarchical clustering; in agglomerative clustering each individual begins in 

their own cluster, which are then combined sequentially through iterations; and 

in divisive clustering all individuals begin in one large cluster and individuals are 

partitioned out in successive iterations. Hierarchical clustering may be 

visualised using tree diagrams or dendrograms, which illustrate each stage of 

partitioning and the similarity between individuals in each partition. Once a case 

is allocated to a cluster, it remains there, so clusters are nested. Hierarchical 

clustering is fairly robust even when normality assumptions may not be fully 

met. However, the clustering may be influenced by the removal of cases or 

variables, or the reorganization of the proximity matrix. 

 

2. Optimization-based clustering (iterative partitioning). Optimization based 

techniques partition individuals into a predetermined number of groups by 

minimising or maximising a particular criterion (Everitt et al., 2011). This works 

directly on raw data rather than a proximity matrix and can compensate for a 

poor initial data configuration, as successive iterations re-cluster all data points 
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using information from the previous iterations to improve clustering (Aldenderfer 

& Blashfield, 2011). These methods produce single rank clusters that are not 

nested like hierarchical clusters, but most do not allow for overlapping clusters. 

The number of clusters in the analysis must be predetermined and often as a 

pre-stage to optimization-based clustering, hierarchical clustering is initially 

conducted to determine the most appropriate number (Aldenderfer & Blashfield, 

2011).  Optimization based clustering has been used to analyse 

neuropsychological data (Allen & Goldstein, 2013) but it needs a large sample 

size and data must adhere to the assumptions of normality for valid results. It 

also works best where previous research has established the potential number 

of clusters that would be anticipated.  

 

3. 2-step clustering. 2-step clustering is a model-based clustering method that 

allows for the combination of different data types and is calculated in two stages 

(Allen & Goldstein, 2013). In the first stage, pre-clusters are formed on the basis 

of an initial run of the algorithm through the data. Secondly, these pre-clusters 

are used to find the final cluster solution with a similar method to optimization-

based clustering. The final solution is selected as the one that provides the 

most information with the fewest clusters (Allen & Goldstein, 2013). Although 2-

step clustering may seem a promising method to use for datasets containing 

different levels of data, in practice this method has been found to work less well 

than expected, especially for data with overlapping clusters (discussed in Allen 

& Goldstein, 2013). 

For the statistical sub-typing analyses in this chapter, the majority of the data 

was found to be not normally distributed (see Chapter 6; Section 7.3.2.1; Appendix 9) 

and the sample size was deemed too small for optimization-based clustering. 2-step 

clustering was not chosen as it may not reach optimal solutions when mixing data 

types (Allen & Goldstein 2013). In addition, neither of these methods would be able to 
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cope with the overlapping clusters that could possibly be found in this dataset, with 

previous research on CVI suggesting a possible dimension of severity of symptoms 

(See Section 1.5.3). Thus for this study, hierarchical agglomerative cluster analysis 

was deemed the most appropriate statistical method due to its applicability to smaller 

sample sizes and its ability to cluster interval data.  

	

7.3.1.4 Selection of linkage method 

Next, the specific type of hierarchical agglomerative linkage method needed to be 

selected. There are several methods that can be divided into ‘space conserving’, 

‘space dilating’ or ‘space contracting’ to describe how the data points lie in space. Four 

different hierarchical agglomerative linkage methods, as suggested by Aldenderfer and 

Blashfield (2011), were considered in this study.  

i) In single linkage, each step of the algorithm combines the two most similar 

cases that are not yet in the same cluster. This is a ‘space conserving’ method 

and a major advantage of this method is that even if the proximity matrix is 

reordered, the clustering remains the same and the solution is not affected by 

ties in the data (Aldenderfer & Blashfield, 2011). However, this method tends to 

produce ‘chaining’, where single cases are joined to pre-existing clusters at 

each stage, resulting in long elongated clusters that may be difficult to interpret.  

 

ii) Complete linkage joins cases together on the basis that the two clusters which 

are separated by the shortest distance are joined together. This is a ‘space 

dilating’ method that tends to produce compact clusters of similar sizes 

(Aldenderfer & Blashfield, 2011).   

 

iii) Average linkage is an intermediate method between single and complete 

linkage, using a measure of average cluster membership to join new cases into 
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clusters. This method reduces the influence of outliers and is ‘space-

preserving’, creating clustering with small variances (Aldenderfer & Blashfield, 

2011). This is a relatively robust method, however it is not good at dealing with 

overlapping clusters.  

 

iv) Ward’s linkage is designed to minimize the variance within clusters by basing 

the clustering on minimising the sum-of-squares error of clusters. It works in 

Euclidean space and is proportional to squared Euclidean distance, which 

should be the measure used for creating the proximity matrix with this method 

(Allen & Goldstein, 2013; see Section 7.2.1.5). Ward’s linkage is a ‘space-

dilating method’ that creates spherical clusters of similar sizes. It works well with 

overlapping cluster structures but is sensitive to outliers. Allen and Goldstein 

(2013) suggest that Ward’s method has become the benchmark against which 

other clustering methods may be compared. A potential drawback of Ward’s 

linkage is that it tends to find clusters based on overall profile elevation, so that 

cases which score generally more highly across all input variables are grouped 

together and those scoring generally lower across all variables are grouped 

together.  

 

For this analysis, Ward’s linkage was chosen as the main clustering method for 

analysis as it has been widely used in neuropsychological research (Allen & Goldstein, 

2013) and can cope well with potentially overlapping cluster structures.  

 

7.3.1.5 Proximity matrix  

Once the clustering and linkage methods were selected, a proximity matrix must be 

created on the basis of which the analysis is conducted. A proximity matrix takes 

scores on a number of variables for n cases and creates an overall similarity or 
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dissimilarity score between each pair of cases based on the variable scores for each 

pair. By applying an appropriate equation to each pair of cases, an n x n sized 

proximity matrix is created. It is conventional to use a dissimilarity rather than a 

similarity measure to create a proximity matrix in both the cluster analysis and 

multidimensional scaling.  

Algorithms to create a proximity matrix can treat the data as binary, categorical 

or interval level. The nature of the data being made into a proximity matrix and the 

reasons for the further analysis should strongly influence the choice of dissimilarity 

measure chosen (Everitt & Rabe-Hesketh, 1997). In some cases, it may be appropriate 

to recode continuous variables into ordinal or binary data. Clinical judgment should be 

used, and practical application of the resulting data should be considered.  

Distance is a measure of dissimilarity for interval data, which lies in Euclidean 

space (Everitt & Rabe-Hesketh, 1997). In order to fulfil the three metric axioms of 

distance, the properties of minimality (distance is always non-negative, and zero when 

two points coincide), symmetry (the distance from A to B is equal to the distance from 

B to A), and triangle inequality (the distance between two points by way of a third point 

is never smaller than the direct distance between the two points) should be satisfied 

(Takane et al., 2009). In general, proximity data possesses distance-like properties that 

fulfil the above conditions (Takane et al., 2009). There are several distance measures 

that are optimally used for different types of data.  

‘Euclidean distance’ is the most commonly used distance measure and the 

most intuitive, as it represents dissimilarities as physical distances in space 

(Aldenderfer & Blashfield, 2011; Everitt & Rabe-Hesketh, 1997, Everitt, Landau, Leese, 

& Stahl, 2011). It assumes that data has the properties of the scale level (continuous) 

but in practice it has been shown to hold true for nominal and ordinal-level data too 

(Everitt et al., 2011). A variation of Euclidean distance is squared Euclidean distance, 

which as the name implies, is the Euclidean distance equation squared. This is often 
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used as the proximity measure in certain cluster analysis methods as it is directly 

proportional to Ward’s linkage method (discussed in Section 7.3.1.4).  

It may not however always be ideal to think of data as continuous variables with 

distances between points being equal. Instead it may be useful to consider ordinal 

differences in data. The ‘City Block’ distance measure may be very useful in such 

cases as it allows the proximity of data to have “jumps”, rather than representing all 

proximities as continuous physical distances (see Figure 7.1) 

Both Euclidean distance and City Block distance are types of Minkowski 

distance (Everitt et al., 2011). The relationships between these three measures can be 

seen in Figure 7.1. When the dimensionality of the data is 1, the Minkowski equation is 

equal to the City Block distance, forming a diamond shape in space. At two 

dimensions, the Minkowski equation is equal to the Euclidean distance equation, 

forming a circular shape in space. For dimensionalities larger than 2, the Minkowski 

distribution moves from a circular to a square shape, which it reaches when 

dimensionality is at infinity. Table 7.5 details the equations for the distance measures 

described.  

Squared Euclidean distance was selected for the main cluster analysis for the 

following reasons. Squared Euclidean distance for the proximity matrix when using 

Ward’s Linkage method of clustering is recommended, using the SPSS software 

(Garson, 2012). It is a relatively robust distance measure that can be interpreted 

intuitively. It has been suggested as the benchmark for creating proximity matrices in 

cluster analysis for neuropsychological data by Allen and Goldstein (2013) and has 

been reported to be the most used distance measure in health psychology data by 

previous researchers (Clatworthy, Buick, Hankins, Weinman, & Horne, 2005).    

The proximity matrix was created between cases (participants) in this study 

rather than variables, as it was important to examine the proximities between 

participants rather than relationships between vision variables. The proximity matrix of 

the main cluster analysis used in this chapter may be seen in Appendix 10. 
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Figure 7.1: Representation of the relationships between Euclidean, City Block 
and Minkowski distances. From Simplification and shift in cognition of political difference: 
Applying the geometric modeling to the analysis of semantic similarity judgment, Kato, J., & 
Okada, K., Copyright (2011) PLoS ONE 
 
 
Table 7.5: Distance measures considered in this study 
Measure Equation Details  

Euclidean 
distance 

 

Most commonly used distance measure, 
conventional “metric space”, which allows 
interpretation of dissimilarities as physical 
distances. Best used for scale data. 

Squared 
Euclidean 
distance  

Same principles apply as Euclidean distance, 
but the equation is squared. This Is 
proportional to Ward’s linkage clustering 
method. Best used for scale data. 

City Block 
(Manhattan) 
distance  

Describes distances in a rectilinear manner, 
so best used for ordinal data. 

Minkowski 
distance 

 

This is the same as City Block distance when 
r=1, and same as Euclidean distance when 
r=2. Has been used for measures in 
“psychological space”. 

xik= kth variable value for individual i in p-dimensional space 
xjk= kth variable value for individual j in p-dimensional space 
k=number of variables 
p=number of dimensions 
w=desired weight of the variable 
r= number of dimensions 
Equations adapted from Everitt et al., 2011, chapter 3  
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7.3.1.6 Determining optimal number of clusters  

The optimal number of clusters was determined by using the agglomeration coefficient 

“jump” rule (as recommended by Aldenderfer & Blashfield, 2011). This rule suggests 

that observing the largest “jump” in the size of the coefficient between stages of 

clustering will lead to the optimal number of clusters. If the jump is very large, the cases 

in the new cluster are not very similar to each other anymore so the previous number of 

clusters is taken. This was supplemented by clinical judgment, as there may be several 

jumps of similar large magnitudes and it may be sensible to stop clustering at an 

alternative earlier point.   

 

7.3.1.7 Internal validation 

To check the stability of the clusters for internal validation, the analysis was run in a 

number of different ways and the cluster solutions generated were compared to the 

standard clustering (Ward’s linkage, squared Euclidean distance, as recommended by 

Allen & Goldstein 2013). Firstly, the influence of changing the linkage method was 

investigated, using the average linkage method. It was not considered appropriate to 

rerun the cluster analysis with a different distance measure as Ward’s linkage should 

only be conducted using squared Euclidean distance (Garson, 2012).  

The influence of different input variables on the clustering was investigated, 

including only non-motor tests (excluding the Beery VMI from analysis, n=49), and 

including all vision tests (additionally including the LEA Rectangles, form coherence 

threshold and motion coherence threshold, n=38; see Table 7.3 above). The analysis 

was rerun using ordinal coding as described in Table 7.4 above, to ensure that all data 

points were coded at the same level and no individual variable had undue influence on 

the classification.  See Section 7.3.1.2 for further details of the input variables and 

sample sizes of the internal validation analyses. 
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Finally, the vision characteristics of the resulting cluster groups of the main 

analysis were investigated and compared, using appropriate parametric and non-

parametric analyses (see Section 3.7 for statistical procedures; and Chapter 5 for 

coding of impairment of vision scores). A neuropsychological score was considered to 

be in the clinically impaired range if standard score <70 or scaled score <4 (see 

Chapter 5, Table 5.3). The Beery VMI and TVPS variables were also compared with 

cognition test results to understand whether the vision test results were specific areas 

of weakness in the cognitive profiles of each subgroup (paired samples t-tests; using 

the same approach as described in Section 6.2.2). 

All analyses were run using SPSS version 22.0. Table 7.6 below summarizes 

the main theoretical decisions and practical aspects of the cluster analysis described 

above. 

 
Table 7.6: Summary table of cluster analysis decisions 
Reporting guidelines Cluster analysis methods of this study 
Computer program SPSS version 22.0 
Reasons for 
selecting variables 

Inclusion of all theoretically relevant standardised basic- and 
higher vision variables with no missing data. Exclusion of 
variables that showed collinearity. 

Distance measure Squared Euclidean distance 
Clustering method Ward’s method 
Determining cluster 
number 

 ‘Jump’ method investigating the agglomeration coefficient plot 
and inspection of the dendrogram 

Internal validation Different clustering method (average linkage) 
Inclusion of non-standardised variables / exclusion of motor-
related variables  
Ordinal variable coding 
Investigating the differences in cluster profiles of variables in the 
analysis 

External validation Detailed in Chapter 8 
Reporting guidelines adapted from Aldenderfer & Blashfield (2011) and Allen & Goldstein (20
  
	 	

7.3.2 Results  

7.3.2.1 Main analysis 

The main cluster analysis was conducted with the n=43 participant subsample who had 

completed all the standardized vision tests. A two-cluster solution was found to be the 

most appropriate using the “jump” rule, as seen in Figure 7.2, with the largest rate of 



257	
	

change being between stage 41 and 42 in the graph. This two-cluster solution was also 

deemed to be acceptable when investigating the dendrogram as there was clear 

separation between the two groups and only short distances between the joins of the 

lower-order clusters. The dendrogram in Figure 7.3 illustrates the clustering process 

and final group membership. The two clusters were slightly different sizes, with Group 

A1 containing 15 participants and Group A2 containing 28 participants. According to 

the dendrogram (Figure 7.3), Group A1 appeared more homogeneous than Group A2, 

as the cluster combine distances (the size of the distances between agglomeration 

coefficients) shown on the X-axis are visibly smaller than the cluster combine distances 

of Group A2.  

 

 
Figure 7.2: Graph of agglomeration coefficients at each stage of clustering of the 
main analysis (Ward’s linkage and squared Euclidean distance, n=43). The X-axis 
of the graph shows each stage of clustering where a new case is combined into a 
cluster. The Y-axis shows the agglomeration coefficient of each clustering stage, 
indicating the similarity between cases being clustered. Large changes in the 
agglomeration coefficient signal larger dissimilarity between the cases being grouped 
together in the next stage. Section 7.3.1.6 describes the agglomeration coefficient 
“jump” rule on the basis of which the optimal number of clusters was determined as 
two.   
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Figure 7.3: Dendrogram of the main cluster analysis - hierarchical agglomerative 
cluster analysis using Ward’s linkage and squared Euclidean distance (n=43) 
(Group A1 is represented as green, Group A2 is represented as orange) 
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7.3.2.2 Internal validation 

Effect of changing linkage method on cluster solution. When the cluster analysis was 

rerun using average linkage, the dendrogram showed a less clearly defined clustering 

than for the main analysis, indicating less similarity between cases and possibly the 

presence of more than two groups (Figure 7.4). Using the jump method, the 

agglomeration schedules for average linkage suggests that clustering should be 

stopped at a four-cluster solution (see Appendix 11). However, one of these clusters 

was a single child and a second cluster was formed of only two children. Two other 

main clusters were seen, in a larger cluster of 25 children and a smaller cluster of 15 

children. The group of 15 children was the same as Group A1 in the main analysis and 

the 25 children were all in Group A2 in the main analysis. The children in the two other 

small clusters were all in Group A2 in the main analysis.  
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Figure 7.4: Dendrogram of internal validation using average linkage (n=43) 
(Green represents Group A1 and orange represents Group A2, as identified in the main 
cluster analysis)	  
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Effect of using ordinal variables on cluster solution. When using ordinal 

variables, it may be more sensible to use an alternative linkage method as Ward’s 

linkage works in Euclidean space and treats variables as at the scale level 

(continuous). However for validation purposes, to illustrate the difference in clustering 

between interval and ordinal variables whilst keeping all other factors constant, Ward’s 

method with squared Euclidean distance was used. Here again, the optimal cluster 

number is two as determined by the jump method and inspection of the dendrogram, 

with 16 and 27 children in each group (see Appendix 12 for agglomeration schedule). 

As can be seen from Figure 7.5, the dendrogram is very similar to the main analysis 

(see Section 7.3.2.1 for details of the main analysis, n=43). All 15 children in Group A1 

clustered together again, and 27 children from the original Group A2 clustered 

together. One child from the original Group A2 was clustered into Group A1.  
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 Figure 7.5: Dendrogram using ordinal variables, n=43 (Green represents Group A1 
and orange represents Group A2, as identified in the main cluster analysis) 
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Motor-free clustering: When the Beery VMI was removed and the analysis was 

run with only the four motor-free clinical assessments (n=49), the two-cluster grouping 

was most appropriate. Five children from Group A2 were clustered into Group A1 (see 

Table 7.7). Of the six additional children included in this analysis, five were clustered 

into Group A1 and one was clustered into Group A2.   

Non-standard vision tests: When including non-standard vision variables in the 

analysis, fewer children had full datasets for the relevant data so the analysis was run 

with a smaller sample size (n=38). The two-group clustering was still present and most 

appropriate as determined by the jump method. Two children moved from Group A2 to 

Group A1 (see Table 7.7).  

 

Table 7.7: Percentage agreement in clustering of cases in analysis variants 
changing sample size and input variables 
Clustering Agreement in clustering cases % (n= 

disagreements in clustering) 
N=43 Ward’s linkage squared Euclidean distance 

N=49 standard motor-free variables 95% (n=2, from Group A2 to Group A1) 
N=38 all vision variables 88% (n=5 from Group A2 to Group A1) 

 

Overall, altering different factors in the cluster analysis had a minimal impact on 

the results of clustering. The majority of children clustered stably into one of the two 

groups (Group A1 and Group A2) across all analyses. Using the motor-free analysis, 

the six additional children who were not in the main analysis could also be classified 

into the two groups. However, they are classified with less certainty than the n=43 who 

were included in the main analysis.  

Vision characteristics of the main analysis cluster groups: The input vision 

characteristics of the two cluster groups of the main cluster analysis (Section 7.3.2.1) 

were explored, to better understand the vision profiles of each group, and to investigate 

any differences between the groups.  
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Group A1: All children in Group A1 showed normal visual acuity and presence 

of mid-range (n=3, 20%) or good (n=12, 80%) stereopsis. Fourteen children (93%) 

obtained the ceiling score of 30 on the LEA Contrast Sensitivity Optotypes test, 

indicating “normal” contrast sensitivity, and only one child (7%) had a lower score 

indicating “weaker” contrast sensitivity. Group A1 mean performance on the Beery VMI 

was in the borderline range (m=79.33, SD=10.97) and three children (20%) were in the 

clinically impaired range (standard score <70). The group A1 Beery VMI and Motor 

Coordination scores were significantly lower than the expected mean standard score of 

m=100 (see Table 7.8). Participants in Group A1 scored significantly higher on VCI 

than the Beery VMI (t(14)=4.03, p=.001, d=1.04, large effect) and Motor Coordination 

(t(14)=3.62, p=.003, d=0.94, large effect), but no significant difference between scores 

was seen between VCI and Beery Visual Perception (t(14)=1.52, p>.05). 

