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SUMMARY

Although the role of ophthalmic factors in dyslexia remains the subject of controversy,
recent research has indicated that the correlates of dyslexia may include binocular
dysfunction, unstable motor ocular dominance, a deficit of the transient visual subsystem,
and an anomaly that can be treated with tinted lenses. These features, typically, have
been studied in isolation and their inter-relationship has received little attention.

The aim of the present research was to investigate ophthalmic factors in dyslexia, with a
particular emphasis on the interaction between optometric variables. Further aims were to
establish the most appropriate investigative techniques for optometric practice and to
explore the relationship between optometric and psychometric variables.

A pilot study was used to refine the experimental design for a subsequent detailed study
of 39 children with a specific reading disability and 43 good readers, who were selected
from 240 children. The groups were matched for age, sex, and performance IQ. The
following factors emerged as correlates of dyslexia: slightly impaired visual acuity;
reduced vergence amplitudes; increased vergence instability; decreased accommodative
amplitude; poor performance at tests that were designed to assess the function of the
transient visual system; and slightly slower performance at a non-verbal simulated reading
visual search task.

The "transient system deficit", as measured by reduced flicker sensitivity, was
significantly associated with decreased accommodative and vergence amplitudes. This
links the motor and sensory visual correlates of dyslexia. Although the binocular
dysfunction was correlated with increased symptoms, the difference in the groups'
simulated reading visual search task performance was largely attributable to psychometric
variables. The results suggest that optometric problems may be a contributory factor in
dyslexia, but are unlikely to play a key causative role. Several optometric variables were
confounded by psychometric parameters, and this interaction should be a priority for
future investigation.
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CHAPTER 1

INTRODUCTION
1.1 BACKGROUND

Reading and writing are unique to man and release communication from the evanescence
of verbal language. The history of written language is young, spanning some 5,000
years, whilst spoken language has probably existed for about 3-5 million years (Husain,
1986); a similar temporal distinction is apparent in ontogeny. Even today, although all
human communities have a fully developed spoken language, only a minority of these
languages has a written form (Liberman, 1989). For the proper development of speech, a
neurologically normal child need only be placed in an environment where language is
used: reading and writing typically require formal tuition. The decoding of visual
symbols that are not mércly representations of physical forms, but that carry phonetic as
well as abstract content, makes formidable demands on any information processing
system. In this context it may not be surprising that 5-10% of children have difficulties in
reading Western script (Husain, 1986).

The definition, terminology, incidence, and aetiology of dyslexia are complex and
controversial issues, and a brief overview of these aspects is presented in this chapter.
The early history of research into dyslexia was reviewed by Hulme (1981, pp. 1-4).

1.2 DESCRIPTION AND DEFINITION OF DYSLEXIA

Dyslexia has been described as one of the most controversial topics in psychology,
medicine, and education, with some scientists and educationalists still remaining sceptical
about its existence (Pavlidis, 1981a). Singleton (1987) likened dyslexia to a myth, for "it
seems to have some foundation in fact but has generally been nurtured by ignorance."

Rutter and Yule (1975) showed from epidemiological studies that specific reading
retardation (which will be shown to equate to most definitions of dyslexia) represented
more than just the lower end of a normal distribution of reading performance; its
frequency significantly exceeded that predicted on statistical grounds. This finding,
however, has been disputed (see Snowling, 1990, for a review). Dyslexia normally
persists throughout life, although some individuals may develop compensatory strategies
(Ingram and Dettenmaier, 1987).

Newton (1968) described dyslexia as
"the cognitive disorder of severe reading disability. It implies difficulty in understanding
and interpreting symbolic representation, especially when the symbols form an arbritary

ordered sequence. The difficulty can be present despite adequate intelligence, conventional
instruction, and socio-cultural opportunities.”

-15-



Miles (1984) extended this description. He suggested that dyslexia should not be thought
of as difficulty with reading or even as difficulty with spelling, but that these problems
were part of a wider disability that showed itself whenever symbolic material had to be
identified and named.

No single definition of dyslexia is universally accepted. The one that has been most
frequently quoted (Pavlidis, 1981a) is that given by the World Federation of Neurology

in 1968 for "specific developmental dyslexia" (Critchley, 1970):
"A disorder manifested by difficulty in learning to read despite conventional instruction,
adequate intelligence, and socio-cultural opportunity. It is dependent upon fundamental
cognitive disabilities which are frequently of constitutional origin."

Whilst several authors have adopted the World Federation of Neurology definition (e.g.,
Farrag et al., 1988), it has frequently been criticised, mainly on the grounds of its
negative, exclusionary nature and vague terminology (Rutter and Yule, 1975; Benton,
1978; Rutter, 1978). Another vague definition was given by Jordan (1972): "the inability
to process language symbols".

Witelson (1977) suggested that it was more appropriate to define dyslexia as a "specific
cognitive deficit" than a specific deficit in reading. She felt that different subgroups may
have different patterns of cognitive deficits; this point, that dyslexia represents a number
of "syndromes" rather than a single disorder, is likely to exacerbate the difficulties
associated with a definition.

Rutter (1978) gave 2 definitions of dyslexia. One of these was weakened by causal

implications and the other defined dyslexia as an: _
“heterogeneous group of reading disabilities characterised by the fact that reading/spelling
attainment is far below that expected on the basis of the child's age or IQ."

Although Rutter (1978) preferred the term "specific reading retardation" for this
definition, the term "dyslexia" is, in most scientific (Vellutino, 1977; Stanovich, 1991)
and lay (e.g., British Dyslexia Association) literature, virtually synonymous with Rutter's
(1978) "specific reading retardation". The description quoted abové has been used,
therefore, as a working definition of dyslexia in the present research. -

Stanovich (1991) noted that defining dyslexia by reference to discrepancies from
intelligence test scores was problematic and that more basic psychometric work was
needed to develop a principled method of discrepancy measurement from listening
comprehension or some other verbal aptitude indicator. He also described an alternative
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approach of defining reading disability solely in terms of decoding deficiencies, without
reference to aptitude discrepancy.

1.2.1 Terminology Associated With Dyslexia

The word dyslexia is of Greek origin and means, loosely translated, "difficulty with
words" (dys = difficulty with, lexis = word) (Pavlidis, 1981a). The term was introduced
by Rudolph Berlin, a renowned ophthalmologist from Stuttgart, in 1887 (Dunlop and
Dunlop, 1974). "Specific learning disability"” is normally used to describe people with a
specific disability in one area of learning. Specific reading disability is the most common
type of specific learning disability (Helveston, 1987). Naidoo (1972, pp. 98-109)
criticised the use of the term "specific dyslexia" to describe dyslexia of genetic origin.
She suggested that this term should be used to describe those learning disorders in which

the major defect lay in learning to read, write, and spell.

Rutter and Yule (1975) noted that "the terminology used in referring to reading difficulties
is chaotic and confusing”. They differentiated between general reading backwardness,
where reading was backward in relation to the average attainment for that age, regardless
of intelligence; and specific reading retardation, which described reading difficulties that
were not explicable in terms of the child's general intelligence. This terminology was
widely accepted, but the further contention of Rutter and Yule (1975) that dyslexia was
not synonymous with, but was a sub-division of, specific reading retardation seemed less
tenable. This distinction appeared to be based on the assumption that the term "dyslexia"
implied the existence of a well defined unitary condition and carried further implications
concerning causality (Hulme, 1981, p. 8).

