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ABSTRACT

This five year longitudinal study focuses on (a) a comparison at two ages of two 

multivariate techniques for defining dyslexia; (b) the cognitive and behavioural 

characteristics associated with the presence of a large discrepancy between ability and 

reading and spelling achievement; (c) the rate of development of reading and spelling 

over a five year period; and (d) the extent to which reading ability can be accurately 

predicted.

Regression and cluster analyses were used to identify dyslexic groups in a sample of 

416 school children followed longitudinally from age eight to age thirteen.

Concordance between the two methods at age eight was high, 95% of the dyslexics 

identified by regression were identified by cluster analysis. At age thirteen concordance 

was lower between the two techniques, with 67% of those identified by regression also 

identified by cluster analysis. Using each technique, three separate groups of dyslexics 

were identified. A stable group who were identified as dyslexic at both ages, a transient 

group who were identified as dyslexic only at age eight and a ’late developing’ group 

who were identified as dyslexic at age thirteen but not at age eight.

Six factors were derived from a cognitive and neuropsychological battery. These were 

interpreted as measuring: Visual and auditory memory and motor skills, Handedness, 

Spatial ability, Sequencing ability, Memory and Left right discrimination. Performance 

on three of these factors: Sequencing, Left-right discrimination and Visual-perceptual 

memory, differentiated the dyslexics and controls and contributed significantly to both 

the concurrent and future prediction of reading achievement.

Results of a two factor (dyslexic vs non-dyslexic by Time) multivariate analysis of 

variance indicated that the reading performance of dyslexics, defined by both 

techniques, improved at a faster rate than that of controls over the five year period.
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Dyslexic readers, however, did not approach the levels of performance of the non 

dyslexics at either age. For measures of spelling and Verbal IQ, the rate of development 

was found to be similar for both groups.

Prediction of later reading achievement was found to be as accurate as current 

prediction. Stepwise multiple regression equations indicated that at age eight a subset of 

cognitive variables and age accounted for 45%, 39%, 41% and 53%, respectively, of 

the variance in Schonell Reading, Schonell Spelling, Neale Accuracy and 

Comprehension. At age thirteen, the same variables, excluding age and including a 

measure of attention, accounted for 44% of the variance in Schonell Reading and 44% 

in Schonell Spelling. The best predictor of later reading was prose reading at age eight. 

When this measure was included in the analysis, the other cognitive variables 

contributed only small amounts of additional variance.



CHAPTER 1 INTRODUCTION

This thesis is based on a longitudinal study of 416 children. Children included in the 

study were selected from primary schools throughout England in a two stage process. 

The first stage of sampling consisted of the selection of children in the last two years of 

primary school. The second stage consisted of the selection of three groups: 

overachievers, achievers and underachievers. All subsequent analysis was conducted 

on this selected sample or on the follow-up sample. The children had a mean age of 

eight at the time of the second stage of sampling and of thirteen at follow-up.

The primary objectives of the present study were (1) to investigate the impact of two 

different statistical techniques on the kind of children identified as dyslexic; (2) to 

explore the cognitive, neuropsychological and behavioural correlates of dyslexia, and; 

(3) to assess the development of reading, spelling and intelligence over the five year 

period of this study and to examine the impact of rates of development on the stability 

of group membership.

The study is composed of three parts. The first part (Study 1) explores the impact of 

two different statistical methods of defining dyslexia on the number and kinds of 

children identified as dyslexic. It also examines the cognitive and behavioural correlates 

of dyslexia. The second part (Study 2) presents data on the same sample five years later 

and, on the basis of current reading and spelling, defines two new dyslexic groups 

using the same techniques presented in Study 1. In the third section (Study 3), data 

from the first two parts is drawn together and issues of prediction, stability and 

prognosis addressed.

The data described in this thesis form part of the Linbuiy Research Project. The 

Linbury Research Project began in 1981 and gathered neuropsychological, cognitive, 

family, academic and behavioural data on a sample of children. The project was
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designed to develop a better understanding of children with reading and spelling 

disabilities by testing as many was feasible of the current cognitive and 

neuropsychological theories of dyslexia. In particular the emphasis was on testing these 

in a large non clinical sample. Table 1.1 outlines the three major phases of the project.

Table 1.1. The Linburv Research Project: Research Protocol

Assessments Sample
PHA SE I Intellectual n=1361
(1981-1982) Reading & Spelling 

1
S election  o f  G roups
1. Overachievers (n=86)
2. Achievers (n=97)
3. Underachievers (n=327)

685 boys, 676 girls 
Mean age 8 years 7 months

Assessments Sample
PH ASE II Intellectual n=510
(1982-1985) Reading & Spelling 296 boys, 214 girls

Neuropsychological & Cognitive

Parent Interview
Teacher Interview
Pediatric Neurology (selective)

1
FOLLOW -UP

Mean age 8 years 6 months

Assessments Sample
PH A SE I II Intellectual n=416
(1987-1989) Reading & Spelling 250 boys, 166 girls 

Mean age 13 years 7 months
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The author joined the Linbury Research Project in 1987 to design and execute Phase III 

and conduct analyses on Phases I and II. Data from all three phases are presented in the 

thesis. All the analyses presented here have been carried out by the author.
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CHAPTER 2 REVIEW OF THE LITERATURE

2.1 THE PROCESS OF READING

Reading is a highly complex learned skill, one which, it has been argued, can be 

broken down into a series of subprocesses. Models of reading have attempted to detail 

the functioning of the various subprocesses and to make explicit the manner in which 

they interact in fluent reading (e.g. Ellis & Young, 1988; Goodman, 1967;

Gough, 1972; LaBerge and Samuels, 1974; Rumelhart, 1977; Mitchell, 1982). These 

models typically incorporate three major subprocesses: a visual analysis system, a word 

recognition system and a means of recovering information from memory about the 

grammatical category of a word and its meaning. Despite the incorporation of these 

basic subprocesses, all of which can be further subdivided, theorists are at variance as 

to their interaction and relative importance. These subprocesses will be briefly 

discussed within the framework of a model devised by Mitchell (1982) which is used 

as an exemplar of these models. A simplified version of this is presented below.
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Figure 2.1. A Schematic representation of the major subprocesses involved in fluent
reading. Adapted from D.C. Mitchell The Process o f  Reading
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2.1.1 Visual Analysis

In this model, the visual analysis system has two main functions: (a) to identify letters 

in written words, non-words or letter strings and (b) to encode each letter for its 

position within the word. Mitchell (1982) proposed that these functions are represented 

by a subprocess [ 1 ] in which a sample of features from the icon are transferred to a 

short term visual memory store (STVM) and information about the position of each 

feature determined by the relative position of the eye. A composite image is built up of 

the "read” word as information from successive icons is combined.

2.1.2 Word Recognition

Two main operations are assumed to draw upon the information gained from the initial 

visual analysis in the model proposed by Mitchell (1982). The first procedure is 

represented by [2] in the figure above and it is presumed to identify words directly from 

the array of features in STVM. The second procedure draws upon the same information 

in STVM; but rather than recognising the word directly from visual features, it draws 

upon knowledge of letter-sound correspondences converting the sequence of letters into 

a phonemic representation. The first procedure, usually referred to as the visual route, 

allows familiar written words, that is words with entries in some visual input lexicon, 

to be identified, while the second procedure, the phonological route, provides a 

mechanism through which pronunciations for unfamiliar or invented written words, 

which have no entry in the visual lexicon, can be derived.

The existence of two routes to word recognition as outlined in Mitchell’s (1982) model: 

the visual route and the phonological route is widely accepted (Coltheart, 1978; 

Coltheart, Patterson and Marshall, 1980; Ellis, 1984; Ellis & Young, 1988). What is 

less clear is the extent to which they interact, and the effect of processing within one
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route on processing in the other. Mitchell (1982) attributes a back-up role to the 

phonological route, a role which it shares with the use of contextual syntactic 

information and semantic rules, to identify a new word. Subsumed in the model above, 

under the heading ’’indirect back-up procedures” Mitchell (1982) concludes that these 

procedures are slower and less efficient than direct word recognition.

Other theorists have argued against the dual-process view and claim to have shown that 

these two routes are not separable entities (Kay & Marcel, 1981; Shallice & McCarthy, 

1985). Kay & Marcel (1981) provide empirical evidence which suggests that 

pronunciation of a non-word, such as NOUCH, is influenced by real words seen 

recently. If, the phonological route were a separate process it should, these authors 

argue, be autonomous and insulated from activities in the visual route. They propose a 

single route from print to sound in which unfamiliar words (or words presumed to be 

read through the phonological route in other models) are pronounced by analogy with 

familiar words having matching segments. For example they argue that a non-word 

such as NOUCH would be compared to other similar words in the visual lexicon 

(COUCH, POUCH, TOUCH) and pronunciation determined either by the greatest 

number of resemblances, or by a recently read word having a similar root.

2.1.3 Construction of Propositions

The final stages in the processing sequence following word identification are 

represented in Mitchell’s model by stages [3], [4], and [5]. Here the words are 

analysed, and the propositions expressed in the sentence constructed with reference to 

pre-existing sources of information, such as semantic and syntactic rules. These 

propositions are then linked and organised into long-term memory, the detail in which 

they are stored depending largely on the reader’s purpose.



2.2 READING FAILURE

Vellutino (1979) distinguishes between ’’extrinsic” and ’’intrinsic” causes of failure to 

read. The most widely described ’’cause” of reading failure falls into the extrinsic 

category and is that of social background with a higher incidence of reported reading 

problems associated with families in which the head of the household is employed in 

non-manual, manual or unskilled occupations i.e. social classes III, IV and V (Douglas 

etal., 1968; Eisenberg, 1966; Kelmer-Pringle, 1966; Pumfrey & Naylor, 1978). Other 

extrinsic causes include lack of opportunity, frequent change of school, poor 

curriculum and *bad’ teaching (Thomson, 1990). Intrinsic causes include a range of 

emotional and behavioural problems such as hyperactivity, difficulties in attention or 

social adjustment, low intelligence, brain damage, and sensory deficits. Although the 

relationship between low IQ and reading is unclear, children at the lower extreme of the 

IQ distribution have been shown to have difficulty learning to read, as well as 

difficulties in related tasks. For example, comprehension for children with IQ’s in the 

retarded range has also been found to be extremely poor (Healy, 1982) in spite of fluent 

oral skills. Thus it appears that the array of skills that make up IQ may be important if 

all the subskills of reading are to be mastered.

A further, largely independent explanation for the difficulties an individual may 

encounter when learning to read, is the phenomenon of developmental dyslexia. 

Dyslexia, as a label, is commonly applied to difficulties in reading of two kinds: 

acquired and developmental. Acquired dyslexia is the disruption by brain damage of the 

reading performance of a previously skilled adult reader. The term developmental 

dyslexia, often abbreviated to dyslexia, is used to refer to a child who has a severe and 

persistent difficulty with the written form of language, which has no apparent intrinsic 

or extrinsic cause. Reported incidence rates in the United Kingdom vary. The British 

Dyslexia Association estimates that 10% of children are handicapped to some degree by 

dyslexia, 4% severely.
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2.2.1 Definitions of dyslexia

Considerable controversy exists concerning the definition and nature of dyslexia. A 

controversy which is reflected in the profusion of terms used to describe dyslexia and 

in the lack of a universally accepted definition. A recent report from the Division of 

Educational and Child Psychology of the British Psychological Society (1983), 

considered labels such as: dyslexia, specific reading retardation, specific learning 

difficulty, specific developmental dyslexia, reading disability, learning disability and 

specific reading difficulties. The latter emerged as the most preferred term, chosen by 

42% of its members. This was followed closely by specific learning difficulties (39%). 

The preference for dyslexia was markedly lower in this population (6%), which is in 

sharp contrast to preferences expressed by the British Dyslexia Association and the 

Dyslexia Institute and by Miles (1983) and Newton & Thomson (1975) for the term 

dyslexia. This lack of a firm definition had lead to different children being identified as 

dyslexic (Epps, Ysseldyke & Algozzine, 1983).

An additional explanation for the large number of definitions is the wide and varied use 

to which definitions are put. Clinicians, educationalists and psychologists all employ 

definitions for different purposes. For example criteria to determine provision of special 

education under the 1981 Education Act may be very different from criteria adopted by 

a researcher interested in an aspect of cognitive functioning.

The complexity of existing definitions reflects, in part, the difficulty of separating 

dyslexia from more general underachievement. Rutter & Yule (1975) have drawn a 

distinction between specific reading retardation (dyslexia) and general reading 

backwardness. Specific reading retardation refers to the situation where reading 

achievement is substantially below expectation for age and IQ. Reading backwardness 

results when reading achievement is below that expected on the basis of age alone.
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Children defined as reading backward have been reported to have a lower IQ, a wider 

range of motor abnormalities, a greater occurrence of overt neurological disorders, a 

more equal sex distribution and to come from a lower social economic class than the 

specific reading retarded (Rutter, 1978; Rutter & Yule, 1975). This distinction is 

reflected in many research, educational and clinical contexts in which a diagnosis of 

dyslexia depends on poor reading and spelling, in the presence of average or above 

average intelligence. Furthermore, a child is not typically labelled as dyslexic, if 

sensory, neurological, emotional or educational factors could be deemed to be 

responsible for the reading disability, but may be labelled as reading backward.

Some scepticism exists about the validity of the distinction between dyslexia and 

general reading backwardness. Taylor, Satz & Friel (1979) found no differences 

between a group of boys classified as dyslexic and a group with comparable reading 

scores excluded from a diagnosis of dyslexia, in either the initial severity of the reading 

problem, prognosis or competency of other family members in reading or spelling. 

Similarly Seigel (1988) found very few differences between the specifically or 

generally retarded readers on a range of reading, spelling, language and memory tasks. 

Jorm, Share, Maclean & Matthews (1986) found that although the backward readers 

were deficient on a broader range of cognitive tasks at the time they entered school, the 

patten of their academic deficits was found to be highly similar. Seidenberg, Bruck, 

Fomarolo & Backman (1985) conclude that performance of the subjects classified as 

dyslexic was highly similar to that of the backward readers. They found that on the 

basis of performance it was not possible to determine which were the clinically defined 

dyslexics and which the poor readers. These findings present a challenge to the 

traditional notion of dyslexia as easily dissociated from other reading disorders and 

raise the possibility that reading failure, in those typically excluded from diagnosis of 

dyslexia, may be no different from reading failure in those typically included.
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Existing definitions of dyslexia can be broadly grouped into those based on descriptive 

and clinical criteria, and those based on statistical criteria. This definitions will be 

considered separately below, although this division is somewhat arbitrary, as many 

definitions include both descriptive statements and statistical criteria.

2.2.1.1 Descriptive and Clinical Definitions

The World Federation of Neurology defines developmental dyslexia as:

” 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 ’’(Cited 
in Critchley, 1970, p. 11).

Eight years later, a more specific version was produced by Critchley & Critchley 

(1978) in which the nature of the difficulty was made more explicit and the 

exclusionary criteria expanded to exclude children with known brain damage. In 

addition, it includes tentative statements regarding the prognosis:

” Developmental dyslexia is a learning disability which initially shows itself by 
difficulty in learning to read, and later by erratic spelling and lack of facility in 
manipulating written as opposed to spoken words. The condition is cognitive in 
essence, and usually genetically determined. It is not due to intellectual inadequacy, or 
to lack of socio-cultural opportunity, or to emotional factors, or to any known structural 
brain defect. It probably represents a specific maturational defect, which tends to lessen 
as the child gets older, and is capable of considerable improvement, especially when 
appropriate remedial help is afforded at the earliest opportunity (Critchley & Critchley, 
1978, p. 149)”.

The definition proposed by the British Dyslexia Association places spelling ahead of 

reading in the list of difficulties, and implicates more general language difficulties. It



introduces the concept of a discrepancy between ’’mental potential” and "educational 

level”, and defines a dyslexic individual as:

’’one who has a specific language disability affecting spelling, reading, and other 
language skills characterised by a discrepancy between his mental potential and his 
educational level despite conventional classroom instruction and despite absence of any 
primary emotional or adverse environmental condition” (Cited in Young & Tyre, 1986, 

p. 11).

The introduction of spelling to the definition is important in the light of a number of 

researchers who have attempted to identify a subgroup of dyslexics who have spelling 

problems in the absence of accompanying reading problems (Bruck & Waters, 1988; 

Finucci etal.> 1983; Frith, 1980; Jorm, 1981; Naidoo, 1972; Nelson & Warrington, 

1974; Share etal., 1987).

All these definitions can be criticised for lack of specificity. For example what 

constitutes "conventional instruction”, ’’adequate intelligence”, ’’lack of socio-cultural 

opportunity” or ’’adverse environmental condition”? How severe is the ’’disability” and 

what constitutes a significant discrepancy? Arguably the only meaningful way in which 

dyslexia can be operationally described using these definitions is by stating precisely 

both the severity of the reading and/or spelling problem and in the case of the BDA 

definition, the size of the discrepancy between ’’mental potential” and ’’educational 

level” considered significant. The next section discusses definitions which have 

attempted to make such statements.

2.2.1.2 Statistical Definitions

Implicit in the majority of definitions is the assumption that an individual should be 

achieving (e.g. reading and spelling) at a level predicted by his or her ability (e.g. 

measured intelligence, chronological age, grade placement). A dyslexic individual is
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one who fails to reach this predicted level, having instead a ’’significant” discrepancy 

between ability and achievement, in favour of higher ability and lower achievement. 

There are at least three ways in which a discrepancy can be determined: (1) as a 

deviation from grade level or chronological age; (2) as a difference between two 

standard scores and; (3) as a difference between an observed and a predicted score, in 

which the predicted score is derived from a regression equation. There are also two 

ways in which the severity of the resulting discrepancy can be determined: (1) the use 

of a cut-off score beyond which a discrepancy is considered severe or; (2) multivariate 

techniques, such as cluster analysis, which avoid the explicit use of a cut-offs.

2.2.1.2.1 Grade Level or Chronological Age

According to this class of definitions, a child is labelled as dyslexic if his or her reading 

is significantly below grade level or chronological age. There is, however, no precise 

agreement on the number of years a child must be below age or grade to be considered 

dyslexic and there is variation across studies and across age groups. Lyle & Goyen 

(1969) added half a year to the size of the discrepancy increasing for every grade.

Thus, a child was dyslexic if he was one year behind grade at Grade 2; one and a half 

years behind at Grade 3; two years behind at Grade 4 etc. More recent studies have 

taken discrepancies of one half of grade level (e.g.a child in the 4th grade who is 

reading at the 2nd grade level or lower, Decker & DeFries, 1981); one year behind 

grade level (e.g. Wood and Richman, 1988); fifteen to twenty months behind grade 

level (e.g. Speece, 1987); two or more grades below the level appropriate for age (e.g. 

Mattis, French & Rapin, 1975). Concerning chronological age, it is common for a 

discrepancy of one or more years between ability and achievement to be considered 

significant (e.g. Byrne & Shea, 1979; Frith, 1980; Holligan & Johnston, 1988; 

Johnston, Rugg & Scott, 1987).
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These two methods of defining a severe discrepancy i.e. years below grade level or 

below chronological age, have both been widely criticised (Bennett, 1982; Reynolds, 

1981; Shepard, 1981, 1983). Used in isolation both methods have the tendency to 

identify slow learners rather them children whose performance is significantly different 

from their ability. While such children may have problems with reading, and some may 

be dyslexic, a large number are likely to be functioning academically at a level 

consistent with their intellectual ability. Consequently, no severe discrepancy exists 

between their expected and obtained achievement levels and one could argue that the 

definition of dyslexia is inappropriate.

A further difficulty relates to the use of a fixed discrepancy to select subjects as dyslexic 

regardless of their age.The increase in the dispersion of achievement scores with age 

means that a child of nine years who is reading one year below age may have problems 

as severe as an eleven year old reading two years below age level (Anastasi, 1982). If  a 

fixed two year discrepancy is used to select subjects, in a study which includes 

children from different age groups, the severity of the disability of children in that 

group will vary as a function of age. The older children will tend to have less severe 

problems. On the Wide Range Reading Test, for example, Gaddes (1976) found that if 

a cut-off of two years below grade level was employed, one percent of six year olds 

was identified as dyslexic, two percent of seven year olds and 25% of 19 year olds. 

Gaddes (1976) argues that ’’using a fixed academic retardation lag at all school ages to 

define educationally impaired children is illogical and scientifically untenable” (p. 15).

2.2.1.2.2 Standard Score Formulas

The second method used to define dyslexia involves assessing the discrepancy between 

IQ and achievement as measured by standard scores. In this method, if the reading 

standard score is significantly below the IQ standard score, the child is classified as
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dyslexic. However, no agreed criteria exist for determining the size of the discrepancy 

which is considered ’severe’ and a number of different approaches have been adopted. 