Group A1 mean performance on the TVPS Total was in the low average range 

(m=88.93 SD=19.30). Two children (13%) were in the impaired range (standard score 

<70) on the TVPS Total and the group mean score was significantly lower than the 

expected mean standard score of m=100 (medium effect, see Table 7.8). Group A1 

also scored significantly lower than the expected mean standard score on the Complex 

Processes composite (medium effect, see Table 7.8). On the individual TVPS subtests, 

Visual Discrimination, Form Constancy and Figure Ground mean group scores were 

significantly lower than the expected mean scaled score of m=10 (VD large effect, FC 

and FG medium effects, see Table 7.8). No significant difference was seen between 

participant VCI and any TVPS composite scores (Total t(14)=1.71, p>.05; Basic 

Processes t(14)=1.43, p>.05; Sequencing t(14)=1.38, p>.05; Complex Processes 

t(14)=2.09, p>.05). However, Group A1 participants scored more highly on VCI than 

Visual Discrimination (t(14)=2.50, p=.028, d=0.63, medium effect), Form Constancy 

(t(14)=2.33, p=.036, d=0.60, medium effect), and Figure Ground (t(14)=2.76, p=.016, 

d=0.71, medium effect). No significant differences were seen between VCI and Visual 
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Memory (t(14)=1.42, p>.05), Spatial Relations (t(14)=.67, p>.05), Visual Sequential 

Memory (t(14)=1.40, p>.05) or Visual Closure (t(14)=0.93, p>.05). 

Group A2: This group showed more within-group variation in their visual 

abilities than Group A1. Fourteen children (50%) had normal visual acuity, four children 

(14%) had near normal acuity, three children (11%) had socially significant VI, and 

seven children (25%) had moderate VI. No children in the group had good stereopsis; 

three children (11%) had mid-range, five children (18%) had weak and 20 children 

(71%) had absent stereopsis. Twenty-two children (79%) obtained the ceiling score of 

30 on LEA Optotypes contrast sensitivity test, but six (21%) children obtained lower 

scores, indicating “weaker” contrast sensitivity. The group mean Beery VMI was in the 

borderline range (m=70.79, SD=14.60), and 13 children (46%) were in the clinically 

impaired range. The group A2 Beery VMI, Visual Perception and Motor Coordination 

scores were significantly lower than the expected mean standard score of m=100 (all 

large effects, see Table 7.8). Participants in Group A2 scored significantly higher on 

VCI than the Beery VMI (t(27)=5.61, p<.001, d=1.06, large effect), Visual Perception 

(t(27)=4.91, p<.001, d=0.94, large effect) and Motor Coordination (t(27)=4.03, p=.001, 

d=1.08, large effect). 

The Group A2 mean score on the TVPS Total was in the borderline range 

(m=75.04, SD=16.91), with 11 children (39%) in the clinically impaired range. The 

group mean scores on all TVPS composites were significantly lower than the expected 

mean standard score of m=100 (all large effects, see Table 7.8). The group mean 

scores of each individual TVPS subtest were also significantly lower than the expected 

mean scaled score of m=10 (all large effects, see Table 7.8). Participants scored more 

highly on VCI than all composite TVPS scores (Total t(27)=3.99, p<.001, d=0.75, 

medium effect; Basic Processes t(27)=3.15, p=.004, d=0.60, medium effect; 

Sequencing t(27)=3.17, p=.004, d=0.61, medium effect; Complex Processes 

t(27)=4.35, p<.001, d=0.82, large effect). Similarly, Group A2 participant VCI was found 

to be significantly higher than all individual subtest scores on the TVPS apart from 
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Spatial Relations (Visual Discrimination t(27)=2.39, p=.024, d=0.45, small effect; Visual 

Memory t(27)=2.59, p=.015, d=0.49, small effect; Spatial Relations t(27)=1.98, p>.05; 

Form Constancy t(27)=4.00, p<.001, d=0.78, medium effect; Visual Sequential Memory 

t(27)=3.36, p=.002, d=0.64, medium effect; Figure Ground t(27)=3.97, p<.001, d=0.75 

medium effect; Visual Closure t(27)=3.57, p=.001, d=0.68, medium effect).  

When comparing the vision performance of the two cluster groups, Group A1 

had significantly better scores than Group A2 on visual acuity (U=48.5, p<.001, η2=.42, 

medium effect) and stereopsis (U=4.5, p<.001, η2=.79, strong effect), but not contrast 

sensitivity (U=176.0, p>.05). There was no significant difference in Beery VMI 

(t(41)=1.98, p>.05), or Motor Coordination, t(41)=1.13, p>.05), A significant group 

difference was seen in Beery Visual Perception, t(40)=2.54, p=.015, d=0.87 (large 

effect), with a difference of over 15 standard scores between the two means which 

could be clinically significant. There was a significant difference between groups for all 

composites of the TVPS (Basic Processes t(41)=2.19, p=.034 d=0.69 – medium effect; 

Sequencing t(41)=2.10, p=.042, d=0.68 – medium effect; Complex Processes 

t(41)=2.54, p=.015, d=0.79 – medium effect; Total t(41)=2.45, p=.019, d=0.77 – 

medium effect), with Group A1 scoring higher than Group A2 and up to 15 standard 

score differences in the means for TVPS-Complex Processes. For individual subtests 

of the TVPS, there was a significant group difference in Spatial Relations (t(41)=2.92, 

p=.006, d=0.92 – large effect), Sequential Memory (t(41)=2.20, p=.034, d=0.71 – 

medium effect), and Visual Closure (t(41)=2.99, p=.005, d=0.97 – large effect), again 

with Group A1 scoring higher than Group A2. No significant group differences were 

seen in Visual Discrimination, Visual Memory, Form Constancy or Figure Ground 

scores (all p>.05). 
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7.4 Analysis 3: Exploratory cluster analysis 

7.4.1 Method 

7.4.1.1 Participants 

The total sample of n=69 participants was included in this exploratory analysis (see 

Chapters 3 to 6 for further details of the total sample).  

 

7.4.1.2 Variables	

The three variables that had full datasets for the total study sample and were 

analogous to the Philip and Dutton (2014) classification were visual acuity, IQ level and 

GMFCS level. Visual acuity was taken to be analogous to all references to vision in the 

Philip and Dutton (2014) classification, and acuity levels were coded using the 

Cumberland et al. (2016) coding, according to the most sophisticated visual acuity test 

that each child could engage with (see Section 5.1.2 for details). IQ was taken to be 

analogous to references to cognitive challenges and academic level, and was coded 

according to the Wechsler categories of cognition (see Section 3.5.2 for details of 

coding). Mobility was taken to be analogous to the Philip and Dutton (2014) reference 

to motor challenges, and coded according to GMFCS level (no CP; levels I, II, III, IV, 

V). All data was treated on the interval level. 

	

7.4.1.3 Statistical approach 

A hierarchical agglomerative cluster analysis was run using Ward’s method and 

Squared Euclidean distance. The cluster analysis was conducted in the same manner 

as the main cluster analysis (see Section 7.3 for details). Internal validation of the 

cluster analysis was conducted by investigating the patterns of input variable 

characteristics between the groups, but no analyses were conducted changing the 
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linkage method or distance measure as this was an additional post-hoc exploratory 

analysis, which was not planned at study outset.  

	

7.4.2 Results  

This exploratory analysis was conducted with the full sample of n=69. Using the jump 

method, the agglomeration schedule (Figure 7.6) suggests that clustering should be 

stopped at a two-cluster solution, with the biggest “jump” seen between the last two 

stages of clustering. However, when scrutinizing the dendrogram of this analysis 

(Figure 7.7), it can be seen that if a two-cluster solution were selected, the clusters 

would be very uneven, with only eight children in one homogeneous cluster and 61 

children in a second, much more heterogeneous cluster. Considering an alternative 

cluster number from the agglomeration schedule, the slope of the graph increases 

exponentially between stages 65 and 66 (increasing by 3.21, compared to 1.85 

between stage 64 and 65), so a four-cluster solution was selected. 

The four clusters were termed cluster a, cluster b, cluster c and cluster d. The 

dendrogram in Figure 7.7 illustrates the clustering process and final group 

membership. The four clusters were slightly uneven in size, with cluster a containing 26 

participants, cluster b containing 22 participants, cluster c containing 13 participants 

and cluster d containing 8 participants. Cluster d was the most homogeneous cluster.  
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Figure 7.6: Graph of agglomeration coefficients at each stage of clustering of the 
exploratory analysis (Ward’s linkage and squared Euclidean distance, n=69)  
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Figure 7.7: Dendrogram of the exploratory cluster analysis (Ward’s linkage and 
squared Euclidean distance, n=69) 
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Table 7.9 contains the group details of each cluster according to the input 

characteristics (visual acuity, IQ level, GMFCS), as well as the Analysis 1/Analysis 2 

main cluster analysis categories (Group A1, Group A2, Group B).  

Cluster a appears to be the highest functioning of the clusters, with all children 

showing bilateral normal vision. Most children had no movement disorder, and a 

minority had GMFCS I. This cluster had a range of IQ levels, with 80% of children’s 

scores falling in the high average to low average range, but with a minority of 20% 

children in the borderline and extremely low ranges. All children in this group were in 

Group A1 or A2. 

Cluster b appeared lower functioning than cluster a, with 46% of children in the 

extremely low range of IQ level. They seemed to have no CP, or limited movement 

disorder. Over half of the group had moderate VI or worse. These children were in 

Group A2 or Group B.  

Cluster c appeared to relate mostly to movement disorder, as all children had 

CP, and with GMFCS level III or worse. All children in this cluster had high average to 

low average range IQ levels. They also showed a range of visual acuity levels, 

between near normal acuity and severe VI. Most children were in Group A2, with three 

in Group B and one in Group A1.  

Cluster d appears to be the lowest functioning of the clusters, with all 

participants in the cognitively extremely low range, and all children with GMFCS V. 

They showed a range of visual acuity levels but with 87% having moderate VI or worse. 

All children in this cluster were in Group B.  
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Table 7.9: Cluster characteristics of the exploratory cluster analysis 

Characteristic Cluster a 
(n=26) 

Cluster b 
(n=22) 

Cluster c 
(n=13) 

Cluster d 
(n=8) 

Visual acuity 
Bilateral normal 
Bilateral near normal 
Socially significant VI 
Moderate VI 
Severe VI 
Blind  

 
26 (100%) 

 
 

  1 (  5%) 
  5 (23%) 
15 (68%) 

 
1 (5%) 

 
4 (31%) 
3 (23%) 
2 (15%) 
3 (23%) 
1 (  8%) 

 
 

1 (13%) 
 

2 (25%) 
3 (38%) 
2 (25%) 

Cognition 
High average + 
Average 
Low average 
Borderline  
Extremely low 

 
3 (12%) 
11(42%) 
7 (27%) 
3 (12%) 
2 (8%) 

 
 

4 (18%) 
6 (27%) 
2 (  9%) 
10 (46%) 

 
2 (15%) 
8 (61%) 
3 (23%) 

 

 
 
 
 
 

8 (100%) 
GMFCS 

No CP 
I 
II 
III 
IV 
V 

 
22 (85%) 
  4 (15%) 

 
15 (68%) 
3 (14%) 
3 (14%) 
 1 ( 5%) 

 

 
 
 

6 (46%) 
6 (46%) 

 
1 ( 8%) 

 
 
 
 
 
 

8 (100%) 
Analysis 1/main cluster 
analysis groups 
Group A1 
Group A2 
Group B 

 
 

14 
11 
 

 
 
 

11 
9 

 
 
1 
6 
3 

 
 
 
 
8 

 

7.5 Discussion 

This chapter set out to address the main aim of the study, to develop a data-driven 

sub-typing classification system for childhood CVI based on measurable visual 

behaviours and to include all children in the sample in the final classification. As the 

study sample contained a considerable very low-functioning set of children (Group B), 

they were considered as a potentially separate subgroup to the rest of the children who 

could complete the vision test battery (Group A). Analysis 1 thus investigated group 

differences between these two sets of children. Analysis 2, the cluster analysis, was 

then undertaken with the subsample described as Group A, who were able to complete 

the vision test battery. Analysis 3 contained a further exploratory cluster analysis with 

the total study sample, using alternative input variables based on a previous theory of 

CVI classification.  
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In Analysis 1, Group A and Group B were compared to each other using 

univariate statistical analyses on a variety of vision, paediatric and ophthalmological 

characteristics that were measured for the total sample. This permitted investigating as 

far as possible whether Group B was a separate group to Group A. The children in 

Group B were found to differ from those in Group A on a range of characteristics, 

including having a lower IQ level, more reported comorbidities and a particularly high 

level of movement disorder. They also had raised risk factors for CVI greater than in 

the children included in the cluster analysis. These children were very low functioning 

and had complex disabilities and it is therefore argued that they form a separate 

subgroup within the CVI spectrum. The majority of children in Group B had visual 

acuity in the moderate VI range or lower (compared to most children in Group A only 

having a mild VI or relatively normal acuity), and half of the group who could complete 

the basic contrast sensitivity test showed signs of weaker performance (compared to a 

small minority of Group A). Children in Group B also had difficulties in a task of 2D 

object recognition, on which most of Group A obtained a ceiling score. This severe end 

of the CVI spectrum is associated with greater reduction in basic vision but also very 

low functioning and therefore more global brain disorder and injury.  

It may be that the Group B vision scores described above are influenced by 

other variables such as cognition and more general development (Hertz & Rosenberg, 

1992; Das, Spowart, Crossley & Dutton, 2010). However, many non-verbal children 

with complex multidisability do show relatively normal visual acuity scores on 

preferential looking tests (e.g. Mohn et al., 1988; Hertz & Rosenberg, 1992; Das et al., 

2010). Thus, it may be reasonable to argue that the low vision performance found in 

Group B in this study is not solely explained by the effect of global disability but may be 

reflecting a more specific visual difficulty.  

The results of Analysis 2, the cluster analysis, revealed two subgroups, referred 

to as Group A1 and Group A2. The analysis appeared to divide or classify children 

according to the severity of their visual symptoms in the input variables. The children 
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classified into Group A1 by cluster analysis showed overall normal basic vision abilities, 

with all children showing normal to near normal visual acuity, normal contrast sensitivity 

(apart from one child), and mid-range to good quality stereopsis. Despite relatively 

intact basic vision, there was an indication of slight ‘higher visual’ difficulties in Group 

A1, with the group mean Beery VMI score in the borderline impaired range, and with 

the group showing a relative weakness in visuomotor integration. On the overall TVPS 

Total score, although Group A1 had slightly lowered scores, they were not significantly 

different to the children’s cognitive levels. However, certain individual subtests showed 

selective weaknesses. In Group A1, the subtests of Visual Discrimination, Form 

Constancy and Figure Ground were significantly lower than the paediatric normative 

data, and these scores were also significantly lower than participant cognitive level. 

However, the other subtests of the TVPS (i.e. Visual Memory, Visual Sequential 

Memory, Spatial Relations, Visual Closure) were not significantly different from the 

paediatric norms or participant cognitive level. In general, this constellation of 

difficulties would be suggestive of a selective ‘dorsal’ difficulty, as indicated by relatively 

low scores on visuomotor integration and figure ground discrimination (Goodale & 

Milner, 1992; Lawton & Shelley-Tremblay, 2017), which has been suggested as an 

area of particular vulnerability in CVI and other paediatric disorders (Dutton, 2009; 

Gunn et al., 2002; Atkinson et al., 2003; Atkinson & Braddick, 2005).  

Group A2 showed a wide range of visual skills but in general they appeared to 

have lower vision abilities than the children in Group A1. Group A2 showed some basic 

vision difficulties, with acuity scores ranging from normal acuity to moderate VI. All 

children in this group had either mid-range, weak or absent stereopsis, and some 

children in this group showed some weakness in contrast sensitivity. Group A2 also 

showed significantly lower scores than the paediatric norms or participant cognitive 

level on the Beery VMI and the TVPS. This pattern of lowered scores and relative 

weakness in the cognitive profile was also seen in all the individual subtests of the 

TVPS excepting Spatial Relations, which was only lowered in relation to paediatric 
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norms. This group appeared to have more widespread difficulties across both ‘dorsal’ 

and ‘ventral’ abilities (Dutton, 2009; Goodale &Milner, 1992).  The implication of the 

symptom constellations in Group A1 and A2 relating to the ‘dorsal’ and ‘ventral’ 

pathways is further discussed in Chapter 9.  

Analysis 3, an exploratory cluster analysis investigating the hypothesized CVI 

classification of Philip and Dutton (2014) was conducted with the total study sample. 

Four clusters were selected in this analysis, but it was challenging to determine the 

boundaries of clusters, and there was a possibility that the sample could be further 

divided into more groups. Overall, this analysis appeared to show clusters according to 

severity of vision impairment, cognitive level and movement disorder. Two of the four 

clusters differentiated clearly, with cluster a having the highest cognition, best visual 

acuity and least severe mobility difficulties, and with cluster d having the most severe 

visual impairment, cognitive difficulties and mobility difficulties. The other two clusters 

were less clearly identifiable according to the input variables of the analysis. However, 

cluster c seemed to be specifically related to motor impairment, with all children in this 

cluster having a movement disorder, and at least GMFCS II or worse. They had a 

range of IQ and visual acuity levels. The fourth cluster (cluster b) appeared to have 

lower cognition than cluster a, but a range of visual acuities, and more preserved 

mobility than cluster c. Overall, the highest and lowest cluster aligned with Group A 

(with all of cluster a in this group) and Group B (with all of cluster d in this group), but 

clusters b and c were less clearly divided.  

Although four clusters were created from this analysis, the spectrum of severity 

according to visual, cognitive and mobility deficits in CVI, described by Philip and 

Dutton (2014), was reflected in this exploratory analysis, and was similar in structure to 

the gross division of the very low-functioning and higher functioning groups (Group B 

and Group A). It may be that children can be sub-typed on the basis of visual acuity, 

mobility and educational factors as above, but a more theoretically appropriate way of 

basing a classification might be on the core visual features of the condition.  
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7.6 Chapter summary 

This chapter detailed the statistical development of the classification system in this 

study. Three categories were found in two stages of analysis. Firstly, it was determined 

that Group A (higher functioning) and Group B (very low functioning) appeared to be 

discrete categories based on vision, paediatric and ophthalmological characteristics. 

Group A was then further investigated using a cluster analysis, on the basis of which 

two sub-typing groups were found (Group A1 and Group A2) based on the severity of 

visual symptoms which could be further interpreted as ‘dorsal’ and ‘dorsal plus ventral’ 

vulnerability. These three categories were taken as the classification system. The 

statistical and external validations of this classification system, and case examples 

from each group, are considered next in Chapter 8. 
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Chapter 8 – Results: Validation of the classification 

system 

	

	

8.1 Introduction 

After creating the classification system in Chapter 7, it was important to consider its 

validity. Thus the primary objective of Chapter 8 is to investigate the validation of the 

classification system. It also describes the characteristics of the classification 

categories, and includes relevant case examples. Validity is an overall evaluation of the 

appropriateness of the results of an empirical research study and the degree to which 

they may be used in other circumstances (Messick, 1995). Considering the validity of 

the sub-typing classification is thus vital to the interpretation of the study results. 