Rutter and Yule (1975) also showed that reading retardation differed significantly from
reading backwardness in terms of sex ratio, neurological disorder, pattern of neuro-
devcloPmentai deficits, and educational prognosis. Critchley and Critchley (1978)
described children whose IQ was too low to allow them to master the task of reading as
having a type of "secondary dyslexia"; reading backwardness would seem to be a less
confusing term for this group.

The term "dyslexia" sometimes meets with disapproval, partly because of its misuse
(e.g., for reading backwardness) and partly because some feel it carries further
implications, which are poorly established, about causation and the neurological basis of
the reading problem (Rutter and Yule, 1975; Rutter, 1978; Hulme, 1981, pp. 1-54).
However, in line with common practice (Vellutino, 1977; Stanovich, 1991), the term
"dyslexia" will be used throughout this thesis without these implications, i.e.,
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synonymously with "specific reading retardation”". The exception will be when

describing the work of others when the terminology of the authors under review will be
used.

Throughout the present work, in accordance with usual practice (Boder, 1971; Rutter,
1978), the term "dyslexia" will invariably refer to developmental dyslexia: individuals
who have failed to acquire reading skills. A loss of reading skills after the initial skills
have been attained is rare (Rutter and Yule, 1975) and has been termed "acquired
dyslexia"; this will only be discussed where it provides a useful insight into the
physiological processes involved in reading.

The literature shows that dyslexia has many synonyms. These include congenital word-
blindness (Husain, 1986); strephosymbolia (Orton, 1943); developmental alexia; primary
reading retardation; Gestalt blindness; and specific language disability (Boder, 1971).

1.3 DIAGNOSIS OF DYSLEXIA

The importance of accurate diagnosis of dyslexia in research was highlighted by Benton
(1978): "There can be little doubt that the mass of contradictory results to be found in
research literature is due in large part to the diverse and inadequate criteria used in subject
selection." Boder (1971) stated that dyslexia could be diagnosed in one or more of the
following ways: by a process of exclusion; indirectly, on the basis of its neurological or
psychometric concomitants, or directly, on the basis of the frequency and persistence of
certain types of errors in reading and spelling. Thomson (1979) decribed the diagnosis of
dyslexia in a clinical setting; he stressed the "total child" context, where the results of
several psychometric tests yielded an individual profile of relevant factors.

Singleton (1988) summarised the conventional methods of diagnosing dyslexia as
establishing:

(a) that the child's reading age is significantly behind his chronological age

(b) that the child's intelligence is not significantly below average

(c) that there are no social, emotional, or educational causes of the reading difficulty

(d) that the child is not suffering any sight defects, hearing loss, frank brain damage, or
serious problems of general health

(e) that the child exhibits some "positive signs" of the disorder, such as speech problems,
difficulty with sequential memory, clumsiness, crossed laterality, etc..

Christenson et al. (1990) differentiated between specific reading disability ("generally
synonymous with dyslexia") and non-specific reading disability, which could be caused
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by: low intelligence, educational deprivation, sociocultural deprivation, primary emotional
problems, sensory impairment, poor motivation, and attentional problems. They
described 3 general methods for the diagnosis of dyslexia: by excluding the above factors;
indirectly, e.g., from soft neurological signs or the profile of IQ test results; and directly,
by analysing the decoding and spelling patterns.

The degree of reading retardation considered necessary for a child to be diagnosed as
dyslexic ranges from a basic judgement by school staff that the child could not read at the
average level for his age (e.g., Goldberg et al.,, 1960; Legein and Bouma, 1981) to
"reading at least 2.4 years below mental age" (Eskenazi and Diamond, 1983). Rutter
(1978) stressed that estimates of the prevalence of specific reading or spelling retardation
should specify the severity of retardation and the age group under consideration, and

should be based on regression equations rather than achievement ratios (see Section
7.2.2.1).

1.3.1 Early Detection of Dyslexia

The early diagnosis of dyslexia facilitates effective remediation (Critchley, 1981;
Singleton, 1988), and several authors have attempted to use correlates of dyslexia to
develop tests that may detect the condition before reading starts. One such attempt has
recorded saccadic eye movements (Pavlidis, 1985), although this approach has been
criticised (Singleton, 1988). Another optorﬁctﬁc parameter that has been suggested for
the early detection of dyslexia is spatial conh‘ast_scnsitivity (Lovegrove et al., 1980a).
Quantitative neurophysiology may provide a ‘marker for early identification of dyslexic
children (Flynn and Deering, 1989).

1.3.2 Screening Tests for Dyslexia

Boder (1971) described a screening procedure for dyslexia that was designed to disclose
the number and types of reading and spelling errors, and to enable the subject to be
classified according to the author's subtypes. Miles (1982) described a simple screening
test for dyslexia that was not restricted to any one group of professional workers.
Several other workers have evaluated screening techniques and the predictive precursors
of reading disabilites (Satz et al., 1978; Newton et al., 1979).

Christenson et al. (1991) evaluated a new screening test for dyslexia (the "TDS"); this
seemed to have been developed for optometrists and to be based on spelling errors,
assuming the "Boder" classification of dyslexia (see Section 1.6) to be correct. They
evaluated the test on 52 subjects, including 10 controls; unfortunately, it was not clear
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whether any of the subjects had met conventional diagnostic criteria for dyslexia. Indeed,
no details were given of reading or spelling ages, 1Q test results, reading retardation, or
even chronological ages. The study did show a reasonable correlation between the TDS
and a previous, longer test (the Dyslexia Determination Test, or DDT); this is not
surprising since the TDS seemed to be a simplified version of the DDT. The authors'
conclusion that the TDS would allow the proper modes of therapy, optometrical and
educational, to be used seemed premature: the 2 therapies are not exclusive, the test will

not detect optometrical problems, and more evidence is needed before the test can be said
to detect cases in need of educational therapy.

1.4 INCIDENCE OF DYSLEXIA

Between 1850 and 1950 the rate of literacy in Western Europe rose from 50.5% to 92%
(Hulme, 1981, p. 1); a commensurate rise in reading disability is likely to have occurred.
Rutter (1978) reviewed 2 large epidemiological studies in the UK that defined specific
reading retardation as underachievement of at least 2 standard errors below the mean.
The condition was commoner in boys than in girls, with a ratio of about 3.5to 1. The
prevalence rose somewhat in older children and there was a very marked variation
according to geographical area. Specific reading retardation was found in about 10% of
10 year-olds in London, but only about 4% in the Isle of Wight. Wheeler and Watkins

(1978) concluded that the male:female ratio appeared to be between 3:1 and 5:1 in most
large studies.

Several authorities have given a general estimate of the incidence of dyslexia: Yule
(1988) noted that severe reading difficulties that cannot be accounted for by low

intelligence occur in 4-10% of children in junior schools, and Brown (1988) put the
incidence between 3 and 5%.