Children have been classified as dyslexic, if the discrepancy between IQ and 

achievement falls in the bottom 10% of those whose IQ standard score is higher than 

the reading standard score (e.g. Erickson, 1975); in the presence of half a standard 

deviation discrepancy between IQ and achievement scores (e.g. Mitterer, 1982); a one 

standard deviation discrepancy between IQ and achievement scores (e.g. Jorgenson et 

al., 1985, 1987) or one and a half standard deviations between IQ and achievement 

scores (e.g. Nussbaum & Bigler, 1986).

One serious drawback to this approach is that the statistical comparison of two 

correlated test scores is associated with regression to the mean (Yule, 1978, Shepard, 

1980). The correlation between IQ and reading, both variously defined, has been 

reported to fall between 0.3 and 0.7 (Stanovich, Cunningham & Feeman, 1984). The 

result of this imperfect correlation is, that given a score on IQ, the optimal linear 

prediction of the score on reading will tend to be closer to the mean of all the other 

reading scores than IQ was to the mean of the other IQ scores. Thus, if a direct 

comparison is made between the measures, the greater likelihood is for extremely 

intelligent children to be identified as underachievers due to the fact that their relative 

position in the distribution of reading scores tends not to be as high as it is in the 

distribution of IQ scores. Conversely, children with low IQ’s will, on average, have 

relatively higher reading scores than IQ scores, although the reading scores may still be 

below the mean. The opposite effect is found when grade level or chronological age is 

used, discussed above, as these tend to identify less intelligent children as dyslexic.

A possible solution to the problem of regression to the mean is given by Shepard

(1980), although only feasible for a large sample. Instead of taking a specified 

percentage with the largest discrepancy, Shepard suggests that a specified percentage is 

taken from each IQ score, or interval, thereby identifying those with the largest
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discrepancies at the various levels of IQ. This approach, she argues ’’will sample 

equally from the full performance continuum” (p.84).

2.2.1.2.3 Regression Equations

It has been argued that, where possible, the most appropriate method of defining a 

dyslexic group is through the use of a regression equation (Evans, 1990; Reynolds, 

1984; Rutter & Yule, 1975; Shepard, 1980; Yule, 1967). Accounting for the correlation 

between reading score and IQ or age, the regression approach determines an expected 

reading score and avoids the phenomenon of regression to the mean. Using this 

method, no universal criterion exists for determining how far from prediction a score 

must be for a child to be classified as dyslexic. Yule and his colleagues initially 

suggested that a cut-off of two standard errors below prediction produced a group of 

children who tend to have a severe and persistent disability (Yule, 1973; Yule etal., 

1974; Rutter & Yule, 1975, Rutter etal., 1976). However, this two standard error cut

off has not been universally adopted. Other studies have found that it identifies too 

small a group and prefer to employ a higher cut-off of one and a half standard errors 

(Horn & O’Donnell, 1984; Jorm etal., 1986; Silva etal., 1985).

There is suggestion that the numbers identified by Yule etal. (1974) may have been 

influenced by floor and ceiling effects in the distribution of reading scores. Rodgers 

(1983) reported a negative skew of residuals in Yule etaV. s, (1974) data, a skew 

which may explain his relatively high incidence of specific reading retardation using a 

two standard error cut-off. This is supported by data from Share etal., (1987) who 

showed that negative skew, even in the absence of floor and ceiling effects, can 

produce an excess of under-achievers. One way of avoiding skew in reading scores is 

by setting a cut-off based on the ranking of discrepancy scores and defining a region of 

critical values. In this way it is possible to select a specified percentage of the sample 

who have the largest discrepancy between obtained and predicted achievement scores.
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Once again no agreed cut-off exists, and studies have taken the 10% (e.g. Lundberg, 

1980) or the 5% (e.g. Share & Silva, 1986) with the largest discrepancies. Share & 

Silva (1986) favour the latter approach as it has the additional advantage of defining 

groups of equal size across ages and tests which would be particularly relevant if 

assessment of stability of classification over time is a focus of the study. They argue 

that one possible interpretation of the lack of agreement found by Jorm eta/., (1986) in 

children classified as dyslexic at age six and then at age seven was that classification 

was based on an arbitrary cut-off along a continuum, i.e. one and a half standard 

deviations, with small changes in actual scores moving children across category 

boundaries.

Full-Scale, Verbal and selected IQ measures have all been used to derive regression 

equations. Fransella & Gerver (1965) derived the following regression equations for 

expected Schonell Reading age for three different age groups based on a London clinic 

sample using WISC Verbal IQ and chronological age in years (see Table 2.1). Using 

these equations, a child of eight years with a Verbal IQ of 100 would have an expected 

reading age of seven years nine months. A child with a much higher Verbal IQ on the 

other hand, e.g. 120, would have an expected reading age of nine years six months 

and a child with a Verbal IQ of 80, an expected reading age of six years two months.

Table 2.1. Multiple Regression Equations for predicting Schonell Reading Age (R ) 
using IQ and chronological age for three different age groups after Fransella & Gerver. 
(1965).

AGE REGRESSION EQUATION
6-9 years: R~= -8.44 + (0.98 * CA) + (0.085* IQ)
10-12 years: R~= -7.68 + (0.64 *CA) + (0.117* IQ)
13-15 years: R~= -10.86 +(0.72 *CA) + (0.114 * IQ)
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Using chronological age measured in months and a selected IQ based on the sum of 

four scaled scores from the WISC: Similarities, Vocabulary, Block Design and Object 

Assembly, on a population of nine to eleven year olds, Yule (1967) derived regression 

equations to predict performance on each of three scores on the Neale Analysis of 

Reading for a sample of 160 children on the Isle of Wight (see Table 2.2). For 

example, a child of ten years, with an IQ equivalent to 104 (sum of selected scaled 

scores of 41) would have an expected Reading Accuracy score of nine years eight 

months.

Table 2.2. Multiple Regression Equations for predicting the three reading ages on Neale 
Analysis of Reading after Yule. (1967).

Measure Multiple Regression Equation SE
Rate of Reading 28.45 + (0.96*IQ) + (0.41*CA) 19.11
Accuracy of Reading -3.87 + (0.93*IQ) + (0.68*CA) 15.74
Comprehension -23.44 + (1.15*IQ) + (0.79*CA) 14.95

Predicted reading age derived for Neale Accuracy for a child of ten with a Full Scale IQ 

of 104, from a later regression equation derived for the whole age range (i.e. nine to 

twelve years) based on a primary school sample yielded the slightly higher predicted 

score of ten years two months (Yule etal., 1982).

Although the regression method makes it possible to determine discrepancies more 

accurately than other methods, it does not eliminate all sources of measurement error, 

specifically that caused by comparison of standard test scores not normed on the same 

population. Disparity between normative groups has an impact on the correlation 

between IQ and achievement which may have a profound effect on the resulting 

discrepancies (Shepard, 1980). Thus, the regression method is at its most accurate 

when measures, e.g. IQ and reading, have been co-normed on the same standardisation
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sample. A further limitation of the regression approach is that the expected achievement 

score for a given individual is usually based on his achievement on a single test. I f  an 

individual has a large discrepancy between Reading and Spelling, for example, using 

one of these tests in isolation ignores performance on the other (Evans, 1990) and to 

use a combined score will result in a loss of important information about differential 

performance on the two.

A further difficulty relating to the use of a regression based approach is that one 

measure of IQ has to be selected to predict reading. The use of a number of different 

measures, for example a Verbal and a Performance measure, is not possible as the high 

correlation between these measures would adversely affect the resulting regression 

coefficients ( Pedhazer, 1982). For example, in a regression analysis with two 

measures of intelligence, the regression coefficient that would be obtained for a single 

measure will be split between the two measures, resulting in smaller coefficients for 

each of the two measure, which in turn leads to an increase in the standard error. Yet no 

single measure is ideal. Given that dyslexic individuals have been found to experience 

difficulties with many of the components of IQ tests: expressive language, short-term 

memory and vocabulary, it has been argued that, using a discrepancy between either 

Full-scale or Verbal IQ and reading to define dyslexia is circular. The IQ test is not 

measuring ability independently of the specific problems of a dyslexic child (Siegel, 

1988). Furthermore, if wide discrepancies exist between the Verbal and Performance 

IQ’s, then Full-scale IQ may be nothing more than a mid-point in a bi-modal 

distribution of intellectual skills (Mattis, French & Rapin, 1975). Performance IQ, on 

the other hand, although less dependent on verbal skills, has a far lower correlation 

with reading, making it a less accurate predictor of reading performance.
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2.2.1.2.4 Cluster Analysis

The least used of all the methods for defining dyslexic and comparison subgroups is 

cluster analysis. Although clustering methods have been widely used for identifying 

subgroups within clinically referred or highly selected samples of dyslexic individuals 

(Rourke, 1985), they have been seldom employed for initial identification of a dyslexic 

group. Nevertheless, as a means of identifying a subgroup, these methods have several 

advantages: they avoid the use of exclusionary criteria or arbitrary reading-level cut-off 

scores for subject selection and facilitate the simultaneous consideration of a number of 

different variables.

The first study to use cluster analyses to identify a dyslexic group, was the Florida 

Longitudinal Study (Fletcher & Satz, 1985; Morris etal., 1986; Satz& Morris, 1981). 

The sample comprised learning disabled boys plus their respective matched controls 

giving a total sample of 236 with a mean age of eleven years. For each child three 

discrepancy scores were created, based on the difference between the grade equivalent 

scores obtained on the three subtests from the Wide Range Ability Test (WRAT): 

reading, spelling and arithmetic and actual grade level. These discrepancy scores were 

then entered into a cluster analysis. This identified two ’’dyslexic” groups, representing 

39% of the sample, who performed uniformly poorly on the reading, spelling and 

arithmetic subtests. Having identified two dyslexic groups, the authors then re- 

employed cluster analysis, this time based on their performance on four 

neuropsychological tests, to further subdivide them. Van der Vlugt & Satz (1985) in a 

replication attempt, using a Dutch translation of the WRAT, identified five low 

achieving groups. While one of these showed a specific arithmetic disability, the 

remaining four showed general delays in achievement across all three subtests. These 

four groups represented a total of 29% of the sample.



Further evidence that cluster analysis can be used in mixed samples to distinguish 

between subjects classified as learning disabled and non-disabled by other methods, 

comes from studies by Spreen & Haaf (1986), Korhonen (1988), and Morris, 

Blashfield & Satz (1986). Spreen & Haaf (1986) identified nine clusters in a group of 

adult dyslexics and normal controls. Ninety eight percent of the controls fell into three 

highest performing clusters. The remaining clusters represented different degrees and 

patterns of impairment on the achievement and neurocognitive tests employed. 

Korhonen (1988), using neuropsychological and cognitive test results as the 

classification criteria, divided a combined group of mildly learning disabled and 

normally learning children (n=168) into six subgroups. With the exception of one 

subgroup, in which learning disabled and controls were equally represented, he found a 

relatively small overlap between learning disabled and controls within subgroups. The 

largest subgroup contained almost exclusively normal subjects (n=52 C’s and 5 LD’s), 

three subgroups were comprised mainly of learning disabled subjects (n= six C’s and 

44 LD’s) and two consisted of noticeable numbers of both learning disabled and control 

subjects (n=26 C’s and 33 LD’s). Morris etal., (1986) were also,able to divide a 

combined sample of 200 disabled and normal readers into three largely reading disabled 

subgroups and two largely normally reading subgroups. However, the relative 

numbers of learning disabled and normal readers within each cluster are not specifically 

reported.

Results from these studies strongly suggest that clustering methods do provide a valid 

empirical methodology of subject selection. However certain limitations should be 

made apparent. Different clustering methods often generate different classifications for 

the same data (Blashfield, 1976) and no firm rules exist either for choosing from the 

many techniques available or for deciding on whether the existing classification is 

optimal. Although internal and external validation techniques have been widely used to 

assess the usefulness and stability of the cluster solutions derived from different 

methods, many subjective decisions are nevertheless involved, in what initially
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appears, a highly objective process. In addition, the necessity to demonstrate external 

validity of resulting subtypes means it is only feasible as a way of defining a dyslexic 

group, if  there are large numbers of other variables, not used in initial clustering, to 

support the solution.

The results of a cluster analysis are also highly dependent on subject selection (Morris, 

Blashfield & Satz, 1981). The age, sex and socioeconomic status (SES) of the sample 

and the relative numbers of dyslexic and non-dyslexic subjects included will influence 

not only the emerging subgroups but also their generalisability. As Morris etal., (1981) 

point out, it is possible to derive ’’unnatural subgroups due to a biased sample” (p. 85). 

The samples in the studies reported above were not randomly selected. In the case of 

the Florida Longitudinal Study and its subsequent replication (Van de Vlugt & Satz, 

1985), the sample was not representative of black or female children. In addition, in the 

case of the former, the sample comprised predefined learning disabled children and 

matched controls. Further difficulties arise from differences in the relative proportions 

of dyslexic and non-dyslexic subjects. Some studies have employed equal numbers of 

dyslexic and non-dyslexic subjects (Korhonen, 1988) and some have included only a 

small proportion of controls (e.g. Spreen & Haaf 1986). To date cluster analysis has 

not been employed on a representative population to define a dyslexic group, 

consequently no figures exist for prevalence when dyslexia is defined in this way.

In the present study the term dyslexia is used in preference to the North-American term 

’’learning disability” unless the author is citing work from other researchers who may 

have referred to their sample as learning disabled.
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2.3. ETIOLOGICAL FACTORS

Dyslexia has had a long and controversial history. As early as 1896, the English 

ophthalmologist W.P. Morgan published a case study of a boy who had had 

unexpected difficulty, in view of adequate intelligence, with reading and spelling. 

Morgan (1896) inferred that the problems were due to congenital deficits in the region 

of the left angular gyrus which resulted in difficulty storing the visual impression of the 

words. He employed the term ’’congenital word blindness” to describe this case of 

reading disability. Once attention was drawn to the condition other physicians noted 

similar cases and a number of papers highlighting different aspects of what was 

perceived to be essentially the same condition emerged (Clairbome, 1906; Fisher,

1905; Hinshelwood, 1900, 1902, 1909; Jackson, 1906; Nettleship, 1901; Stephenson, 

1907). A substantial amount of information was provided by these early studies.

Papers published at this time established the presence of dyslexia in children, 

adolescents and adults, the higher incidence of the condition in boys than girls, the 

presence of an hereditary determinant, the heterogeneity of symptom manifestation and 

the necessity for special educational arrangements if  progress were to be made.

Subsequently, dyslexia has been investigated within a wide range of different 

disciplines. Benton & Pearl (1978) in a review of the then current state of knowledge 

concerning dyslexia list more than 900 monographs, papers and reports published in 

the years from 1960 to 1977 explaining dyslexia from anatomical, genetic, 

neurological, cognitive, behavioural and emotional perspectives. The emphasis in these 

papers was on the search for ”the” cause of dyslexia, or at the least, ”a” cause of 

dyslexia.

The following section reviews the research findings in each of these areas respectively.



2.3.1 Anatomical and Electrophvsiological Correlates of Dyslexia

Recent studies by Galaburda (1987) and his colleagues (Galaburda etal., 1985,1987) 

have reported evidence of atypical brain symmetry. Galaburda (1987) found abnormal 

symmetry of the plana temporale of the cerebral cortex in six consecutive cases of 

deceased persons with a history of dyslexia. The interpretation of these findings, given 

that more than two thirds of normal brains show clear asymmetry in this region 

(Geschwind & Levitsky, 1968) is not clear. It has been suggested that the typical 

asymmetry seen in normal subjects may be the result of a selective reduction or 

"pruning” of synaptic connections in the right hemisphere. Failure to reduce the number 

of neurons in the right hemisphere in dyslexics results in ’’neuronal over-population” 

which, it is has been argued, may affect language acquisition and performance, 

although the manner in which this could occur remains as yet unspecified (Sherman, 

Rosen & Galaburda, 1989).

Anatomical studies of the dyslexic brain have been made in living subjects using 

computer-assisted tomograms of the head (CT-scans) and Magnetic Resonance Imaging 

(MRI). CT-scans have also shown deviations from the expected patterns of brain 

asymmetry, with a number of studies showing an increased prevalence in the dyslexic 

group of reversed or atypical asymmetry in favour of greater prominence of the right 

occipito-temporal region (e.g. Hier, LeMay, Rosenberg & Perlo 1978; Rosenberger& 

Hier, 1980; Voeller, et al., 1983). Larsen etal., (1990) examined nineteen dyslexics 

and seventeen matched controls with MRI in an attempt to assess the symmetry of the 

plana temporale. They found a significant difference between dyslexics and controls; 

68% of the dyslexic subjects had symmetrical plana compared to only 29% of the 

controls. Furthermore they found a relationship between brain symmetry and 

phonological difficulty. The dyslexics with extreme phonological problems all had 

symmetrical plana, in contrast to those who displayed orthographic problems who had 

a asymmetric relationship between the plana.
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In addition to the unexpectedly high incidence of brain symmetry revealed in post

mortem studies, there have also been studies in which a number of distinct small areas 

of abnormality in the left hemisphere have been found clustered around the Sylvian 

fissures : brain warts, scarring; unusually dilated blood vessels (Galaburda & Kemper, 

1979; Galaburda etal., 1985). Sherman etal., (1989) suggest that brain symmetry and 

areas of abnormality might have a joint pathogenetic role in dyslexia. Symmetry, it is 

hypothesised, introduces a risk of reduced competency in linguistic processing ability 

and possibilities for compensation are eliminated by the concomitant brain 

abnormalities. As yet this remains a hypothesis, in the absence of investigation of a 

greater number of dyslexic brains, in particular by means of blind studies, no firm 

conclusions can be drawn.

2.3.2 Genetic Correlates of Dyslexia

Reports of familial aggregation in dyslexia emerged soon after the condition was first 

described by Morgan (1896). Case studies reported that dyslexic sufferers often had 

one or more affected relatives (Fisher, 1905; Hinshelwood, 1909; Orton, 1928, 1937; 

Stephenson, 1907; Thomas, 1905). A number of studies since this time have found the 

risk to first-degree relatives of suffering from dyslexia to be between 34 and 45% 

(Finucci, Guthrie, Childs, Abbey & Childs, 1976; Hallgren, 1950; Klasen, 1968; 

Naidoo, 1972; Volger, DeFries & Decker, 1985; Zahalkova, Vrzal & Kloboukova, 

1972), which is considerably higher than the population risk (5-10%). In addition to 

this familial aggregation, the greater incidence of dyslexia in males than females, and 

the persistence of reading and spelling deficits well into adulthood, often despite 

extensive remedial efforts, collectively add considerable weight to the hypothesis that 

dyslexia is genetic in origin.



The degree to which these characteristics indicate genetic transmission has been 

explored in two ways: through studies which attempt to infer the mode of inheritance of 

traits from genealogical and phenotypic data, and through studies which look more 

directly at the genotype, in order to pin-point the physical locus of a gene responsible 

for dyslexia. The former approach is characterised largely by twin studies and the latter 

by techniques such as chromosome mapping. These two approaches will be discussed 

separately below.

2.3.2.1 Twin studies

In the presence of genetic variance and assuming approximately the same degree of 

environmental similarity for the two types of twins, it would be expected that 

monozygotic twins pairs (MZ) would more often be concordant for dyslexia than 

dizygotic twin pairs (DZ) given the identical genotypes of the former. Findings from 

the majority of twin studies support this, with higher concordance rates typically found 

for monozygotic twin pairs. For example, Bakwin (1973) reports concordance rates for 

the incidence of dyslexia of 84% for MZ pairs and 29% for DZ pairs and in a larger, 

more recent study Decker & Vandenberg (1985) report concordance rates of 85% and 

55% respectively for the MZ and DZ pairs. However, the fact that in both studies a 

proportion of the co-twins of affected MZ twins was not affected, suggests that 

environmental factors must play a role, in addition to any genetic factors, in the 

causation of dyslexia.

The twin study design has also been used to determine if any individual components of 

reading are genetically influenced. Stevenson, Graham, Fredman & McLoughlin 

(1987) in a sample of 285 twin pairs, found that after the variance due to environmental 

components had been partitioned out, and IQ controlled for, 29% of the variance in 

reading score was associated with genetic components. DeFries, Fulker & LaBuda 

(1987), found that single word reading and spelling and WISC-R Digit span were
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genetically influenced and independent of IQ, but reading comprehension, WISC-R 

coding or a measure of perceptual and motor speed were not, suggesting that about 

30% of the cognitive phenotype in dyslexia is attributable to heritable factors. The idea 

of selective inheritance of components of the reading process was further investigated 

by Olson, Wise, Conners and Rack (1989). Using the same sample as DeFries etal., 

(1987), they analyzed the heritability of phonological versus orthographic coding skill 

in single word reading. They found significant heritability for a phonological coding 

measure (non-word reading accuracy) but not for the measure of orthographic skill.