Several types of validity are well recognized, and some are discussed here. 

The first section of this chapter describes the statistical validation of the sub-

typing classification (main cluster analysis of Group A1 and A2) using multidimensional 

scaling methodology (Section 7.3). The second section considers an external validation 

of the overall classification. It describes the salient vision, ophthalmological and 

paediatric characteristics of the three classification groups (Group A1, Group A2 and 

Group B) and considers their group differences to identify the salient identifying 

characteristics for each group. The third section details two case studies from each 

group to illustrate the salient characteristics of each group and to demonstrate the 

variability both between and within each group. 
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8.1.1. Multidimensional scaling 

Although cluster analysis was the a priori planned analysis and was conducted with a 

subsample of children, the data collected in this study may be more suited to a non-

parametric analysis (which is not available through cluster analysis), as it did not fulfil 

all the parametric assumptions and the sample size was relatively small (see Chapters 

4 and 6; as detailed previously in Section 7.3.2). Thus, a statistical classification using 

multidimensional scaling (MDS) was also undertaken, for a statistical validation of the 

cluster analysis.  

MDS is a family of non-parametric analytical methods that use the geometric 

model for analysis of interrelationships among a set of cases, which results in a 

quantitative estimate of the similarities between all cases (Ding, 2013; Hout, Papesh, & 

Goldinger, 2013). It uses a proximity matrix and applies an equation to it to reduce 

dimensions and represent the relationships between variables on a graph (Everitt & 

Rabe-Hesketh, 1997). The focus of this analysis is data visualization (representing data 

graphically), and an important stage of MDS is the interpretation of the organization 

data points in p-dimensional space on a coordinate map with p number of axes (Ding, 

2013; Hout et al., 2013). MDS produces a spatial “map” of all cases in the analysis, 

representing interpoint similarities or proximities graphically (where small interpoint 

distances signal similar cases and larger interpoint distances signify proportionally 

more dissimilar case pairs; Hout et al., 2013; Takane, Jung, & Oshima-Takane, 2009). 

MDS represents interrelationships between data points and thus the axes and 

orientation of a configuration are arbitrary functions of the input data (Garson, 2012). 

MDS and cluster analysis both use a proximity matrix as the basis of the 

analysis, but different statistical algorithms are then applied (see Section 7.3.1.5 for 

details of the proximity matrix). MDS has been considered as a good complementary 

analysis to cluster analysis as it represents clusters of cases in continuous dimensions 

rather than in a categorical ‘either/or’ manner (Davison, 1983), and thus can be used to 

evaluate whether a dimensional or categorical classification may be more appropriate 
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for the current dataset. One may investigate the whole perceptual map or parts of it for 

interpretation, and the map can reveal whether it might be more useful to consider a 

categorical or dimensional approach to classification (i.e. clearly defined subgroups or 

a spectrum of severity). MDS is also a non-parametric method for classification and 

input data does not need to fulfil the assumptions of normality or equality of variances, 

and it does not involve significance testing so the interpretation and accuracy of results 

are not tied to sample size, which may be small (Ding, 2013). 

 

8.1.2 External validation 

External validity is the degree to which the study results can be generalized (Slack & 

Draugalis, 2001). As discussed in Chapter 4, CVI forms a very heterogeneous 

population, and it is important to consider whether these study results might be relevant 

to the wider population of childhood CVI. The classification developed in Chapter 7 has 

been developed and validated against concurrent independent measurable 

assessment variables collected during the study. This was addressed by investigating 

the general participant characteristics of the study sample (Chapter 4), and is further 

examined in this chapter by looking at systematic differences in the characteristics of 

the three groups formed by the classification analyses conducted in Chapter 7 (Group 

A1, Group A2 and Group B). A next step will be to undertake a clinical validation of the 

classification system against independent clinician ratings using the same classification 

group ratings with a new sample, but this was not feasible within the scope of the 

current study (see Chapter 9 for study limitations and future directions). 
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8.2 Statistical validation (multidimensional scaling) 

8.2.1 Method 

8.2.1.1 Participants, variables and proximity matrix 

The statistical validation of multidimensional scaling (MDS) was run against the main 

cluster analysis results that are reported in Chapter 7. To make the validation analysis 

as comparable as possible, the input variables (Sonksen LogMAR BEO near, LEA 

Optotypes contrast sensitivity test, Frisby Stereotest, TVPS Total score, Beery VMI 

total score) and sample size (n=43) were kept the same as in the main cluster analysis, 

as was the proximity matrix (created using squared Euclidean distance). Section 7.3 

contains the details of the sample, variables and proximity matrix. 

 

8.2.1.2 Statistical approach (MDS) 

MDS is an iterative process, where the data in a proximity matrix are compressed into 

p-dimensional space and are plotted and replotted into such a space so that the 

relationships between data are represented optimally in the final solution.  The main 

assumption of MDS is that objects in a set are similar in some way that can be 

described by values along a set of dimensions in multidimensional space and that the 

similarity between two objects is inversely related to their interpoint distances in this 

space (Steyvers, 2002; Garson 2012).  

SPSS 22.0, used in this study contains two programs for MDS: ALSCAL and 

PROXSCAL. PROXSCAL is generally recommended to retain more properties of the 

original data and to more accurately describe the error terms in the solution (Borg & 

Groenen, 2005; Garson, 2012). Although there are different variations of MDS, 

following the decision tree of Giguere (2006) with the current dataset, only non-metric 

MDS was conducted. This approach represents the ordinal properties of input data and 

attempts to establish a monotonic (ordinal, ranked data) relationship between the 
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interpoint distances in the MDS solution and the data in the proximity matrix (Giguere, 

2006). The primary approach to ties in data was taken, so in the case of tied data (data 

which was ranked equally), variables were treated as continuous (Garson, 2012; Borg 

& Groenen, 2005).  

A starting configuration must be chosen for data points when conducting MDS. 

Kruskal (1964) suggests that if a good configuration is known and available, using this 

may shorten the process by some iterations but if none is available then an arbitrary 

starting configuration is also acceptable. However, no two points should be in the same 

place and the configuration should not lie on a lower dimensional subspace than the 

dimensionality chosen for the analysis. For this study, the simplex starting point was 

selected. This places all objects equidistant at the start of the process (Garson, 2012).  

The final MDS configuration is found when a stopping criterion to minimize 

stress is reached. Stress is a measure of “badness-of-fit”, i.e. of how well proximities 

are mapped into distances in an MDS solution (Borg & Groenen, 2005). Every iteration 

of the MDS algorithm attempts to lower stress and if no significant change is seen, then 

this is determined to be the best solution (Kruskal, 1964). SPSS uses a value of S-

Stress as the stopping criterion for MDS iterations (Garson 2012). Until the 

improvement in S-Stress (stress convergence) is .0001 or lower for that iteration, the 

program will reset all point coordinates and recalculate the configuration. A maximum 

of 100 iterations was allowed.  

Finding the best fitting set of coordinates and appropriate dimensionality is the 

general aim of MDS (Everitt & Rabe-Hesketh, 1997). In practice, a useful method to 

help determine the optimum dimensionality of the MDS solution is examining the stress 

value of different MDS configurations using a scree plot of stress values for a range of 

dimensionalities. SPSS uses the normalized raw stress value to determine the optimal 

solution. Looking for the “elbow” of a scree plot of normalized raw stress against 

dimensionality indicates the optimal dimensionality where systematic structure is 

represented in the solution and noise in the data is minimized (Borg & Groenen, 2005). 
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For this analysis, 1-4 dimensional solutions were investigated from which the best-

fitting solution was selected.  

It was important to consider whether the MDS configuration accurately 

represented the interrelationships between the cases or whether the data has been 

distorted significantly (Everitt & Rabe-Hesketh, 1997). To investigate the goodness-of-

fit of the overall solution, the Stress-1 value (the square of normalized raw stress) is 

commonly used. Kruskal and Wish (1978) suggest categories for interpreting this value 

(see Table 8.1). Related to Stress-1 is the Dispersion Accounted For coefficient 

(D.A.F.), which shows the proportion of residual variance from the monotone 

regression in the MDS solution, and should be close to 1 (Ding, 2013). 

 

Table 8.1 Interpretation of Stress-1 values (Kruskal & Wish, 1978) 
Stress-1 value Interpretation 
>.20 Poor 
≥.20 – >.10 Fair 
≥.10 – >.05 Good 
≥.05 – >.025 Excellent 
.00 Perfect 

 

8.2.1.3 Comparing the MDS solution to cluster analysis 

The interpretation of an MDS solution is typically based on patterns within the 

configuration and may be interpreted as a whole or just focusing on salient areas 

(Everitt & Rabe-Hesketh, 1997). As the aim of this MDS analysis was to examine the 

statistical validity of cluster analysis, the results of these two analyses were compared, 

by representing the cluster groups on the MDS perceptual map and visually scrutinizing 

their distributions. As described in Section 7.3.2, the main cluster analysis groups were 

Group A1 (n=15) and Group A2 (n=28).  
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8.2.2 Results 

Figure 8.1 shows the scree plot of the stress values for non-metric ordinal MDS. The 

elbow of the plot can clearly be seen at two dimensions, with very little additional 

variance in data being explained by additional dimensions. Thus, two was taken to be 

the optimal dimension number for the ensuing analyses.  

 

 
Figure 8.1: Scree plot of optimal MDS dimensionality according to normalized 
raw stress  
 

In the two-dimensional solution, convergence was reached in 19 iterations 

(normalized raw stress=.011). The Stress-1 value was .104, indicating fair to good fit 

according to Kruskal (1964). The DAF value was .989 (indicating that 98.9% of the 

variance in the data was accounted for by this solution) and the transformation plot 

showed only small deviations from the regression line, suggesting that the distances 

represented the original proximities to a high degree. In addition, when examining the 

residual plot (see Appendix 13), most points lie close to the diagonal, indicating a good 

fit.  
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Figure 8.2: Graphical comparison of the MDS and cluster analysis results. Green 
represents cases classified into Group A1 according to the main cluster analysis 
(Chapter 7), and orange represents cases classified into Group A2.  

 

The MDS configuration appeared to preserve the structure of the cluster 

analysis, especially in relation to Dimension 1 (shown on the x-axis of Figure 8.2). As in 

cluster analysis, Group A1 appeared to be more homogeneous than Group A2. This 

was particularly seen in the narrow range of Dimension 1 scores of the group (range= 

0.37 - 0.85), although there was more variance in Dimension 2 scores (range= -0.36 – 

0.50). Group A2 appeared more dispersed on both MDS dimensions. Group A2 

showed lower Dimension 1 coordinates than Group A1 (range= -1.30 – 0.30), but they 

had overlapping Dimension 2 coordinates (although with more variance than in Group 

A1, range= -0.74 – 1.16). In addition, two children in Group A2 seemed to have very 

high Dimension 2 coordinates compared to the rest of the sample (see Figure 8.2).  
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8.3 External validation (group characteristics) 

8.3.1 Method 

8.3.1.1 Participants  

Participants remained divided in Groups A1 and A2 according to the main cluster 

analysis (Group A1 n=15, Group A2 n=28). In addition, the very low functioning group 

of children (Group B, n=20) who could not engage with most of the vision test battery, 

were investigated in relation to Groups A1 and A2 on all variables that there was data 

for, in order to understand whether they are similar to the two data driven sub-typing 

groups. The six participants, who were included in some internal validation analyses 

but not the main cluster analysis, due to missing data on the Beery VMI (see Section 

7.3.1 for details) were not included in this section as their clustering to one group was 

less certain.  

 

8.3.1.2 Variables 

Patterns of vision, ophthalmology and paediatric characteristics not included in the 

classification analyses were investigated and compared between Group A1, Group A2 

and Group B when possible (inclusion of Group B in dataset is indicated by an 

asterisk*). Thus, some data in this section is partially replicated from Chapter 7 

(Section 7.2), in the Group B characteristics (all Group B data is also presented in 

Chapter 7, Tables 7.1 and 7.2, excepting quality of life data, INSIGHT questionnaire 

data, and school type data which are newly presented in this chapter). However, all 

comparisons including Group B are now compared to both Group A1 and A2, which 

allows further investigation of whether Group B might be similar to either of the sub-

typing cluster groups. The variables investigated were: 

5) Vision: i) Insight Questionnaire total score (standardized)*, ii) Sonksen Pictures 

total score*, iii) Hiding Heidi contrast sensitivity score*, iv) visual field 
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impairment*, v) form and motion coherence threshold data, vi) LEA Rectangles, 

vii) LEA Mailbox, and viii) the neuropsychological assessments completed only 

by the HF subgroup (NEPSY Geometric Puzzles, Arrows; TEA-Ch Sky Search, 

Map Mission; WISC-IV Block Design; CMS Dot Locations),  

6) Whether or not the child had a definite diagnosis of CVI according to the 

ophthalmologist*,  

7) Ophthalmology*: Presence of strabismus, nystagmus, fundus abnormalities and 

refractive error, and 

8) Paediatric characteristics*: Age, IQ, risk factors for CVI, comorbid conditions, 

quality of life (PEDS-QL), child education (school type). 

 

8.3.1.3 Statistical approach 

The number and percentage of children in each group scoring in the clinically impaired 

range are reported for all relevant assessments (see Chapters 3 and 5 for more details 

of specific assessments, and coding of impairment for each variable). A 

neuropsychological score was considered to be in the clinically impaired range if 

standard score <70 (m=100, SD=15), or scaled score <4 (m=10, SD=3; see Chapter 5, 

Table 5.3).  

One sample t-tests were used to investigate differences between the scores of 

each sub-typing classification group (Groups A1 and A2) and normative test data when 

relevant. Group differences in variables were investigated using ANOVA (including 

Groups A1, A2 and B) or independent samples t-test (only including Groups A1 and 

A2) for continuous variables (or non-parametric equivalents) and the Chi squared test 

for categorical variables (or non-parametric equivalents). Effect sizes are reported as 

appropriate (see Chapter 3 for further details). For categorical variables with fewer than 

five positive scores (e.g. number of participants with DCD, ADHD and HI), no statistical 

comparisons were made, but only group percentages were reported and described 
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qualitatively. Thirteen children in Group A1 and 14 children in Group A2 had completed 

the neuropsychological assessment, so group comparisons for these variables could 

also be conducted. For the neuropsychology variables, their relationships with 

cognition test results were also investigated to understand whether the vision test 

results were specific areas of weakness in the cognitive profiles of each subgroup 

(paired samples t-tests; using the same approach as described in Section 6.2.2).  

 

8.3.2 Results 

Vision 

INSIGHT questionnaire (n=63: Group A1 n=15, Group A2 n=28, Group B n=17): A one-

way ANOVA showed no significant cluster group differences between INSIGHT 

questionnaire score F(2,57)=1.11, p>.05 (See Figure 8.3). However, one child in Group 

A1 had a very low score on the questionnaire in comparison to all other participants.  

 

 
Figure 8.3: Boxplot of INSIGHT questionnaire standardized scores according to 
classification group category 
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Sonksen Pictures test (n=63: Group A1 n=15, Group A2 n=28, Group B n=14): 

There was a significant group difference in Sonksen Pictures scores H(2)=35.54, 

p<.001 (see Figure 8.4). Excepting one child who scored 53 points, all children in 

Group A1 scored the maximum 54 points on the test. Group A2 also showed high 

scores on the Sonksen Pictures test but with more variation in scores. Group B showed 

the lowest scores, also with variation in scores, and with two outlier children scoring 

relatively highly as can be seen in Figure 8.4.  

 

 
Figure 8.4: Boxplot of Sonksen Pictures test total scores according to group 
category 
 

Hiding Heidi (n=61: Group A1 n=15, Group A2 n=28, Group B n=18): As can be 

seen in Figure 8.5, there was a significant group difference in classification of contrast 

sensitivity into “normal” or “weaker” according to the Hiding Heidi test (p<.001, V=.54, 

substantial relationship). 100% of Group A1 (n=15), 92% of Group A2 (n=24) and only 

50% of Group B (n=9) showed “normal” CS.  
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Figure 8.5: Bar chart of Hiding Heidi test score level according to group category 

 

Visual fields (n=45: Group A1 n=14, Group A2 n=23, Group B n=8): No 

statistical comparisons were calculated for this variable, as so many participants were 

unable to complete testing. However, Figure 8.6 shows the percentage of participants 

in each group according to their visual field results. As the majority of the children in 

Group B were not able to participate in visual field assessment, it is challenging to 

interpret any particular patterns. No children in Group A1 showed an inferior visual field 

defect, and the majority of this group had normal visual fields.  
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Figure 8.6: Bar chart of visual field assessment results according to group 
category 
 

Form coherence threshold (n=39, Group A1 n=14, Group A2 n=25): Three 

children in Group A1 (25%) scored below the 10th centile and 12 (75%) scored at or 

above the 10th centile (m=19.54%, SD=3.73%). Eighteen children in Group A2 (64%) 

scored below the 10th centile on form coherence threshold and ten scored at or above 

the 10th centile (36%, m=35.72%, SD=15.12%). Group A1 had a significantly lower 

mean coherence threshold score than Group A2 indicating better performance, 

t(37)=5.08, p<.001, d=1.47 large effect. 

Motion coherence threshold (n=38, Group A1 n=14, Group A2 n=24): All 

children in Group A1 scored at or above the 10th centile (100%, m=28.75%, 

SD=21.08%). Sixteen children in Group A2 (57%) scored below the 10th centile and 12 

(43%) scored at or above the 10th centile (m=48.16%, SD=18.69%). Group A1 had a 

significantly lower mean coherence threshold score than Group A2, indicating better 

performance, t(36)=2.95, p=.006, d=0.98, large effect. 

LEA Rectangles (n=43, Group A1 n=15, Group A2 n=28). The Group A1 

median score of LEA Rectangles was 2 (range 2-3), with 13 children (87%) obtaining a 
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score of 2. The Group A2 median score was 3 (range 2-6), with 13 children (46%) 

obtaining the perfect score of 2. When comparing group performance on the LEA 

Rectangles test, Group A1 made significantly fewer errors on the task than Group A2 

(U=115.5, p=.006, η2=.18, small correlation). 

LEA Mailbox (n=43, Group A1 n=15, Group A2 n=28). The Group A1 median 

score on the LEA Mailbox test was 9 points (IQR=8-10). The Group A2 median score 

was 12 points (IQR= 10-16). When comparing group performance on the LEA Mailbox 

test, Group A1 made significantly fewer errors on the task than Group A2 (U=82.0, 

p=.001, η2=.26, small correlation).  

Neuropsychology (Group A1 n=13, Group A2 n=14): Figure 8.7 shows boxplots 

of the Group A1 and Group A2 scores on the neuropsychological tests completed by 

the HF subgroup. On WISC-IV Block Design, one child in Group A1 (9%) and three 

children in Group A2 (21%) were in the clinically impaired range (scaled score <4), and 

Group A1 scored significantly higher than Group A2, t(24)=3.35, p=.003, d=1.29 (large 

effect; missing data Group A1 n=1). For Group A1, there was no significant difference 

between VCI and Block Design score (t(11)=.82, p>.05), but in Group A2, VCI was 

significantly higher than Block Design score (t(13)=2.32, p=.037, d=0.62, medium 

effect). 

On NEPSY Arrows, one child in Group A1 (8%) and seven children in Group A2 

(50%) were in the clinically impaired range, and Group A1 had a significantly higher 

mean score than Group A2, t(25)=3.51, p=.002, d=1.35 (large effect). For Group A1, 

there was no significant difference between VCI and Arrows score (t(12)=1.68, p>.05), 

but in Group A2, VCI was significantly higher than Arrows score (t(13)=3.42, p=.005, 

d=0.91, large effect).  