1.4.1 International Variations

Rutter (1978) cautioned against inferences with respect to national variations because
estimates were often based on noncomparable data. Farrag et al. (1988) found a
relatively low incidence (1%) of dyslexia in Arab-speaking Egyptian children. They
attributed this to characteristics of the Arabic language, which was written from right to

left, was always written in script form, and did not have directionally confusing letters.
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1.5 AETIOLOGY OF DYSLEXIA
1.5.1 Psychological and Cognitive Theories

A number of studies (e.g., Newton et al., 1979) have shown that the organisation of the
cortex in dyslexic individuals has a less clear cut preponderance for verbal tasks and
symbolic ordering in the left hemisphere than the non-dyslexic. They thought this
predisposed dyslexic people towards "spatial" thinking abilities, whilst they tended to
perform poorly at skills such as sequencing, blending sounds, and associating sounds
and arbritary symbols. This hypothesis was supported by Witelson's (1977)
investigation of neural factors in dyslexia. She suggested that dyslexia was associated
with bi-hemispheric representation of spatial function, in contrast to the right hemisphere
specialisation observed in normal children. This bilateral representation was thought to
interfere with normal left hemisphere function resulting in deficient linguistic, sequential

cognitive processing and in overuse of the spatial, holistic cognitive mode.

Several other authors have linked dyslexia with a deficit in temporal or sequential
processing (e.g., Naidoo, 1972, pp. 110-117; Bakker and Schroots, 1981; Pavlidis,
1981a), and Zurif and Carson (1970) felt that these were sufficiently subtle not to
interfere with speech, but prevented the critical formation of spelling-to-sound
correspondences and hence impaired the process of reading. A review by Vellutino
(1977), however, concluded that the temporal order deficit theory was questionable.

Another feature of the theories of Newton et al. (1979) and Witelson (1977) was a deficit
of left hemisphere function, and this will be shown to be a widespread view. Chasty
(1979) suggested that dyslexic children had a recognisably different cerebral organisation
for language that resulted in reduced language efficiency. Zurif and Carson (1970)
suggested that the lateralisation of mechanisms subserving language behaviour failed to
develop in dyslexia due to a maturational lag, and several other authors have
conceptualised dyslexia as representing some form of incomplete maturation of the
nervous system (e.g., Solan, 1966; Satz et al., 1978; Critchley, 1981). Hulme (1981)
supported the maturational lag hypothesis and pointed out that this could explain the wide
range of psychological correlates of dyslexia.

Legein and Bouma (1981) reviewed their visual recognition experiments and concluded
that the underlying cause of dyslexia was most likely a specific recoding deficiency.
Rozin et al. (1971) demonstrated that the specific nature of the coding deficit may lie in
phonemic representation; this was the process of constructing whole words from their
component parts on the page. Liberman et al. (1967) described how speech carried
information in parallel and that phoneme perception required a special decoder. Liberman
(1989) said that this subconscious "phonetic module" automatically selected and regulated
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the string of consonants and vowels that a spoken word comprised. There was nothing,
therefore, in the child's normal experience with spoken language that necessarily
acquainted him with the internal structure of words; yet this fact had to be understood for
the mastering of written language. Liberman's (1989) viewpoint was summarised in his
title: "reading is hard just because listening is easy".

Ellis and Miles (1978) presented experimental evidence suggesting that "the" deficiency in
dyslexia involved the "name code" pathway; they suggested that the amount a dyslexic
child could hold in mind in a short period was limited and as a consequence attention to
detail, such as spelling, was lost. This seemed to link a coding deficiency in dyslexia
with a memory deficit, and several other researchers have suggested a memory deficit in
dyslexia (Hulme, 1981, pp. 52 and 173; Jorm, 1983). Hulme (1981, p. 31), however,
thought that a visual memory deficit was unlikely to be a cause of reading retardation.

Singleton (1988) concluded that dyslexic children had some fundamental impairment in
the cognitive systems that subserved sequential memory and phonological processing.
Ellis (1991) agreed that dyslexia was caused by a deficiency in phonological processing
and Snowling (1990) suggested that dyslexia was associated with phonological
difficulties originating within spoken language. This view was encompassed within
Vellutino's (1977) conclusion that dyslexia was best explained in terms of a "verbal
deficit", which included dysfunction in the semantic, syntactic, or phonological aspects of
language. This is a widely held view (Wheeler and Watkins, 1978; Hulme ,1981, pp.
52-53; Sherman et al., 1989) and Bradley and Bryant (1983) found a relationship
between pre-school children's skill in categorising sounds and their eventual success in
reading and spelling. Newton et al. (1979), however, stated that oral language skills
were independént of dyslexia. The obvious compromise hypothesis that some dyslexic
children have a speech and language disorder and some do not has also been suggested
(Stackhouse and Wells, 1991, Duane, 1991).

Yet another theory suggests that individual abilities, such as auditory or visual memory,
may not be deficient in dyslexia, but the fundamental deficit lies in the ability to integrate
these functions (Johnson and Myklebust, 1967; Swanson, 1987); however, Vellutino
(1977) and Hulme (1981, p. 35) concluded that this was unlikely. Beaumont and Rugg
(1978) suggested that dyslexia might be the result of a dissociation of visual processing
of verbal material from auditory speech analysis systems, owing to relative bilateralisation
of visual language processing and a consequent failure of integration between the
lateralised systems within the the left hemisphere.
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1.5.1.1 A Model of The Reading Process

Rutter (1978) noted that reading was a complex skill that involved a number of different
components and that reading difficulties may arise when any of these components was
impaired. His description of these components closely correlated with the various
psychological theories on the aetiology of dyslexia outlined above. Many other
authorities have supported a multiple aetiology in dyslexia (e.g., Naidoo, 1972).
Singleton (1987) used investigations of the various types of acquired dyslexia, resulting
from injury to the adult brain, to build a model of the reading process and to identify the

stages in the system most vulnerable to impairment. A modified version of this model is
shown in Figure 1.1.

WRITTEN
WORD
GRAPHEME
WU‘}%N FHONEME wmﬂxn =
ANAL TRANELATION
VISUAL PHONEMIC
WORD WORD
RECOGNITION : PRODUCTION
AUDITORY - PHONEMIC
sgyl\;mxc WORD MEMORY K
M RECOGNITION BUFFER
MEANING PRONUNCIATION

Figure 1.1 A cognitive model of the reading process; see text for explanation. (Adapted from
Singleton, 1987).

All pathways in Figure 1.1 start with visual analysis, after which there are 2 possible
paths. If the word is known in the sight vocabulary (these are the whole words that can
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be identified from a visual image without phonological analysis) then visual word
recognition can lead directly to the semantic system and to the word production centers;
alternatively, a word can be analysed in terms of its individual grapheme-phoneme units.
Singleton (1987) showed that different types of acquired dyslexia can be associated with
particular deficits in this model and he suggested that a similar, but less clear-cut, analysis
could be applied to developmental dyslexia. This model could be used to analyse the
psychological factors described in Section 1.5.1.