2.3.2.2 Chromosome mapping

Smith, Kimberling, Pennington and Lubs (1983) were the first to attempt genetic 

linkage analysis for dyslexia. Their results, in families with three successive 

generations of dyslexia, suggested an association between reading disability and 

chromosome 15, thus apparently providing strong evidence for a genetic contribution to 

dyslexia. More recent follow-up studies, however, suggest that reading disability is not 

uniformly associated with this chromosome, but in only about 30% of families (Smith 

etal., 1986, 1990). A further report from the same team, with additional families, 

failed to find a significant association with chromosome 15 and the authors conclude 

’’that either the original assignment of reading disability to chromosome 15 was in error 

or reading disability is etiologically heterogeneous” (Fain, Kimberling, Ingham, Smith 

& Pennington, 1987, p.625). The idea of genetic heterogeneity is further supported by 

earlier pedigree studies (Finnuci, Guthrie, Childs, Abbey & Childs, 1976; Lewitter, 

DeFries & Elston, 1980). Finucci etal., (1976) drew up pedigrees for sixteen families 

in which both parents were classified and tested. They found that no single mode of 

genetic transmission could account for the results. A Danish study by Bisgaard,

Eiberg, Moller, Niebuhr & Mohr (1987) of five families, failed to find any association 

between dyslexia and chromosome 15. Thus, even assuming dyslexia is etiologically 

heterogeneous, the evidence for its location on chromosome 15 is equivocal and
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Pennington and his colleagues are currently testing for a possible second locus on 

chromosome 6 (Pennington, 1990).

2.3.3 Neuropsychological and Cognitive Correlates of Dyslexia

2.3.3.1 Visual processing

Historically, the predominant approach to explaining dyslexia was in terms of visual 

problems (Hinshelwood, 1900, 1917; Orton, 1937). These theorists laid the 

foundations for interest in the belief that dyslexia results from a visual-perceptual 

problem. Subsequent research, attempting to specify the nature of this problem, tended 

to concentrate on demonstrating poor visual discrimination and/or poor retention of 

visual material in dyslexic individuals, using drawing tasks, measures of high speed 

scanning and recognition and recall of verbal and non-verbal visual stimuli. The results 

from these studies are contradictory and the methodology has been severely criticised 

(Ellis & Miles, 1978; Ellis, 1981; Jorm, 1983; Mitchell, 1982; Snowling, 1980; 

Vellutino, 1979). These and other theorists argue that the design of many of the 

experiments is such that the differences obtained on many visual tasks between 

dyslexics and controls can be explained by non-visual factors (e.g. verbal coding 

strategies, differences in drawing skills) and by differences in IQ and reading 

experience between the groups. Thus, while the problems a dyslexic individual 

experiences with visual discrimination or visual memory can be described as visual, the 

occurrence of which is consistent with symptom reports (Wheeler & Watkins, 1979), it 

is likely that they relate to problems in the verbal domain.

Recently, however, there have been at least three visually based theories to explain 

some, or all of the deficits observed in dyslexia: eye movements, eye dominance and 

theories of visual persistence.

-5 0 -



2.3.3.1.1 Eve movements

One of the more recent exponents of the notion that faulty eye movements are causal in 

dyslexia is Pavlidis (1981). In contrast to the eye movements of normal and slow 

readers, which consist of a series of successive similar eye movements and fixations, 

forming together a staircase-like pattern, no discernible pattern has been found for 

dyslexic readers, instead they appear to make frequent regressions. Pavlidis (1981), in 

a series of controlled studies, found that dyslexics showed erratic eye movements when 

asked to track a series of sequentially illuminated lights. While erratic eye movements in 

reading tasks may be seen as symptomatic of, for example poor comprehension, erratic 

eye movements in a non-reading, non-verbal task such as Pavlidis’ appear to indicate a 

primary deficit in eye movements.

The co-existence of dyslexia and erratic eye movements, Pavlidis (1986) argues, not 

only suggests that they are parallel phenomena but that the use of eye-movements, 

taken during non-reading tasks, may be a promising means of diagnosing dyslexia. 

Support for this position is provided by a study of Spanish speaking dyslexic, retarded 

and normal readers. Martos & Vila (1990) found significant differences on the ocular 

tracking task between both the normal readers and the dyslexics and the retarded 

readers and the dyslexics, suggesting that only the dyslexics are characterised by erratic 

eye movements and that they appear to be independent of the reading process.

However, at least three separate studies have failed to replicate these findings. Brown, 

etal., (1983) found no difference between 34 dyslexics and 33 normal readers when 

tracking sequences of lights. Stanley, Smith and Howell (1983) similarly found no 

differences. Olson, Kliegel & Davidson (1983) in an almost exact replication of the 

Pavlidis study (with the exception that the lights were presented on a computer screen) 

also failed to confirm the hypothesis of an oculomotor disturbance in dyslexia. They 

found that there were no significant differences in the number of saccades, the
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percentage of regressive movements nor the stability of fixations. Olson et al. argue 

that even if the dyslexics from the three studies are combined (n= 189), gross-motor 

ocular deficits account for less than 1% of cases. This provides little support for 

Pavlidis* contention that tracking eye movements are a reliable diagnostic indicator.

2.3.3.1.2 Ocular dominance

Since the work of Orton (1937), who related dyslexic symptoms to incomplete cerebral 

dominance, specifically failure to establish specialisation for the visual perception of 

symbolic material in the left hemisphere, there has been an interest in the role of 

hemisphere function in dyslexia. Considerable evidence exists which indicates that the 

two hemispheres do not participate equally in the functions related to reading 

(Geschwind, 1974). It has been suggested that the individual has the capacity to 

develop language dominance in either hemisphere, but that the left is better able to 

accommodate the specialised functions of language and many of the higher cognitive 

functions (Rosenberger, 1990). Associations between lack of left hemisphere 

dominance for language; maturational delay in the establishment of left hemisphere 

dominance; left hemisphere dysfunction; and interference in the functioning of the left 

hemisphere with that of the right, have all been investigated in relation to dyslexia 

(Thomson, 1990).

A recent series o f studies has investigated the relationship between ocular dominance, 

i.e. one eye being in some way preferred or superior to the other, and reading problems 

(Bishop, Jancey & Steel, 1979; Bishop, 1989; Newman etal., 1985; Stein & Fowler, 

1982, 1985). Stein and his colleagues have argued that dyslexia is associated with a 

failure to develop consistent dominance in a single eye. The dominant eye being the one 

used for determining directional judgement under binocular conditions. This, they 

argue, may lead to confusion about precisely where words are located on a page, a 

finding consistent with symptom reports. Thus, as Stein (1989) has said:
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” Perhaps when dyslexic children attempt to read, their visual world moves around. 
This might be the result of a vicious circle: uncontrolled eye movements might cause 
visual targets to appear to shift around; these shifts would in turn make it more difficult 
for the ocularmotor system to fix on targets. Thus in such dyslexics, poor oculormotor 
control might be the cause of words and letters appearing to move around ” (p.526).

Using the Dunlop test to determine the ’’dominant” or ’’reference eye” (Dunlop, 1972), 

they found that 54% of the dyslexic children studied failed to develop stable ocular 

dominance compared to one normal reader (Stein & Fowler, 1982). In addition, in the 

absence of fixed dominance, they found that occluding one eye often leads to the 

development of fixed dominance, which in turn has been demonstrated to produce an 

improvement in reading (Stein & Fowler, 1985). In the Dunlop test, the child judges 

the apparent position of a visual target when the eyes are caused to diverge in a 

synoptophore. Judgements of fixed dominance are made if the test locates the 

dominant eye on the same side more than eight times out of ten, and unfixed dominance 

if the dominant eye is located less than eight times. A number of other subsequent 

studies by the same group have shown a higher incidence of unstable binocular control 

in dyslexics than controls which, they argue, leads to an impaired visual direction 

sense, specifically an inability to pinpoint the position of small targets accurately and 

hence difficulties with reading (Stein, 1989; Stein, Riddell, Fowler, 1987, 1989; Stein 

& Fowler, 1988, 1989).

These findings have not, however, gone unchallenged. Their methodology has been 

criticised, specifically the lack of information concerning the characteristics of the 

children purported to show improvement as a result of occlusion (e.g. Hulme, 1987) 

and other studies have failed to find a significant association between reading disability 

and unstable ocular dominance (Bishop, 1989; Bishop etal., 1979; Newman etal.t 

1985). The failure in two unselected samples of children to find evidence of such an



association must cast doubt on claims that such problems are the cause of reading 

difficulties.

2.3.3.1.3. Visual persistence

Studies of the "icon” or the "visual information store” suggest that there may be 

differences between dyslexics and controls in the amount of a time an image is retained 

after the actual stimulus has been presented. Persistence of an image once the stimulus 

has been removed has been investigated using brief tachistoscopic presentations of 

various stimulus arrays. Two major experimental paradigms have been used to measure 

visual persistence: temporal integration and backward masking. Temporal integration 

involves the rapid presentation of the same stimulus with a blank interval of variable 

duration inserted between the two presentations. This interval (ISI) is then adjusted to a 

critical duration at which the subject can just distinguish the double flash from from a 

single uninterrupted display. This provides an index of the duration of the visual image 

as an icon in the visual information store. Backward masking occurs when a noise 

stimulus is presented immediately after the first, and thus masks the visual persistence 

of the first stimulus. This provides an index of the rate of visual information processing 

(Di Lollo, Hanson & McIntyre, 1983).

Comparisons of dyslexics and controls under both conditions have found evidence that 

the duration of the visual image is longer in dyslexics and that they need longer to 

escape the effects of the mask. (Di Lollo, Hanson & McIntyre, 1983; Lovegrove & 

Brown, 1978; O’Neill & Stanley, 1976; Stanley & Hall, 1973). At least two other 

studies, however, found that the dyslexics were faster (Fisher & Franfurter, 1977) and 

several that there were no differences (Arnett & Di Lollo, 1979; Howell, Smith & 

Stanley, 1981). One possible explanations for these inconsistencies may lie in the 

subject selection. For example Arnett & Di Lollo’s dyslexics were reading one year 

behind age, the sample selected by Lovegrove & Brown (1978) were two years behind

-5 4 -



chronological age, those selected by O’Neil & Stanley (1978) and Stanley & Hall 

(1978) were two and a half years behind age and those selected by Howell eta].,

(1981) were reading two years nine months behind their age.

2.3.3.2 Memory

Memory skills are fundamental to the reading process and are involved at every stage 

from letter recognition to passage comprehension. One conventional, although not 

necessarily universally accepted, way of considering the role of memory is to divide it 

into three separate but interrelated stages: iconic memory (visual persistence), short

term memory and long-term memory (e.g. Atkinson & Shiffrin, 1971). Considerable 

research attention has been focussed on the memory processes of dyslexic children and 

number of inconsistent findings have emerged (for review, see Jorm, 1983, Torgesen, 

1982). A number of the positive findings are summarised below:

Dyslexics have been found to have:

(1) Reduced memory span (Koppitz, 1975; Nelson & Warrington, 1980; Rugel, 1974; 

Spring, 1976; Thomson, 1982; Torgesen, 1978).

(2) Difficulties in retaining the serial order of items in short-term memory tasks 

(Ackerman, Dykman & Peters, 1976; Bakker, 1972; Bakker & Schroots, 1981)

(3) Poorer delayed than immediate recall (Bauer, 1977; Corkin, 1974)

(4) Poorer ultilisation of verbal rehearsal (Cohen & Netley, 1978; Done & Miles, 1978; 

Spring & Capps, 1974; Torgesen & Goldman, 1977)

(5) Difficulties in the storage and retrieval of phonological aspects of verbal material in 

long-term memory (Brainerd, Kingma & Howe, 1986; Rudel, Denckla & Spalten, 

1976; Swanson, 1986; Swanson, Cochran, & Ewers, 1990).

A key feature emerging from the studies on memory is that the difficulties experienced 

by the dyslexic reader may reflect differences in the method of coding information that
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relates to written language rather than absolute differences in memory capacity. There 

is some evidence to suggest that dyslexics do not differ in general memory ability and 

that the memory deficits are restricted to the domain of phonetic representation (Katz, 

Healy, Shankweiler, 1983; Katz, Shankweiler & Liberman, 1981; Liberman, Mann, 

Shankweiler & Werfelman, 1982). This possibility is discussed below.

2.3.3.2.1 Phonological coding

A number of studies have suggested that dyslexic and non-dyslexic readers use 

different codes to store ’to be remembered items’: non-dyslexics tend to encode 

phonological features and dyslexics orthographic or semantic features (Bryne & Shea, 

1979). The suggestion that dyslexics do not use the phonological code for memory 

storage originates from the work of Conrad (1964), who showed that subjects found it 

more difficult to remember lists of letters when their names rhymed with each other 

(e.g. b,v,p,d,t), than when their names were non-rhyming (e.g. b,x,s,t,w). This 

effect, known as the phonetic confusability effect, is seen in young children as well as 

adults (Hulme, Sylvester, Smith, Muir, 1986). This effect has not, however, always 

been reported in dyslexics for letter strings (Liberman, Shankweiler, Liberman, Fowler 

& Fisher, 1977; Liberman & Shankweiler, 1979; Shankweiler etal., 1979) or for 

confusable and non-confusable sentences (Mann, Liberman & Shankweiler, 1980). In 

addition an interaction between reading ability and phonetic confusability has also been 

demonstrated for recognition memory of isolated words, in which good readers have 

been found to rely more heavily on phonetic representation (Mark, Shankweiler, 

Liberman & Fowler, 1977).

These results have been challenged and a re-design of the original experiments of 

Liberman and her colleagues lead to a modification of the original conclusions, that 

dyslexics suffer from a general deficit in the use of phonetic codes in memory, and 

raise the possibility that dyslexics are delayed in their acquisition and use of

-5 6 -



phonological memory codes. If  task difficulty is equated for the good and dyslexic 

readers, either by presenting dyslexics with fewer items to recall (Hall, Ewing, 

Tinzmann & Wilson, 1981) or by comparing dyslexics with younger children reading 

at the same level, both groups are susceptible to the phonetic confusability effect (Beech 

& Harding, 1984; Johnston, 1982).

If  dyslexics do suffer from a developmental lag in the use of phonological codes in 

memory, evidence for phonetic coding in memory might be expected to be found in 

older dyslexic readers. There is mixed support for this hypothesis. Olson, Davidson 

Kliegel & Davies (1984) found evidence to suggest that older disabled readers do use 

phonetic codes in memory for words but that the phonetic codes are less precise than 

those of normal readers. Snowling (1980), on the other hand, found that while normal 

development of reading was characterised by improved grapheme to phoneme 

conversion ability combined with an increase in the size of sight vocabulary, this was 

not true for dyslexics. The development of reading in this group was characterised by 

an increase in sight vocabulary but with no apparent increase in grapheme-to-phoneme 

conversion ability.

Several studies have examined the ability to read aloud pronounceable non-words in 

dyslexic and control subjects. It is argued, although not universally accepted (Kay & 

Marcel, 1981), that the only way orthographically legal strings of letters, which are not 

words, (e.g. PRING) can be pronounced is through the use of grapheme-to-phoneme 

rules. I f  dyslexics are known to have weaker or delayed phonological ability, the 

expectation would be that they would perform more poorly when required to read non- 

words in comparison with non-dyslexics with similar word recognition skills. This is 

confirmed in a number of studies (Baddeley, Ellis, Miles & Lewis, 1982; Kochnower, 

Richardson & Di-Benedetto, 1983; Olson, 1985; Siegel & Ryan, 1988; Snowling, 

1980, 1981). However, Bruck (1988) found that the level of performance on a non- 

word task was similar to the level of performance on a word task for the dyslexics, a
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finding which is not consistent with the notion of a specific impairment of phonological 

ability. The latter would predict a discrepancy between performance on the non-word 

task and on the real word task, in favour of superior performance on the real word task. 

Similarly Baddeley, Ellis, Miles & Lewis (1982); Baddeley, Logie & Ellis, (1988) and 

Treiman & Hirsh-Pasek (1985) found no evidence that dyslexics performed more 

poorly than reading age matched controls. It may be possible to attribute disagreement 

to differences in the stimulus materials or in the criteria for labelling a child as dyslexic. 

For example, Snowling (1981) found that the dyslexics were only significantly worse 

than normal readers at pronouncing complex, as opposed to simple, non-words which 

suggests that the latter may not pose a problem for dyslexics.

Thus, whether the difficulties experienced by dyslexic readers with non-words 

represent a phenomenon peculiar to dyslexia, or whether this factor underlies the 

normal development of reading, as suggested by the studies which find that reading age 

match controls have similar problems, remains unclear. A number of reviews by Mann 

and her colleagues have argued that the pattern of results supports a picture of 

"phonological delay” (Mann, 1986; Mann & Liberman, 1984; Mann, Cowin & 

Schoenheimer, 1989). This gains some support from a number of studies which have 

found evidence of phonological ability in older dyslexic readers (e.g. Olson etal.,

1984).

Lack of awareness of the phonetic structure of both the spoken and printed word has 

also been demonstrated in dyslexic readers. A number of studies comparing dyslexics 

with non-dyslexics provide evidence for severe problems with phonemic analysis (Fox 

& Routh, 1980; Liberman, Shankweiler, Fischer & Carter, 1974; Montgomery, 1981) 

and in recovering the phonetic representation of words, as evidenced by their difficulty 

with object and letter naming ( Denckla & Rudel, 1976; Katz, 1982). However, as the 

dyslexics in these studies differed significantly from the controls in reading ability, their 

difficulties with phonemic analysis may be a consequence of their poorer reading skills.
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Nevertheless, results from studies which have compared dyslexic readers to controls 

matched for reading level, suggest that the dyslexics have significant difficulties 

categorising words on the basis of their sound which are independent of their poor 

reading skills (Bradley & Bryant, 1978, 1981). Further evidence for a relationship 

between phonological awareness and reading ability comes from studies which have 

shown tests of syllable and phoneme segmentation to be effective predictors of later 

reading ability (Lundberg, Olofsson & Wall, 1980; Mann, 1984; Mann & Liberman, 

1984; Stanovich, Cunningham & Cramer, 1984), and from those which suggest that 

phonological awareness has been found to be a more important factor in early reading 

ability than general IQ (Mann & Ditunno, 1990; Stanovich, Cunningham & Cramer, 

1984).

2.3.3.2.2 Orthographic coding

There is some support for the suggestion that developmental delay in the use of 

phonetic codes may result in dyslexic readers employing compensatory strategies 

(Rack, 1985). Rack has argued that a major shortcoming in existing research is that 

experiments have been set up to look for the absence of phonetic coding, thereby failing 

to specify alternative ways in which information might be encoded. Rack suggests, and 

his results confirm this hypothesis, that dyslexics make more use of a visually based 

code. Dyslexics were found to be slower than controls on a rhyming judgement task 

when the word pairs were orthographically distinct (e.g: head-said) than when they 

were orthographically similar (e.g. head-dead). This ’’orthography effect*’ (Seidenberg 

& Tanenhaus, 1979) was not shown by the reading-age matched controls, suggesting, 

that they did not need to make use of an orthographic code in rhyme judgement. Further 

evidence of orthographic coding in the dyslexic subjects came from the related finding 

in this study that the dyslexic group recalled more cues which had been paired with 

orthographically similar targets. This was also the case in auditory presentation but was 

not found in the controls.
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A greater use of the visual or orthographic code found by Rack is consistent with the 

work of Seymour & Porpodas (1980) and Snowling (1980) which suggests that 

dyslexics read primarily using a visual/orthographic strategy. Hicks (1980) provides 

additional evidence of increased use of a visual strategy by the dyslexic group. She 

found that good and poor readers approached the serial order recall of abstract shapes in 

qualitatively different ways. The good readers were more likely to report a verbal 

labelling strategy, while the poor readers reported a visual strategy.

Despite agreement on weaker phonological ability in dyslexics, not all studies have 

found that dyslexic children rely on alternative strategies (Backman, Bruck, Hebert & 

Seidenberg, 1984; Brnck, 1988; Fredman& Stevenson, 1988). Bruck (1988) found no 

evidence to suggest that dyslexic children use qualitatively different processes to read 

and spell words to compensate for poorer phonological abilities. She reported that 

although the dyslexics showed poorer knowledge of grapheme-to-phoneme rules than 

the control children, when reading ability was taken into account,-there were no 

differences in grapheme-to-phoneme conversion ability between the groups. The same 

pattern was found for spelling; the dyslexics and the younger normal spellers showed 

similar levels of knowledge of the grapheme rules. Furthermore unlike the subjects in 

Snowling’s (1980) study, the dyslexic children in this study did show an increase in 

phonological skill over the course of an eight month period. Similarly Wright etal., 

(1989) found that although poor readers appeared to have greater difficulty with the use 

of a phonological code in memory, they did not compensate by an increased use of the 

orthographic code.