On NEPSY Geometric Puzzles, one child in Group A1 (8%) and two children in 

Group A2 (14%) were in the clinically impaired range, with a Group A1 scoring 

significantly more highly than Group A2, t(25)=2.29, p=.031, d=0.87 (large effect). For 

both Group A1 and Group A2, there was no significant difference between VCI and 
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Geometric Puzzles score (A1 t(12)=1.80, p>.05, A2 t(13)=2.13, p>.05). 

On TEA-Ch Sky Search, no children in Group A1 (0%) and five children in 

Group A2 (36%) were in the clinically impaired range, with Group A1 mean score being 

significantly higher than Group A2 mean score, t(25)=3.82, p=.001 d=1.48 (large 

effect). For Group A1, there was no significant difference between VCI and Sky Search 

score (t(12)=1.01, p>.05), but in Group A2, VCI was significantly higher than Sky 

Search score (t(13)=2.23, p=.044, d=0.60, medium effect). 

On TEA-Ch Map Mission, three children in Group A1 (23%) and ten children in 

Group A2 (77%) were in the clinically impaired range, with Group A1 having a 

significantly higher mean score than Group A2 t(24)=4.50, p<.001, d=1.77 (large effect; 

missing data Group A2 n=1). For both Group A1 and Group A2, VCI was significantly 

higher than Map Mission score (A1 t(12)=2.25, p=.044, d=0.62, medium effect; A2 

t(12)=5.59, p<.001, d=1.55, large effect).  

On CMS Dot Locations, two children in Group A1 (18%) and 2 children in Group 

A2 (15%) were in the clinically impaired range, and was not significantly different 

between groups, t(22)=.36, p>.05 (missing data Group A1 n=2, Group A2 n=2). For 

both Group A1 and Group A2, there was no significant difference between VCI and Dot 

Locations score (A1 t(10)=.56, p>.05, A2 t(12)=.44, p>.05). 
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Figure 8.7: Boxplots of Cluster group scores on the neuropsychology variables 
 

Confirmed diagnosis of CVI, and paediatric and ophthalmological characteristics 

Table 8.2 shows the characteristics of Group A1, Group A2 and Group B. A 

significant difference in participant age was seen, with Group B being younger than the 

two classification groups (H(2)=14.37, p=.001). There was also a significance between 

groups in verbal cognition, with Group A1 having the highest IQ estimate scores and 

Group B having the lowest scores (H(2)=23.66, p<.001). A significant difference in the 

rate of confirmed CVI diagnoses was also noted, with all but one child in Group B 

(94%) having a clinically confirmed diagnosis of CVI but only 60% of children in Group 

A1 and 62% children in Group A2 receiving a confirmed diagnosis (χ2=10.06, p=.006, 

V=.42, moderate relationship). 

In terms of ophthalmological characteristics, Group A1 had a lower rate of 

refractive errors than the other two groups (Group A1=27%, Group A2=82%, Group 

B=90%; χ2=18.52, p<.001, V=.54, substantial relationship) or strabismus (p<.001, 

V=.594, substantial relationship). Although Group A1 also seemed to have a lower rate 

of fundus problems than the other two groups (Group A1=7%, Group A2=36%, Group 
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B=35%), this comparison did not reach statistical significance (p>.05). Group A1 had 

the lowest rate of nystagmus whereas Group B had the highest rate of nystagmus 

(Group A1= 13%, Group A2=23%, Group B=60%; p=.002, V=.34 moderate 

relationship).  

There were no group differences between potentially aetiological factors for 

CVI, apart from Group A1 had more children than the other two groups with no known 

aetiology (p=.011, V=.37, moderate relationship). A systematic pattern in the presence 

of movement disorder was noted, with Group A1 reported to have the lowest 

occurrence (13%), Group A2 with 39% and Group B to have the highest occurrence at 

80% (χ2=16.26, p<.001, V=.51, substantial relationship; see Table 8.2 for group 

details). No other patterns of comorbidities were seen between groups.  

There were no group differences in PEDS-QL scores, and all scored 

significantly lower than the paediatric normative data with very large effect sizes (Group 

A1 Total t(14)=10.03, p<.001, d=2.59; Psychosocial t(14)=11.25, p<.001, d=2.91; 

Physical t(14)=6.87, p<.001, d=1.77. Group A2 Total t(27)=13.14, p<.001, d=2.48; 

Psychosocial t(27)=12.47, p<.001, d=2.36; Physical t(27)=10.59, p<.001, d=2.00. 

Group B Total t(17)=10.61, p<.001 d=3.10; Psychosocial t(17)=12.50, p<.001, d=2.95; 

Physical t(17)=5.32, p=.001, d=2.44). 
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Child education: Figure 8.8 shows a bar graph of the school types attended by 

children in each group. In Group A1, four children (27%) attended a mainstream school 

without support, seven (47%) attended a mainstream school with additional support, 

two (13%) attended a school for special educational needs and two (13%) were home 

educated. In Group A2, four children (14%) attended a mainstream school without 

support, 19 (68%) attended a mainstream school with additional support, three (11%) 

attended a school for special educational needs and two (7%) were home educated. In 

Group B, eight children (40%) attended a mainstream school with additional support 

and 12 children (60%) attended a school for special educational needs. No children in 

Group B attended a mainstream school without support or were home educated.  

 

 
Figure 8.8: Bar graph of the percentage of children in each classification 
category according to the type of school they were reported to attend 
 
	
	



298	
	

8.4 Case examples 

This section contains a description of the typical sample characteristics and score 

ranges of each of the final classification subgroup categories, with data collated from 

the internal validation in Chapter 7 and external validation in Chapter 8 (Table 8.3). The 

likelihoods described in Table 8.3 are based on the proportions of each subgroup with 

a given condition or score, and the ranges of scores reported are those that were found 

in the sample. They are meant to be illustrative of this sample only, and may not be 

applicable to the wider population of CVI (see Chapter 9 for discussion about the 

generalizability of study results). For basic and higher vision skills, only clinical 

standardized tests are reported, as it may be difficult to attribute thresholds or levels of 

impairment to unstandardized tasks with no available normative data. 

Six case examples (two from each classification category) are presented in 

relation to these characteristic patterns, and possible alternative explanations for their 

symptoms are considered. The cases were not selected at random and they serve a 

purely illustrative purpose of describing the possible ranges of cases in each of the 

classification categories. Their characteristics are shown in Table 8.4. Figures 8.9 and 

8.10 additionally show the participant profile scores for the Beery VMI and TVPS 

composite scores (Figure 8.9) and the TVPS subtest scores (Figure 8.10) for the case 

examples in Groups A1 and A2. The case examples selected for Groups A1 and A2 all 

took part in the HF subgroup additional neuropsychological tests, and these are further 

shown in Table 8.5. However, it should be noted that not all children in Groups A1 and 

A2 fulfilled the eligibility criteria for the HF subgroup (see Chapter 3 for details). 
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Group A1 case examples 

The Group A1 case examples were aged 13 and 14 years, with one male and 

one female participant. In Case 1, the ophthalmologist was able to confirm the child’s 

CVI but not in Case 2. Both children demonstrated normal-range visual acuity and 

good stereopsis, as appears typical of Group A1 according to Table 8.3 above. 

Although Case 1 showed normal contrast sensitivity, Case 2 showed a weakness in 

contrast, which is atypical of children in this group. In addition, unusually for Group A1, 

both case examples showed a visual field deficit.  

The cases showed differing patterns of higher visual skills. Case 1 had a 

relative weakness across most of higher vision, and her scores on the Beery VMI and 

TVPS composites were at least 14 standard score points lower than her verbal 

cognition level. In relation to her other visual skills, she had a relative strength in VMI 

and the motor coordination component, and showed much lower performance on visual 

perceptual tasks (both on the TVPS composites and the Beery Visual Perception 

supplementary task, see Figure 8.9). This child’s scores across all subtests and 

composites of the TPVS were at the lowest possible level, despite average-range 

verbal cognition (Figure 8.10). On the additional HF neuropsychological tests, Case 1 

scored in the average range on Block Design, Sky Search and Dot Locations, but in the 

impaired range on Arrows and Geometric Puzzles (see Table 8.5). She also scored in 

the borderline impaired range on Map Mission.  

Case 2 showed a more typical profile pattern of scores on the higher visual 

tests, with relatively preserved TVPS scores but lower Beery VMI performance. He had 

lower scores on Beery VMI (especially the VMI and Motor Coordination supplementary 

task – in the borderline impaired range) than the TVPS composite scores (in the low 

average to average range). However, some fluctuation in his performance was seen 

across the individual TVPS subtests, and he scored in the borderline-impaired score in 

Form Constancy and Visual Discrimination. He showed low average to high average-

range performance across all the additional HF neuropsychological tests. 
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Both case examples showed the typical unremarkable ophthalmological 

features of Group A1, with Case 1 having a refractive error, but no other abnormalities 

noted in either child. Both children had average-range verbal cognition, as expected in 

Group A1. They had various co-occurring conditions; Case 1 had mild CP and ADHD, 

and Case 2 was reported to have dyslexia. In terms of paediatric disorders that may be 

aetiological, Case 2 did not have any known risk factors, and Case 1 was reported to 

have been born preterm, with associated early brain injury. Case 1 attended a 

mainstream school without support and Case 2 attended a school for children with 

special educational needs. Both children were reported to have lowered quality of life 

and vision-related functional difficulties in daily life.  

Case 1 was found to have a left visual field defect but no other basic vision 

difficulties, and lowered scores on many neuropsychological tests. No ophthalmological 

deficits found. Although this child was reported to have ADHD and a mild movement 

disorder, her symptom patterns are unlikely to be explained by these conditions, she 

had an early paediatric history indicating possible aetiological risk factors for CVI, and 

her CVI was clinically confirmed. This child illustrates a case where CVI has been 

diagnosed in the context of no visual impairment, but based on higher visual difficulties 

and “visual dysfunctions” in both ‘dorsal’ and ‘ventral’ skills. 

However the Case 2 could be considered more controversial, as he showed 

preserved basic vision, excepting a generalized visual field reduction which could 

potentially be related to test performance factors rather than a true field reduction 

(Heidary, 2016). A selective deficit in visuomotor ability alongside some possible visual 

attention difficulty was found. He had no remarkable ophthalmological features and 

was reported to have dyslexia. A salient question is whether this child does have the 

condition of CVI (which was unconfirmed by the ophthalmologist), or whether his 

difficulties might be explained by some other paediatric disorder (such as DCD) or 

whether the CVI and DCD share a common ‘dorsal’ pathway? This issue, and the 
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importance of differential diagnosis in children with possible CVI, will be discussed 

further in Chapter 9. 

 

Group A2 case examples 

The Group A2 case examples were aged 10 and 15 years, with one male and 

one female participant. In both cases, the consultant ophthalmologist confirmed the 

child’s CVI diagnosis. These cases covered a broader range of visual acuity, with Case 

4 demonstrating normal acuity but Case 3 showing a socially significant VI. As appears 

typical of Group A2 (see Table 8.3), both children had normal contrast sensitivity and 

absent stereopsis. Case 3 showed no visual field defect but Case 4 was not able to 

engage with the test and no valid result was obtained.  

These children showed lower scores on most of the higher vision tests than the 

Group A1 cases. Case 3 scored in the borderline impaired range on the Beery VMI and 

Motor Coordination tasks, but in the average range of the Beery Visual Perception 

supplementary task. His scores on the TVPS composites were in the borderline 

impaired and clinically impaired ranges. This was also reflected in his TVPS subtest 

performance, in the clinically impaired range on Visual Sequential Memory and Figure 

Ground, and in the borderline impaired to low average range on the other subtests.  On 

the additional HF neuropsychological tasks, he scored in the clinically impaired range 

on NEPSY-II Arrows and TEA-Ch Map Mission, but in the low average to high average 

range on the other tasks.  

Case 4 showed more difficulties, scoring in the clinically impaired range across 

the Beery VMI and TVPS composite scores (excepting low average performance on 

Sequencing). Similarly on the TVPS subtests, she scored in the clinically impaired 

range (at the basal level) on all tasks but Visual Sequential Memory (in the low average 

range). She also had very low clinically impaired scores across all of the HF 

neuropsychological tests. 
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As appears usual for Group A2 (see Table 8.3), both case examples had a 

refractive error and strabismus. In addition, Case 3 had nystagmus and a fundus 

abnormality. In terms of paediatric characteristics, Case 4 scored in the high average 

range of verbal cognition and Case 3 scored in the low average range. Both were born 

preterm and also reported other possibly aetiological risk factors in their paediatric 

history. Both children also had a variety of co-occurring conditions, with Case 3 

reporting hearing impairment and Case 4 reporting CP, autism spectrum disorder and 

epilepsy. Case 4 attended a school for children with special educational needs and 

Case 3 attended a mainstream school with additional support. Both children were 

reported to have lowered quality of life and vision-related functional difficulties in daily 

life. 

Although Case 3 had impairments in both basic and higher visual skills (which 

were considerably lower than his cognitive level), he also had many ophthalmological 

conditions. His diagnosis of CVI was clinically confirmed but a general issue in children 

similar to him is how to determine the relative contributions of anterior pathway and 

ocular conditions, and posterior cerebral pathway involvement.   

The only basic vision impairment noted in Case 4 was the absence of 

stereopsis, which may be related to her strabismus. Despite having high average 

verbal cognition, she scored very poorly across all the higher vision tasks, indicating a 

selective deficit in visuo-perceptual and visuo-motor abilities. She also had a number of 

possibly aetiological risk factors in her paediatric history, and her CVI was clinically 

confirmed by the ophthalmologist. Similarly to Case 1, this child also demonstrates a 

case where basic vision skills are relatively preserved but there are significant visual 

dysfunctions in visuo-cognitive domains.  
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Group B case examples 

The Group B case examples were aged 7 and 12 years, with one male and one 

female participant. As expected in Group B, both children’s CVI was confirmed by the 

ophthalmologist. These children had lower visual acuity than in the other case 

examples from Group A1 and A2, in the severe VI (Case 5) and blind (Case 6) ranges. 

Neither child in Group B was able to engage in a test of stereopsis or contrast 

sensitivity. Case 5 was able to engage with visual field assessment and showed no 

field defect, but Case 6 was unable to complete such a test. Neither child in Group B 

was able to partake in the tests of higher visual skills.  

In terms of ophthalmological characteristics, Case 6 was not able to engage 

with the assessment so only a few details are available. This child did not have a 

refractive error. Case 5 showed ophthalmological features typical of Group B. He had a 

refractive error, strabismus and nystagmus. Both children scored in the extremely low 

range of cognition (see Chapter 3, Table 3.5 for details of cognitive level coding). Both 

children had a movement disorder and Case 6 also reported autism spectrum disorder 

and epilepsy as co-occurring conditions. Both cases in Group B were born preterm and 

reported other possibly aetiological factors in their paediatric histories. Case 6 attended 

a school for children with special educational needs and Case 5 attended a 

mainstream school with additional support. Both children were reported to have 

lowered quality of life and vision-related functional difficulties in daily life. 

Both children in Group B had very low visual acuity. Other areas of vision could 

not be assessed due to their cognitive, vision and mobility restrictions but it can be 

assumed that other more complex vision skills would also be affected by the restricted 

visual input. Their presentations are examples of specific visual difficulties in the 

context of global brain involvement due to early insult.  
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Table 8.5: Additional neuropsychological characteristics of Group A 

Neuropsychology test Group A1 Group A2 
1 2 3 4 

WISC-IV Block Design 10 8 9 1 
NEPSY-II Arrows 1 8 1 1 
NEPSY-II Geometric Puzzles   3 8 7 2 
TEA-Ch Sky Search 11 13 8 1 
TEA-Ch Map Mission 4 7 2 1 
CMS Dot Locations 9 12 13 1 
Scaled scores reported  
Clinically impaired scores highlighted in bold (scaled score <4) 
See Chapter 5 (Table 5.3) for details of the coding of impairment levels in neuropsychological scores  

 

 
Figure 8.9: Beery VMI and TVPS composite score profile patterns of Group A 
case examples 
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Figure 8.10: TVPS subtest profiles of Group A case examples 
	

8.5 Discussion 

This chapter aimed to conduct a validation of the classification that was created in 

Chapter 7, and to describe the salient characteristics of each classification category. 

Statistical validation of the main cluster analysis (Chapter 7) was conducted, as well as 

an external validation of vision, ophthalmological and paediatric characteristic patterns 

in the three groups of the overall classification.  

In the statistical validation, MDS showed similar findings to the main cluster 

analysis of Chapter 7, which supports the hypothesis that the cluster analysis revealed 

a natural structure in the data rather than being a random finding. The MDS graph 

showed that Group A1 and Group A2 cases were separated in terms of one dimension, 

with no overlap between cases from the two sub-typing categories. However, there 

was no discrete space between the scores of the two groups in this dimension, and 

they appeared to lie in a continuum of scores. On the second dimension, there was no 

distinction between Group A1 and A2 cases, with children in both groups located 

across the dimension. This supports the finding that Group A1 and A2 are different, but 

these findings may also suggest a severity spectrum rather than discrete subcategories 
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in CVI as there was no distinct separation between the groups. This possibility is 

discussed further in Chapter 9.  

An external validation of the total classification was conducted by investigating 

the vision, ophthalmological and general paediatric characteristics of Group A1, Group 

A2 and Group B. The characteristic profiles of each group were also collated from the 

internal validation and group comparisons of Chapter 7, and the external validation of 

Chapter 8. Case examples from the three classification groups were also described in 

relation to these, to illustrate the classification in practice & discuss some pertinent 

issues.  

The children classified into Group A1 by the main cluster analysis appeared to 

have relatively intact basic vision skills overall, as discussed in Chapter 7. On the 

external validation, Group A1 showed overall intact 2D object recognition and motion 

coherence thresholds above the 10th centile paediatric norms. A fifth of children in this 

group scored in the bottom 10th centile in form coherence threshold and a minority of 

children were noted to have a visual field impairment.  

Despite relatively intact basic vision, there was an indication of slight ‘higher 

visual’ difficulties in Group A1. In addition to the lowered scores on the Beery VMI and 

specific subtests of the TVPS discussed in Chapter 7, a specific difficulty was noted in 

a neuropsychology task that purports to measure selective visual attention (i.e. Map 

Mission; this could also be viewed as a measure of visual crowding/simultanagnosia 

due to the requirement of the test to identify a target in a crowded visual array). 

Considering this finding with the lowered visuomotor integration performance of Group 

A1, this could be taken as an indication of possible ‘dorsal’ difficulties (Chokron & 

Dutton, 2016: Fazzi et al., 2009). However, these were also at times accompanied by 

other more recognition-based difficulties (e.g. Visual Discrimination, and form 

coherence threshold), suggesting that ‘dorsal’ skills may be one of the primary areas of 

difficulty but is not always the only areas of difficulty in the group, similar to the findings 

of Philip (2016). 
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In terms of paediatric characteristics, children in Group A1 scored in the 

average range for verbal cognition. They were noted to have a range of comorbidities 

and factors that are considered potentially aetiological for CVI. The majority of children 

did not have any ophthalmological deficits, although approximately one third of the 

group were found to have strabismus. One third of children in this group did not have 

their diagnosis clinically confirmed by the consultant ophthalmologist, who felt that 

more information about higher visual skills was needed (not available in the clinical 

ophthalmology examination) for a diagnosis to be made.  