Swanson (1987) reviewed information processing theory and learning disabilities and
concluded that it was not known whether the information processing model would prove
to be valuable in this area of research. Brown (1988) argued that the various "cognitive"
psychological accounts of the cause of dyslexia not only implied great heterogeneity, but
that the complexity of these models implied the need for a different approach, possibly
through computational modelling.

1.5.2 Genetic Influences

Most authorities accept that genetic influences do play a role in dyslexia (Beauchamp and
Kosmorsky, 1987; Duane, 1991). Benton (1978) pointed out that a positive family
history of dyslexia did not prove genetic determination and that hereditary factors were
unlikely to account for all cases of specific reading disability. Pennington and Smith
(1983) concluded that some forms of dyslexia were transmitted genetically and that there

were likely to be several forms of familial dyslexia involving different modes of
transmission.

1.5.3 Neurological and Neurobiological Theories

Pavlidis (1981a) reasoned that since the causes of dyslexia did not appear to result from
environmental, psychosocial, or intellectual factors, the only remaining causes were
constitutional. Goldberg et al. (1960) suggested that subclinical brain damage in the
parietal-occipital area was a cause of dyslexia, and Jordan (1972) listed minimal brain
dysfunction and minimal brain damage as synonyms of dyslexia. Frank and Levinson
(1975, 1976) suggested that dyslexia was caused by cerebello-vestibular dysfunction,
although this theory lacked rigorous evidence.

Orton (1943) noted that some children with reading difficulties had an inability to
differentiate "b" and "d", read many words in reversed order, and had an unexpected
ability to read and write reversed text. He proposed that such cases represented a
physiologic deviation owing to a failure to acquire the normal pattern of complete
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dominance of one hemisphere, and that this was often associated with crossed (e.g., right
handed and left eyed) or ambivalent dominance (see Section 3.2.2. In the past some
researchers supported the contention that hand-eye dominance disorders were a cause of
dyslexia (e.g., Benton et al., 1965, 1968), but there is now considerable evidence that
reading difficulties are not usually associated with any particular pattern of handedness,
eyedness, or footedness (Spitzer et al., 1959, Benton, 1975; Rutter, 1978). Hulme
(1981, pp. 28-29) stated that reversal errors were not a disproportionately common type
of error in reading retardation, but were simply more noticeable among a host of less

easily defined errors.

Naidoo (1972) found no greater incidence of birth anomalies in dyslexia. Benton (1975)
concluded from a major review that a neurological basis for developmental dyslexia had
not been established because the empirical evidence was inconsistent and circumstantial.
A major reason for this was thought to be the heterogeneous nature of dyslexia. He did
feel, however, that the evidence suggested that there were neurological factors, as yet

unidentified, that were often operative in dyslexia.

Wilsher (1991) reviewed the "medical" treatment of dyslexia, including megavitamins,
antihistamines, psychostimulants, and nootropics. He concluded that most of these
methods relied upon the replacement of deficits that had not been proved to be
aetiologically significant in dyslexia. He further stated that no treatment offered a “cure",
although the use of nootropics, that were based on the neurotransmitter GABA, was an

interesting development.

1.5.3.1 Anatomical Theories and Evidence

Wada et al. (1975) noted that the human brain was unique in the functional asymmetry
that existed between its 2 cerebral hemispheres. They reported the results of
morphological observations on 100 adult and 100 infant brains with particular attention to
the planum temporale and frontal operculum. They found that the left planum was always
present, but the right planum ranged in size from absent (10%) to larger than the left
(about 10%); females predominated in the latter group. They stressed that this
morphological asymmetry occurred before speech developed and differed between the

SE€Xes.

Hier et al. (1978) analysed the computerised brain tomograms of 24 dyslexic patients.
Ten patients showed a reversal of the normal pattern of asymmetry so that the right
parieto-occipital region was wider than the left; this was significantly more than would
have been predicted by chance when the effect of handedness was controlled for. These
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10 patients had a lower mean verbal IQ than the other subjects. The authors thought that
the reversal of asymmetry may have resulted in language lateralisation to a cerebral
hemisphere that was structurally less suited to support language function and thus acted
as a risk factor for the development of reading disability.

Geschwind and Behan (1982) found that left-handedness was associated with immune
diseases (including myasthenia gravis), migraine, and learning disorders (dyslexia and
stuttering). They suggested that in the developing foetus testosterone slowed neuronal
development in the left hemisphere, whilst simultaneously damaging the development of
the immune system. Conversely, they suggested that genes that controlled immune

responsiveness also may regulate testosterone effects. Their theories could explain the
increased incidence of dyslexia in males.

Geschwind and Galaburda (1985) described several facts that supported their hypothesis,
including superior right hemisphere function in dyslexia. The planum temporale, which
was the upper surface of the posterior portion of the left temporal lobe, was larger in the
left hemisphere where it constituted a large portion of the temporal speech region of
Wernicke, and may therefore have accounted for the usual predominant localisation of
speech to the left hemisphere. Asymmetry was also found in the foetal brain where the
left hemisphere matured later than the right, and the male brain matured later than the
female. Geschwind and Galaburda (1985) also noted that, as the brain developed,
neurons were formed in excess and many died when they failed in the competition to
form connections. They briefly reviewed the evidence for a relationship between
hormones and patterns of cerebral dominance. Galaburda and Kemper (1979) had found
an abnormal pattern of cytoarchitecture, virtually confined to the left hemisphere, in a
severely dyslexic person. Geschwind and Galaburda (1985) described evidence for a
predominance of men among cases of autism, dyslexia, stuttering, and other

developmental disorders; and higher rates of immune diseases, dyslexia and stuttering in
strong sinistrals.

Behan and Geschwind (1985) reported studies suggesting that dyslexia can be associated
with congenital lesions of the cardiovascular system and probably also of the skeletal
system. They acknowledged the importance of genetic factors in dyslexia, but pointed
out that the intra-uterine environment can play a major role in determining the course of
development of the nervous system.

Sherman et al. (1989) described autopsy studies on 6 male dyslexic brains that had

demonstrated the absence of the usual pattern of cerebral asymmetry of the planum
temporale, and focal developmental abnormalities of cortical architecture, particularly in
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the left hemisphere's perisylvian regions. They suggested that their findings could cause
dyslexia and linked them to Geschwind and Behan's (1982) theory. They pointed out,
however, that this theory could not reconcile the increased incidence of immune disorders
in females with the more frequent expression of dyslexia in males.

Hynd and Semrud-Clikeman (1989) reviewed investigations into brain morphology in
dyslexia. Methodological deficiences were shown to weaken this literature and to
preclude firm conclusions, particularly concerning the hypothesised link between
handedness, auto-immune disease, and brain morphology in dyslexia. Duane (1991)
reviewed a study that had used magnetic resonance imaging to support the existence of

symmetry in the posterior cerebral hemispheres in dyslexia.