In summary, although the majority of studies appear to support the hypothesis that 

dyslexic readers are delayed in their use of the phonological code, the possibility of 

individual differences in the processes dyslexics use to read individual words cannot be 

ruled out. There is some suggestion from the subtyping literature that there may be a
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group of poor readers who rely more on visual strategies and a group who are able to

use phonological strategies (Mitterer, 1982).

2.3.3.4 Sex differences in cognitive functions associated with dyslexia

Consistently more boys than girls are identified as dyslexic; ratios range from 3:1 to 

15:1 in the United States (Finucci & Childs, 1981) and from 2:1 to 5:1 in the United 

Kingdom (Critchley, 1970). The larger number of males in the dyslexic population has 

been interpreted in several ways. It has been attributed to possible socialisation biases 

leading to different rates o f referral and to genetic transmission. Shaywitz etal. (1990) 

found that while the prevalence of dyslexia in a referred population was two to three 

times more common in boys than girls, the ratio of boys to girls in a research identified 

population dropped to 1.2:1. They argue that ’’school-identified samples are almost 

unavoidably subject to a referral bias and that reports in the literature of an increased 

prevalence of RD [reading disability] may reflect this bias in ascertainment ” (p. 1002).

Share etal., (1987) argue that current definitions may lead to ”a de-emphasis” of 

dyslexia in girls, if reading ability relative to IQ in this group, is always compared to 

that of the boys. In view of findings, which suggest that girls have a greater facility in 

early reading skills than boys (Vogel, 1990) and that they maintain this advantage into 

adulthood (e.g. Finucci & Childs, 1981) a girl may be underachieving relative to peers 

of her own IQ, age and sex but not compared to members of the opposite sex. Share et 

al. suggest that regression equations should either be computed for boys and girls 

separately or else sex should be included as an independent variable in addition to age 

and IQ. Scarborough (1984) computed regression equations separately for males and 

females, thereby taking into account the finding that reading expectancies were higher 

for women than men, and identified eight males and seven females as dyslexic using a 

two standard error cut-off. Thus, virtually eliminating the traditional sex ratios.
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Another possible approach to the problem of sex differences in reading and verbal IQ 

comes from work by McManus & Mascie-Taylor (1983). After covaiying for the effect 

of IQ, they found that the girls performed less well than the boys at reading. In other 

words, the higher verbal IQ of the girls was accounting for their higher reading scores 

and once IQ was removed, the girls scores were lower. One conclusion from this 

study, highlighted in McManus (1990), is that although girls are better at reading, 

given that reading contains a large verbal component, they are not necessarily superior 

on the specific component which is unique to reading. This suggests that if one could 

isolate this specific component and use this as the dependent variable, at least as many 

girls as boys would be identified as discrepant.

The majority of studies however, do not include sex as an independent variable, and the 

use of clinic samples with a large preponderance of boys, combined with often 

deliberate selection bias in favour of males in at least two large prospective (Satz & 

Morris, 1981; van der Vlugt & Satz, 1985) and a great many cross-sectional studies, 

means that very little is known about girls with dyslexia. The question of whether there 

are sex differences in the pattern, and/or level of severity, of cognitive and behavioural 

characteristics has been only recently addressed. This is in marked contrast to the 

considerable amount of research focused on sex differences in the abilities of non- 

dyslexic children (e.g. Fairweather, 1976; Maccoby & Jacklin, 1974). In addition, 

questions concerning the prognosis for the two sexes, the existence of homogeneous 

male and female subgroups and the relationship between sex-related and environmental 

factors are only just being raised.

Two studies reviewing sex differences in the dyslexic population arrive at contradictory 

conclusions regarding differences in the severity of the reading disability. Satz & Zaide 

(1983) cite four studies and conclude that ’’taken together these findings suggest that 

when a female is affected by a learning disorder or a reading difficulty, she will be no
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more severely impaired than a male and is, in fact, more likely to be superior with 

respect to linguistic performance or reading ” (p. 100). In contrast Vogel (1990) reviews 

three different studies and concludes ’’that for girls to be identified, be diagnosed and 

receive support, they have to wait longer and have more severe deficits than their male 

classmates” (p.49). Variations in the samples defined as dyslexic may be responsible 

for these apparently contradictory findings.

The few studies that have examined sex differences on cognitive and 

neuropsychological measures in matched groups of male and female dyslexics have 

yielded inconsistent results. Canning, Orr & Rourke (1980) matched twenty male and 

twenty female poor readers at two age levels (6.5-8.5 and 10.5-12.5 years) on age, 

Full-scale IQ and reading level before comparing them on eleven neuropsychological 

measures. They found no differences between the male and female dyslexics at either 

age. Gilger, Eliason & Richman (1989) matched 83 male and 83 females, all with a 

DSM-III (American Psychiatric Association, 1980) diagnosis of developmental reading 

disorder, developmental language disorder or mixed developmental disorder on age and 

IQ and compared performance on measures of memory, reading ability, attention and 

behaviour. Although they found significant differences suggesting that females were 

less impulsive and were better at reading comprehension than males, the study 

identified a greater number of similarities between the sexes than differences. 

Furthermore, the extremely mixed nature of the sample means that conclusions 

regarding sex differences and dyslexia cannot really be drawn. In contrast Ryckman 

(1981) found a clinic sample of dyslexic girls (n=27) to be verbally inferior, less 

capable of abstract thinking and more impulsive than a clinic sample of dyslexic boys 

(n=75).
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2.3.4 Behavioural and Emotional Correlates of Dyslexia

A number of studies have suggested a strong association between reading disability and 

problem behaviour (McGee, Silva & Williams, 1984; McGee, Williams, Share, 

Anderson & Silva, 1986; Rutter, Tizard & Whitmore, 1970). The direction of any 

causal relationship is not clear since much of the evidence comes from cross-sectional 

studies. Rutter etal., (1970) present three alternative hypotheses, all of which have 

received support from the literature: (1) reading disability produces behaviour 

problems; (2) problem behaviour leads to problems in reading; (3) both reading 

disability and problem behaviour are produced by some third factor.

Longitudinal studies looking at causality are contradictory and the inteipretation of the 

findings is hampered by the different criteria used to select dyslexic groups, particularly 

the failure to distinguish between poor readers and dyslexic readers or between specific 

and general reading retardation (See Rutter, Tizard & Whitmore, 1970; Yule, 1973; 

Berger, Yule & Rutter, 1975). Two studies cited by McGee etal., (1986) as making 

this distinction explicit, suggest that an association between problem behaviour and 

reading disability exists for those with general reading backwardness rather than those 

with specific reading retardation (Jorm, Share, Matthews & Maclean, 1986; Richman, 

Stevenson & Graham, 1982). McGee etal., (1986), however, found that at school 

entry, both the specific reading and general reading retarded groups were perceived by 

their teachers as more aggressive and hyperactive than their classmates. The authors 

also noticed an increase in problem behaviours during early schooling, in particular for 

teacher reports of hyperactive behaviour which they argue "indicates that the experience 

of reading failure may exacerbate already existing problems” (p.607).



2.3.5 Developmental delay or deficit ?

Performance differences between dyslexics and non-dyslexics have been interpreted 

from two main positions: a ’deficit * and a ’developmental lag* position. The deficit 

hypothesis proposes that there is some dysfunction underlying the acquisition of 

reading skills in dyslexics. These models emphasise qualitative differences between 

dyslexics and non-dyslexics. In contrast, the developmental lag position, rather than 

viewing dyslexics as qualitatively different, hypothesises that they are suffering from a 

lag in the development of reading-related cognitive processes. Originally formulated by 

Satz & Van Nostrand (1973), this theory predicts that skills which develop first in 

childhood (e.g. perceptual-spatial, visual-motor skills) are more likely to be delayed in 

younger children, than those which have a slower rate of development (e.g. language) 

which are more likely to be delayed in older children. This theory would predict two 

subtypes of dyslexics: a younger group whose performance patterns are characterised 

by delays in the acquisition of non-verbal perceptual skills and an older group whose 

performance patterns are characterised primarily by delays in the acquisition of 

language skills (Satz, Fletcher, Clark & Morris, 1981). A corollary hypothesis was 

added by Satz, Taylor, Friel & Fletcher (1978) that if the language delays persist, then 

permanent language difficulties will result.

A common criterion, outlined by Rourke (1976), for attributing dyslexia to a 

maturational lag as opposed to a deficit is whether a child’s performance on a particular 

task ’’catches up” with that of the controls. The lag model would predict that when older 

dyslexic and younger non-dyslexic children are matched on reading level, their 

performance should not differ on any cognitive tasks causally related to reading. In 

contrast the deficit model would predict differences. However, such predictions have 

been criticised for being overly simplistic. Shimamura & Townes (1982) propose:
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’’that if one considers the possibility of sensitive or critical periods during which time 
sensory input is necessary for a particular ability to develop, what may begin as a 
developmental delay could become a deficit. If  some prerequisite skill for reading is not 
acquired during this sensitive period because of a maturational delay, catching up will 
not occur (p.6)”

Furthermore, they go on to speculate that a deficit in functioning, which may have been 

compensated for, will result in the dyslexics appearing to catch up. In this case the 

dyslexics and controls may actually be performing at the same level but may be using 

different strategies and what is actually a deficit may be interpreted as a delay. Satz et 

al.y (1981) attempted to clarify the definition of such terms as lag, deficit, delay, and 

rate. It was hypothesised that a clearer operational definition would result in a ’’firmer 

developmental context within which to interpret performance difference between 

dyslexics and controls” (p. 138).

2 .4 . ONE TYPE OR SUBTYPES OF DYSLEXIA ?

A central question is whether dyslexia should be viewed as a homogeneous entity or as 

a heterogeneous condition consisting of a number of syndromes. If  dyslexia is found to 

be a heterogeneous condition, attempts to establish a causal link between a single factor 

and an undifferentiated dyslexic group are unlikely to be successful. Furthermore if 

subtypes of dyslexia do exist, and these subtypes differ across a number of cognitive 

and neuropsychological domains, then the extent to which each subtype is represented 

in a particular research sample, will influence any conclusions drawn.

The possibility that dyslexia is not a single disorder but consists instead of a number of 

syndromes, each with its own cognitive characteristics and antecedent conditions, has 

led researchers to attempt to establish valid and clinically meaningful classifications of 

the disorder. This has been approached using two different methods. The first has been 

to divide groups of individuals into subtypes based on clinical observation of



performance on reading and/or neuropsychological measures. The second approach has 

been to classify individuals using statistical methods of analysis. These are discussed 

below.

2.4.1 Clinical Subtvping techniques

The identification of subtypes of dyslexia has traditionally been based on clinical- 

inferential approaches which group children according to various a prion 

considerations. Studies using this approach can be divided into four different types 

depending on the variables they use to derive the classification (Hooper and Willis, 

1989).

2.4.1.1. Subtype models based on academic levels and patterns

One of the first and most influential studies using this approach was done by Boder 

(1970, 1973). She derived subtypes on the basis of reading and spelling errors on a 

word recognition task. She presented children with a series of high frequency words in 

the form of lists. These were shown in two conditions (1) quickly as flashcards and (2) 

untimed. She argued that condition 1, the flashcard approach, indicated the extent to 

which the child was able to see the whole as a "gestalt”. Condition 2, the untimed 

presentation, tested the phonological ability of the child. Spelling ability was also 

assessed for known words and for unknown words. Boder hypothesised that children 

who cannot spell words in their known vocabulary have "revisualisation problems” as 

they are unable to recreate a visual image of the word. In contrast, children who can 

spell words which are not in their sight vocabulary are spelling phonetically.

Three distinct reading patterns emerged: (a) dysphonetic dyslexia, (b) dyseidetic 

dyslexia and (c) alexia or mixed. The largest group was the dysphonetic group (62%)
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and its members were characterised by deficient phonetic decoding strategies, poor 

letter-sound integration and weak auditory memory. The dyseidetic group on the other 

hand had intact phonological abilities, good auditory memory skills but poor visual- 

perceptual abilities and weak visual memory skills. This was a much smaller subtype 

than either the dysphonetic or the mixed comprising about 9% of her sample. The final 

type (22% of the sample) was characterised by a mixture of the deficits found in the 

other two subtypes.

There is mixed support for BOder’s classification model. Aaron (1978) found that 

children in a dysphonetic group remembered and recognised significantly more 

photographs of faces than those in a dyseidetic group whereas the dyseidetic group 

showed better serial recall of digits. This provides some support for the superior 

auditory memory skills of the dyseidetics relative to their weaker visual skills. 

Malatesha & Dougan (1982) classified dyslexic readers as dysphonetic or dyseidetic on 

the basis of the Boder Test of Reading and Spelling Patterns (Boder & Jarrico, 1982) 

and gave both groups, and a non-dyslexic group a dichotic listening task. They found a 

significant difference between the three groups: the number of digits recalled for both 

the right and the left ears was highest for the normals and lowest for the dysphonetic 

dyslexics. However, the difference between the two dyslexic groups did not reach 

statistical significance, suggesting that the two subgroups do not differ in hemispheric 

processing strategies, as measured by the dichotic listening tasks. Similarly, Hooper & 

Hynd (1985) found that although a pooled dyslexic group differed significantly from a 

retarded reader and normal control group, no differences were noted among the Boder 

subtypes on cognitive tests.

Fried (1979), Fried etal., (1981) and Rosenthal (1982) provided evidence 

demonstrating that dysphonetic and dyseidetic individuals showed distinctive EEG and 

evoked potentials. Results from these studies suggest that the left cerebral hemisphere 

is involved in the difficulties experienced by the dysphonetic dyslexics and the right
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hemisphere in the difficulties experienced by the dyseidetics. However, Flynn & 

Deering (1989) suggest that the difficulties experienced by the dyseidetic children are 

not due to deficient visual spatial skills (’right hemisphere*) but to over-use of linguistic 

abilities (left hemisphere*).

Other studies which attempt to classify dyslexics on reading and spelling variables 

include those by Frith (1983); Ingram, Mason & Blackburn (1970); Lovett (1984); 

Mitterer (1982); Nelson & Warrington (1974); Rourke & Finlayson (1978), Sweeney 

& Rourke (1978), Thomson (1982). These are shown in Table 2.3.
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Table 2.3. Subtypes derived from the clinical classification of patterns of performance
on reading & spelling tests.

STUDY SUBTYPES

Boder(1970) 
n=107

1. Dysphonetic (67%)
2. Dyseidetic (10%)
3. Alexic (23%)

Frith (1983) 1. Phonological spelling deficits
2. Lexical spelling deficits

Ingram, Mason & Blackburn (1970) 
n=82

1. Audio-phonic
2. Visuo-spatial
3. Combined

Lovett (1984) 
n=38

1. Reading accuracy disabled (n= 19)
2. Reading rate disabled (n=19)

Mitterer (1982) 
n=27

1. Recoding readers (n= 10)
2. Whole-word readers (n=10)

Nelson & Warrington (1974) 
n=87

1. Reading-spelling (n=54)
2. Spelling deficits (n= 17)

Ozols & Rourke (1988) 
n=45

1. Poor reading, spelling and maths (n= 15)
2. Poor reading, spelling, better maths (n=15)
3. Good reading & spelling,poor maths (n= 15)

Rourke & Finlayson (1978) 
n=45

1. Reading/spelling deficits (n= 15)
2. Arithmetic deficits (n=15)
3. Mixture of all three (n= 15)

Sweeney & Rourke (1978) 
n=24

1. Phonetic spelling deficits (n=8)
2. Dysphonetic spelling deficits (n=8)



Table 2.3. Subtypes derived from the clinical classification of patterns of performance
on reading & spelling tests (continued)

STUDY SUBTYPES

Thomson (1982) 1. Auditory-linguistic deficits (53%)
n=83 2. Visual-spatial deficits (29%)

3. Mixed deficits (18%)

2.4.1.2 Subtype models based on cognitive variables

These models group children on the basis of cognitive functions such as intelligence, 

memory, attention, visual-spatial abilities. One of the earliest studies in this area was 

done by Kinsboume and Warrington (1963) who grouped children on the basis o f a 

discrepancy between the two scales of the WISC-R. The first subtype (n=6) had a 

performance IQ at least 20 points higher than their verbal IQ, manifested speech 

acquisition delays and experienced deficits in expressive and receptive language. Their 

spelling errors suggested poor knowledge of grapheme to phoneme conversion. This 

group was referred to as "language retarded”. The second subtype (n=7) had a verbal 

IQ at least 20 points higher than performance, problems with arithmetic, left right 

confusion and finger agnosia. This group, the Gerstmann group, tended to make letter 

and word reversals in spelling. In a more recent study, Pirozzolo (1979), reported that 

this second subtype, which he calls a Visual-spatial* subtype, also had difficulty in left 

to right sequential eye movements.

Bakker (1979a) also proposed a clinical model with 2 subgroups. According to 

Bakkefs theory, hemispheric specialisation of reading changes during the learning to 

read process: initially mediated by the right hemisphere it then switches to mediation by



the left (Bakker, 1973, 1981, Bakker etal., 1980). The poor readers, he argues, who 

fail to make this shift are characterised by slow but relatively accurate reading and are 

referred to in his model as P-Type dyslexics. Another group of poor readers generate 

left-hemisphere strategies from the beginning and consequently attend less to the 

perceptual features, reading fast and inaccurately. These he calls L-Type.

In addition to these studies suggesting the existence of two subtypes, other studies 

using neurocognitive variables as the basis for classification, have identified three, 

four, five and six separate subgroups. These include studies by Bannatyne (1966), 

Johnson & Myklebust (1967), Bateman (1968), Rourke etal., (1971), Denckla (1972), 

Mattis, French & Rapin (1975), Smith etal., (1977), Mattis, Erenberg & French 

(1978), Myklebust (1978), Wilson & Risucci (1986). These are shown in Table 2.4



Table 2.4. Subtypes derived from the clinical classification of patterns of performance
on cognitive and neuropsychological tests

STUDY SUBTYPES

Bakker (1979a) 1. Perceptual-type dyslexia
2. Linguistic-type dyslexia

Bannatyne (1966)* 1. Minimal neurological dyslexia
2. Genetic dyslexia

Bateman (1968)* 1. Auditory memory deficits
2. Visual memory deficits
3. Combined

Denckla(1972) 1. Specific language disturbance
2. Specific visuo-spatial disability
3. Motor dyscontrol

Notes: * as cited in Hoooer & Willis (1989) Learning Disability Subtvoinc: 
Neuropsychological Foundations, Conceptual Models, and Issues of Clinical 
Differentiation



Table 2.4. Subtvoes derived from the clinical classification of patterns of performance
on cognitive and neuropsychological tests (continued).

STUDY SUBTYPES

Denckla(1981) 1. Anomic disorder
2. Anomic disorder with repetition deficits
3. Dysphonemic sequencing disorder
4. Verbal memory disorder
5. Mixed language disorder
6. Mixed subtype

Johnson & Myklebust (1967)* 1. Audiophonic dyslexia
2. Visuo-spatial dyslexia

Kinsboume & Warrington (1963) 
n=13

1. Language retarded (n-6)
2. Gerstmann (n=7)

Mattis, French & Rapin (1975) 
n=l 13

1. Language disordered (n=31)
2. Articulation and graphomotor 
dyscoordination (n=30)
3. Visual perceptual (n=13)

Mattis, Erenberg & French (1978) 
n=400

1. Language deficits (63%)
2. Articulatory-graphomotor deficits (10%)
3. Visual-perceptual deficits (5%)
4. Phonemic sequencing deficits (10%)
5. Subtype with two of the above (10%)

Myklebust (1978) 1. Auditory processing deficits
2. Visual processing deficits
3. Language impaired
4. Intersensory integration

Notes: * as cited in Hooper & Willis (1989)
The majority of studies do not indicate the number in each subgroup, if the number, or 
the % of the sample a given subtype represents, is indicated it appears in brackets after 
the subtype.



Table 2.4. Subtypes derived from the clinical classification of patterns of performance
on cognitive and neuropsychological tests (continued)

STUDY SUBTYPES

Pirozzolo (1979) 1. Auditory-linguistic subtype
2. Visual-spatial subtype

Rourke, Young & Flewelling 
(1971) n=90

1. Performance IQ greater than Verbal IQ
2. Performance IQ less than Verbal IQ
3. Performance IQ equal to Verbal IQ

Smith, Coleman, Dokecki & 
Davis (1977) n=208

1. High IQ (n=132)
2. Low IQ (n=76)

Wilson & Risucci (1986) 1. Expressive deficits
2. Receptive deficits
3. Memory & retrieval deficits
4. Global deficits
5. No deficits

Wood & Richman (1988) 
n=156

1. Memory only (n=57)
2. Memory and perceptual motor (n=57)
3. Mixed (n=42)

2.4.1.3 Subtvoe models using cognitive, neuropsychological, and achievement 
variables.

Despite the difficulties in combining large numbers of variables within the same study, 

there have been at least four attempts in the clinical literature to generate subtypes from 

a mixture of neurocognitive, reading, spelling and linguistic variables: Decker & 

DeFries (1981), Omenn& Weber (1978) Vernon (1979); Weller & Strawser(1987). 