Group A2 also showed a wide range of visual skills but in general they 

appeared to have lower vision abilities than the children in Group A1 (as described in 

Chapter 7). On the external validation, although Group 2A performed well on a task of 

2D object recognition on average, a range of scores on this task was noted. About half 

of the group were found to have a visual field deficit. Almost two thirds of the group 

performed in the lowest 10th centile on form coherence threshold and over half 

performed in the lowest 10th centile on the motion coherence threshold task.   

Group A2 also showed low scores on ‘higher visual’ skills, and scored 

significantly lower than the paediatric normative data on all tests (similar to the findings 

of Chapter 7 of poor performance on the Beery VMI and TVPS). They also scored 

lower than Group A1 in all neuropsychological tests apart from one test of immediate 

visual memory. A task of selective visual attention (Map Mission) and judgment of line 

orientation (NEPSY-II Arrows) were especially low on average in this group and in the 

clinically impaired range. 

In terms of paediatric characteristics, Group A2 was in the low average range 

for verbal cognition. They also had a variety of comorbidities and potentially 

aetiological factors for CVI, although more children in Group A2 had a movement 

disorder than in Group A1. Most children in Group A2 had a refractive error, strabismus 

and fundus abnormalities.  
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The Group B vision, ophthalmological and paediatric characteristics have been 

previously discussed in Chapter 7, so they are not replicated here. However, when 

comparing the vision scores of Group B in relation to the subtyping Groups A1 and A2, 

there were no similarities in test performance that would suggest Group B is similar to 

either Group A1 or A2, or that it should be included in either of the subtyping groups. 

Group B scored the lowest on a test of 2D object recognition (which is highly correlated 

with visual acuity, Sonksen & Macrae, 1987). Group B also showed the lowest scores 

on the basic contrast sensitivity test. In terms of paediatric characteristics, Group B had 

a lower average age than the other two groups, which were similar. Group B also had a 

higher number of children with confirmed CVI than the other two subtyping groups. 

Group B had a similar very high rate of movement disorder as Group A2, but the Group 

A1 rate was lower. For ophthalmological characteristics, Group B was similar to Group 

A2 in terms of high rates of refractive errors, strabismus, and a third of children having 

fundus abnormalities. Group B had the highest rate of nystagmus, with almost two 

thirds of children found to have it.  

Children in all three groups were reported to have difficulties in daily life 

according to the INSIGHT questionnaire. However it is not possible to interpret the 

severity of these reported difficulties as the questionnaire has no standard scoring. 

Similarly, all groups were reported to have similar low quality of life scores on the 

PEDS-QL. Most children in Groups A1 and A2 attended a mainstream school with or 

without support and a minority attended a school for special educational needs. In 

addition, four children were reported to be home educated. This is further discussed in 

Chapter 9. In Group B, all children attended a mainstream school with additional 

support or a school for special educational needs. 
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8.6 Chapter summary 

This chapter considered the statistical validation of the classification system developed 

in Chapter 7. It also described the characteristics of each subgroup in the classification 

according to their scores on each of the assessments in the vision battery, as well as 

other vision, ophthalmological and paediatric factors. Group A1 was found to be the 

highest functioning, with relatively intact ‘basic’ vision and selective difficulties in 

visuomotor integration and other areas of higher vision. Most children in this group had 

no co-occurring ophthalmological conditions. Group A2 had difficulties in both basic 

and higher visual skills, and showed a range of co-occurring paediatric and 

ophthalmological conditions. Group B was very low functioning in terms of vision and 

other paediatric characteristics. Considering the case examples presented in Section 

8.4, even within the three subgroups, considerable heterogeneity in participant 

characteristics was seen. The implications of these study findings, a critical review of 

the study and future directions are discussed next in Chapter 9.  
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Chapter 9 – Discussion and conclusions 

 

 

CVI is the most common cause of childhood visual impairment in developed countries 

including the UK, and the term covers a heterogeneous population of children whose 

visual difficulties cannot be explained by ophthalmological impairments (Solebo, Teoh 

& Rahi, 2017; Rahi & Cable, 2003, Colenbrander, 2010; Zihl & Dutton, 2014). The 

overall prevalence of childhood CVI is increasing across the world as babies with more 

complex medical needs survive; the relative prevalence is also increasing as avoidable 

causes of ophthalmological based VI, such as water-borne infection, are more 

effectively treated in middle-income countries (Solebo et al., 2017; Mitry et al., 2013). 

The economic, social and personal burden of the condition is high and most children 

are likely to need support throughout their lives (Hoyt, 2003; Khetpal & Donahue, 2007; 

Huo et al., 1999).  

Despite these issues, the aims of CVI disease state classification and objective 

measurement of its symptoms (Marcum, 2008, p. 154) are not met in the current 

diagnostic process. This prevents successful intervention in the disease process. 

There is a lack of unified definition and diagnostic process at both the national and 

international levels, which affects who is identified as having CVI and what kind of 

clinical care they may receive (Cavascan et al., 2014; Ortibus et al., 2011; Philip & 

Dutton, 2014; see Section 1.6). It is also difficult to determine appropriate interventions 

that are specifically designed for CVI and there are very few scientifically evaluated 

treatments and support available for CVI (Edwards et al., 2010; Matsuba & Jan, 2006; 
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MacIntyre-Beon et al., 2012; Houliston et al., 1999, McKillop et al., 2006; Newcomb, 

2010).  

Classifications are used in healthcare for a variety of reasons including to 

identify health conditions across populations, advise on potentially useful interventions, 

and to improve the knowledge base of different conditions. As the umbrella term of CVI 

encompasses a wide range of children with very different paediatric presentations, 

there have been several calls to develop a classification system for CVI to identify 

subgroups within the condition (e.g. Zihl & Dutton, Ravenscroft, 2017; Frebel, 2006). 

Previous classifications of CVI have been suggested (e.g. based on functional vision, 

anatomical landmarks, and wider visual skills), but these have only had limited 

empirical investigations (see Chapter 1). Furthermore, a recent systematic review of 

the different visual perceptual dysfunctions associated with CVI suggested that the 

best way to classify children with CVI is on the basis of their functional vision (Boot et 

al., 2010; see Chapter 1).  

Thus, to improve our knowledge and understanding of CVI and for better 

treatment of the condition in the future, this study set out to develop and investigate the 

value of a more systematic and explicitly operationalized method of assessment. This 

was designed to include all children in a sample of heterogeneous children with 

confirmed or suspected CVI. Using this assessment battery, the study then proceeded 

to investigate whether the sample showed a single factor or single group condition, or 

whether it could be broken down into explicit subgroups. This classification is derived 

from a standard clinical assessment battery and provides the statistical means to group 

individuals into the subgroups according to their visual abilities (including both basic 

and higher vision). It is aimed that in the future, it can form part of the identification and 

diagnosis-making process of CVI. It is hoped that this will lead to more reliable and 

accurate diagnostic subtyping of groups, thereby enabling clinicians to better target 

tailored interventions for affected children.  The findings of these study stages and their 

theoretical relevance are discussed next. 
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9.1 Summary and discussion of findings 

9.1.1 Systematic review of terminologies, definitions and assessments of 

CVI 

The definition of CVI has evolved from including complete blindness only, to severe 

and milder visual impairments and broader visual deficits, and now to considering 

childhood onset separately as a group (See Section 1.3, Chapter 2; Boot et al., 2010; 

Zihl & Dutton, 2014; Good et al., 1994; Jan, Groenveld, Sykanda, & Hoyt, 1987; 

Whiting et al., 1985). However, there has still been no single consensual definition or 

terminology for the condition accepted in the field despite previous expert round-table 

discussions leading to different proposals (Bax & Dutton, 2010; Dennison & Lueck, 

2006; Frebel, 2006). An alternative empirical approach was taken in this study by 

conducting a systematic review of the research papers providing current terminologies, 

assessment methods and definitions of childhood CVI, and to critically examine the 

content of these definitions in relation to their apparent clinical and scientific utility. On 

the basis of this, an operationalizable definition of CVI was proposed and incorporated 

in the further study stages.  

The results of the systematic review in this study (Chapter 2) indicated that 

there was no consensus on the terminologies of CVI in the peer-reviewed literature that 

met the inclusion criteria of the review. The terms cortical visual impairment, and 

cerebral visual impairment  were most prevalent. There was a geographical basis to  

the use of these terms, with cortical being most common in research by North 

American research groups and  European groups almost exclusively using the term 

cerebral. It was suggested in the review that the latter term may more accurately 

encompass the breadth of possible anatomical lesions and neural insults causing this 

condition at sub-cortical and cortical level (Colenbrander, 2010; Good, 2009), and 

recently some researchers in the USA have also started to refer to the condition as 

“cortical/cerebral visual impairment” (Merabet et al., 2016; Merabet et al., 2017). 
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The systematic review also found that there was no consensus on the types of 

assessment methods used to test for signs and symptoms of CVI, and the specific 

assessment tools used in the studies were not detailed in most of the included studies. 

Thus it was not possible to inform the selection of the study vision assessment battery 

through the systematic review results, and an alternative approach was taken (see 

Section 8.1.2 below).  

A thematic analysis was conducted to consider the content of the CVI definition. 

Three themes were uncovered, relating to vision deficits, eye health, and brain 

integrity. The most common subthemes for each area were extracted to create a 

‘consensual’ definition of CVI, which indicated that CVI is “a visual impairment caused 

by damage to the retrochiasmatic pathways with normal/near normal eye health”. Each 

element of this definition was then subjected to a critical review, and arguments for 

using alternative elements were given.  

It was argued that the concept of “visual impairment” may not most accurately 

describe the visual difficulties that can be ascribed to CVI. Instead, a broader spectrum 

of “visual dysfunctions” may better align with the recommendations of the WHO, the 

International Council of Ophthalmology and recent research suggesting that assessing 

vision difficulties should be based on wider visual function rather than visual acuity/field 

assessment alone (Boot et al., 2010; International Council of Ophthalmology, 2002; 

World Health Organization, 1993; Hyvarinen, 2009).  

It was also argued that “normal/near normal eye health” may not be the optimal 

wording to describe eye health, as many children with CVI do have co-occurring ocular 

problems such as strabismus or nystagmus (e.g. Binder et al., 2016; Fazzi et al., 2007; 

Good et al., 2001). Instead, it was proposed that the visual dysfunction should be 

primarily attributed to cerebral origin and not to disorders of the anterior visual pathway 

or co-occurring ocular impairment.  

Finally, although in principle defining the exact brain regions that are damaged 

in CVI might lead to the most accurate and precise medical diagnosis, the current state 
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of knowledge and limitations of clinical neuroimaging methods (Boot et al., 2010; 

Ortibus et al., 2009) does not permit this in a practical or empirical sense. It may 

therefore be more realistic and pragmatic to infer that there is presence of relevant 

brain damage by stating that the measurable visual difficulties are not explained by 

ophthalmological deficits. Thus, these findings and arguments led to developing and 

proposing a new definition in this study, as follows: Childhood cerebral visual 

impairment is a verifiable visual dysfunction, which cannot be attributed to disorders of 

the anterior visual pathways or any potentially co-occurring ocular impairment. 

This definition includes the key issues of including the population term of 

‘childhood cerebral visual impairment’ and then adding the importance of being a 

‘verifiable’ and therefore empirically measurable ‘visual dysfunction’ which can cover 

the broader basic and higher visual impairments and dysfunction. In this study, visual 

difficulties were considered ‘verifiable’ if they were measurable and could be checked 

for their accuracy and for being ‘true’. To reach this definition of ‘verifiable’, the results 

had to be obtained by using commonly available vision assessment tests that were 

standardized in their administration method, covered the age range of the study and 

had standard scores against representative norms. It also gives a clear attribution that 

the condition is of cerebral origin because it cannot be ‘attributed to disorders of the 

anterior visual pathways’ whilst acknowledging that there may be ‘potentially co-

occurring ocular impairment’. This definition therefore influenced how the study was 

undertaken and the methodological decisions reached.   

The sample inclusion criteria of the study enabled the inclusion of children with 

the full range of profound visual impairment/blindness to relatively normal or normal 

visual acuity/visual fields that may include the presence of wider visual dysfunctions 

(e.g. in higher visuo-cognitive processes). Similarly, children with ophthalmological 

deficits were also accepted onto the study if their visual difficulties were determined to 

be primarily caused by posterior pathway rather than anterior pathway damage (the 

implications of this are further discussed in the critical review, Section 9.3). In addition, 
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this study did not rely on information about brain lesions or neuroanatomy to create the 

classification (as also suggested by Boot et al., 2010, and further discussed in Section 

9.6 – future directions). As all of the elements of the definition are quantifiable, these 

areas were objectively measured in the study. The operationalization of this definition 

is discussed in the following section. 

 

9.1.2 Assessment battery 

A significant and continuing challenge to using visual skills as a basis for classification 

is standard measurement across the spectrum of CVI (Boot et al., 2010), and was 

considered in this thesis. As the systematic review did not suggest any consensus of 

particular tools that may be of use for measuring aspects of CVI in a ‘verifiable’ 

manner, a range of tests was included in this study to investigate as many areas of 

vision as possible. In line with the definition of a broad ‘visual dysfunction’, it included a 

range of standardized clinical assessments including basic vision tests that could be 

used with children with severe to profound visual impairment, but also targeted broader 

visual dysfunctions. This included measurement of ‘higher’ visuo-cognitive functions, 

associated with the theoretical ‘dorsal’ and ‘ventral’ pathways, which were only 

administered to a subsample of “high functioning” participants (aged 8-16, with normal 

verbal cognition and moderate visual impairment at worst, and mild movement disorder 

at worst).  

The main assessment tests were selected on the basis of being standardized 

clinical tests, ideally with paediatric normative data, that were commercially available 

and therefore widely accessible for future routine clinical use. This was done so that 

any visual difficulties could be measured and interpreted in a standard manner. These 

were supplemented with a small number of less standardized and experimental tasks 

for additional information. The full study assessment battery contained vision tests for 

visual acuity, contrast sensitivity, stereopsis, colour vision, form and motion coherence 
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threshold, visuomotor integration/visually guided movements, visual perception, visual 

attention, visual memory, visual spatial skills, and a parent-rated questionnaire relating 

to functional vision abilities in everyday life. Using a full assessment battery would 

permit ensuring that all potential areas of vision dysfunction were included in the 

classification investigations, to establish which areas were of the greatest significance 

and value for the new classification system.  

The overall assessment battery was chosen carefully on the basis of 

recommendations and the clinical experience of the project supervisors and advisors in 

the ophthalmology and neurodisability/Developmental Vision clinic services of the 

hospital site, the findings of the systematic review, the theories of CVI and 

consideration of the multiple needs of the children including degree of vision, motor 

and cognitive impairment. It was intended that all children, whatever their degree of 

impairment, could be successfully assessed according to basic vision and cognition, 

and this was achieved.  

Nearly two thirds of the sample were able to complete the main subset of the 

assessment battery of standardized tests to test for vision dysfunction (i.e. the tests of 

visual acuity, contrast sensitivity, stereopsis, colour vision, visuomotor 

integration/visually guided movements, and visual perception). The participants who 

were not able to complete this full battery had a variety of potential reasons for non-

completion, including low cognition, low vision, mobility difficulties and young age. This 

very low-functioning group of children could only take part in the basic vision tests that 

required only minimal response (e.g. preferential looking, pointing, observations) and 

basic cognition assessment. This finding is similar to previous reports that a substantial 

group of children with CVI are low functioning and have complex disability that affects 

their ability to participate in formal assessment (e.g. Khetpal & Donahue, 2007; 

Matsuba & Jan, 2006; Chong & Dai, 2014; see Chapter 4). For test administration this 

is a practical challenge in both research and clinical practice, and is discussed further 

in Sections 9.3 and 9.4.  
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Levels of impairment in each vision task were investigated across the sample 

(see Chapter 5 for details of how impairment was determined), and for 

neuropsychology tasks investigating higher visual skills, the relative 

strengths/weaknesses of vision in the cognitive profile were also considered. The study 

results demonstrated that there was a wide range of vision abilities in the total sample 

according to each of the tests administered. In no single vision test was the total study 

sample impaired, and some participants showed normal range abilities or even 

occasionally superior ability in a single task. However, the test scores were in the 

impaired range in 8% to 64% of participants within the individual and across the tests 

encompassing the full range of tests (Chapter 5 describes the coding of impairment 

levels in the different vision tasks). In addition, all but one child in the sample were also 

reported by their parents to have a number of difficulties on the INSIGHT 

Questionnaire, with children scoring on average about 50% with difficulties of their 

maximum possible score. However, the questionnaire has no cut-off thresholds to 

indicate what might be a clinically “elevated” score, so the interpretation of these 

scores is limited (see Section 9.4 for further discussion about the INSIGHT 

Questionnaire scoring limitations).   

For future clinical practice especially with children, it is not feasible to conduct a 

test battery that is too lengthy, so the main set of clinical standardized tests were 

entered into a principal components analysis to identify the latent constructs in the 

assessment battery. Three latent constructs were found. These accounted for 87% of 

variance and related to basic spatial vision (i.e. visual acuity and contrast sensitivity, 

40% of variance), stereopsis (15% of variance), and higher vision (visual perception 

and visuomotor integration, 32% of variance). These results indicate that tests tapping 

into both ‘basic’ vision (e.g. acuity, stereopsis) and ‘higher’ visual skills (e.g. visual 

perception, visuomotor integration) are necessary in a comprehensive assessment 

battery for CVI. 
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As suggested by Boot and colleagues (2010) to be the most appropriate basis 

for a classification of CVI, the test results of the sample vision assessments were used 

to create the classification framework. This set of analyses set out to establish through 

statistical means the best means of providing a data-driven taxonomy to classify and 

subtype the heterogeneous condition of CVI. On the basis of the clinical vision tests 

that showed variability, the classification system of CVI was created in two main stages 

of analysis. The initial univariate analysis based on visual skills (and supported by 

other factors) indicated that the group of children who could complete the full vision 

battery had higher visual skills than the children who were not able to partake in the full 

vision battery. These groups were termed Group A (able to participate in full vision 

testing), and Group B (low functioning – not able to engage with the full vision battery). 

A second planned cluster analysis of vision was then conducted to investigate whether 

there may be further divisions within Group A according to patterns of visual 

symptoms. This analysis suggested the presence of two subtypes within Group A, 

termed Group A1 and Group A2. Thus, a three-category classification system was 

created: Group A1, Group A2 and Group B. An additional exploratory analysis was also 

conducted, and the study data driven classification structure was subjected to 

statistical validation. The findings of all analyses converged, increasing confidence in 

the robustness and reliability of the results, and the salient vision patterns of the three 

groups are described below.  

 

9.1.3.1  Three-group classification of CVI 

The data driven cluster and other statistical analyses together converged to lead to a 

three-group classification or taxonomy of CVI. Group A1 was interpreted as having 

relatively normal ‘basic’ vision (i.e. normal acuity, contrast sensitivity and stereopsis), 

but selective weaknesses compared to cognition and lower than the normative data in 

certain ‘higher’ visuo-cognitive skills (in visuomotor integration - especially in the motor 

component, visual attention, figure ground visual discrimination and form constancy). 
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The higher visual difficulties of this group appeared to be most related to ‘dorsal’ 

abilities (of visual attention, figure ground and visuomotor integration). However, some 

more ‘ventral’ related symptoms were also noted (in difficulties in visual discrimination 

and form constancy).  