Critchley and Critchley (1978) and Critchley (1981) felt that dyslexia should not be
confused with learning disabilities resulting from dysfunction owing to structural lesions
of the brain. The extremely subtle cytbarchitectonic changes found by Sherman et al.
(1989) would suggest that, with modern techniques, this distinction is no longer tenable.
Pirozzolo and Hansch (1982) reviewed the neurobiology of developmental reading
disorders. They noted that dyslexia was not an homogeneous clinical entity, that the
aetiology of minimal brain dysfunction was also diverse, and suggested that an alteration
in synaptic function may be a key to the learning problems of dyslexic children. Hughes
(1982) concluded from a review of studies using the electro-encephalogram (EEG) to
investigate reading disorders that there was no single causal defect in dyslexia, but a

multiplicity of defects or lesions.

Singleton (1988) suggested that the dysfunction of the left hemisphere that the above
theories may predict could account for the inferior performance of dyslexic children at the
processing of sequential stimuli and in serial memory tasks. Duane (1991) concluded that
biological méchanisms were the underlying cause of dyslexia, although he felt that the
cortical dysgenesis that Galaburda's team had discovered could be caused directly by
genetic influences, without the implication of testosterone.

1.5.4 Visual Theories

Several authorities have postulated that dyslexia did not in general reflect a peripheral
perceptual deficit of any kind (Critchley, 1964; Critchley, 1981; Brown, 1988); some that
it was not associated with any type of ocular or visual problem (Wheeler and Watkins,
1978; Helveston, 1987; Watkins, 1991); while others have felt that the literature was
inconclusive (Dearborn and Anderson, 1938; Benton, 1975). Hulme (1988) thought that
low-level visual processing deficits were a non-causal correlate of dyslexia; and others
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have suggested that visual factors played a major causative role in dyslexia (Benton et al.,
1968; Irlen, 1983; Stein and Fowler, 1985; Raymond et al., 1988; Rounds et al., 1991;
Stein, 1991a; MiiHlendyck, 1991).

Dunlop and Dunlop (1974) believed that a narrow vertical strip of retina from each eye
was represented in both hemispheres and that laterality problems with respect to this area
could cause visual confusion in dyslexia. Stein and Fowler (1984) hypothesised that
dyslexia could be caused by poor visuomotor control owing to the perceptual problem of
not knowing where the eyes were pointing whilst reading. Stein et al. (1988) linked this
theory with those of Galaburda and Geschwind (see Section 1.5.3.1 to suggest that
disordered hemispheric specialisation lead to poor visuomotor control, which was
~associated with reduced vergence amplitudes. Husain (1986) noted that this theory was
not exclusive; it did not account for "non-visual" reading problems.

Yule (1988) refuted the theories of Stein and Fowler (1981, 1982, 1985), cautioning
against confusing correlation with causality. He claimed increasing consensus that
language difficulties were more important than visuomotor difficulties as causes of
reading difficulties.

It has been suggested that unstable saccadic eye movements may be a cause of dyslexia
(Prechtl, 1962; Frank and Levinson, 1973; Stein and Fowler, 1984), although several
authors have disputed this and associated therapies, often arguing that unstable eye
movements were the effect rather than the cause of reading disabilities (Goldberg and
Arnott, 1970; Lefton et al., 1978; Adler-Grinberg and Stark, 1978; Benton, 1978; Rutter,
1978; Critchley, 1981; Pirozzolo and Hansch, 1982; Blackwell et al., 1983; Levine,
1984; Beauchamp and Kosmorsky, 1987).

Riding and Pugh (1977) suggested that ;'eading disability could be caused by unusually
long or short persisistence of the visual icon. Lovegrove et al. (1986a) reviewed the
evidence for a deficit of the transient visual system in dyslexia and suggested several
ways in which this could cause reading retardation. One possible involvement of a
transient system deficit in reading is if inputs from successive fixations became
superimposed (see Section 2.7.1.4. This may result in inconsistent information about the
spatial arrangement of the letters (Lovegrove et al., 1990) and could provide a link with
Stein and Fowler's (1984) theory.

Other visual problems that have been suggested as causes of dyslexia included a
perceptual syndrome that could be treated with tinted lenses (Irlen, 1983); and
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accommodative dysfunction, hctero;ihoria, low vergence amplitudes, hypermetropia,
astigmatism, and aneisokonia (reviewed by Evans and Drasdo, 1990).

If dyslexic children have difficulty interpreting written language owing to a visual deficit
then they should not experience difficulties with the spoken word (Beauchamp and
Kosmorsky, 1987). The normality or otherwise of oral language skills in dyslexia
remains the subject of some controversy (see Section 1.5.1).

1.5.5 Miscellaneous Theories

1.5.5.1 Social Factors

Benton (1978) and Rutter (1978) pointed out that some factors, such as geographical
area, family size, socioeconomic status, the cultural values of the community, and
temperamental characteristics, were systematically associated not only with general -
reading backwardness but also with specific reading disability. Rutter (1978) also noted
that reading difficulties were associated with low birthweight, but to a much lesser degree
than intelligence. Naidoo (1972) found no greater frequency of mother/child separations
in dyslexic children than normal. Critchley and Cn'tchlcy (1978) stated that dyslexia
occurred in all social groups but, because good disgnostic facilities were not always
available, it may not be correctly identified, especially at "the lower end of the social

scale".

1.5.52 Automaﬁciw

Eakin and Douglas (1971) defined automatised behaviours as ones that have been so
highly practiced as to require a minimum of conscious effort for their efficient execution.
They reviewed the literature on this subject and described some experimental work using
a battery of cognitive tests that were designed either to be dependent upon or independent
of automatisation skills. Sixteen children with a mild degree of specific reading disability
performed significantly worse than 16 age and IQ matched controls at the "automatised"
tasks, but not at the others. These authors felt that the essential nature of automatisation
tasks could be conceptualised in 2 ways. Firstly, as a highly practised behaviour
attaining a limit of learning after which they were elicited automatically, and secondly as a

sequencing skill.

Nicolson and Fawcett (1990) compared the performance of 23 dyslexic children, aged 13
years, with age- and IQ-matched controls with a dual task paradigm; subjects performed
each test twice, once as a single task, and once as a dual task concurrently with a
secondary task. The primary task involved balancing on a beam and the 2 secondary
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tasks were counting backwards and an auditory choice reaction task; these were calibrated
so that each subject found them equally difficult. The dyslexic group performed
significantly worse under dual task conditions, but not under single task conditions. The
authors explained their results in terms of an automaticity deficit in dyslexia, and
suggested that many of the reading deficits of dyslexic children were merely symptoms of
a failure to fully automatise skills. Nicolson and Fawcett (1990) suggested that genetic
endowment, practice, and intelligence allowed dyslexic children to achieve mastery of
most skills.

Eakin and Douglas (1971) listed walking, talking, reading, and writing as examples of
automatised behaviour; this must raise questions concerning the hypothesised causative
link between deficient automatisation and specific reading retardation. It seems unlikely
that such a general and pervasive deficit as the automaticity hypothesis would suggest
(Nicolson and Fawcett, 1990) could allow normal performance at a wide range of
everyday tasks (e.g., driving).