These are described in Table 2.5.



Table 2.5. Clinical subtvping models based on performance on a range of cognitive, 
neuropsychological and achievement variables

STUDY SUBTYPES

Decker & DeFries (1981) 
n=125

1. Spatial reasoning & reading deficits (n=29)
2. Coding speed and reading deficits (n=22)
3. Mixed deficits (n=51)
4. Normal pattern with low reading (n= 11)

Omenn & Weber (1978) 1. Auditory deficits
2. Visual deficits
3. Mixed deficits

Vernon (1979) 1. Deficits in analysing visual shapes
2. Deficits in phonemic segmentation
3. Deficits in grapheme-phoneme associations
4. Deficits in grasping irregularities
5. Deficits in grouping single words into phrases

Weller & Strawser (1987) 1. Non learning disabled (25-38%)
2. Production deficits (22-30%)
3. Verbal organisation disorders (14-17%)
4. Non-verbal organisation disorders (11-15%)
5. Global dysfunction (8-10%)

2.4.1.3 Conclusions and weaknesses

There is little agreement on the number of subtypes. In the review of these studies, 

estimates range from two to six, with a mode of three subtypes. The most commonly 

reported are an auditory-linguistic subtype and a visual-perceptual subtype. Dyslexics 

who fall into the auditory-linguistic subtype are characterised by difficulties in the 

discrimination of speech sounds, in ’sound blending’ and naming visual stimuli. Those 

who fall into the visual-perceptual subtype, on the other hand, are characterised by 

problems in visual perception and visual discrimination. In almost all studies, the

-7 6 -



auditory subtype accounts for more cases than the visual subtype (e.g. Johnson & 

Myklebust, 1967; Bateman, 1968; Boder, 1970; Ingram etal., 1970; Mattis etal.,

1975; Mattis etal., 1978; Omenn& Weber, 1978; Pirozzolo, 1979; Thomson, 1982).

In addition to the two broad subtypes described above, a third subtype is often 

described comprising children with both auditory and visual-perceptual difficulties (e.g. 

Bateman, 1968; Boder, 1970; Ingram etal., 1970; Mattis etal., 1978; Omenn& 

Weber, 1978; Thomson, 1982). For example, Thomson (1982) looked at the 

distribution of the 3 subtypes: auditory, visual and mixed at three different age groups. 

He found that the number of children falling into the auditory subtype increased with 

age whereas the number falling into the visual subtype decreased. The percentages 

classified as mixed remained relatively stable. If, as Rourke (1976) has argued, 

auditory-linguistic difficulties appear later in the dyslexic, the age of the subjects at the 

time the subtypes are derived could influence the relative proportions falling into each 

subtype.

A number of studies have also identified a language disordered group (e.g. Denckla, 

1972; Mattis etal., 1975, 1978; Myklebust, 1978; Wilson & Risucci, 1986); a group 

based on memory deficits (e.g. Wilson & Risucci, 1986); and a group with motor 

dysfunctions (e.g. Mattis etal., 1975, 1978, Denckla, 1981). There have also been 

several studies which have reported a "normal” subtype or a group with minimal 

deficits (e.g. Decker & DeFries, 1981; Wilson & Risucci, 1986). One possible 

explanation for the emergence of this unexpected subtype is that this group have deficits 

in areas not assessed by the measures employed in the study. An alternative 

explanation, hypothesized by Lyon, Stewart & Freedman (1982), is that this 

subgroup’s reading disability may be related to social and motivational factors rather 

than neuro-cognitive deficiencies.



These studies demonstrate that while a number of different subtypes can be identified, 

the extent to which these are reliable and homogeneous has yet to be convincingly 

established. The clinical approach also suffers from a number of methodological 

problems which limit the interpretability of the results. These include the fact that:

1. The dyslexic groups from which subgroups have been derived are usually small.

2. Comparison groups of good readers are not often included. This means that it is not 

possible to determine whether the putative subtypes are specific to the dyslexic 

population.

3. There is a limit to the number of variables which can be considered through simple 

inspection of the data. Given the lack of consensus as to which variables are important 

in the derivation of subgroups, an approach which is limited in the number of variables 

it can consider has certain disadvantages.

4. The definition of homogeneous subgroups on the basis of direct observation of tests 

scores is highly subjective. It is subject to the biases and a priori assumptions of the 

researcher and may not reflect the true structure of the data (Doehring & Hoshko, 1977; 

Fletcher & Satz, 1985; Hooper & Willis, 1989; Satz& Morris, 1981).

In view of these criticisms recent classification attempts have tended to reject the clinical 

approach to subtyping and move increasingly towards a statistical one. An approach, 

which, it is argued, provides a more objective means of determining both the number 

and type of subgroups within the dyslexic population. Statistical approaches to 

subtyping will be discussed below.

2.4.2 Statistical Classification

The first studies to use a statistical approach to subtyping appeared in 1959. Since then 

cluster analysis and Q-factor analysis have been widely used to group subjects on the 

basis of profile similarities. Clustering methods use algorithms and indices of similarity
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and distance to form groups that are relatively homogeneous. Q-factor analysis, in 

contrast, forms correlational matrices of subjects and extracts factors that represent 

subtypes. Both approaches permit a wide range of variables to be considered in the 

formation of the subtypes. The ability afforded by these approaches to consider levels 

and patterns of performance on a large number of tests in a large number of subjects is 

reflected in the greater complexity of the resulting subtypes. Patterns of ability and 

impairment across, as well as within, a range of functional domains, can be assessed.

Unlike the clinical approaches to classification, where studies could be usefully 

grouped according to the kinds of variables used to derive the subtypes, statistical 

approaches vary more in the methods they use to derive the classification than in the 

type of variables they employ. The majority have used a combination of cognitive and 

neuropsychological variables. Only three have used performance on achievement tests 

(Johnston, Fennell & Satz, 1987; Satz & Morris, 1981; Van der Vlugt & Satz 1985). 

The studies in this area will be reviewed, not according to the type of variables but 

according to the statistical approach applied. Classifications based on cluster analysis 

are shown in Table 2.6 and those based on Q-factor analysis in Table 2.7.
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Table 2.6. Subtvoing models using cluster analysis

STUDY SUBTYPESf

Bender & Golden (1990) 
n=57

1. Language deficit (23%)
2. Visual deficit (25%)
3. No deficit (37%)
4. Poor reading and high self concept (6%)
5. Behaviourally disordered (10%)

Del Dotto & Rourke (1985) 
n=322

1. Poor linguistic, sequential, tactile abilities; 
low achievement
2. Auditory verbal deficits; low achievement
3. Mild auditory verbal deficits, severe 
tactile deficits; low achievement

Feagans & Appelbaum (1986) 
n=55

1. Intact syntax (n=9)
2. Intact semantic (n=9)
3. Hyperverbal (n=8)
4. Intact narrative (n=15)
5. Superior narrative (n=9) ,
6. Superior syntax and semantic (n=5)

t  Included under this heading are groups which were found with ’no deficits’ although 
the later are not technically subtypes.



Table 2.6. Subtvping models using cluster analysis (continued)

STUDY SUBTYPES

Holcombe, Hardesty, 
Adams & Ponder (1987) 
n=119

1. Verbal IQ< Performance IQ, v.poor reading (n=12)
2. Verbal > Performance IQ, good reading (n=23)
3. ACID1 pattern present (n= 14)
4. General deficiency (n=26)
5. Poor sequencing ability (n=22)
6. High IQ- normal group (n=13)

Johnson, Fennel & Satz 
(1987)

1.Two specific non-verbal deficits
2. Global visual-perceptual deficit
3. Unexpected
4. Mild mixed deficits
5. Normal

Jorgenson, Jorgenson &
Davis (1987)
n=23

1. Female
2. Male/developmental delays
3. Male/only or oldest child
4. Male/youngest chiWno delays

Joschko & Rourke (1985) 
6-8 years n=59

1. Poor general perception, motor, academic deficits
2. Poor auditory perception, sequencing, 
and academic abilities

9-14 years n=122 1. Poor auditory perception
2. Poor tactile & auditory perception; motor & 
academic deficits

1 ACID: poor performance on the Arithmetic, Coding, Information and Digit Span 
subtests from the WISC-R.



Table 2.6. Subtvoing models using cluster analysis (continued)

STUDY SUBTYPES

Korhonen (1988) 
n= 166

1. Normal pattern (n=57)
2. General language deficits (n=22)
3. Visuo-motor deficits (n=36)
4. General deficiency (n=18)
5. Naming deficits (n=10)
6. Mixed deficits (n=23)

Leton, Miyamoto & Ryckman
(1987)
n=100

1. Attention deficits (n=31)
2. Verbal-association deficits (n=33)
3. Visual-spatial, motor deficits (n=36)

Lyon, Stewart & Freedman 
(1982) n=64

1. Visual-spatial, visual-motor deficits (n= 18)
2. Impairment on all auditory tasks (n= 10)
3. Normal pattern (n=12)
4. Auditory comprehension and selected visual 
perceptual deficits (n=15)
5. Mixed deficits (n=9)

Lyon & Watson (1981) 
n=100

1. Language comprehension, memory, 
sound blending, visual-spatial deficits (n=10)
2. Language comprehension, auditory memory, 
visual-motor deficits (n= 12)
3. Aphasic (n=12)
4. Expressive, receptive language deficits (n=32)
5. Visuo-perceptive deficits (n=12)
6. Normal pattern with low reading skills (n= 16)

Lyytinen & Ahonen (1988)2 1. General developmental delay
3. Motor control problems
4. Spatial constructive problems
5. Mild spatial constructive problems
6. Kinesthetic problems

2 Conference abstract

-8 2 -



Table 2.6. Subtvoing models using cluster analysis (continued)

STUDY SUBTYPES

McKinney, Short & Feagans 
(1985) n=55

1. Linguistic deficits (n=15)
2. Mixed - severe visual-perceptual, mild 
linguistic deficits (n=4)
3. Mixed - mild visual, linguistic deficits (n=8)
4. Normal pattern, low coding (n= 12)
5. Two normal patterns (n=16)

Morris, Blashfield & Satz (1986) 1. Deficient verbal skills with poor
n=200 achievement, more active, emotionally reactive,

improvement with age in visual-perceptual 
motor skills (n=45)
2. Deterioration in verbal-conceptual skills, below 
average achievement (n=41)
3. Below av. achievement, familial link (n=24)
4. Normal - average to above average (n=59)
5. Normal - above average (n=20)

Naidoo (1972) 
n=94

1. Atypical patterns of laterality, low 
sound blending scores (n=20)
2. Genetic (n=33)
3. Abnormal neurological responses, deficits 
in auditory recall and arithmetic (n=35)
4. Genetic group (n=6)

Nussbaum & Bigler (1986) 
n=75

1. Generalised poor performance (n=23)
2. Performance IQ higher than Verbal IQ (n=35)
3. Minimal deficits (n=17)

Petrauskas & Rourke (1979) 
n=160

1. Language deficits (n=40)
2. Linguistic, sequencing, finger localisation 
deficits (n=26)
3. Right unilateral sensory & motor deficits (n= 13)
4. Normal profile (n=8)
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Table 2.6. Subtvping models using cluster analysis (continued)

STUDY SUBTYPES

Satz & Morris (1981) 
n=230

1-7 Normal performance (n= 141) 
8-9. Learning disabled groups (n=89)

Satz & Morris (1981) 
n=89

1. Global language deficits (n=27)
2. Specific language deficits (n=14)
3. Global language & perceptually impaired (n=10)
4. Visual-perceptual-motor impaired (n=23)
5. Normal profile with low reading skills (n=12)

Shinn-Strieker (1986) 
n=92

1. Dysphonetic (n=36)
2. Dyseidetic (n=31)
3. Mixed (n= 24)

Smith & Carrigan (1959) 1. Cognitive, perceptual-metabolic 
association deficits
2. Low cognitive-perceptual abilities
3. Undifferentiated
4. Two physically superior groups

Smith, Goldgar, Pennington, 
Kimberling & Lubs (1986) 
n=47

1. Low auditory discrimination, sound 
blending, oral expression (n=17)
2. Global deficits but good visual abilities (n=12)
3. Specific reading disorder (n=18)

Snow, Cohen & Holliman
(1985)
n=106

1. Global deficits
2. Attention deficits
3. Language deficits
4. Mild language deficits
5. Two normal groups



Table 2.6. Subtyping models using cluster analysis (continued)

STUDY SUBTYPES

Speece (1987) 
n=59

1. STM deficit (n=9)
2. Speed of recoding deficit (n= 12)
3. Mild recoding/attention deficit (n= 10)
4. Mild encoding/severe recoding deficit (n=10)
5. Marginal performance (n=9)
6. Mild memory/recoding deficit (n=9)

Tyler & Elliott (1988) 
n=121

\

1. Visuo-spatial and linguistic processing 
problems (n=30)
2. Sequential processing problems (n=52)
3.Problems in retrieval of information (n=39)

Van der Vlugt & Satz (1985) 
n=93

1. Severe global language deficits
2. Selective language & perceptual deficits
3. Mild global language deficits
4. Severe global language, selective perceptual- 
motor deficits
5. Severe global language & perceptual deficits
6. Global visual-perceptual-motor deficits
7. Normal

Watson & Goldgar (1988) 
n=63

1. Auditory processing deficits (n=13)
2. Auditory, STM and visual processing 
deficits (n=21)
3. Language deficits (n=22)
4. Auditory STM & visual processing deficits (n=7)

Watson, Goldgar & Ryschon 
(1981) n=65

1. Visual processing deficit (31%)
2. Language deficits (26%)
3. Minimal deficits (43%)



Table 2.7. Subtvoing models using Q-factor analysis

STUDY SUBTYPES

Doehring & Hoshko (1977) 
n=34
Doehring etal., (1979) 
Doehring etal., (1981)

1. Poor oral reading skills (n=12)
2. Slow matching of spoken & written letters (n= 11)
3. Slow matching of spoken & written syllables & 
words (n=8)
4. Unclassified (n=3)

Fisk & Rourke (1979) 
n=264

1. Auditory-verbal deficits, impaired 
tactile perception
2. Motor, auditory-veibal processing deficits
3. Auditory-veibal, memory, tactile perception deficit

Hale & Saxe (1983) 
n=269

1. High spatial, low sequential abilities
2. Poor arithmetic & picture arrangement
3. Verbal IQ higher than Performance IQ
4. Poor arithmetic & Block design

Lundberg (1985) 
n=700

1. Slight memory/IQ deficit
2. Poor memory/attention
3. Extremely poor memory
4. Verbal deficit

Meacham & Fisher (1984) 
n=30

1. Reading disabled
2. Language disabled

Snow & Hynd (1985b) 
(n=100)

1. Expressive and receptive language deficits, 
impaired performance on letter copying, spelling and 
IQ (n=36)
2. Reading & spelling deficits (n=20)
3. Expressive and receptive language deficits, 
tactile perception problems (n= 16)



Classification of dyslexic populations using both cluster and Q-factor analysis studies 

suggests the presence of at least four subtypes, the first three mirroring those identified 

in the clinical studies.

(1) A language deficient subtype - characterised by poor oral word reading skills, 

difficulties in verbal expression, limited vocabulary, poor auditory discrimination, 

naming ability, memory and sound blending skills with corresponding strengths in 

visual-perceptual skills.

(2) A visual subtype: characterised by difficulty with visual discrimination, visual- 

motor integration, (e.g.copying designs) and visual-spatial skills, often within the 

context of linguistic strengths.

(3) A mixed subtype - characterised by a pattern of mixed deficits which impedes both 

visual and auditory ability. The question as to whether the presence of deficits in both 

the auditory and visual domains results in poorer achievement has not been 

conclusively answered and is complicated by the difficulties of making comparisons 

across studies when different subjects and different variables have been used. Lyon et 

al., (1982) found that the two groups in their study which were characterised by some 

deficits in both domains made significantly more word attack errors than the groups 

with deficits in a single domain. McKinney etal., (1985) found that the two groups 

who had mixed visual and linguistic deficits had a similar academic outcome at the end 

of a three year period to the children in the linguistic deficit subgroup.

(4) An ’unexpected’ subtype (e.g. Satz & Morris, 1981) or **normal group” (e.g. 

Johnson et al., 1987; Korhonen, 1985; Lyon & Watson. 1981; Lyon etal., 1982; 

McKinney etal., 1985; Morris etal., 1986; Petrauskas & Rourke, 1979; Satz & 

Morris, 1981; Snow etal., 1985; VanderVlugt& Satz, 1985). The measured 

cognitive abilities in this group fail to show any significant deficits that could account
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for reading failure. In the context of the clinical studies, it was argued that this group 

may represent a group for whom performance differences were the result of other 

factors (e.g. social/emotional, instructional). In the context of the usually larger and 

possibly more heterogeneous samples used in the statistical studies, they may represent 

a group who were initially misidentified as dyslexic.

This apparently clear division into four subtypes is, however, misleading as there is no 

indication that the four subtypes will consistently reappear, nor that the same four 

subtypes will appear in all the studies. There is little doubt that variability does exist 

among the dyslexic population, but the extent to which it can be neatly partitioned into 

four such subtypes remains unclear. Furthermore, the relationship between the three 

broad subtype patterns which emerge: auditory, visual, mixed and other subtype 

patterns e.g.behaviourally disordered subtypes (Bender & Golden, 1990); a female 

subtype (Jorgenson etal., 1987); or subtypes with motor problems (e.g. Lyytinen & 

Ahonen, 1988) has not been established. Unfortunately, cross-comparisons between 

studies are not straightforward, given differences in the subject selection, the measures 

employed and the different statistical procedures.

2.4.2.1 Problems with statistical studies

The ease with which multivariate classification techniques find subtypes is deceptive 

and it is tempting to accord more weight to the subtypes derived in this way than 

subtypes derived by more openly subjective methods such as clinical classification. 

However, the cluster or Q-factor analysis solution is influenced by many a priori 

clinical decisions, particularly those regarding sample and variable selection, and does 

not necessarily represent the only possible classification or indeed the best. For this 

reason it is important that the resulting solutions are validated, both internally and 

externally (Morris, Blashfield & Satz, 1981). Internal validation procedures address the 

stability of a particular subtyping solution and external validation procedures determine
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the extent to which derived subtypes differ on criteria not included in the original 

design. Both these validation techniques help to compensate for the subjective nature of 

many of the decisions required in these techniques.

A major source of variation in the studies detailed above is in the ratio of number of 

measures to number of subjects. Satz & Morris (1981), for example use only four 

measures with a ratio of subjects to measures of 50:1. This is in contrast to the studies 

of Doehring etal., (1977,1979) who use thirty-one tests of reading related skills and 

have a ratio of subjects to tests of almost 1:1. Between these two extremes there is a 

wide variety both in number of measures and number of subjects. This is particularly 

important in view of known features of multivariate statistical procedures such as 

cluster and Q-factor analysis:

(1) The number of possible groups derived from a Q-Factor analysis is limited to one 

less than the number of tests used (Vogler et al., 1989).

(2) The addition or subtraction of a single variable may result in the generation of very 

different solutions.

(3) Cluster analysis uses scores standardised within the sample and equal weights are 

given to all variables regardless of their perceived theoretical importance (Kavale & 

Fomess, 1987).

(4) The inclusion of a number of correlated variables can result in these variables being 

given more weight in a clustering algorithm, where the extra weight is, in part, a 

function of the number of correlated variables (Aldenderfer & Blashfield, 1984).

In addition Q-Factor analysis has been criticised for lack of sensitivity to differences in 

the level of performance (Vogler etal., 1989). For example, subjects with comparable 

patterns of performance on a number of tests will correlate more highly than subjects 

whose levels of performance are similar but whose pattern on the different tests is
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dissimilar. Thus, if  differences in level of performance on a given test or tests is 

important, this information will be under-represented.

2.4.3 An alternative view of heterogeneity

An alternative formulation of heterogeneity has been advanced by some researchers 

(e.g. Ellis, 1985; Stanovich, 1988). Instead of searching for discrete subtypes, which 

together account for the syndrome of dyslexia, these theorists argue that dyslexic 

children differ only in degree from normal readers. Ellis (1985) argues that the most 

useful analogy for dyslexia is a condition like obesity. He argues:

’’For people of a given age and height there will be an uninterrupted continuum 
from painfully thin to inordinately fat. It is entirely arbitrary where we draw the line 
between ’’normal” and ”obese”, but that does not prevent obesity being a real and 
worrying condition, nor does it prevent research into causes and cures of obesity being 
both valuable and necessary ”(Ellis, 1985, p. 172).