Group A2 showed deficits in both ‘basic’ and ‘higher’ vision. Children in this 

group had normal contrast sensitivity but a range of visual acuities (from normal acuity 

to the moderate VI range), and weak or absent stereopsis. They also had a moderate 

likelihood of visual field defects. Group A2 showed selective weaknesses in higher 

vision compared to cognition, and lower scores than the normative data on all but one 

area of higher visual assessment (with relatively preserved performance on a task 

measuring spatial relations). Group A2 also showed significantly lower scores than 

Group A1 on all higher visual tasks, excepting visuomotor integration, which was low in 

both groups. Vision difficulties associated with both the ‘dorsal’ and ‘ventral’ vision 

pathways were seen in this group.  

The low-functioning Group B had considerably lower vision than Group A 

(including Group A1 and A2), and the results suggest that they are a third discrete 

subgroup rather than being subsumed by Group A1 or A2. Eighty percent of this group 

was in the moderate VI range or worse (with 35% in the severe VI and blind range), 

compared to just 18% of children in Group A (with no children having worse vision than 

moderate VI). Group B also had significantly lower scores on a task of 2D recognition 

than Group A, as well as a significantly higher rate of contrast sensitivity impairment 

than in the other two groups (with 50% of the group impaired, compared to 6% in 

Group A).  

The groups were different in terms of ophthalmological characteristics. Children 

in Group A1 were unlikely to suffer from any ophthalmological deficits, whereas 

children in Group A2 had high rates of refractive errors and strabismus, but a low 

likelihood of nystagmus and fundus abnormality. Children in Group B had the highest 
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rates of refractive error, strabismus and nystagmus, and a similar rate of fundus 

abnormalities to Group A2. 

The groups also differed on other paediatric characteristics, with Group A1 

having the highest verbal cognition (median=98) at group level, the lowest rate of co-

occurring movement disorder (13%) and the highest rate of children with no identified 

evidence of paediatric risk factors that could be aetiological for the CVI (33%). Group 

A2 was intermediary between Groups A1 and B and had low average-range cognition 

(median=87), with 39% of the group reporting a movement disorder and 11% of 

children with no identified evidence of possibly aetiological risk factors. The low 

functioning Group B had the lowest level of verbal cognition (median=49), as well as 

the highest rates of movement disorder (80%) and epilepsy (35%).  

Irrespective of which group that the participant fell into, the impact of CVI on 

functioning appeared to be high. Children in all three groups were reported by their 

parents to have a range of vision-related difficulties in everyday functioning according 

to the INSIGHT Questionnaire (see Section 9.3 for further discussion of its limitations), 

as well as a low quality of life. This is a very concerning finding that urgently needs to 

be addressed in the care and support of children with CVI and is further considered 

below in Sections 9.3 and 9.4.  

The general pattern of raised parental concerns on the INSIGHT Questionnaire 

but relatively intact neuropsychological performance in Group A1 children is similar to 

the results of MacIntyre-Beon and colleagues (2013). They found that one third of 

preterm born children in their sample with reported difficulties in everyday use of vision 

on the INSIGHT questionnaire did not score in the impaired range on any tasks on 

formal neuropsychological assessment. It indicates the importance of considering 

children’s higher vision skills in the context of their overall cognitive level. Most 

children’s vision test scores were found to be significantly lower than their cognition in 

both Group A1 and Group A2, highlighting that there was a specific reduction in their 

higher vision abilities, although they may not have scored in the impaired range of the 
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normative data at face value. This finding confirmed the importance of checking 

whether the participants’ higher vision abilities are in line with or differing from their 

overall verbal cognitive profile. The clinical implications of identifying discrepancies in 

cognitive profiles, and the value of the neuropsychological assessment in CVI, are 

further discussed in Section 9.4 below.  

Group A1 was therefore a cluster of participants with higher vision dysfunction 

with a specific weakness in ‘dorsal’ skills. Group A2 was a cluster of participants with 

both basic and higher vision dysfunction, which was found in both ‘dorsal’ and ‘ventral’ 

functions. The issue of whether to include wider visual dysfunctions under the umbrella 

term of CVI is still a current topic of significant debate (e.g. Boot et al., 2010; Philip & 

Dutton, 2014; van Genderen et al., 2012 Ravenscroft, 2017; Martin et al., 2016). In this 

study, no evidence was found in favour of those children in Group A1 and with no basic 

vision difficulties being excluded from the label of “CVI”, as the vision, ophthalmological 

and paediatric characteristics of the three groups suggests a gradient of severity in 

overall symptomatology. Children in Group A1 were unlikely to have any other 

ophthalmological conditions that could explain their visual difficulties, implying that they 

may originate in the brain. Thus, these findings would support the inclusion of “visual 

dysfunction” under the umbrella term of CVI, as was considered in the definition used 

in the current study. The potential clinical implications of formally including ‘higher’ 

visual difficulties in CVI are discussed in Section 9.4 below. 

 

9.1.3.2 The proposed assessment protocol for clinical assessment and 

taxonomic classification of childhood CVI  

Drawing together the tests selected for administration in this study, the test results of 

the principal components analysis and the reduced test battery demonstrated of value 

in the cluster analysis leading to the classification groups, this standard assessment 

protocol for CVI is proposed for future clinical use in conjunction with a new algorithm 

which will be developed from the data of this study and a proposed follow up study with 
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an independent sample (see Section 9.6 for further details). This assessment protocol 

would encompass the five tests of the three vision domains:  

 

1.  “Basic spatial vision” measured using the Sonksen LogMAR test and the LEA 

Contrast Sensitivity Optotypes test;  

2. “Stereopsis” measured using the Frisby Stereotest; and  

3. “Higher vision” measured with the Beery Buktenica Test of Visuomotor 

Integration 6th edition, and the Test of Visual Perceptual Skills 3rd Edition.  

 

The study results showed that this assessment battery using these five tests 

was able to successfully differentiate children into the three different classification 

groups: A1, A2 and B according to the classification analysis (see Chapter 8, Table 8.3 

for details of the vision skills of the three subgroups) and the group comparisons of 

vision and other participant characteristics. However, in addition to these vision tests, 

other tests and information also collected in this study may be extremely valuable for 

helping the clinician reach sound diagnostic decisions of the appropriate taxonomic 

group for each child and their individual profile (see Chapter 8, Table 8.3). As the CVI 

classification subgroups and validation process showed, each child’s profile would 

need to include details of non-vision based ophthalmological, paediatric and cognitive 

and motor and other paediatric information. 

Although other comparable tests (see table in Appendix 8) could potentially be 

used instead of the ones proposed here for future clinical assessments, they have not 

been used in the assessments and statistical analysis of this study. Therefore, the 

results of the study and the cluster groups identified can so far only be linked to the 

above tests and statistical analyses of this study; the proposed assessment protocol 

must be limited to the five tests stated previously. Future research attempts to replicate 
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the results of this study with other comparable tests will illuminate whether alternative 

tests could be viably used (see Sections 9.3 and 9.6 for further details).  

 

9.1.3.3 Strengths of this study 

The main strengths of the design of this research study include a range of recruitment, 

sampling and testing considerations. The overall recruitment objectives were fulfilled in 

terms of the sample containing the breadth of visual difficulties, as well as other 

paediatric factors which are commonly reported in CVI (including the range of VI, 

cognition, different paediatric disorders, and potentially aetiological early risk factors for 

CVI). The target sample was also reached and most of the potentially eligible children 

who were ascertained as a part of the project were successfully recruited and took 

part. The study was designed to take into account a large range of abilities and ages 

and the value of using clinically available standardized test suitable for the age and 

ability range of the sample was demonstrated in all participants being able to engage in 

basic vision and cognitive assessment. Multiple statistical methods were employed to 

explore the latent constructs in the data from the assessment perspective and 

classification perspective. The results demonstrated the statistical viability and value of 

using cluster analysis to reveal subgroups in the sample according to basic and higher 

visual characteristics, and the classification results were corroborated by statistical and 

external validation.  

 

9.2 Implications of findings for understanding of CVI 

A key issue in this thesis was to explore whether there are possible taxonomic 

distinctions or categories according to vision dysfunction constellations. The general 

structure of the overall classification was relatively preserved when exploratory 

analysis was conducted with alternative input variables, and the structure of the main 

cluster analysis was also preserved in statistical validation. However, although the 
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main statistical analyses framed the classification in a three-group categorical 

structure, the validation and exploratory analyses suggested that the boundaries 

between these groups might not be discrete and separable. The subgroups were 

identifiable according to the elevation of their overall visual and cognitive profiles, and 

MDS indicated that there was no clear division between the group coordinates. It is 

therefore also possible that they do not form discrete categories, but form a continuous 

spectrum of severity of CVI. Future analyses that would permit investigating this issue 

are discussed further in Section 9.6. 

As CVI is a brain related disorder, it could be anticipated that the more severe 

end of the CVI spectrum is associated with greater brain damage as indicated by a 

higher level of cognitive and motor impairment. The evidence of the three groups in the 

total classification system (Group A1, Group A2 and Group B) supports this proposition 

(see Chapter 8, Table 8.3 for the vision skill levels and other characteristics associated 

with each subgroup). Group A1 with the most subtle visual difficulties and purportedly 

the milder end of the CVI spectrum had the highest verbal cognition, the lowest rate of 

co-occurring movement disorder and the highest rate of children with no identified 

evidence of paediatric risk factors that could be aetiological for the CVI. Group A2 was 

intermediary between Groups A1 and B and had low average-range cognition, a 

slightly higher rate of movement disorder and very few children with no identified 

evidence of possibly aetiological risk factors. At the severe end of the spectrum, the 

low functioning Group B with the most severe visual impairment had the lowest level of 

cognition (in the extremely low range), with most children having severe movement 

disorder and a third of children with reported epilepsy, all of which suggests more 

severe and/or more widespread brain damage in this group. The total structure of 

these three groups (including the two derived from the statistical cluster analysis) 

therefore suggests that the three-group classification system is appropriate as discrete 

categories of CVI which are organised according to a gradient or spectrum of severity 

of CVI. Together the categories and their organisation in a gradient of severity is 
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potentially the most appropriate means of interpreting the classification of the totality of 

CVI, according to the findings of this study.  

These overall classification or taxonomic findings appear to align quite well with 

Philip & Dutton’s (2014) hypothesized three subgroupings of CVI according to visual 

functioning in the context of their overall functioning and developmental level. The very 

low functioning Group B of this study fits closely with Philip and Dutton’s group of 

‘children with profound visual impairment’. However there were also some children with 

severe to moderate visual impairment categorized into the lowest group, suggesting 

that in this study, this group may not only be profoundly impaired in vision as Philip and 

Dutton (2014) propose. Nevertheless they were in the group of most severely impaired 

of the three, as in Philip and Dutton’s third group. Group A2 of this study appears to be 

similar to Philip and Dutton’s ‘children with impaired but functionally useful vision, as 

well as cognitive and often motor challenges’. Group A2 had a relatively high rate of 

movement disorder and showed slightly lowered cognition compared to the general 

population, but the cognitive challenges in this study group may be milder than 

suggested by Philip and Dutton (in the low average range at group level). Group A1 in 

this study could be thought of as being similar to Philip and Dutton’s ‘children who have 

impaired but functionally useful vision and who work at or near the expected academic 

level for their age’. It is not possible to comment on the academic performance levels of 

the study sample as such data was not collected, but this group had average cognition, 

and was the highest functioning of the three groups. The classification system of this 

study provides the first systematic empirical statistical evidence to support that CVI is a 

spectrum condition with a three-group classification system ranging from the milder to 

the more severe end of the CVI spectrum, with vision skills as the core characteristic of 

the classification. Nevertheless similar to Philip and Dutton, cognition is also in parallel 

showing a similar gradient of severity and therefore could be conceptualized as a 

secondary characteristic in the classification or a proxy measure for severity of brain 
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damage (highlighting the importance of measuring cognition in a CVI assessment, 

discussed further in Section 9.4).  

In this discussion, it is again highlighted that the ‘Dorsal Stream Hypothesis’ is a 

very basic theoretical framework leading to a simplified depiction of the complex and 

bidirectional network of vision pathways in the brain (see Section 1.4.1 for further 

details). However, it may be useful to consider whether some of these findings support 

the ‘Dorsal Stream Hypothesis’, as proposed by previous researchers to be a salient 

division of visual characteristics in children with CVI (Goodale & Milner, 1992; 

Drummond & Dutton, 2007; Colenbrander, 2010; Dutton, 2009). As discussed in 

Chapter 1, this hypothesis postulates the dichotomy of ‘dorsal’ vision for action 

processed in occipito-parietal regions, and ‘ventral’ vision for recognition processed in 

occipito-temporal regions. In this study, the results found more common deficits in 

visual attention and visuomotor integration (that are associated with ‘dorsal’ deficits) 

than deficits in visual memory or visual recognition (associated with ‘ventral’ deficits). 

Isolated ‘ventral’ deficits were not a characteristic pattern in any classification group in 

this study (with Group A1 presenting with mostly ‘dorsal’ weaknesses and Group A2 

presenting with difficulties in both ‘dorsal’ and ‘ventral’ abilities).  

These findings could provide support for the hypothesis of dorsal stream/dorsal 

stream plus presentation of impairments (with milder deficits only affecting dorsal 

functions, and more severe damage affecting both dorsal and ventral functions, 

Colenbrander, 2010; Dutton, 2009). Dorsal stream functions have been documented as 

a specific developmental vulnerability in other paediatric conditions, and could be 

expected to be the first to be affected in the milder forms of CVI according to the dorsal 

stream/dorsal stream plus hypothesis (Dutton, 2009). This fits with the classification 

system as postulated as a spectrum of severity in relation to brain involvement. At the 

less impaired end of this continuum (Group A1), brain involvement might be more 

focal, whereas more impaired children (Group A2 and Group B) may have injuries 

affecting more widespread neural networks.  
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This would support the argument of including Group A1 under the label of CVI 

as the milder end of a spectrum and that one should perhaps refer in future to the term 

of the ‘CVI spectrum disorder’. There has been limited research into the neural 

correlates of visual difficulties in children, and broadly, findings point towards more 

widespread brain involvement leading to more severe visual deficits (Cioni et al., 1996, 

1997; Cioni, Bertuccelli, & Boldrini, 2000; Ortibus et al., 2009). More recent research 

has suggested associations between some more selective brain areas and specific 

higher visual functions, with the inferior longitudinal fasciculus integrity linked to object 

recognition (Ortibus et al., 2012), and the right superior longitudinal fasciculus linked to 

movement perception (Braddick et al., 2016). Other case studies have also suggested 

that damage to occipito-parietal areas may be related to visual attention difficulties 

(Drummond & Dutton, 2007; Gillen & Dutton, 2003; Ortibus et al., 2009). Considering 

that Group A1 showed weaknesses in visual attention/complex visual scenes and 

visuomotor integration, posterior occipito-parietal areas and white matter networks 

could be implicated in these children, whereas for children in Group A2, more 

widespread areas including occipito-temporal regions and white matter networks might 

also be involved. Group B may include more widespread brain involvement and 

integrative networks including greater periventricular leukomalacia and greater brain 

disruptions, e.g. neonatal seizures, hypoglycaemia and infection. Section 9.6 considers 

possible future research avenues for investigating brain-behaviour relationships in CVI. 

However, as the sample size was limited in this study and the statistical power 

was therefore potentially lower, the above supposition risks oversimplifying the data. 

Other research has suggested a less clear picture of the division of ‘higher visual 

deficits’, finding that participants were likely to have a mixture of dorsal and ventral 

deficits rather than either in isolation (Philip, 2016). Even in Group A1 of this study, 

some difficulties were noted on the group level on tasks more associated with the 

‘ventral’ vision pathway (i.e. visual discrimination, form constancy). It has been 

questioned whether in childhood the ‘dorsal’ and ‘ventral’ pathways are as segregated 
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as suggested in the adult neuropsychology literature, and the findings of this study did 

not set out to test directly, but neither confirm nor challenge the two-stream theory. 

Nevertheless the evidence points towards definite heightened vulnerability in vision-

related skills associated with occipito-parietal regions in both cluster groups. Similar 

vulnerabilities documented in other paediatric populations have been characterized as 

‘dorsal stream vulnerability’ (Gunn et al., 2002; Atkinson et al., 2003; Atkinson & 

Braddick, 2005).  

Other proposed classifications of CVI were not supported by this study. 

Possibly neuroanatomical correlates could be a future avenue of CVI classification, but 

it was not feasible within the bounds of the current study. Apart from the fewest 

children in Group A1 having any identified possibly aetiological risk factors for CVI, no 

distinct patterns of aetiologies were noted between subgroups, similar to the findings of 

Boot and colleagues (2010). The findings also argue against measuring CVI symptoms 

on a single scale of functional vision (e.g. Huo et al., 1999; Ferziger et al., 2011), as no 

single test could incorporate these different factors and statistical analysis confirmed 

that a broader multi-dimensional battery of tests (e.g. such as used by Fazzi et al., 

2007 or Ortibus et al., 2009) was the most valuable for this study. Principal 

components analysis suggested that three domains of vision should be assessed to 

cover the range of clinical presentations under the CVI category: “basic spatial vision” 

(visual acuity, contrast sensitivity), “stereopsis” and “higher vision” (visual perception, 

visuomotor integration). The classification or taxonomic subgroups of CVI were all 

distinguished using data from the three domains. The results would suggest 

conceptualizing CVI as a multifactorial disorder, as all measures (apart from colour 

vision) showed variability of significance within the sample, which could not be fitted 

into a single test assessment. The clinical implications of this finding are discussed 

further in Section 9.4.  
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9.3 Critical review of the study 

The following section considers the limitations of this study. Firstly, recruitment and 

sampling issues must be considered. Even though the study accepted all children 

referred to the study consecutively, sampling was also stratified to ensure a sufficient 

number of children who were ‘higher functioning’, but also that children from the more 

severe end of the spectrum were represented. Therefore the total sample is not 

suitable for epidemiological analysis but is suitable for the classification purpose of this 

study as it assumed that sufficient children with all ranges of CVI were recruited. 

Although a wide variety of presentations were included, the sample size was relatively 

small and some individual presentations of CVI were absent, such as any children with 

cerebral achromatopsia or profound level of visual impairment (light perception at 

best). Possibly children with CVI and profound levels of impairment may be less 

common than higher levels of vision as visual abilities are reported to improve over 

time in many children (Huo et al., 1999; Lanners et al., 1999 Khetpal & Donahue, 2007; 

Lantzy & Lantzy, 2010).  

Maternal SES/education and ethnicity were in line with the England/Wales 

female adult population rates, which could suggest population representativeness.  

However, research suggests that child disability is often associated with lower family 

SES (Bradley & Corwyn, 2002), so it is possible that this study failed to recruit from as 

many children with lower family SES (in common with other research findings of 

families of children with visual impairment) and is not fully representative. In line with 

this, the maternal education levels in this study sample were slightly higher than those 

reported at population level in the 2011 Census (Office for National Statistics, 2011). 