1.5.6 Conclusion _

The wide range of theories on the actiology of dyslexia reflect the observation that "it
would be difficult to find a task on which reading-disabled children have not been
reported to be deficient" (Benton, 1978). Pennington and Smith (1983) stated that a
disorder such as dyslexia held out the long-term prospect for being understood at all
levels of analysis, including the genetic, neurobiological, neuropsychological,
environmental, and functional. More work is needed at all of these levels, but the above
outline of the aetiology of dyslexia emphasises the heterogeneous nature of this condition;
this is now acknowledged by most authorities (Naidoo, 1972, pp. 98-109; Mattis et al.,
1975; Brown, 1988). If optometric correlates of dyslexia are considered within this
framework, then if they play a causative role this is likely to be in conjunction with non-
visual factors (Solan, 1966).

1.6 CLASSIFICATIONS OF DYSLEXIA

Benton et al. (1968) felt that most cases of dyslexia-could be classified into 3 categories:
visuo-motor, where hyperactivity was the predominant feature; visuo-auditory,
characterised by weakness with phonics; and visuo-optic, which was characterised by
reversals in reading and spelling. Although this classification was based on a large
population, there may have been a referral bias since all the subjects had consulted an
ophthalmologist. Johnson and Myklebust (1967) and Jordan (1972) differentiated
between auditory and visual dyslexia according to the nature of the deficit. The former
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condition was characterised by an inability to auditorise and the latter as: an inability to

visualise, visual discrimination difficulties, and visual memory disorders.

Boder (1971) proposed that all dyslexic children could be classified according to one of 3
reading-spelling patterns; she said that none of these patterns had been found in normal
readers. Dysphonetic dyslexia was characterised by a child who read words globally, as
instantaneous visual wholes from the limited sight vocabularly, rather than analytically;
and as a result could not cope with new or unusual words. The opposite was dyseidectic
dyslexia, exemplified by the analytic reader who could not perceive letters or words as
visual wholes and who consequently read laboriously and could not deal with words that
were irregularly spelled or pronounced. The final group, mixed dysphonetic-dyseidectic
dyslexia-alexia, comprised children with the combined deficits of both groups; they were
usually the most severely handicapped educationally. Flynn and Deering (1989) used an
EEG technique to demonstrate increased left hemisphere acitivity in dyseidectic children
(compared to those from the other subgroups) during visuo-spatial tasks and reading.

Naidoo (1972, pp. 98-109) investigated subgroups in 94 dyslexic boys using a cluster
analysis on data from developmental, psychometric, neurological, and familial variables.
The results did not not support the concept of clearly defined subgroups but suggested
that there may be one main group with a maturational lag, another with a language
disability of genetic origin, and 2 smaller groups. One of these showed evidence of a
cerebral insult, visuo-spatial and visual retention deficits, and indiscriminate hand and
foot preference. The final sub-group also had poorly established laterality, but associated
with minor neurological signs and a familial tendency.

Mattis et al. (1975) used a battery of neuropsychological tests to classify dyslexia into 3
syndromes: language disorder; articulation and graphomotor dysco-ordination; and visuo-
perceptual disorder. Hulme (1981, p. 20) supported the existence of a group of retarded

readers whose problems stemmed from a language disorder, and another smaller group
whose difficulties were of a visuo-perceptual type.

Rutter (1978) pointed out that although reading difficulties appeared to have many causes
it was less clear whether this also meant that there were several distinct and different
syndromes of reading disability. He noted that numerous investigations had indicated
that dyslexic children could be subdivided into 3 groups: those with mainly language,
mainly articulation, or mainly visuospatial problems. He believed, however, that there
was an appreciable overlap between the groups and many children did not fall into a
definable category. Rutter (1978) concluded that attempts to differentiate specific reading

retardation into seperate syndromes on the bases of cognitive pattern; types of spelling
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error; genetic background; or presence or absence of brain damage, psychiatric disorder,
or social disadvantage were all fraught with problems. Brown (1988) argued that
dyslexia was so heterogeneous that it defied classification. Miles (1991) reviewed the
evidence concerning the Johnson and Myklebust (1967) and Boder (1971) classifications
and concluded that the visual/auditory dyslexia distinction was not valid. He criticised the
assumption that any weakness on a visually presented psychometric test was necessarily
connected with that modality, and noted that reading and writing were multisensory
activities in which the senses could support and interact with each other.

Singleton (1987) used investigations of the various types of acquired dyslexia, resulting
from injury to the adult brain, to build a model of the reading process and to identify the
stages in the system most vulnerable to imairment. Lubs et al. (1988) described a study
that was in progress to identify inherited subtypes of dyslexia and to characterise these by
specific genetic and other diagnostic techniques including PET scanning, MRI, and
behavioural tests. '

Christenson et al. (1990) believed that there were 3 basic types of dyslexia. Dyseidesia,
was said to be caused by dysfunction of the angular gyrus of the left parietal lobe and
resulted in impaired "whole word" coding. Dysphonesia was thought to be caused by
dysfunction of Wernicke's area of the left temporal and parietal lobes and resulted in
impaired phonetic coding. Finally, dysnemkinesia was claimed to be caused by
dysfunction of the motor cortex of the frontal lobe (left hemisphere for right handers) and
to result in impaired motoric memory of letter formulations, which was said to contribute
to a high frequency of letter reversals. This theoretical paper contained little evidence to
support this classification, particularly the final subgroup. Unfortunately, some authors
(e.g., Christenson et al., 1991) have assumed that classifications of dyslexia were
unequivocal and rigid and have based screening tests and treatment regimens upon them.

1.7 SYNTHESIS OF A HYPOTHESIS OF THE AETIOLOGY OF DYSLEXIA

Recent evidence has been described that suggests a neurobiological cause of dyslexia,
involving subtle lesions at many cortical sites, mainly in the left hemisphere (see Section
1.5.3.1). In the cases that have been studied to date, idiosyncratic combinations of these
sites have been affected in each dyslexic person, and it is seems likely that some
correlates of dyslexia represent functional corollaries of these structural abnormalities.
This could explain why these correlates are inconsistently associated with dyslexia, and
this condition may represent a syndrome where a variable number of these factors are
present in a given sufferer. Although many of these factors may contribute to the reading
disability, it would seem likely that some are non-causal correlates. This model could
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also explain the heterogeneous nature of dyslexia, which would be compounded by cases
who did not manifest the "dyslexic syndrome", but represented those poor readers with
normal IQ that would be expected to occur by chance in a normal population.

1.8 THE EFFECT OF PATHOLOGY ON READING ABILITY

When considering how significantly ocular problems might contribute to dyslexia, it is
relevant to consider the effect of visual loss through ocular pathology on reading ability.
Warrington and Zangwill (1957) reported a case study of a 41 year old patient who,
following head trauma, acquired dyslexia. He also developed a right homonymous
hemianopia, which split the macula, and was subsequently found to have a large left
occipito-parietal meningioma. His eye movements were abnormal. The reading
improved as his awareness of the hemianopia increased and he developed compensatory
head and eye movements. The authors felt that the atypical eye movements probably
resulted from abnormalities of visual perception, and that the reading disability was at
least partly owing to a failure in oculomotor adjustment secondary to the hemianopia.
Although no quantitative data were given, this case study suggested a causative link

between the deficient oculomotor scanning mechanism (here caused by the hemianopia)
and the acquired dyslexia.