Kinsboume (1986) refers to this approach as the continuity model of dyslexia and 

contrasts it with the discontinuity model in which a finite number of subtypes are 

sought.

The evidence for a statistical separation of dyslexia from the normal distribution of 

reading ability reported by Yule, Rutter, Berger & Thompson (1974) and Rutter & Yule 

(1975) has been largely refuted. Rutter and Yule (1975) argued that there was a ’hump’ 

at the bottom end of the reading distribution, with a larger number of children reading 

poorly (4%) than would be expected from a normal distribution (2.28%). More recent 

evidence suggests that this Turnip’ rather than being evidence of a valid statistical 

separation, was a statistical artefact due to ceiling effects on the tests employed 

(Rodgers, 1983; Share etal., 1987; Silva etal., 1985; Van der Wissel & Zegers,



1985). Rodgers (1983) found no hump in the distribution in a sample of 8836 ten year 

olds when tests with no ceiling or floor effects were employed.

The continuity theory of dyslexia does not exclude the possibility that it is possible to 

partition the variability in the dyslexic population into discrete subtypes. What it implies 

is that the resulting subtypes will not be homogeneous as they represent an arbitrary 

partitioning on a continuum (Ellis, 1985; Stanovich, 1988). For example, a reading 

related skill such as phonological recoding ability is distributed on a continuum from 

very good to very poor, with some dyslexics showing very poor decoding skills and 

some superior decoding skills. Between these two extremes, Ellis suggests ’’that there 

will be a complete and unbroken graduation of intermediate dyslexics” (p. 192). Thus, 

these authors have argued, dyslexics do not form clear ability/disability clusters, 

furthermore, any clusters which are created are necessarily only one possible division 

along a continuum. This viewpoint is supported by an empirical study by Volger,

Baker, Decker & DeFries and Huizinga (1989) who performed a cluster analysis on 

factor scores derived from a battery of psychometric tests. They found little evidence 

for distinct subgroups and suggested that the clustering routines were likely to be 

’’defining clusters which were due to minor, possibly random deviations from a 

contiguous spread of points in the psychometric measurement space” (p. 174).

Similarly, this view does not exclude, as Olson etal., (1984) suggest, the possibility 

that there are some ’’unique dyslexics that may contribute to a deviation from a normal 

curve that is difficult to detect statistically” (p.48). A uniqueness, they argue, which 

would have to be demonstrated by behavioural, neurological or genetic analyses. If  this 

view of dyslexia is accepted, and the search for subtypes seen as the application of 

essentially arbitrary cut-offs on a continuum of ability, it may help to explain the lack of 

agreement on both the number and characteristics of reported subtypes.
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2.5 LO NG ITU D IN A L STUDIES

Longitudinal studies provide potential answers to four interrelated questions. These are 

questions of: prediction, stability, prognosis and causality.

2.5.1 Prediction

Much of the research on the prediction of later reading achievement has been conducted 

in the United States where the identification of children at risk for developing learning 

disabilities is highly formalised and subject to statutory laws (Public Law 94-142). A 

grade-age conversion table is presented below in order to make the grade levels used in 

this research readily interpretable.

Table 2.8. Grade-age conversion

Grade Age (years)

1 6-7
2 7-8
3 8-9
4 9-10
5 10-11
6 11-12
7 12-13

2.5.1.1 Concurrent prediction of reading achievement

Intelligence and chronological age have been widely used to predict concurrent reading 

ability. Wide variations in the predictive power of IQ are reported. In a meta-analysis 

by Hammill & McNutt (1981) the median of 36 correlations between IQ and reading
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achievement was .44, indicating that just under 20% of the variation in reading could be 

explained by IQ. Assessing the predictive power of IQ in groups of third- and fifth- 

grade children, Stanovich, Nathan & Vala-Rossi (1986) found a pattern of lower IQ- 

achievement correlations in the earlier stages of reading acquisition. Whereas only 

between 9% and 25% of variance in reading performance could be accounted for by IQ 

in the early grades, the percentage increased in the middle grades to 42% and in adult 

samples a typical figure was 46%.

Stanovich etal., (1984) found evidence for three relatively independent abilities in 

predicting early reading progress as measured by a test of reading comprehension: 

decoding speed (word and non-word naming time); verbal comprehension (general 

intelligence & listening comprehension) and phonological awareness (strip initial 

consonant task & a phonological oddity task). These accounted uniquely for 11%,

6.7% and 6.6% of the variance, respectively, for first grade children. An increasing 

interdependence of these tasks was reported for children in the third and fifth grades, 

although decoding speed continued to make a significant and increasing contribution to 

explained variance in reading comprehension, 15% and 22% in the third and fifth 

grades, respectively.

Further support for the importance of decoding speed comes from a study by Curtis 

(1980) who found that speed in vocalising words made a significant, although 

decreasing unique contribution, to reading ability for children in Grades 2, 3 and 5. For 

children in the second grade, decoding speed made a unique contribution of 13%. This 

was reduced to 6% in Grade 3 and 3% in Grade 5. Thus, although decoding speed 

increased with age, its ability to explain the variance in reading ability decreased, and 

measures of listening comprehension became better predictors of later reading ability. A 

similar pattern was observed for the skilled and less skilled readers. For the skilled 

readers, listening ability made a large unique contribution to the explained variance in 

reading achievement, however, in the less skilled readers, the contribution of listening
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ability was due to its commonality with the decoding measures rather than its 

uniqueness. Thus, it appears that while reading is dependent on listening ability at all 

ages, this relationship becomes stronger at higher levels of reading skill.

One explanation of this is given by Curtis (1980) and Stanovich (1980). They argue 

that lack of exposure to and practice with word identification on the part of less skilled 

readers leads to a failure to develop automaticity which, in turn, leads to a lower 

capacity for higher level processing such as comprehension. Thus, initial reading is 

heavily dependent on word identification skills, as evidenced by the large unique 

contribution they make to reading achievement, as these become automatic, listening 

comprehension becomes the better predictor of reading ability.

2.5.1.2 Preschool prediction of reading achievement

Predictive research has been dominated by attempts to maximise the early identification 

of ’’educationally at risk children”. The emphasis on early identification rests on two 

basic assumptions: children are more susceptible to change during early developmental 

periods (Tramontana, Hooper & Selzer, 1988); and that early intervention is beneficial 

and may prevent the occurrence of secondary problems. There is some evidence to 

suggest that early intervention is associated with better subsequent reading performance 

(e.g. Abbot & Frank, 1975; Bruck, 1985; Edgington, 1975; Muehl & Forell, 1973; 

Strag, 1972; White, 1986). The majority of studies have therefore concentrated on the 

identification of a general set of preschool measures, which, it is hoped, will enable 

discrimination of children likely to experience difficulty with reading in the following 

years.

Horn & Packhard (1985) reviewed more than 58 studies reporting correlations between 

reading achievement in the first years of school and measures administered in the 

preschool years. The authors classified predictor variables into six categories:
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Language, sensory, behavioural-emotional and "soft” neurological variables, IQ 

measures and teacher ratings. The mean correlations with first grade reading ranged 

from .24 to .71 for the various predictors variables, these are shown in Table 2.9.

Table 2.9. Mean correlations with first grade reading achievement (taken from Horn & 
Packhard. 1985).

VARIABLE No. of correlations N Mean r SD

Language
Written expressive 5 1,561 .61 .11
Oral expressive 19 4,168 .44 .18
Receptive 30 6,401 .53 .12

S ensory
Figure drawings 23 4,317 .43 .14
Auditory skills 17 3,616 .36 .06
Visual skills 20 3,152 .46 .16
Integration 12 1,858 .24 .10

B ehavioural-em otional
Attention/distiactability 3 740 .71 .08
Externalising 7 1,524 .46 .15
Internalising 3 844 .56 .00
Self help/social skills 4 481 .52 .20

Soft neuro logical
Fine motor skills 3 751 .47 .00
Gross motor skills 3 494 .36 .00

IQ
Group tests 4 1,126 .59 .10
Individual tests 5 1,154 .46 .07

Teacher R atings 5 1,151 .51 .08

The best single predictors of reading achievement to emerge from this analysis were 

attention-distractability (r=.71), written language skill (r=.61) and group administered 

IQ tests (r=.59). These accounted for 50%, 37% and 35% of the variance, respectively, 

in reading scores in Grade 1.
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Correlations from the studies included in the meta analysis which had gone on to assess 

reading in Grades 2 and 3, found some evidence to suggest that the correlation with 

reading increased as a function of grade level. The amount of variance explained by the 

measures of anxiety and depression, for example, increased dramatically in the second 

and third grades. The mean correlation in the later grades was .72, indicating that this 

variable was able to explain 52% of the variance. However, care should be taken in 

assuming that behaviour problems are a better predictor of later school achievement 

than early school achievement It is widely accepted that the dispersion of achievement 

test scores tends to increase with age, a phenomenon referred to as the Matthew or fan- 

spread effect (Anastasi, 1982; Butler etal., 1983; Rutter, 1978; Spreen, 1978; Walberg 

& Tsai, 1983). The squared correlation coefficient (r2) is directly related to the variance 

both in the independent and dependent variable, with higher values of r2 associated 

with greater variance (Achen, 1982). Thus, one possible explanation of the observed 

increase in the predictive significance of such behaviour problems is greater variance in 

reading achievement in the higher grades.

Tramontana, Hooper & Selzer (1988) in an overlapping, but more extensive, review of 

preschool prediction found a number of measures were repeatedly reported as having 

significant correlations with later reading achievement: letter naming, IQ, language 

abilities, perceptual measures, specifically involving visual-motor skills and finger 

localisation, and behavioural measures of attention. However, they stress the volatility 

of the predictive relationships. In the 74 studies, they found significant variation 

according to the criterion measures assessed, the grade level when evaluated, the age of 

the child when initially tested and other demographic characteristics. In view of this, 

they argue that the search for the "best” predictors of reading achievement, ”is a 

simplistic approach to a complex question” (p. 137).
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The majority of the studies reviewed by Horn & Packhard (1985) and Tramontana et al. 

(1988) had an interval of between one and two years between the time of initial 

assessment and follow-up, some considerably less. Few longitudinal studies have 

extended the follow-up period to later grades in order to determine the usefulness of 

these approaches to early assessment over longer periods of time, thereby enabling an 

exploration of the changing predictor-criterion relationships. Longitudinal studies of at 

least four years duration which have used multivariate statistical methods to analyse 

predictor-criterion relationships across the whole range of reading ability are presented 

in Table 2.10. These studies report multiple correlations between the criterion, usually 

reading, and a number of predictor variables.
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Tabic 2.10. Longitudinal Studies of greater than four years duration predicting reading
achievement

STUDY DETAILS CRITERION PREDICTORSf R2

Holbrook Screening Batterv
Badian (1982) READING-Grade 1/2 Letters .37
6mths prior to Name writing .45
Kindergarten Information .50
n=129 Sentences .52

READING - Grades 2/3 Information .32
Counting .42
Name Writing .44
Draw a person .45
Letters .46

READING - Grades 3/4 Information .13
Counting .21
Draw a person .25
Sentences .52
Letters .55

Butler et al., (1982) READING - Grade 1 Language factor .14
n=320 Parents language .23
Kindergarten Sex .24

Perceptual-Motor skills .24*
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Table 2.10. Longitudinal Studies of greater than four years duration predicting reading
achievement (continued)

STUDY DETAILS CRITERION PREDICTORS! R2

Butler etal. READING-Grade 2 Language factor .20
(continued) Figure drawing .28

Perceptual-Motor skills .29
Sex .30
Parents language .31*

READING - Grade 3 Language factor .23
Figure drawing .33
Perceptual-Motor skills .35
Sex .36
Parents language .38*

Butler et al., (1985) READING - Grade 1 Psycholinguistic abilities .20
N=320 Figure drawing .26
Kindergarten Language skills .31

Form perception .32
Rhythm .33
Perceptual-Motor skills .34

READING - Grade 2 Language skills .22
Form perception .36
Rhythm .39
Sex .41
Psycholinguistic abilities .42
Figure drawing .43

READING - Grade 3 Psycholinguistic abilities .24
Form perception .36
Language skills .44
Figure drawing .46
Sex .48
Rhythm .49
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Table 2.10. Longitudinal Studies of greater than four years duration predicting reading
achievement (continued)

STUDY DETAILS CRITERION_____________ PREDICTORSt_______ R2

Butler et al., 1985 READING - Grade 6 Language skills .23
(continued) Figure drawing .35

Psycholinguistic abilities .41 
Sex .42
Form perception .43
Rhythm .44

READING - Grades 1,2,3,6 Language skills .25
Form perception .40
Psycholinguistic abilities .44 
Figure drawing .47
Sex .49
Rhythm .50

Clark et al., (1978) WORD Recognition - Grade 1 Visual sequencing . 13
n=79 Letter recognition .20
Kindergarten Auditory learning .24

WORD Recognition - Grade 2 Number facility .29
Auditory discrimination .35 
Visual learning .40

WORD Recognition - Grade 3 Number facility .37
Visual closure .44
Auditory learning . 4 6

COMPREHENSION - Grade 1 Number facility .26
Visual sequencing . 31
Letter recognition . 3 6

COMPREHENSION - Grade 2 Number facility .46
Auditory learning .50
Letter recognition . 5 3
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Table 2.10. Longitudinal Studies of greater than four years duration predicting reading
achievement (continued)

STUDY DETAILS CRITERION PREDICTORSf R2

Fennel etal., (1983) 
n=208
Kindergarten (male)

HAND PREFERENCE 
DICHOTIC listening

Grade 5 Reading 
Grade 5 Spelling 
Grade 5 Maths

.29

.28

.20

Feshbach etal.. (1977) READING - Grade 2 
n=888
Kindergarten

IQ
Student Rating Scale 
de Hirsch .32

READING - Grade 3 IQ
Student Rating Scale 
de Hirsch .32

Lundberg et aL (1980) SILENT READING - Grade 1 
n=143
Kindergarten

Reversal of phonemes

IQ
Rhyme
Sex
Picture integration .4 0 /

SILENT READING - Grade 2 Reversal of phonemes 
Rhyme .2 9 /

Meisels etal., (1984) 
Cross-sectional n=l 15 
Kindergarten

General achievement - Grade 1 Early Screening Inventory -
Hearing
Vision
Medical examination 
Parental questionnaire .42

General achievement - Grade 2 
General achievement - Grade 3 
General achievement - Grade 4

Variables as above 
Variables as above 

Variables as above

.44

.23

.40
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Table 2.10. Longitudinal Studies of greater than four years duration predicting reading
achievement (continued)

STUDY DETAILS CRITERION PREDICTORSf R2

Rourke & Orr (1977) 
N=42
Grades 1& 2

WRAT Reading - Grades 5.6 WRAT spelling
Underlining 
Verbal IQ
Reading non-words .70

WRAT Spelling - Grades 5.6 WRAT reading .56

Stevenson etal.. ( 1976) WRATReadme- Grade 1 
Prior to Kindergarten

WRAT Reading - Grade 2

Fall Ratings (Teacher) 
Vocabulary

Reflective
Vocabulary

.46#

.29
.37

WRAT Reading - Grade 3 Vocabulary .18

WRAT Reading- Grade 1
Soring Ratings (Teacher) 
Following Instructions 
Retention of information

.42

.46

WRAT Reading - Grade 2 Following Instructions 
Retention of information

.46

.50

WRAT Reading - Grade 3 Retention of information .32

WRAT Reading - Grade 2
Grade 2 Ratings 
Effective Learning 
Independence

.44

.48

WRAT Reading - Grade 3 Independence 
Effective Learning 
Attention

.41

.46

.50
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Table 2.10. Longitudinal Studies of greater than four years duration predicting reading
achievement (continued)

STUDY DETAILS CRITERION PREDICTORSt R2

Stevenson 
& Newman (1986) 
n= 105/154 
Prior to Kindergarten

READING - Grade 5 Arithmetic .54 
Reversals .58 
Naming letters .61 
Paired associates . 6 3

Stevenson 
& Newman (1986) 
(continued)

COMPREHENSION -Grade 5 Verbal Recall .51 
Naming letters .60 
Reversals .64 
Paired associates . 66 
Auditory Discrimination .67

COMPREHENSION- Grade 10 Arithmetic .58 
Auditory discrimination . 6 3 
Memory for pictures . 6 6 
Paired associates .68 
Naming letters . 71

Williams & Silva (1985) READING - Grade 3 
n=748

Family characteristics . 18 
Reading 2 years earlier . 7 7

Notes
t  Listed are those variables meeting a stepwise criterion of p<.05 . Multiple R’s are 
from the step at which the particular variable entered the equation. The numbers in bold 
represent total accounted variance.
♦represents figure unadjusted for sample size and number of variables. The corrected 
predictable variance in the 3 grades would be 22.4 %, 29.8% and 36.5% respectively 
/  Multiple R2 derived from path analysis, highlighted variable most powerful predictor 
* Only those variables meeting a stepwise criterion of p<.01 were listed by the authors 
? contribution of individual variables not given



The trend in the majority of the studies reported above is towards an increase over time 

in the degree of the relationship between the predictive and the achievement measures, 

suggesting that reading achievement may not be sufficiently developed or stable in the 

early years to be assessed reliably. However there are at least two other possible 

interpretations of this finding: (1) that, as mentioned earlier, the variance in reading 

performance associated with an increase in age tends to result in larger correlations and 

increased values of R2 and (2) that the predictors are better measures of reading 

achievement at higher grades. Butler etal., (1985) found no support for the latter 

hypothesis, the correlations between the reading scores predicted in the different grades 

were high (r >.96), indicating that the predictor variables were predicting virtually the 

same relative performance in each of the four grades. Clark, Bruininks & Glaman 

(1978) with reference to their specific study suggest two further reasons why the 

multiple correlations might increase from grade to grade: (1) less measurement error 

associated with the measurement of reading ability in the higher grades and (2) the 

reading measures they employed may be better measures of reading ability in the higher 

grades. If, as is suggested by these studies, longer intervals between the predictor 

(kindergarten) and criterion measures tend to result in more accurate predictions, the 

rationale for identifying children in first grade (i.e. 6-7 years) less than twelve months 

after the initial assessment, becomes less clear.

Additional problems in the early identification of children likely to develop reading 

problems have been voiced by Algozzine & Ysseldyke (1986) Kline & Kline (1975) 

and Lindsay & Wedell (1982). In addition to concerns about the predictive validity of 

early screening instruments, Lindsay & Wedell (1982) question the intention of these 

studies. Are they merely a means of prediction, or are there implicit assumptions about 

causality? An examination of the literature, they argue, suggests that many researchers 

infer causal relationships which are not justified, especially when the goal of the 

research has been to find a combination of predictors which maximise the accounted 

variance, rather than to explain the relative importance of different predictors. It is
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apparent that a certain amount of confusion exists between predictive accuracy as 

measured by R2 and causality.

As an alternative to the batteries of tests administered in kindergarten to predict later 

reading ability, Stevenson etal., (1976) demonstrated that teacher predictions, based 

on a small number of rating scales, were relatively accurate and stable in predicting 

children’s future success. They found that four variables were adequate in predicting 

concurrent achievement and future outcome, with the additional variables adding little 

additional predictive information. The variables were; Effective Learning, Vocabulary, 

Following Instructions and Retaining Information. Similarly Williams & Silva (1985) 

found that a very large proportion of the variance in reading at age nine was associated 

with the age seven reading scores (76%). Experiential variables such as book reading, 

book borrowing and TV watching were associated with a relatively small proportion of 

the variance in reading scores (3%).

2.5.1.3 Predicting future reading disability

The majority of studies, and all those reviewed in Table 2.10, attempt to predict reading 

achievement in general as opposed to reading failure in particular. The results from 

these studies suggest that it is possible to predict reading competence with a modest 

degree of accuracy on the basis of measures assessed in Kindergarten or subsequently. 

However, the question remains as to the ability of these and other measures to predict 

reading failure. O f the studies that have examined the prediction of reading failure, 

definitions of the criterion tend to vary greatly. Tramontana et al., (1988) found that 

correct prediction of "problem learners” ranged from 20% (Lewis, 1980) to 94% (Hess 

& Hahn, 1974). However, a closer look at the criterion used to define the ’problem 

learner’ group in these two studies reveals clear differences in the target group. Lewis 

(1980) identified children who obtained low scores on a standardised reading test
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whereas Hess & Hahn (1974) identified children who were achieving one year or more 

below grade level.