A potential risk of the recruitment strategy to accept all children considered by 

the consultant ophthalmologist of the study to have either suspected or diagnosed CVI 

was that there was over-inclusion of children. Some children with similar patterns of 

presentations may not have had CVI. It was difficult to obtain full and accurate reports 

of the medical diagnoses from all participants of the study, as there was no opportunity 
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to access the children’s early medical records. In some cases, parent report had to be 

relied upon for gathering information about each child’s early medical history, their 

presenting symptoms and any other co-occurring conditions. It was possible that a 

small minority of children did not have CVI, as their visual skills appeared to be 

relatively strong compared with their verbal IQ. It is possible that the symptoms or 

characteristics of these children which suggested CVI arise from a different underlying 

condition, though there may be similar endpoint behavioural presentations such as in 

diagnostic conditions of ASD, DCD or ADHD (see Chapter 4; Chapter 8). It is not 

known in these cases whether there were common underlying pathways of neural 

damage or not and the issue of ‘diagnostic overshadowing’ is a risk in any 

neurodevelopmental assessment context (i.e. attribution of a person's symptoms to 

their presenting condition, when such symptoms actually suggest a comorbid 

condition). For instance, visual attention difficulties are assumed to derive from CVI in a 

CVI clinic or assumed to derive from ASD in an ASD clinic. Due to the limits of the 

medical and paediatric information collected from the parent and the absence of further 

diagnostic investigations during the study, it was not feasible to establish whether all 

children had a definite history of CVI characteristics. The exact individual aetiology and 

developmental growth of characteristics could not be determined, but it is relevant that 

CVI aetiology is not always precisely determined even if more detailed medical 

information is known (see Chapter 4). In addition, despite having explicit visual 

difficulties and in some cases being previously diagnosed with CVI at the research 

hospital or another hospital site, no potential causes or aetiology of CVI could be 

ascertained for eight children although they fulfilled all other inclusion criteria. Although 

this apparent isolated or “idiopathic” CVI is relatively commonly reported and there is a 

subgroup whom there is no understanding yet of what is causing the vision dysfunction 

(e.g. Bosch et al., 2014; Rahi & Cable, 2003, see Chapter 4), it should be noted that 

these children’s deficits may be due to some episode or other condition that is not 

associated with CVI.  
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A source of potential bias in representativeness and distributions in the sample 

stemmed from the decision to conduct an additional neuropsychological assessment 

with the ‘high functioning’ subgroup of children rather than the full sample. The children 

who had missing vision test data tended to be children who were unable to complete 

the full assessment and were generally in the lower end of the study age-range, have 

lower cognitive levels and higher rates of mobility restrictions according to the GMFCS. 

Thus even if the neuropsychological assessment had been attempted with these 

children, it is unlikely that they could engage with the tasks and this supports having 

the additional inclusion criteria for the HF subgroup and a pragmatic decision for 

realistic sampling of children who can participate in all of the tests. In addition, the HF 

subgroup was heterogeneous and when the cluster analysis was undertaken, it divided 

relatively equally between the two cluster groups, so group comparisons (between 

Groups A1 and A2) of higher visual skills could be undertaken with this subsample.  

There were also limitations in the procedure of the assessment testing. As most 

of the sample was recruited through the hospital site clinics, many were also attending 

clinical appointments where part of the same tests as the research protocol was being 

administered for clinical purposes. In these cases, the test administration incorporated 

the results from the clinical assessment and the overall order of assessments could 

therefore not be standardized. Other factors also could influence test performance, 

such as potential fatigue or other health issues.  

The assessment of contrast sensitivity was a limitation to the test methodology. 

Although it was anticipated that most participants would be able to take part in a low 

contrast grating acuity tasks (LEA Grating Contrast Sensitivity), which would have 

provided data on high and low contrast acuity, many children were not able to respond 

to the task instructions in a reliable manner. Due to the considerable amount of missing 

data, it was not possible to incorporate this into the task battery. As such, only the data 

from the two less sensitive contrast sensitivity tasks was available (The Hiding Heidi 

task and the LEA Symbols contrast sensitivity task, which was administered only for 
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level of contrast, but did not investigate high and low contrast acuity thresholds). Leat 

and Wegman (2004) demonstrated that these tasks, whilst able to find gross contrast 

sensitivity problems, are not able to pick up on subtle difficulties due to their low ceiling 

levels. However, there are paediatric normative data available for testing visual acuity 

at 100%, 25%, 10%, 2.5% and 1.25% contrast with the LEA Symbols (Little, 

McCullough, McClelland, Jackson & Saunders, 2013), rather than just measuring 

contrast detection. Thus, an alternative administration of the LEA Symbols that was not 

used in this study may have given a high and low contrast acuity score and allowed the 

plotting of a contrast sensitivity function. It may be important to consider the 

measurement of high and low contrast acuity levels in children with CVI in future 

research that may examine the taxonomic cluster analysis again, this time using the 

alternative, more sensitive administration of the LEA Symbols. Other commonly 

reported assessments of contrast sensitivity in CVI have involved electrophysiological 

methods which may be more objective and do not rely on interpreting a child’s 

behavioural responses to test items, which may be useful to consider in future studies. 

This may be worth including in a similar study in the future, to augment the information 

gained from the standard assessment tasks, but they could not be incorporated in the 

proposed assessment protocol as they do not fit the criteria for inclusion.  

The assessment of colour vision was also a limitation to the test methodology 

as the Ishihara test only examines red-green colour blindness. Anecdotally however, all 

verbal participants were asked to name the colour of a red, blue, yellow and green 

page and none showed problems with this task, excepting the one child with a red-

green colour deficit, which was also identified with the Ishihara task. Other 

assessments that could measure more varied colour vision problems would be the 

HRR colour test, which tests for both red-green and blue-yellow discrimination 

difficulties, or the LEA Colour Vision test, which can assess for more qualitative 

differences between perceiving different shades of colours. However there is no 

standard interpretation for the LEA test results and it would not therefore be 
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appropriate for the proposed assessment protocol that underpins the taxonomic 

classification.    

Although the majority of tests were standardized and had clearly explicable test 

results, a few of the tasks used were non-standardised or experimental, which led to 

some challenges in interpreting test scores. Although the LEA Rectangles and Mailbox 

tasks are used in some clinical practice, a previous attempt at establishing a standard 

administration and scoring method for them leading to paediatric normative data, was 

of limited success (Williams et al., 2015). Therefore to improve standard administration, 

this study developed its own standard method (adapted from Williams et al., 2015). 

However, validation of this new method of administration is not known and caution 

should be taken in interpreting and comparing these results to others.  

As noted previously as a strength of the design of the study, most tests carried 

the full age range of the study and provided norms for comparison. However a specific 

difficulty of interpreting neuropsychological assessments for four children over the age 

of 15 years 11 months (aged 16 years) was encountered for the TEA-Ch subtests, as 

the manual only contains normative data up to this age. The scaled scores may 

therefore be a slight overestimate of their true abilities as it may be the case that 

performance on attention tasks continues to improve beyond 16 years (Dye & Bavelier, 

2010).  

The measurement of quality of life also potentially had restrictions as no tools 

have been developed and validated for children with CVI.  Many children in this sample 

also had co-occurring disabilities, which could confound and influence parent 

responses to test items. Specifically in this study, children with a movement disorder 

were found to have significantly lowered scores on the Physical Domain of the PEDS-

QL (see Chapter 4). However, it was not possible to account for all possible 

comorbidities (e.g. epilepsy, intellectual disability, movement disorder, hearing 

impairment, socio-communicative disorders) across the sample in a systematic and 

unbiased manner, so a general health-related quality of life questionnaire was deemed 
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to be the most useful in this sample. It should be considered that confounding variables 

could possibly be masking small differences in quality of life between the classification 

subgroups, but this was not possible to determine within the study.  

Another possible limitation of the assessment battery is that several aspects of 

vision and vision function, including face perception and functional everyday visual 

behaviours (e.g. visual scanning in a school classroom) could not be directly assessed 

in this battery. Some of these were addressed through the parent-report INSIGHT 

questionnaire, which aims to probe many aspects of everyday vision-related 

behaviours that may be compromised in CVI. However, this questionnaire has not 

been fully validated; it lacks normative data or clinical cut-off scores and the scores 

could be influenced or confounded by additional disabilities such as movement 

disorder (which was not controlled for). This study also did not set out to evaluate 

within-participant score profiles, but only used the total score of the questionnaire, 

which could be masking important patterns that are specific to the three subgroups. 

The possibility of individual children suffering from “visual fatigue” during the 

assessment which was quite long and mainly required vision-based assessment tasks 

was not investigated either.  

Similar to using only the INSIGHT Questionnaire total score, only the TVPS 

Total score was used in the statistical cluster analysis, which may be masking more 

particular profile patterns within the test. However, profile patterns of the TVPS 

subtests were investigated in the internal validation of the cluster analysis, and 

informative patterns were revealed (see Section 9.1 above).   

Although the study target sample size was reached, a subgroup of very low 

functioning children was unable to complete the full vision assessment battery. This 

could be viewed as a study limitation. Within this subgroup, the child’s disability or 

complex disability was a significant challenge for the administration of the 

assessments. Participants with low cognition could not understand more complex task 

instructions or lacked the abilities to respond accurately. Associated with this was 
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communication ability, as although tasks were accommodated for non-verbal or other 

alternative responses (e.g. using auditory scanning) some tasks demanded a greater 

verbal response than a binary non-verbal yes/no discrimination or an indication of 

visual fixation. Fine motor coordination also impacted on completion of tasks with 

motor components (e.g. LEA Rectangles, LEA Mailbox, Beery VMI), leading to limiting 

factors. Low visual acuity in some participants was also a limiting factor for some 

assessments, including in basic and higher visual function tasks.  

In addition, the parents of two participants who did not yet know the names of 

the letters on the Sonksen logMAR test reported that their child was unable to use 

alternative methods to complete the test due to a clinically recognized accommodation 

lag. These children failed to switch their gaze between the matching chart and the 

target stimuli at a 3m distance. They both had quadriplegic CP and a GMFCS level of 

V, and found it difficult to maintain their head posture. In this instance, both 

ophthalmological and mobility factors impacted on the two participants’ abilities to 

complete different tasks. For many participants suffering from complex and multiple 

disabilities, it was challenging to determine what factor or factors was limiting their 

ability to take part in the tasks and to find alternative ways in task administration to 

overcome these challenges. This significant proportion of very low functioning children 

may be representative of the majority of children with CVI, as other studies report high 

rates of severe disability (Fazzi et al., 2007; Matsuba & Jan, 2006; Huo et al., 1999; 

Khetpal & Donahue, 2007; see Chapter 4). 

For the participants who may have missing data, the issue of non-completion 

must be considered. An important question is whether it would be feasible to rate such 

functions using alternative less structured methods such as behavioural observation or 

parent interview. However, the merits of such further assessment may also be queried, 

specifically whether this would add new relevant information as non-completion might 

reflect an underlying functional deficit in the domain in question (e.g. lack of response 

to the Near Detection Scale demonstrates lack of any basic vision).  
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This group of very low-functioning children resulted in a lower subsample size 

for the cluster analysis as the final decisions on the cluster analysis could not 

incorporate them and the statistical classification was undertaken in two stages. The 

findings of all analyses were similar, but the results raise the question of whether the 

final classification system should be categorical or dimensional (see above Section 

9.2). It was not possible to investigate this further within the scope and limitations of the 

current study. Instead the conclusion of these studies is that CVI can be viewed as 

either a categorical or continuous classification, according to statistical analyses. The 

key issue is that either the individual categories or the dimensions identified in the 

statistical analyses demonstrate that ‘severity of CVI’ is the classifying feature of 

significance.  

	

9.4 Clinical implications  

These study results suggest that CVI is a multidimensional condition with greater 

severity being associated with greater or more diverse brain damage, so that the 

children with the more severe visual impairment tended to also have more severe other 

developmental disabilities including in the cognitive and motor domains. This has 

significant implications for the clinical care and support of these children as cognitive 

and motor impairments could impact on and exacerbate the problems developing from 

severe visual impairment, challenging the child to be able to manage and compensate 

for their severe visual impairment.   

It is not yet known whether this classification could classify an individual 

presenting in clinic accurately into one of the three subgroups, but the results may 

provide a practical way forward to the next stage of clinical application and translational 

practice. A starting point is looking at the particular symptom constellations of each 

group to support with the clinical classification of an individual child. No one variable 

was able to accurately differentiate between membership of the three groups. The 
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results therefore lead to the proposition that multiple aspects of vision should be 

assessed with the same clinical assessment battery for CVI, including both basic and 

higher visual skills, as in this study This will permit reaching the same set of taxonomic 

classifications of the type or range of CVI as in this study. In the clinic, using the group 

characteristic ranges and rates of the classification (presented in Chapter 8, Table 8.3), 

children with CVI could be fitted into one of the three groups according to their 

individual assessment test results. However it is anticipated that a much more accurate 

and reliable means of fitting a child into the appropriate taxonomic group would be 

using an algorithm that will be generated in the next stage of the research project (see 

Section 9.6 for details of future directions).  

Of clinical relevance, it can already be described that the salient visual features 

of Group A1 that are different from the other two groups are preserved basic visual 

skills, especially mid-range to good stereopsis, and a particular selective weakness 

relating to ‘dorsal’ skills (i.e. visuomotor integration and visual attention) compared with 

general cognitive level. Other supporting paediatric information that would suggest the 

child might be classified into Group A1 are the absence of co-occurring conditions, and 

the absence of any identified potentially aetiological risk factors.  

The unique visual features of Group A2 appear to be lack of or weak level 

stereopsis and selective weaknesses reaching clinical impairment thresholds on a 

range of higher visual skills including both ‘dorsal’ and ‘ventral’ abilities. Other 

supporting paediatric information suggesting that Group A2 might be the most 

appropriate category would be the presence of other ophthalmological conditions but 

relatively preserved cognition and ability to complete the vision tests.  

The unique visual features of Group B are visual acuity in the severe 

impairment range or worse, and the possibility of not being able to engage with other 

vision tests due to intellectual disability and/or severe movement disorder. In other 

characteristics, cognitive level in the very low range and severe CP (i.e. GMFCS level 

V) would be indicative of Group B membership.  
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For a thorough, comprehensive assessment and to reach diagnostic decisions, 

both the child’s vision skills and their overall presentation including all co-occurring 

conditions need to be considered. Although the cluster analysis did not lead to clear 

clinical threshold cut-offs (though this next step is planned by the research team, see 

Section 9.6), the evidence of this study argues for the standardized assessment 

approach for CVI and the proposed assessment protocol. The proposed vision 

assessment battery and accompanying ophthalmological/paediatric information to 

undertake the taxonomic classification and diagnostics would require the clinical input 

and expertise from a range of healthcare professionals. During the diagnostic process 

children will need to be tested on the proposed clinical assessment protocol to 

establish their overall profile which can then be used to determine which subgroup or 

subtype they fit into. In the future and with larger population validation this may be 

feasible by an algorithm (see Section 9.6), but at the moment it will need to be done 

manually through comparison of the profile of the individual child with the descriptors 

and ranges of each subgroup. 

The results of this study do not provide the outer limits of the diagnostic range 

and clinical judgement will continue to be required to decide whether a child should 

receive a diagnosis of CVI and also whether they fit in one group or the other. As the 

findings suggest, CVI may be viewed as a ‘CVI spectrum disorder’ and therefore 

nuanced judgement is required of whether the child should be viewed as CVI or not if 

they are at the outer limits of Group A1 and B. The findings highlight the potential 

important role of a multidisciplinary approach as knowledge and expertise from several 

professionals was necessary to conduct the thorough assessment (Sargent, Salt, & 

Dale, 2010; Philip & Dutton, 2014). The combined perspective from the 

ophthalmologist, clinical neuropsychologist and neurodisability paediatrician or 

paediatric neurologist are the core essential clinicians involved in this study. As a 

cross-disciplinary clinical team, they would be the most valuable for undertaking the 

proposed assessment protocol and reaching the final clinical diagnosis (see Section 
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9.6). Other professionals such as an occupational therapist or educational psychologist 

and teacher could provide vital perspectives of the child’s functioning in the school 

environment. The parent’s own perspective is also of great importance and value to the 

whole clinical diagnostic process.  

Children with CVI often suffer from some degree of ocular impairment such as 

optic atrophy, strabismus or nystagmus (Binder, Kruglyakova, & Borchert, 2016; 

Khetpal & Donaghue, 2007; Fazzi et. al., 2007; Matsuba & Jan, 2006), and almost two 

thirds of the current sample was found to have refractive errors and three quarters had 

strabismus. The ophthalmologist has the knowledge and expertise to determine what 

influence any ocular problems may be having on vision abilities and to treat any 

correctible causes of vision difficulties appropriately. The wider ophthalmology 

department (including optometry, orthoptics, and visual electrophysiology) also provide 

valuable information about basic vision assessment (either by behavioural or 

electrophysiological measures), and treatments for correctible anterior visual pathway 

conditions, which must always be addressed.  

In both Group A1 and Group A2 of the study classification, over one third of the 

participants’ CVI diagnoses were not clinically confirmed in the ophthalmological 

examination. This highlights the difficulty of determining a formal diagnosis of CVI in 

the ‘higher functioning’ subsample in the absence of a neuropsychological assessment 

investigating ‘higher visual skills’. This study demonstrated that formal 

neuropsychological assessment may provide valuable information of diagnostic value 

in the clinical assessment of the condition. The neuropsychologist investigator had the 

expertise to assess the full cognitive profile of the individual child (including areas of 

strengths and weakness) and to identify whether there is a selective deficit in vision-

related skills. In combination with basic vision tests, neuropsychology tests formed the 

basis of the cluster analysis in this study, which revealed the two subtypes and were 

therefore crucial for the comprehensive assessment leading to the new classification 

system. In the future any child who is going to be classified according to the 
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classification system would require cognitive and neuropsychological assessments, as 

well as basic vision assessments.  

Input from a neurodevelopmental or neurodisability paediatrician or paediatric 

neurologist will also be essential for providing a holistic approach to diagnosis and 

consideration of the child’s presenting neurodisabilities and their paediatric history. As 

discussed throughout this thesis, children with CVI have a high likelihood of suffering 

from other co-occurring conditions of brain origin that may affect functioning and 

differential diagnoses and habilitative recommendations. This is particularly important 

for the very low functioning and complex group (Group B), where the paediatrician is 

required to help differentiate functional vision and developmental co-morbidities in 

children with likely widespread brain dysfunction and disorder. 

A salient study finding was that the whole sample was reported to have low 

quality of life and functional difficulties in daily life. The majority of children were 

reported to attend mainstream school with additional support but a concerning finding 

was that four children were being home-schooled at the time of their research 

participation, anecdotally due to schools not being able to provide appropriate 

educational support. Thus, the impact of visual difficulties in daily life should also be 

assessed as although formally measured vision skills may not fall in the clinically 

impaired range, subtle and cumulative difficulties could be having a detrimental impact 

upon functioning and quality of life (Boulton et al., 2006; Chadha & Subramanian, 

2011; MacIntyre-Beon et al., 2013). 

It may be useful to consider different intervention and habilitative support 

options of particular relevance to one particular taxonomic subgroup but not the others. 

Neuropsychological assessment approaches may be useful in informing interventions 

and supportive strategies for education and everyday life, based on the individual 

child’s cognitive and visuo-cognitive profile. For example, support with reading ability 

(such as figure-ground discrimination training, Lawton & Shelley-Tremblay) may be of 

benefit for children in Group A, but not relevant to children in Group B in either visual or 
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developmental terms.  An example of a more appropriate approach for children in 

Group B might be to attempt to improve the functional use of more basic visual skills in 

everyday life (e.g. visual fixation, orientation and tracking), as previous research has 

found that functional use of vision is more likely to improve than the actual underlying 

vision domain itself (i.e. improving visual scanning in the environment to locate things 

rather than improving visual acuity, Alimovic et al., 2014). This would be more visually 

and developmentally relevant for children with low levels of acuity and considerable 

cognitive limitations.  

Other valuable professions may include occupational therapy, specialist 

education (qualified teachers for the visually impaired), rehabilitative specialists, and 

the key partner of the parents who can all work with the core team to consider 

appropriate developmental, habilitative and educational strategies once the diagnosis 

and assessment and classification of CVI has been reached by the core clinical team. 