Kinsbourne and Warrington (1962) described 6 patients with lesions (owing to tumours
or strokes) of the right hemisphere causing left hemianopia. They suffered from a reading
disability whereby they guessed the left half of every word they read; e.g., level might be
read as novel. When the patients were shown a word that was positioned in a
tachistoscope so that it fell completely in their seeing hemifield they still only saw half the
word and completed it as before; it was concluded that the reading disability was caused
by a pathological alteration in the perceptual processes causing an abnormal distribution
of visual attention. The authors' statement that the patients were unaware of their
disability was puzzling; the subjects would surely have known that their reading was poor
and the idiosyncratic nature of their errors must have been noticeable. No statistical
evidence was presented.

Bodis-Wollner (1972) presented data on 2 patients with cerebral lesions, and 4 normals.
Eye examination results were said to be normal (no details were given), although
unspecified visual field defects were mentioned. Both subjects had difficulty reading,
and abnormal contrast sensitivity functions (CSF's), despite normal visual acuity. Bodis-
Wollner (1972) attributed the reading defect to an effect of size-tuned channels in the
visual system.
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Hartje (1972) reviewed the effect of neurological oculomotor disorders on reading, and
described subjects with severely reduced visual acuity owing to nystagmus who were
unable to read until injected with barbital. Another case compensated for a failure of
saccadic eye movements by jerking his head with an accompanying blink during reading;
this may demonstrate the need to take in information in discrete parcels. In oculomotor
apraxia the harder the patient tried to turn his eyes, the more he was unable to do so,
although full random movement of the eyes may be possible. Hartje (1972) reported that
this condition often resulted in reading difficulties, and in one case was associated with an
absence of convergence and accommodation. Spasmodic fixation was described as the
condition when a patient's eyes tended to remain fixed on any point in central vision and
could not be moved voluntarily unless the retinal afferences were interrupted. This
"pathologically-exaggerated fixation reflex" meant that the eyes were only able to fixate a
slowly moving stimulus or along closely arranged dots and was said to result in a fairly
typical reading difficulty.

Hartje (1972) described "failure of fixation" as an oculomotor disorder that was
complementary to spasmodic fixation and occurred when the patient had difficulty in
keeping his eyes fixed on any object outside their resting position. This had often been
considered to result in reading disability. The author next described a feature of Balint's
syndrome called psychic paralysis of gaze where, during fixation, a subject had an
inability to direct the gaze towards a point in the peripheral field of vision. This condition
could be described as a combination of failure and spasm of fixation, and was also often
associated in the literature with a reading disorder. Hartje's (1972) review concluded that
although some cases of reading disability were primarily owing to an eye movement
disorder it was not easy to determine to what extent such a disorder was the cause or the
result of a reading disturbance. This problem was not resolved by eye movement
recordings, although the author suggested that examination of eye movements on more
elementary levels of function may be revealing. In view of the sevére neurological
problems that this paper described, the statement that "the optokinetic functions must be
grossly defective in order to produce a reading disability” was not surprising. This must,
however, weaken the arguments of those who claim that subtle eye movement disorders
play a causative role in dyslexia. This paper only considered version movements, did not
always clearly differentiate between congenital and acquired conditions, and did not
consider the possibility that some of the cases in the literature could have resulted from a
visual conversion reaction.

Cummings et al. (1985) evaluated the reading eye movements of 36 adult eyes with a

central scotoma from various retinal diseases. Visual field data were combined with eye
movement recordings to determine which area of the visual field the patient was using for
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fixation. The authors found that 72% of their patients habitually used 1 area of the retina
for fixation, although some used 2 areas. The remainder of the patients had not
developed a single preferred viewing angle. The reading rate diminished with log size of
central scotoma (r = -0.67), although the accuracy of symbol or word recognition did not
significantly alter, even with central scotomata up to about 20° in diameter.

Ciuffreda et al. (1985) examined the eye movements of 4 patients suffering from
Friedreich's ataxia, congenital dyslexia, hemianopia with acquired dyslexia, and
quadrantopia during the tasks of following a moving dot, reading dots, and normal
reading. The patient with Friedreich's ataxia made frequent saccadic intrusions, although
less so when reading print. The third patient had had neurosurgery at the age of 17
subsequent to a subarachnoid haemorrrhage. This had left him with right homonymous
hemianopia (with macula sparing), acquired dyslexia, and specific perceptual deficits. He
was thought to have a problem in visual reception and poor visual sequential memory.
Saccades into the seeing hemifield were accurate, but saccades into the blind hemifield
were generally inaccurate, often with large (approx. 5°) dynamic overshoots.
Predictably, his pursuit movements showed more corrective saccades when tracking the
target toward the blind field. Reading was slow, with an excessive number of
progressive saccades of small amplitude, often with abnbrmally large dynamic

overshoots. The return-sweep saccade was generally hypometric, although mean fixation
duration was normal, as was the mean regression level.

Ciuffreda et al.'s (1985) fourth patient had, at the age of 24 years, undergone
neurosurgery to repair a spontaneous intracerebral haemorrhage in the left posterior
temporal lobe. This resulted in an upper right homonymous quadrantanopsia (with
macula sparing), severe aphasia, and total alexia. Fixational, saccadic, and pursuit eye
movements were all within normal limits. Reading of dots and easy text was normal, but
with unfamiliar text there was an increased number of fixations, producing an abnormally
slow reading rate. This was thought to result primarily from the residual, post-traumatic

brain dysfunction, presumably including the language processing centres, rather than the
field defect.

Drasdo (1988b) briefly described a hemianopic patie‘nt with "pseudo-dyslexia". The most
significant ocular factor contributing to the reading disability was not the hemianopia
(which was in the left hemifield) but was poor accommodation.

Bailey et al. (1988) presented an abstract of their study of the effect of age-related
maculopathy (ARM) on reading ability. Eye movements were monitored while subjects
read word and text charts that contained a wide range of print sizes. The ARM subjects
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made similar fixation pauses to normals, but had smaller perceptual spans and made more
regressions. Luminance levels had a larger effect than normal, particularly on perceptual

span, but did not influence fixation duration and regression rates.

Beauchamp and Kosmorsky (1989) described the neural systems that moved the eyes
during reading, but pointed out that these systems did not have to be functioning properly
for normal reading to be possible. They gave the examples of: albinism, chronic
progressive external ophthalmoplegia, subnormal visual acuity, and nystagmus as
disorders that seriously compromised vision or ocular motility without impairing reading.

They did not discuss the role of compensatory strategies in overcoming these problems.

1.8.1 Conclusion

Care should be taken in extending findings for experienced readers who develop an
abnormality to those who were born with an abnormality. The evidence in this review,
however, suggests that although severe ocular or cerebral pathology may slow the

reading rate, it does not necessarily seem to cause the excessive reading and spelling
errors that are characteristic of dyslexia.
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CHAPTER 2
A REVIEW OF OPTOMETRIC
CORRELATES OF DYSLEXIA

2.1 INTRODUCTION

The terminology used in this review is taken from the paper under description. Reading
disability and reading disabled will be abbreviated to RD and visual acuity to V/A. Since
dyslexia is normally included under the generic heading of learning disabilities, key
studies of learning disabled children will be included. Research on accommodation will
be included in the section on binocular vision anomalies.