In a number of studies in which the prediction of reading competence and reading 

failure have been compared, prediction of the former has been found to be more 

accurate than the latter. For example Feshbach, Adelman & Taylor (1974) found that 

the accuracy of two Kindergarten batteries was very high for predicting good reading,

81% of those predicted to have no problems were reading at grade level or above one 

year later and 71% two years later. In contrast, only 46% of those ’’predicted to be fail” 

were reading significantly below grade level one year later, and 49% two years later. 

Jorgenson, Stone & Opella (1985) found that discriminant functions were more 

accurate at identifying those without reading problems than those with. In a sample of 

152, 29 of whom had been classified as learning disabled, they found that a much 

larger percentage of the non-learning disabled group were correctly classified (97%) 

than the learning disabled group (31%). Badian (1982, 1990) found that the prediction 

of poor reading fell from 92% at the end of third grade to 31% at the end of eighth 

grade using the same Kindergarten test battety, while the accuracy of predicting good 

reading did not decline appreciably (92% - 85%).

In contrast, Satz, Taylor, Friel & Fletcher (1978) found little difference in the accuracy 

of prediction of very good and very poor reading, either at the end of second grade 

when 89% of the severely disabled group and 94% of the superior readers were 

correctly predicted on the basis of a Kindergarten battery, or at the end of fifth grade, 

using the same measures, when 86% of severely disabled and 86% of the superior 

readers were correctly predicted. However, predictive accuracy was found to be poorer 

for the mildly disabled (71%) and average reading groups (73%) in Grade 2 and 

decreased in Grade 5 (60% and 64%, respectively).
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At present there appears to be little connection between the increasing acknowledgement 

of the heterogeneity of dyslexia and work on the prediction of dyslexia. Several 

researchers have suggested that in view of the suggestion that dyslexia is comprised of 

a number of different subtypes, each postulated to have a different pattern of deficits, it 

is perhaps surprising that in terms of prediction, reading failure has tended to be treated 

as a unitary phenomenon (Badian, 1982; Silver, 1978).

2.5.2 Stability

Statements concerning stability can be made from at least two perspectives, statistical 

and developmental. The former addresses the stability of group membership from one 

age to the next, while the latter addresses the differential progress in residing of those 

classified as dyslexic and their controls. Although the two perspectives are undoubtedly 

related, stability of group membership depends on the rate of developmental change in 

reading of the dyslexics, which in turn is affected by variables such as differential 

responsiveness to remediation and teacher effectiveness. The two are discussed 

separately below.

2.5.2.1 Stability of classification

Very few studies have addressed the issue of stability or instability (i.e. change) of 

classification over time. Jorm etal., (1986) found that in spite of high re-test 

correlations between reading at two times, stability of classification was low. O f the 24 

children classified at age eight as reading disabled, using a cut-off of one and a half 

standard errors, only six had been so classified a year previously. However, the 

authors argue for caution in extrapolating a high degree of instability from this data as 

they suggest that applying a cut-off on a continuum may have resulted in children 

changing categories as a result of only small changes in their actual scores. This caution 

is perhaps warranted in view of a later study by Share & Silva (1986), who found a
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large degree of overlap between children classified as specific reading retarded at three 

ages when the same IQ and reading measures were used at all three ages: of the 44 

children classified at age seven, 57% were reclassified either two or four years later, 

75% of those classified at age nine were classified as reading disabled either two years 

earlier or two years later or both, and finally at age eleven, 67% had been previously 

classified as reading disabled.

2.5.2.2 Stability of performance

Outcomes of studies comparing the relative rates of developmental change for those 

classified as dyslexic and controls are mixed. This is no doubt, in part, due to 

differences in diagnostic criteria, and in the composition of the control groups to which 

the dyslexics are compared. Controversy exists concerning whether performance 

differences between dyslexic and non-dyslexic individuals are the result of a specific 

deficit or a maturational lag. One current theory of reading disabilities, which has its 

origin in the early work of Satz and his colleagues (Satz & Van Nostrand and Ross, 

1973; Satz, Taylor, Friel & Fletcher, 1978) is that dyslexia represents the behavioural 

manifestations of an underlying developmental immaturity of the central nervous 

system. An immaturity which is presumed to ’’delay the development of those skills 

underlying the acquisition of reading at different ages” (Fletcher, Satz & Scholes,

1981, p. 79). According to this theory, it is predicted that children with reading 

disabilities will ”catch-up” on the earlier developing skills such as the ability to process 

the orthography and phonology of a word but subsequently lag on conceptual- 

linguistic skills, which it is argued have a slower and later development. A further 

prediction is that children who fail to catch up by puberty may suffer a more permanent 

deficit.

A number of studies have shown that the discrepancy between disabled readers and 

comparison groups increases with age (e.g. Rutter, 1978; Trites & Fiedorowicz,
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1976). McKinney & Feagans (1984) found that over a three year period, reading 

comprehension ’’underwent a linear decline” for the group with learning disabilities 

when compared to their normal peers. In a longitudinal study from six to nine years, 

Short et al., (1986) found that in spite of remedial help, the learning disabled group 

tended to become more disabled over the period of the study. McGee etal.y (1986) 

conclude that boys identified as dyslexic showed ”a stable long-term disability” and 

were significantly slower in their rate of reading acquisition than their peers over a 4 

year period. Lundberg & Hoien (1989), in a longitudinal study of children from 

preschool to grade 3 (age 8-9 years), found progress in word recognition skills was 

much slower for the dyslexics, and at the last assessment, the total group had an 

average level which was almost 3 times as high compared to the level of the dyslexics. 

This pattern of increasing difference was even more marked for spelling.

Results of DeFries & Baker (1983), Baker, Decker & DeFries (1984) and LaBuda & 

DeFries, (1988), however, indicate that the rate of change in reading performance from 

the ages 9 to 14, despite differences in reading level at outset, was similar for reading 

disabled and matched controls. The only measures on which the dyslexics were found 

to lag further behind were the Coding subtest from the WISC-R and a perceptual speed 

test involving letters. The authors suggest that the differential developmental patterns 

observed for reading and symbol processing may have been due in part to remediation. 

It is possible that remediation may have been more effective for general reading ability 

than for the more basic processing of symbols at speed.

2.5.2.3 Stability of subtype classification

Very few cross-sectional or longitudinal studies have examined subtype stability, and 

the results from those that have are inconsistent. Meacham & Fisher (1984) determined 

neuropsychological subtypes of learning disabled children at age eight and 

retrospectively at kindergarten. They found very low subtype stability, with few
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subjects falling into the same subtypes at both ages. Those that did, however, showed 

many of the same deficits demonstrated in kindergarten as well as additional areas of 

deficiency. Spreen and Haaf (1986) compared the subgroups of learning disabled 

subjects obtained through cluster analysis at age ten and age twenty-four, respectively, 

and found that only 36% of the subjects were in the same type of subgroup at the two 

ages. In addition, they found, that the ’’linguistic” subtype present in the childhood 

sample was no longer present in the adult sample.

Fisk & Rourke (1979) classified subjects at three age levels (9-10 years, 11-12 years 

and 13-14 years) using Q-factor analysis. They obtained three reliable subgroups, of 

which two, a mixed linguistic/sequencing and a language disorder group were found 

across the three age levels. The third subtype which was characterised by outstandingly 

poor performance on finger agnosia was only apparent at the older age levels. The 

authors suggest that this latter subtype may be a variation of one of the other subtypes. 

It is difficult to draw conclusions from this study due to its cross-sectional nature and 

the fact that almost half of the children resisted incorporation into the ’’reliable” 

subtypes described in the Q-factor solution.

A somewhat different approach to subtype stability was adopted by Morris, Blashfield 

and Satz (1986). These authors employed "longitudinal cluster analysis” in order to 

group children retrospectively on the basis of their performance on a 

neuropsychological test battery at three different ages: 5, 7 and 11 years old. Two 

groupings were apparent. The first grouping was made up of three subgroups who 

showed highly similar rates of development across all the variables used in the 

classification. In terms of reading ability these three groups represented a superior, an 

average and a disabled group. The remaining two subgroups, both poor reading 

groups, "showed a clear dissociation between the development of their verbal and 

visual-percepual-motor abilities”. In one group visual-perceptual-motor skills 

progressed from below average to significantly above average levels over the five
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years, while verbal abilities remained poor. In contrast, in the other group there was no 

change in the initial poor visual-perceptual-motor skills but significant deterioration was 

observed in verbal skills. The data from this study suggests that the expectation of 

subtype stability in young children over time may be unreasonable and that 

classification into subgroups depends on the age and development of the child.
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CHAPTER 3 STUDY 1

3 .1 . AIM  OF STUDY 1

In the absence of a universally accepted definition of dyslexia, the aims of this study were 

to explore two different methods of identifying a dyslexic group: regression analysis and 

cluster analysis, and to determine (a) the extent to which the different methods identified 

the same children and (b) the cognitive and developmental characteristics of the resulting 

dyslexic groups.

3 .2 . SU B JEC TS

The initial screening sample with full data consisted of 976 English speaking children in 

the last two years of primary school. Any child falling into one of three groups: under

achievers, achievers and over-achievers was retained for further study. Under - and over

achievement was defined on the basis of the observed discrepancy between reading or 

spelling age and mental age. Six discrepancies were measured for each child: Verbal 

mental age-Schonell Reading Age, Verbal mental age-Schonell Spelling Age, Verbal 

mental age-Neale Accuracy Reading age and similarly substituting Performance for Verbal 

mental age. A child was placed in the ’underachiever' group (n=327) if Verbal or 

Performance mental age exceeded reading or spelling by twenty-four months or more; the 

’over-achiever' (n=86) group if  reading or spelling exceeded Verbal or Performance 

mental age by twenty-four months or more; and the ’achiever' group (n=97) if reading or 

spelling was within one year of Verbal or Performance mental age.

Although the use of age based scores has been severely criticised (e.g. Bennett, 1982; 

Reynolds, 1981; Shepard, 1980, 1983), their use was justified at this stage in the project 

as the primary aim was to provide a pool of under-achievers from which the dyslexics 

could be identified and similarly a pool o f’average’ and ’superior readers’ to which they
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could be compared. Unfortunately, it was not possible to derive a regression equation for 

this sample at the time of selection, as group allocation was carried out concurrently with 

initial assessment, with the result that cognitive assessments were being carried out on 

earlier identified children at the same time as further subjects were being recruited into the 

study.

The children excluded from the study were those who fell on the boundaries between 

average and over- or underachievement (n=442) and those with Verbal and Performance 

IQ scaled scores of less than 80 (n=24). The higher number o f’underachievers* appears 

to have been due to the poor, relative to reading, performance of all subjects on spelling 

combined with the tendency for children to score higher on the Performance section of the 

WISC-R than the Verbal section. There is some suggestion, from an unpublished 

manuscript, that a number of words on the Schonell Graded Word Spelling Test 

(SGWST) have become significantly more difficult to spell (Newman, McManus, Karle, 

Rogers, Lamb & Wadsworth). This could result in the derivation of lower spelling ages.

The mean ages and sex distribution of the three groups: over-achievers, underachievers 

and achievers are shown in Table 3.0. Children came from a range of social classes; 12% 

came form Social Class 2,40% from Social Class 3,11% from Social Class 4 and 37% 

from Social Class 5. This latter group included those whose fathers were unemployed. All 

social classes were determined by the occupation of the father. The children were 

attending state primary schools in five different areas: Avon, Cheshire, Dorset, Suffolk, 

West Midlands. Data available for 484 of the children indicate that 92% had English as 

their first language. A very small percentage of children in Avon (2%), in Cheshire (3%) 

and in the West Midlands (3%) spoke a language other than English at home.
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Table 3.0: Age in months (SD’s) & sex ratios for the three groups selected for continued
inclusion in the Linburv Project

Over-achievers Achievers Underachievers
(n=86) (n=97) (n=327)

Age 103.0 (7.8) 102.2 (8.2) 103.7 (8.6)
Malerfemale 39:47 40:53 214:113
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3.3. METHODS

3.3.1 Intellectual assessment

Each child was given the full Wechsler Intelligence Scale for Children-Revised (WISC- 

R, Wechsler, 1974). A Verbal, Performance and Full Scale IQ was derived and Verbal 

and Performance mental ages were calculated using the conversion tables taken from the 

manual.

3.3.2 Reading and Spelling Tests

The Schonell Graded Word Reading and Spelling Tests (Schonell & Schonell, 1963) 

were used to assess reading and spelling. Both tests consist of one hundred words 

arranged in order of difficulty and testing discontinues when the child makes ten 

consecutive errors. In addition to the raw scores and the reading ages derived from the 

manual, the first ten errors made on the Schonell Spelling Test were each scored for visual 

accuracy based on criteria described by Bruck and Waters (1988). A high score indicated a 

high percentage of visually accurate errors, in terms of containing mostly the correct letters 

in the correct order. Misspellings were also judged to be phonetically accurate or 

inaccurate on the basis of whether they could be pronounced like the target word by 

application of grapheme to phoneme correspondence rules. This was scored by two 

independent raters, producing a score which represented the percentage of phonetically 

accurate errors made by each child.

In order to assess reading in context, children were also administered the Neale Analysis 

of Reading to determine word recognition and reading comprehension skills. The test 

consists of six passages of prose each followed by a number of comprehension questions. 

There are three equivalent forms. In the present study Form A was used throughout. Age 

norms (6-13) are provided for accuracy, comprehension and rate; in the current study rate
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was not scored. The child is asked to read each passage aloud and informed that he/she 

will be required to answer some questions at the end. Testing stops at the point at which 

the child makes sixteen errors on a passage.

3.3.3 Neuropsychological and Cognitive Assessments

Each child was tested on a total of twenty-one neuropsychological and cognitive 

measures. The rationale behind including a large battery of tests in this study was to 

investigate a range of cognitive processes associated with reading failure (for example, 

deficits in visual processing, reduced short-term memory capacity, poor auditory 

perception, poor sequencing skill).

3.3.3.1 Memory

In a comprehensive study by Nelson and Warrington (1980) on short-term memory in 

dyslexia, a range of tests was taken based on theories of short-term and long-term 

memory systems. A similar approach was implemented in this study using eleven different 

measures of memory skill.

Short term memory retrieval was assessed by means of a Brown-Peterson paradigm 

(Peterson and Peterson, 1959) in which recall of pairs of letters was tested after 0, 5, 10 

and 15 second intervals filled with a distractor task to prevent rehearsal. Two presentation 

conditions were used producing scores for both visual and auditory modalities.

Verbal short term memory was assessed under free recall conditions by means of auditory 

presentation of two word lists each containing 12 items which were systematically varied 

for abstractness and concreteness (Paivio, Yuille and Madigan, 1968). Long-term 

memory was assessed by a Forced-Choice Recognition Memory Test for Faces (Nelson 

and Warrington, 1980). Fifty photographs of single faces were presented for three
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seconds each during which time the subject was required to judge each face as being 

happy or sad. In the retention test each stimulus item was presented with a new 

distractor face and the subject was required to identify the previously presented item. 

Three memory subtests were selected from the British Ability Scale (Elliott etal., 1978 ): 

The Recall of Designs subtest was administered to assess memory for abstract designs. 

Visual Recall subtests were presented to assess recall of common objects: both Immediate 

and Delaved (15 to 20 minutes later). Administration and scoring were performed 

according to the manual (Elliott etal.., 1978).

Memory for Common Sequences was assessed by requiring each subject to report the 

months of the year in the correct order starting with January. Two scores were derived 

for each: a positional score based on whether the child had the month in the correct 

position and a score based on the number correctly recalled regardless of position. Visual 

sequential memory was assessed by means of two tests from the Aston Index. Visual 

Sequential Memory (pictorial) assesses ability to remember the direction and order of 

visual stimuli. Visual Sequential Memory (symbolic) assesses ability to remember the 

order of arbitrary symbols. Administration and scoring were performed according to the 

manual.

3.3.3.2 Perception

Deficiencies in visual perception, particularly perception of left and right, orientation of 

shapes, copying of complex designs, visual matching and visual discrimination have 

commonly been linked with dyslexia (Thomson, 1984). In this study performance on a 

range of perceptual and perceptual-motor tasks was examined. Visuo-spatial skill were 

assessed by the British Ability Scale Matching Letter-like Forms subtest. This test 

involves a match being made between single letter-like shapes and six other similar 

shapes. To assess Finger Agnosia , three tests were performed: the number of fingers 

being touched, the number of fingers between those touched and a test in which the
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subject identifies a wooden block held in the hand (Kinsboume and Warrington, 1962). 

The British Ability Scale Copying subtest was also administered. The Purdue Pegboard 

was used to assess eye-hand coordination (Purdue, 1948). The pegboard is a well 

standardised test widely used in North America. It involves the manipulation of small 

objects. The child was required to place metal pegs into holes in a board with each hand 

alone and in a bimanual condition. Performance was timed.

Left right orientation was assessed by means of a Right Left Discrimination Test (Benton 

1959). The test consists of twenty items which require the subject to identify, by touching 

or pointing to parts of his body, or parts of the body of a boy in a picture (e.g., ’’touch 

your right ear with your left hand” or ’’touch the boy in the picture’s right shoulder with 

your right hand”). The number of correct discriminations and the number of reversals 

made on him- or herself, and those made on the picture were recorded.

In accordance with research suggesting that dyslexics may have difficulties in aspects of 

auditory discrimination (Goldberg & Schiffman, 1972; Henry, 1975; Tallal, 1980) the 

rhythm and pitch sections of the Seashore Test were administered (Seashore, Lewis and 

Saetveit, 1960). In the Pitch section, 50 pairs of tones are presented and the listener has to 

determine whether the second tone is higher or lower than the first. The tones are at about 

500 cycles and have a duration of .6 second each. In the Rhythm section, 30 pairs of 

rhythmic patterns are presented. The subject has to indicate whether the two patterns in 

each pair are the same or different. The first ten items contain patterns of five notes in 2/4 

time; the next ten, patterns of six notes in 3/4 time; and the last ten, patterns of seven notes 

in 4/4 time.

Hearing ability was measured using Pure Tone Audiometry and Tympanometry. For the 

audiometry the child was given two 1000 Hz practice trials at 60 dB. The right ear was 

always tested first and the order of tones was 250 Hz, 500 Hz, 1000 Hz, 4000 Hz and 

8000 Hz. Each tone was initially presented at 60 dB and then the volume was decreased
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by 20 dB until the subject failed to respond at which point the volume was increased 

by five dB until the S responded two out of three times to a particular setting. Four 

measures were recorded for the tympanometry: volume of the ear canal, pressure in the 

middle ear, the volume of the sound provoking reflex and the movement of the tympanic 

membrane. For the purposes of the analysis in this study, the movement of the tympanic 

membrane in both ears was taken as the measure of auditory acuity.

3.3.3.3 Laterality

The notion of laterality and its association with dyslexia is a contentious one. This study 

employed a handedness test based on the Edinburgh Handedness Inventory (Oldfield, 

1971). The Edinburgh Handedness Inventory employs a subjective response. This, 

however, was felt to be inappropriate for children and hand preference was observed for 

actual objects. Hand preference was assessed twice for each of fifteen objects. Any items 

performed by the same hand on two trials were scored as right or left. If  an item was 

performed once by each hand the item was scored as mixed . Foot Preference was judged 

by letting the child kick a ball (2 trials) and observing which foot had been used.

Similarly, Ear Preference was judged by having the child listen to a watch placed 

centrally on a table without picking it up (2 trials) and observing with which ear he or she 

listened to the watch.. An adapted version of the A-B-C Vision Test was used to 

determine eye dominance (Miles, 1929). The child took three cones and held each one in 

turn to the centre of his face using both hands. Keeping both eyes open he had to identify 

the figure on the card held up by the experimenter. The experimenter then judged which 

eye the child favoured. Eye dominance was judged as left, right or mixed on a three out 

of three basis.

119



3.3.3.4 Parental interviews

The interview with the parent took place, in most instances, in the school. For each 

interview one parent, usually the mother, was interviewed for approximately forty-five 

minutes. They were required to complete Scale A (2) of the Rutter and Yule (1968) 

Children’s Behaviour Questionnaire. The questionnaire asks about various kinds of 

behaviour a child may show at some time and the parent has to indicate whether this 

behaviour is shown ’Never', ’Occasionally’ or ’Once a week*. In addition the parents 

were asked over fifty questions concerning aspects of the child’s development, health, and 

reading and spelling development. For the purposes of this study, only selected variables 

were used: these included questions concerning: demographic information, age at which 

child began reading, teaching of reading prior to school, current and past attitudes and 

behaviour towards reading, parental reading behaviour, reading and spelling problems in 

the family, subjects attitudes towards school, social and emotional development and social 

or emotional problems in the family. Data on these measures were obtained for 453 of the 

510 subjects

3.3.3.5 Teacher Interview

The class teacher of each pupil was interviewed at school and given Scale B (2) of the 

Rutter Children’s Behaviour Questionnaire to fill in. The selection of children with 

neurotic or antisocial disorders by means of this scale is a two stage procedure: (1) 

children with a total score of nine or more are designated as showing some disorder; (2) of 

these children, those with a neurotic score exceeding the antisocial score are designated as 

’neurotic’; and those with an antisocial score exceeding the neurotic score are designated 

’antisocial’ (Rutter, 1967).