In the UK a diagnosis of CVI is conventionally made by healthcare 

professionals and in regional NHS hospital settings. This proposed assessment 

protocol and the new data driven taxonomic classification is aimed to provide more 

reliable and accurate means of supporting the clinical diagnosis making process, 

though further clinical validation in the clinic setting will need to be undertaken in a 

future research project. As such, the role of diagnosis making and categorizing a child 

according the CVI classification would most efficiently fit into the hospital clinic 

environment. However, the role of educational professionals including the qualified 

teacher for the visually impaired (QTVI), is important to consider, and is discussed 

next.  

Once a child is allocated to the appropriate taxonomic classifying group, this 

provides a descriptive and interpretative framework that can support the habilitation 

guidance and management advice that will be most appropriate for the children of that 

particular group. For instance, if a child’s profile fits into Group A1, then the care 

management approach may need to focus more on visuomotor areas of difficulty 
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including fine motor coordination, handwriting, and visual attention. However, if a 

child’s profile fits into Group B, then interventions will need to address the child’s low 

visual acuity (incorporating modifications to vision-based educational materials), and to 

consider any broader paediatric factors that may impede upon the child’s access to 

their visual environment (e.g. intellectual disability).  At the stage of considering the 

appropriate intervention for the individual child and according to the taxonomic 

classification, the intervention and expertise of the QTVI will be invaluable.  

According to the Department for Education, the role of the QTVI is to ensure 

that children and young people with sensory impairments receive the best quality 

education and care (RNIB, 2015). This might involve establishing strategies to improve 

a child’s access to the curriculum and to support independent learning, as well as 

teaching specialist skills such as Braille (RNIB & VIEW, 2016). The input of QTVIs 

would be particularly valuable in guiding the selection and implementation of any 

practical educational interventions suggested from the classifying of the child into a 

particular subgroup by the hospital clinic team. The QTVI would also be able to monitor 

progress and to evaluate the effectiveness of any interventions. Thus, it would be 

important to consider QTVIs in the research team or related advisory committee of any 

future research relating to interventions for the different taxonomic subgroups of CVI 

(see Section 9.5).  

The study has provided the multidimensional framework for a future direction in 

the assessment, diagnosis and intervention for congenital CVI. It has identified and 

responded to the need for a comprehensive multidisciplinary assessment test battery 

and framework for children with vision problems not attributable to anterior visual acuity 

loss or ocular conditions. The findings of the study suggest that the kind of 

multidisciplinary clinical team used in this study will be required to encompass the 

diagnostic assessments for the full range of children who have problems of cerebral 

visual impairment and disorders. The longer-term aim is to reach consensual standards 

of care for identification, diagnosis-making and management of care nationally and 
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internationally and the standard assessment protocol proposed for future use and the 

accompanying taxonomic classification system are an important step in this direction.  

	

9.5 Research implications 

The importance of an empirically based classification system and assessment battery 

of CVI, with clearer descriptive specification, is that this would permit us to undertake 

research in the natural history of the condition, to investigate stability and change in the 

condition process and to form the basis for suitable habilitative guidance and treatment 

for the individual child. Alongside this, the systematic review led to the 

recommendation that studies report on the sample characteristics, descriptive definition 

and diagnostic or operationalizing criteria of CVI used in each study as well as their 

precise assessment methods of CVI. This would provide a stable baseline for 

comparison between research studies, which is vital to further our scientific 

understanding of the condition.  

This study has shown that it is possible to conduct a standard assessment of 

vision in a research context, with a wide range of CVI presentations. In addition, using 

other paediatric and ophthalmological information, the cluster analysis and other 

statistical analyses led to a statistical taxonomic classification of three subgroups. It 

would be valuable to test out whether other vision tests may add value to the current 

battery, or should replace some of the tasks tested out in this study (see Appendix 8 for 

possible tests). These findings provide a benchmark against which such research may 

be compared. Children in future studies would need to be tested on the standard 

assessment protocol to ensure that they can be fitted into the appropriate groups as in 

this study.  

The classification system has other important research possibilities. For 

instance, the classifying of children into the taxonomic subgroups could enable 

research into the different aetiologies and anatomical substrates underpinning each 
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group. Brain imaging, neuro-electrophysiology and neuropsychological analyses may 

shed light on specific substrates underpinning each group. The epidemiology of each 

subgroup could be established, within the context of population cohorts or disorder-

specific cohorts such as severe prematurity, cerebral palsy, and other clinical 

populations. These study findings also provide greater information on the 

characteristics of CVI and who should be considered to have the condition. It is argued 

from the findings that children with relatively persevered visual acuity but significant 

difficulties in higher visual skills could be appropriately included within the spectrum 

term of CVI, and thus included in future prevalence studies of the condition. However, 

this may lead to problems with sampling, as children in the milder end of the CVI 

spectrum may go undetected (e.g. MacIntyre-Beon et al., 2013; Williams et al., 2011).  

Using the classification framework developed in this study, targeting of specific 

subgroups of CVI for research studies or comparing between them may help in 

conducting more controlled studies with detailed inclusion and exclusion criteria. It may 

be easier to investigate and unpick specific characteristics of CVI and make more 

sense of symptom patterns within subgroups rather than across the broad 

heterogeneous population of CVI. For example the wide range of strabismus rates 

reported in previous studies (e.g. Bosch et al., 2014; Roman & Lantzy ,2010; Khetpal & 

Donague, 2007; Huo et al., 1999; see Chapter 4) could possibly be explained by the 

differing rates of this ophthalmological comorbidity in the three subgroups. Similarly, 

the heterogeneity of reported visual difficulties ranging from complete blindness to 

relatively good visual acuity, but with difficulties in specific higher visual processes 

such as face recognition, selective visual attention, visual memory or visuomotor 

functions (Boot et al., 2010; McKillop et al., 2006; Ortibus, Lagae, Casteels, Demaerel, 

& Stiers, 2009; MacIntyre-Beon et al., 2013), could possibly be explained by the 

presence of several CVI subgroups in the studies rather than a single homogeneous 

disorder.   
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9.6 Future directions  

It is important to remember that classification systems in healthcare are constantly 

evolving to incorporate new knowledge. The classification system for childhood CVI 

proposed here may provide a useful starting point, but it will need to be critically 

evaluated and challenged by independent research groups. The classification will also 

need to be reconsidered in light of our advancing understanding of the condition and it 

is vital to engage patients, families and other relevant agencies in future research. 

Although an operationalized definition of CVI was proposed in this study, it will 

be important to investigate whether this is useful in research and clinical practice, and 

to consider expert opinion in relation to this. This first study in developing the novel 

classification system must also be followed up with further research investigating the 

applicability of the assessment protocol and classification. Unfortunately, a considered 

formal analysis to investigate aspects of validity and reliability in this classification 

could not be conducted within the timescale and budget of this doctoral research 

project. On the basis of these study findings, such analyses could be conducted in the 

future.  

The combined statistical analyses of the study generated a taxonomy of three 

cluster groups. The next step for clinical application will be to carry out further statistical 

analyses, in order to establish optimal category boundaries and cut-off scores. Region 

under the Curve (ROC) analysis may be particularly informative to ascertain the 

predictive validity of the combined standardized scores of the five composite test 

scores (Sonksen logMAR, LEA Symbols contrast sensitivity, Frisby Stereotest, Beery 

VMI, TVPS-3) and to ascertain the best clinical diagnostic threshold according to 

specificity and sensitivity for predicting whether the individual should be categorised 

according to group A1, A2 or B. This will initially be done with the current sample for 

heuristic exploration but is then best undertaken with a second independent sample in 

the future (this second project is planned by the research team). This will permit the 

clinical team to then undertake the assessments on the individual child, convert the test 
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scores into standardized scores from the test manuals (or a new manual designed and 

developed specifically for this new combined assessment) and then according to the 

reported clinical thresholds ascertain whether the child best fits into which of the three 

taxonomic groups,  using an algorithm which combines the five test scores and 

determines the best-fit group membership. This is planned by the research group as a 

next stage of the project. ROC analysis will also permit consideration of whether the 

classification would be best conceptualized as discrete subgroups or a continuous 

spectrum (see Section 9.1.3.2 above). This is similar to predictive algorithms 

undertaken with the autism spectrum disorder where the cut-off thresholds permit 

differentiating where in the spectrum that the individual is most fitting (e.g. Lord et al., 

2000).  

Replication of the study with a larger sample would also be valuable. A larger 

sample which has had its basic and higher vision and cognitive scores collected using 

the same assessment battery could be split into three arbitrary or randomised 

subgroups, and classification analysis conducted with two of these to investigate 

whether the results of these two separate samples converge. The final group could 

then be used to investigate how well the classification is able to categorize individual 

children correctly (which could be done using a discriminant analysis to predict group 

membership). The aim of such validation studies would be to find the optimal solution 

for correctly classifying individual children into subgroups on the basis of the vision test 

scores derived from the assessment battery. Such an equation could then be applied in 

clinical practice. 

The classification method could also be extended to children under five years 

using other measures of higher visual assessment suited to younger ages and to see if 

children fit into similar cluster groups. Potentially useful vision assessments for young 

children include the ABCDEFV (Atkinson et al., 2002), the L94 visual perceptual 

battery (Ortibus, 2009), the G.CVI.Tods (Van Parjis et al., 2013), or subtests of the 

NEPSY-II which are suited for children from age three years upwards. This approach 
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could then be used as an alternative validation process, to investigate whether a 

similar severity spectrum is revealed using other vision tests. Investigating younger 

children would be valuable for identifying early biodevelopmental risk factors, 

longitudinal patterns and predictive factors of outcomes and prognosis.  

Moving beyond the subgroup boundaries within CVI, an important clinical 

question is how to address children with potential CVI at either end of the spectrum. In 

children with no visual acuity loss or other basic visual difficulties, showing only a very 

selective deficit in visuomotor integration, the question of whether they should be 

characterized as having CVI or whether another developmental disorder is better able 

to explain this deficit (such as DCD), is important to pose. Similarly, there may be a 

difficulty in ascertaining the lower boundary of CVI in children with severe to profound 

intellectual disability and lack of visual responses (or responses to other sensory 

stimulation). The issue of the upper and lower boundary of the condition will continue to 

be important to clarify through further investigation in the future. Once the classification 

has been established and validated and category thresholds determined, the 

diagnostic value of the classification system will need to be evaluated. This could be 

approached through a study of at-risk groups such as children born preterm 

(MacIntyre-Beon et al., 2013) or children with neonatal hypoxia/ischaemia (Hoyt, 2003) 

to investigate the specificity and sensitivity of the classification system to distinguish 

between children who have CVI and those who do not have the condition (of especial 

relevance with children in the very high and low ends of the spectrum – Group A1 and 

Group B).  

A potentially valuable assessment method for clinical and research purposes 

that was not incorporated in this study is visual electrophysiology. Visual evoked 

potentials (VEPs) are able to provide an objective measure of the integrity of the 

posterior visual pathways, and poor VEP responses to visual stimuli may indicate 

damage to these pathways (Taylor & McCulloch, 1992; Good, 2001). This may be 

useful especially in younger and more impaired children who may not be able to 
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cooperate with behavioural methods of vision assessment due to cognitive, 

communication or mobility restrictions.  

As CVI is assumed to originate in the brain, consideration of brain integrity is 

relevant. Although not always apparent on neuroimaging, investigation of possible 

brain lesions may further our understanding of the condition. New methods of brain 

analyses such as diffusion tensor imaging and whole brain connectivity methods and 

other neurophysiological approaches such as functional neuroimaging (fMRI) are 

showing promise for greater understanding of brain development in children or adults 

with congenital visual impairment (e.g. Bauer et al., 2014; Merabet et al., 2016). Group 

A2 may be the most informative subgroup for carrying out MRI or other 

neurophysiological research, as their CVI is arguably the most clearly identifiable (and 

not concerned with the high or low end boundary thresholds of the condition). This 

group also shows clearer visual difficulties than Group A1, but is also less confounded 

by additional brain damage than Group B.  

The newest version of the International Classification of Diseases, ICD-11, 

released online at the time of writing this discussion chapter on June 18th 2018, will be 

a key concern when considering future developments of the classification system for 

childhood CVI. ICD-11 has three anatomical codes related to posterior system 

damage: 1) disorder of the post chiasmal visual pathways, 2) disorder of the visual 

cortex, and 3) disorder of the higher visual centres. It also contains two codes for any 

other or unspecified neuroanatomical involvement. Whilst the specific areas of brain 

damage may not currently be identified reliably, this categorization may become 

increasingly informative and valuable as neuroimaging methods develop. The ICD-11 

also separately codes impairment of visual functions, as well as visual impairment. The 

coding of visual functions concerns all areas of vision including impairment of visual 

acuity, visual field, contrast vision, colour vision, light sensitivity, binocular functions 

and subjective visual experiences. Signs and symptoms falling within visual impairment 

are described as “deficits in the ability of the person to perform vision-related activities 
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of daily living, such as: reading, orientation and mobility, and other tasks” (ICD-11, 

accessed 20th June 2018). It considers near vision deficits, specific vision dysfunctions 

and complex vision-related dysfunctions (and other and unspecified deficits). This new 

categorization may allow clinicians to characterise the individual child’s CVI symptoms 

using an internationally agreed standard.  

Under ICD-II, this CVI classification framework would currently cover the three 

neuro-anatomical areas of posterior visual system damage. It covers all degrees of 

visual impairment (as defined in relation to daily living tasks) and the inclusion of a 

range of visual functions in ICD-II allows this CVI classification to be represented 

accurately in relation to the differing symptom constellations of each of the three 

subgroups identified. It also allows for the consideration of vision-related dysfunctions, 

such as visuomotor integration, under the broader category of visual impairment. The 

classification framework can therefore be delineated according to terminology of ICD-II 

in the future. As the evidence base of CVI increases, other codes such as those 

relating to the anatomical bases of the vision problems may become more relevant.  

	

9.7 Conclusion 

This study found that in children aged 5-16 years with congenital CVI, a range of visual 

difficulties was present in the context of heterogeneous paediatric and 

ophthalmological characteristics. Despite this heterogeneity, two thirds of the sample 

were able to complete the clinical standardised vision assessment battery and were 

statistically classified into two subgroups according to objectively measured visual 

symptoms. A third group of very low functioning children who could not participate in 

the majority of the vision test battery was identified as a separate subgroup according 

to very poor visual acuity and contrast sensitivity difficulties. The classification related 

to severity of CVI as shown in degree of basic and higher vision difficulties, and also to 

severity of brain damage as demonstrated by cognitive ability, ocular health, and 
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complexity of motor and other disabilities. The three groups ranged from most severe 

CVI to milder CVI with an intermediate group and the statistical analyses demonstrated 

that CVI could divide into discrete categories or a continuous spectrum depending on 

the method of statistical classification analysis. These empirical results are most similar 

to a previously hypothesized classification of childhood CVI proposed by Philip and 

Dutton (2014). The results also suggested that it may be important to test for detailed 

aspects of areas of both basic and higher visual functions in a thorough assessment of 

CVI-related symptoms. These findings have a number of clinical and research 

implications relating to the clinical assessment and identification of childhood CVI. 

Despite study limitations, it is anticipated that this study forms a significant contribution 

to the knowledge base of this complex paediatric population. Further research is now 

required to improve understanding, diagnosis and interventions using this new 

classification framework and ultimately to improve long-term outcomes for children 

suffering from this condition.   
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Appendix 
	
Appendix 1: Systematic review data extraction template 
 

CVI SYSTEMATIC REVIEW DATA EXTRACTION FORM 
Study ID  Reviewer, Date  

 
Checked by  

 
 ARTICLE DEMOGRAPHICS 

Author, Year  
 

Journal  

Country of origin (research group)  
CVI INFORMATION   

Full CVI term used  

Definition of CVI (if 
applicable) 
 
 

Page:_________ 
 

Diagnostic criteria of CVI 
(if applicable) 
 
 

Page:_________ 
 

Assessment tools used 
for CVI identification 
 

 

SAMPLE CHARACTERISTICS 

Sample studied and 
restrictions? (i.e. only 
subset of children with 
CVI included) 
Why are there 
restrictions?  

 

Extent of disease  
(range of CVI symptoms) 

 

Additional diagnoses in 
group  

 

Total and CVI sample size  

Total and CVI sample age 
range 

 

Total and CVI sample 
gender distribution 

 

Main findings of the study  
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Appendix 3: Online recruitment information for charity websites 
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Appendix 4: Child health questionnaire 
 

 
 
Appendix 5: Demographics questionnaire 
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(Appendix 5 continued) 
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Appendix 6: assessment proforma 
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(Appendix 6 continued) 

 

 
 



382	
	

Appendix 7: Flowchart of possible assessment pathways 
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Appendix 8: Alternative standard assessment tests that might be used instead of 
the current test battery in future cluster study analyses of CVI   
Vision domain Selected task(s) Alternative future assessment possibilities 
Visual acuity Sonksen LogMAR near BEO 

Keeler cards 
Near Detection Scale 

Cardiff Cards 
LEA optotypes 
Kays pictures 
Bradford toolbox  

Contrast 
sensitivity 

LEA Symbols 
LEA Gratings 
Hiding Heidi 

Pelli Robson chart 
Cardiff Cards preferential looking test 
Alternative administration of LEA Symbols  
LogMAR chart with high and low contrast 

Colour vision Ishihara test HRR Colour test 
LEA Colour test 

Stereopsis Frisby Stereotest Lang Stereotest 
Titmus Stereotest 

Visual 
perceptual skills 

LEA Rectangles 
Test of Visual Perceptual 
Skills 
(Sonksen Picture Test) 

Developmental Test of Visual Perception  
Motor-Free Visual Perception Test 
Birmingham Object Recognition Battery 
L94 Battery 

Visuomotor 
integration 

LEA Postbox  
Beery VMI 

NEPSY-II: Visuomotor Precision 
D-KEFS: Trails 

Visual attention TEA-Ch: Sky Search, Map 
Mission 
(TVPS: Figure Ground) 
 

TEA-Ch: Sky Search DT 
D-KEFS: Trails 
WISC-V: Cancellation (or other picture 
cancellation tasks) 
For younger children, Atkinson and Braddick 
are developing tasks.  

Visual memory CMS: Dot Locations 
(TVPS: Visual Memory, 
Visual Sequential Memory) 

 NEPSY: Memory for Designs, Memory for 
Faces (immediate and delayed memory) 
WISC-V: Picture span (working memory) 

Visual spatial 
skills 

NEPSY: Arrows, Geometric 
Puzzles 
WISC-IV: Block Design 
(TVPS: Visual Spatial Skills) 

WISC-V: Visual Spatial Index (Visual Puzzles, 
Block Design) 
NEPSY-II: Picture Puzzles, Block Construction, 
Clocks.  

Visual fields not included here as the assessment was selected by the orthoptist for each individual child. Not 
part of the methodological decisions 
Experimental tests of form and motion coherence not discussed here  

 
 
 
Appendix 9: Distribution information of vision variables 
Assessment Skew Kurtosis 
logMAR near BEO Positive No 
LEA CS optotypes Negative Yes 
Stereopsis No Yes  
LEA Rectangles Positive Yes 
LEA Mailbox Positive No  
Motion coherence Positive No* 
Form coherence Positive Yes 
TVPS total  No No 
Beery VMI No no 
*For n=49, motion coherence is kurtotic 
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Appendix 11: Agglomeration coefficients for average linkage solution 

 
Appendix 12: Agglomeration coefficients for ordinal variables solution 

 
Appendix 13: MDS residual plot 

 