Most of the optometric tests in the review chapters are explained in Chapters 6 and 7, and
some of the psychometric tests are described in Chapters 5, 6, and 7. Where unique or
very uncommon tests have been used, these will be described in the review. For a
description of other optometric tests that are referred to in the review chapters, the reader
is referred to Millodot (1986), and for the psychometric tests to Sweetland and Keyser
(1983).

2.2 PREVIOUS REVIEWS

Witty and Kopel (1936) concluded that the following problems, singly or in
combination, were unrelated to reading deficiency: slow fusion, no fusion, lateral muscle
imbalance, deficient acuity, and ametropia. They felt, however, that these visual factors
could contribute to poor reading in individual cases and that eye examinations were an
important part of the management of reading disability.

Robinson and Huelsman (1953) noted that previous research in this area was subject to

one or more of the following limitations:
"1. Assumptions have been made that the visual screening tests used were both reliable and
valid.

2. Assumptions have been made that the norms for the tests used are adequate. In some
instances adult norms have been applied to children.

3. Visual characteristics other than those included in existing visual screening tests have
generally not been considered.

4. The subjects from which data were collected have not been adequately described.

5. Sampling errors appear to limit the applicability of some conclusions.

6. Results were based upon as few as nine or ten subjects.

7. Identification of good and poor readers has been made when intelligence tests which
required reading were used as a means of measuring reading expectancy. This practice is
questionable for poor readers.

8. The statistical analysis of data has been inadequate to determine whether differences and
similarities resulted from chance.”

=37 =



Many of these criticisms are just as relevant for research today as they were 35 years ago.
The authors concluded that there was inconsistent evidence for a relationship between
visual efficiency and reading progress.

Huelsman (1953) reviewed several studies, many of them carried out by Eames, and
concluded that the following defects are probable factors in reading disability: exophoria,
hypermetropia, poor stereopsis, aniseikonia, amblyopia, premature birth, and fatigue.
She suggested several implications for teaching.

Vernon (1957) reviewed the relationship between various visual defects and reading

disability. A summary of this review is given in Table 2.1.

RESEARCHER DATE

Eames
Selzer

Witty & Kopel

Eames

Fendrick

Wagner
Farris
Dearborn &
Anderson
Spache
Wolfe
Macmeeken
Schonell

Park & Burri

Park & Burri
Robinson

Park

Eames

Table 2.1

1932
1933

1935
1935

1935

1936
1936

1938
1940
1941
1942
1942

1943a

1943b
1946

1948
1948a

OPHTHALMIC CORRELATES

exophoria & hypermetropic astigmatism

eye muscle imbalance & poor
fusion (unsystematic study)
slow fusion

exophoria

hypermetropia

low fusion

(TOTAL NO. IN STUDY:
binocular acuity

astigmatism

fusion, acuity, poor stereopsis
hypermetropia & strabismus

aniseikonia

(TOTAL NO. IN STUDY:
exophoria & aniseikonia
astigmatism

strabismus

strabismus
hypermetropia or astigmatism
"total eye defect score'
‘total duction score’
exophoria

(TOTAL NO. IN STUDY:

fusion, stereopsis, duction, poor V/A

poor duction
high phorias
hypermetropia
heterophoria

poor conv.,, accomm., & Stereopsis

hypermetropia
exophoria
(TOTALNO. IN STUDY:

INCIDENCE

7, 114 RD,146 controls

90% of a few RD (9% of

100 controls)

29% of 100 RD

1% of controls

63% of RD : 16.7% of controls
53% of RD : 27.6% of controls
44% of RD : 18% of controls
100 RD & 143 controls)

48% of RD : 23% of controls
42% of RD : 23% of controls
not significant

caused less gain in reading over
1 yr, helped by lenses

51% of RD : 23% of controls
100 RD & 100 controls)

total of 50 RD in study

9

?

4% of RD: 0.2% of controls
22% of RD : 15.5% of controls
correlation co-effic.: 0.465

0.647
0.631
225)
?: total in study: 11 RD
20 0of 30 RD
> half of 30 RD
9
45% of 133 RD
"frequent”
43% of RD: 12% of controls
"more frequent”

1000 RD & 150 controls)

Summary of Vernon's (1957) review. The "ophthalmic correlates" column describes the
visual problems that the researcher(s) were said to have found in their RD subjects, and
the incidence column gives, where quoted, any quantitative evidence or the total number

of subjects in the study.

accommodation.
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Vernon (1957) summarised that it is not clear what proportion of reading disability is due
primarily to ocular defects, although she thought that such defects could affect reading
and should therefore be corrected as soon as possible, particularly in older children who
read smaller print. She believed that even small degrees of muscular imbalance were
significant and noted that orthoptic training may help.

Eames (1959) reviewed his studies on 3,500 children who had been referred to him, half
with reading disability. He has a unique multi-disciplinary approach, being an
ophthalmologist and a educationalist. Unfortunately, his sample is likely to be affected by
a referral bias: patients referred to an eye care practitioner are more likely to have visual

problems than those who are not. His findings, which were not subjected to statistical
analysis, will be described below.

Critchley (1964) succinctly and comprehensively reviewed all aspects of dyslexia. He
believed that severe brain damage might cause death, whereas increasingly milder damage
might lead to cerebral palsy, epilepsy, or dyslexia; such cases were said to differ from,
and to be rarer than, developmental dyslexia. This term was reserved for poor readers
who had difficulty learning the meaning and sound of verbal symbols; although
neurologically sound their problem was said to be constitutional in origin. Critchley
(1964) concluded that developmental dyslexia was not associated with anisometropia,
oculo-motor anomalies, or field defects, and was probably not associated with colour
"vision defects. He said that abnormal eye movements were an effect, rather than a cause
of dyslexia, and thought the results of visual perception experiments to be equivocal.

Weisbach (1965), in describing the ophthalmologist's role in dyslexia, included a review
of some of the literature. He listed many causal factors, including hyperopia, aniseikonia,
fusional irregularities, and visual immaturity; hemianopia was also described as a
common finding in dyslexia. He went on to describe how an ophthalmologist should
diagnose a dyslexic and detailed treatment and prognosis. This review mainly comprised

the author's opinions; no results or statistical evidence were given, and very few studies
were cited.

Solan (1966) reviewed "some physiological correlates of dyslexia". He suggested that
the most significant anomaly was an inability to change or sustain accommodation, which
was usually accompanied by low divergence. It was also hypothesised that excessive
activity of the sympathetic nervous system could cause hyperactivity, reduced
accommodative control, and mydriasis resulting in photophobia. The role of visual

training in such cases was briefly described. The author's views were not supported by
data or references.
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Shearer's (1966) review concluded that the following ocular problems were factors in
dyslexia: hypermetropia over 1 D, poor convergence, and exophoria at near. He thought
that myopia and stereopsis were definitely no