In addition the teachers were asked a further seventeen questions concerning the child’s: 

relationships to peers; reading,writing, spelling and maths ability; speech and language;
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ability to comprehend and follow directions and instructions; physical co-ordination; 

motivation; general behaviours at school; emotional problems; parents attitudes towards 

school and schooling; attendance at school and referral to other health or social service 

agencies. Data on these measures were obtained for 483 of the 510 subjects.

3 .3 .4  S ta tistica l M ethods

Programs from the SPSSX software (SPSS In c ) were used for statistical analysis of the 

results.

3.3.4.1 Multiple Regression

Regression analysis is a method of analysing the effects of one or more independent 

variables on the dependent variable. The goal of multiple regression is to determine how, 

and to what extent, variability in the dependent variable (Y) is related to changes in the 

independent variables (X). The prediction equation in multiple regression analysis can be 

written:

Y’= a + bi Xi + \>2 X2 + biX |+ .......................  + bkXk (1.1)

where Y’=predicted Y score; a=constant or intercept on the y-axis; bi=regression 

coefficient of the ith variable X; Xi=raw score on the independent variable (X). It is the 

calculation of the regression coefficients (b), which is at the basis of a regression analysis. 

For each unit change in the independent variable (X), the regression coefficient (b) 

indicates the expected change in the dependent variable. The square of the correlation (R2) 

between the weighted sum of the independent and the dependent variables indicates the 

proportion of the variance accounted for by the linear combination of the independent 

variables. Similarly 1-R2 indicates the error, i.e. the amount of variance left unexplained.
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The main use of regression analysis is prediction. A regression equation is sought which 

enables one to predict a given outcome on the basis of a set of predictors. For example on 

the basis of two independent variables, e.g. age and veibal IQ, one might be able to 

predict a proportion of the variance in reading. An additional, but related, use is 

identification of a group for whom a given regression equation is significantly less 

accurate. In the above case, this would be a group for whom age and IQ were not reliable 

predictors of reading, a possible dyslexic group.

3.3.4.2 Clustering Methods

Cluster analysis is broadly defined as a class of procedures which group individuals into 

homogeneous clusters based on each subject’s performance on the clustering variables. 

Despite the absence of a completely satisfactory way of defining a ’cluster’, the aim of any 

cluster method is to create a classification scheme where individuals, or entities, are 

allocated to a set of mutually exclusive groups, with individuals within a group being 

more similar to one another than to individuals in different groups.

Seven major classes of clustering methods are described by Morris etal.., (1981). These 

include hierarchical agglomerative methods; hierarchical divisive methods; iterative 

partitioning techniques; density searching techniques; factor analysis variants; clumping 

techniques and graphic techniques. Within each of these major classes, there are numerous 

specific methods. One possible reason for the large number of different clustering 

methods is that the reasons for classifying cases may differ from user to user 

(Everitt,1980). Chatfield and Collins (1980) distinguish between data exploration, data 

reduction, hypothesis generation and purposes of prediction. In learning disabilities or 

dyslexia, cluster analysis has increasingly been used as a form of data exploration to 

identify groups of reading-disabled children or subtypes within a dyslexic group (e.g. 

Rourke, 1985).
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The two methods used in this project are hierarchical agglomerative methods and iterative 

partitioning techniques. In the former, each subject is initially placed in a separate cluster, 

the total number is then reduced by one through merging two of the most similar clusters. 

This successive reduction continues until there is just one cluster. A major issue in the use 

of these techniques is the choice of the specific method for defining similarity between 

subjects, or groups of subjects, and thereby determining which observations will be 

merged. Different hierarchical methods define similarity or distance in a variety of ways.

In this study, the minimum variance method (Ward, 1963) was used. This method 

considers all possible combinations of clusters and combines clusters in such a way as to 

minimize the increase in the sum of squares within groups.

The iterative techniques differ from the hierarchical in that they are able to check cluster 

groups and reallocate any subjects to different clusters should this be appropriate. In 

addition they find a fixed number of clusters. For a given number of clusters (k), 

estimates of the cluster means are found and subjects are assigned to the clusters with the 

most similar means. This process is repeated until a stable solution is found with clusters 

continually checked for subjects which no longer ’fit* a given cluster. A common practice 

is to perform a hierarchical technique, decide on the basis of this an appropriate number of 

clusters, then employ an iterative technique to improve further the cluster solution. 

However, deciding on the most appropriate number of clusters, is a problem common to 

all clustering methods. No definitive technique exists, but a commonly accepted procedure 

is to examine the fusion coefficients, the numerical value at which various cases merge to 

form a cluster, in order to discover a significant ’’jump” in the value of the coefficient 

(Everitt, 1980). A ”jump” would indicate that one is beginning to merge very dissimilar 

entities and that the number of clusters prior to the merger may be the ”best”. This 

technique has its problems, however, and in practice a clear jump is rarely observed.

Clustering methods are not based on firm statistical theoiy, the large number of methods 

and combination of methods, in association with highly subjective choices which have to
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be made about the variables to include, the similarity or distance measure to employ and 

the number of clusters present, mean that different clustering procedures may well 

produce entirely different cluster solutions. Furthermore not only do different methods 

produce different solutions, a given method will always ’find* a solution, so that resulting 

cluster groupings must be validated, both internally and externally (Aldenderfer & 

Blashfield, 1984; Morris e ta l ., 1981; Rourke, 1985).

Despite the practical problems involved in the use of any clustering method, they provide a 

useful means of classifying subjects into homogeneous subgroups without using 

exclusionary criteria or reading level cut-off scores for subject selection.

3.3.4.3. Factor Analysis

Factor Analysis (FA) attempts to reduce the dimensionality of a data set by mapping a set 

of correlated variables on a set of underlying dimensions. One method of deriving the 

underlying dimensions which represent linear combinations of the original variables is the 

Principal Components Analysis (PCA) (Hotelling, 1935). PCA has been frequently used 

as a starting solution for a factor analysis. In PCA all the underlying variables are ordered 

hierarchically in a decreasing order, with respect to accounted variance. No provision is 

made for variance components due to error (Chatfield and Collins, 1980). It is reasonable 

to assume that those underlying variables accounting for small amounts of variance might 

be attributable to error. Consequently it is usual to consider only those components 

accounting for large amounts of variance in subsequent analysis. Therefore, following the 

identification of a set of principal components, the components accounting for substantial 

variance are rotated (Thurstone, 1947) in order that they can be more easily interpreted.

An analytic rotation to simple structure can be achieved by using the Varimax method 

(Kaiser, 1958), or if  some correlation between the components is suspected, an Oblique 

rotation (e.g. Oblimax) can be applied.
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3.3.4.4 Discriminant Analysis

The major purpose of discriminant analysis is to predict group membership from a set of 

predictors. The combinations of predictors that differentiate between groups are called 

discriminant functions. A discriminant function score is predicted from the sum of the 

series of predictors, each weighted by a coefficient. There is a different set of 

discriminant function coefficients for each function. The number of functions is 

determined by the degrees of freedom for the groups or the number of predictors, 

whichever is smaller. Subjects get separate discriminant scores for each discriminant 

function when their own scores on the predictors are multiplied by the discriminant 

function coefficients. There are three types of discriminant analysis: direct, hierarchical 

and stepwise (Tabachnick & Fidell, 1989).

3.3.4.5 Other statistics

One way analyses of variance were carried out using the SPSS* procedure ONEWAY 

followed by post-hoc testing of all pair-wise comparisons using Duncan's Multiple Range 

Test (Duncan, 1955). The difference between means of two independent groups was 

tested using the t test, SPSSX procedure T-TEST. Analyses of covariance were carried 

out using the SPSSX procedure AN OVA and the relevant covariates. Tests of 

differences between independent samples using frequency data were carried out using 

Chi-square.
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3.4 RESULTS

3.4.1 Sample Characteristics

Prior to a detailed analysis of the selected sample of 510 children, to which the rest of 

this chapter is directed, the characteristics of the larger sample, from which this 

subsample are selected, are presented. The mean IQ scores fall into the ’Average’ 

classification as defined by Wechsler (1974). The frequency distributions of the 

reading, spelling and IQ measures were assessed using Kolmogorov-Smimov (K-S) 

one sample tests. K-S tests compare the cumulative distribution of a variable with a 

specified distribution, in this case a normal distribution, and are sensitive to any 

difference between these two distributions. The K-S value and the associated p value 

are shown in Table 3.1. Significant deviations from normality were found for all the 

reading related measures, and for Performance IQ.

Table 3.1. Means, standard deviation (SD’s) and ranges for the unselected sample on 
the measures used for later group selection.

WISC-R Mean SD Min Max Valid N K-S P
Verbal IQ 98.5 15.0 47 145 976 0.95 0.33
Performance IQ 103.4 13.6 67 151 976 1.73 0.01
Full Scale IQ 100.8 14.0 55 147 976 1.02 0.25
Reading age 104.9 16.5 72 151 1195 1.90 .001
Spelling age 98.9 18.9 60 169 1356 1.36 .05
Neale Accuracy age 106.3 16.4 72 156 1279 2.20 .001
Neale Comp, age 104.5 17.8 72 154 1276 3.0 .001

Small but significant sex differences were found for IQ, reading and spelling. The boys 

performed significantly better on all three scales of the WISC-R. In contrast, the girls 

had significantly higher mean scores on the Schonell spelling and Neale accuracy.
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Higher mean scores were also found on Schonell Reading for the girls, but this 

difference was not significant.

Table 3.2. Means and SD’s for male and female subjects on all measures

Measure Male SD Female SD t P
Verbal IQ 99.9 15.2 96.6 14.5 3.43 .001
Perf. IQ 104.2 13.3 102.5 13.8 1.96 .05
Full IQ 102.1 14.0 99.3 13.9 3.11 .002
Reading age 104.2 18.0 105.6 14.8 -1.47 .14
Spelling age 97.2 20.1 100.7 17.5 -3.38 .001
Neale Acc. age 105.1 17.6 107.6 15.0 -2.76 .01
Neale Comp, age 104.9 19.0 104.1 16.4 0.83 .41

All the data presented subsequently are based on the selected sample of 510 subjects 

who participated in Phase II of the project.

3.4.2 Intelligence

The mean IQ scores for the subset of children (n=510), who participated in Phase 2 of 

the project, are shown in Table 3.3. Children were aged from seven to ten years with a 

mean of eight years seven months.

Table 3.3. Verbal. Performance and Full Scale 10 means and SD’s (n=510)

WISC-R Mean SD Min Max
Verbal IQ 100.6 13.8 65 145
Performance IQ 107.0 12.7 69 151
Full Scale IQ 103.8 12.6 80 147
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To investigate any effects that the selection criteria may have had on the IQ distributions, 

the frequency distributions of the IQ measures in Table 3.3 were plotted and deviations 

from a theoretical normal distribution were assessed using (K-S) one sample tests. The 

figures (3.1) to (3.3) show the distribution of each IQ scale, the mean, SD, K-S and its 

significance. No significant deviations from normality were detected.
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Figure 3.1. Cumulative distribution of Verbal 10 scaled scores
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Figure 3.2. Cumulative distribution of Performance IQ scaled scores
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Figure 3.3. Cumulative distribution of Full-Scale IQ
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3.4.2.1 Sex differences in Intelligence

To establish whether the sex of the child made a significant contribution to performance 

on the Verbal, Performance and Full-scale IQ scores, a series of t-tests was run. The 

results are shown in Table 3.4. Significant differences between the sexes were found, 

with the boys showing a higher Full scale and Verbal IQ. This pattern was identical to 

that observed in the large unselected sample and therefore is not likely to be the result of 

the selection criteria. The groups did not significantly differ in their Performance IQ.
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Table 3.4. Verbal. Performance and Full Scale IQ means and SD’s bv sex

WISC-R Male SD Female SD t P *
Verbal IQ 101.8 14.4 98.9 12.6 2.40 0.02
Performance IQ 107.6 12.4 106.1 13.1 1.27 0.21
Full-Scale IQ 104.9 13.0 102.3 12.0 2.31 0.02

3.4.3. Reading and Spelling assessments

Results of performance for the selected sample on the Schonell Reading Test, the Neale 

Analysis of Reading - Accuracy and Comprehension, and the Schonell Spelling Test are 

shown in Table 3.5. Mean Spelling age was significantly lower than mean Reading age 

(t= 17.7; p<.001).

Table 3.5. Means. SD’s and ranges for the reading & spelling tests

Achievement measure Mean SD min max

Schonell Reading raw score 38.2 18.9 0 96
Schonell Reading Age 103.6 17.4 65 150
Schonell Spelling raw score 31.2 16.1 0 87
Schonell Spelling Age 97.6 19.2 60 164
Neale Accuracy raw score 41.3 22.2 0 96
Neale Accuracy Age 106.1 17.1 72 150
Neale Comp, raw score 15.0 8.3 0 40
Neale Comp. Age 105.3 17.8 72 151

In view of the fact that the children were selected for continued inclusion in the project 

on the basis of reading and spelling, the distribution of these variables was examined. 

Figures (3.4) to (3.7) show the cumulative frequency distributions for each variable, 

the mean and SD, the K-S and its significance. All the distributions showed significant 

deviations from normality.
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Figure 3.4. Cumulative distribution of Schonell Reading Ages
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Figure 3.5. Cumulative distribution of Schonell Spelling Ages

100 T

8 0 - -

7 0 - -

6 0 - -

Cum % 5 0 - -

3 0 - -

2 0 - -

1 0 - -

O t Tl i l H H I I I IIH I I I H I H I I I II H t i n i l H H I t l l H U I III I I i n m i i n H n H t H
6 0  6 7  7 4  8 2  8 9  9 6  103 110 118 124 131 140 155

Schonell Spelling Age 

Mean Schonell Spelling Age=97.6; SD=19.2; K-S=1.55; p<.05

132



Figure 3.6. Cumulative distribution of Neale Accuracy Reading Ages
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Figure 3.7. Cumulative distribution of Neale Comprehension Reading Ages
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3.4.3.1. Sex Differences in Reading and Spelling

As can be seen from Table 3.6 the reading score distributions of boys and girls differed 

significantly. On all measures, with the exception of Neale Comprehension, the girls 

had significantly higher mean scores. In addition the boys had larger standard deviations 

indicating greater variability in the spread of scores. This pattern was identical to that 

observed in the unselected sample.

Table 3.6. Means and SD’s bv sex on the reading and spelling measures

Measures Male SD Female SD t P*
Reading Age 101.6 18.6 106.5 14.99 -3.10 .002
Spelling Age 94.8 19.9 101.4 17.6 -3.88 .001
Neale Acc. Age 103.8 18.1 109.4 15.0 -3.72 .001
Neale Comp. Age 104.9 19.3 106.0 15.6 -0.73 .47

3.4.4 Neuropsychological and Cognitive Assessments

The means and standard deviations as well as the range of scores on the cognitive and 

neuropsychological measures are shown in Table 3.7. Missing data on a number of the 

assessments is the reason for the changes in n in this table.
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Table 3.7. Means. SD’s. minimum & maximum scores, and valid n for each of the
cognitive and neuropsychological measures.

M easure Mean SD M in Max V alid n

A ston Index
Visual Seq. Memory (symbolic) 7.87 4.0 3 9 504

Visual Seq. Memory (pictorial) 18.63 2.1 0 22 508
A udiom etry

Right Ear total 69.54 32.2 5 220 503
Leri Ear total 63.65 36.90 0 270 503

Benton L-R O rientation
Correct on self 10.77 3.2 0 12 509
Reversals on self .68 2.0 0 8 507
Correct on other 12.85 7.6 0 20 509
Reversals on other 2.69 3.5 0 12 507

B ritish  A bility  Scales
Copying 9.8 1.8 4 29 507
Immediate visual recall 10.6 2.8 4 40 504
Delayed visual recall 8.4 2.4 0 16 503
Recall of designs 45.3 13.8 3 81 507
Perceptual Malching-letter like forms 13.6 1.5 5 15 504

F inger A gnosia to tal 20.8 2.4 5 24 507
H and P reference/R ight 12.7 4.0 0 15 504
M em ory test for Faces (to ta l) 35.2 9.7 21 200 510
M onths in sequence 9.2 2.7 0 11 491
Purdue Pegboard

Right Hand 43.1 26.2 0 95 507
Left Hand 42.3 25.4 5 95 507

Seashore
Pitch 30.8 10.1 9 157 494
Rhythm 23.6 4.7 9 86 502

V erbal STM
Abstract words 3.9 1.6 0 12 510
Concrete words 5.6 1.5 2 12 510
Letter pairs (auditorily presented) 32.1 7.3 17 114 509
Letter pairs (visually presented) 27.9 7.3 8 105 509
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Table 3.7. Means. SD’s. minimum and maximum scores, and valid n for each of the
cognitive and neuropsychological measures (continued)

M easure Mean SD Min Max V alid  n

T ym panom etry
Right Ear 5.4 3 .9 2 45 478
Left Ear 5-Z a . s 0 22 4-T9

3.4.4.1 Foot and ear preference and eve dominance

Eighty-three percent of the sample showed right foot preference, as measured by kicking 

a ball. Twelve percent showed left foot preference and four percent used a different foot 

on each of the two trials. Right ear preference, as measured by listening to a watch 

placed on the table, was shown by 48%, left ear by 28% and mixed by 23%. Fifty- 

seven percent of the sample were classified as right eye dominant, 34% left eye 

dominant and 9% as having no fixed dominance as measured by the Cone test (Miles, 

1929). No sex differences were found for either foot preference (chi-sq.=3.73, df=2, 

ns), ear preference (chi-sq.= 1.45, df=2, ns) or eye preference (chi-sq.=2.26, df=2, ns).

The intercorrelations between these tests are shown in Table 3.8.
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3.4.5 Data reduction

A factor analysis was performed on all the tests included in the battery in an attempt to 

reduce the large number of tests, many involving overlapping aspects of cognitive 

functions. Prior to the main analysis two preliminary factor and one correlational 

analyses were performed in order to determine whether any variables could be 

meaningfully combined or alternatively, whether any variables which contributed 

relatively little extra information could be removed.

3.4.5.1 Left-Right Ability

A number of tests in the cognitive and neuropsychological battery included a comparison 

between left and right sides. In order to assess whether these tests measured separate 

abilities, or whether there was a left-right factor across the tests, a factor analysis was 

performed.

Six variables were included in this preliminary analysis: a measure of right-handedness, 

the Purdue Pegboard totals of left and right hand and three nominal variables: foot and 

ear preference and eye dominance. In order to incorporate the latter three variables into 

the analysis two dummy variables were created for each. Dummy coding involves the 

assignment of weights of 1 and 0 to represent membership in the categories of the 

nominal variable where 1 is used to indicate membership in a category and 0 non

membership. Thus for each of the three variables the first dummy variable represented a 

right preference or dominance, coded as 1, with left and mixed coded as 0, the second 

represented a left preference or dominance, coded as 1, with right and mixed coded as 0. 

A third dummy variable was not required as membership in the mixed category is 

identified by not being a member in either the right or left categories.

139



Four principal components, with eigenvalues greater than one, accounting for 79% of 

the total variance were rotated using a Varimax procedure. The first factor represented 

motor right handedness having high loadings on right handedness and right footedness 

and a negative loading on left footedness (29%). The remaining three factors (19%, 

16% and 15% of accounted variance, respectively) were consistently within a single 

modality, ear preference, eye dominance and performance on the Pegboard. Factor and 

communality loadings are presented in Table 3.9.

Table 3.9. Rotated Factor Loadings for the Left-Right measures

Factor 1 Factor 2 Factor 3 Factor 4 h T

Foot L -.910 .037 -.106 .017 .841
Foot R .898 .008 .093 -.030 .816
Handedness .776 .113 .050 -.002 .617

EyeL -.035 .945 -.071 .039 .901
EyeR .093 -.940 .087 .013 .900

EarR .103 -.067 .885 .013 .798
EarL -.099 .082 -.884 .003 .789

Pegboard R .028 .039 -.011 .848 .722
Pegboard L -.061 -.002 .003 .843 .714

In summary, it appears that, although the factor analysis accounted for a substantial 

amount of the variation in the original data, no single left-right factor emerged. The 

resulting factors were highly similar to the original variables just arranged in decreasing 

order of accounted variance. It seems likely that the tests, with the exception of 

handedness and foot preference, represented separate abilities.

In order to determine to what extent foot & ear preference, eye dominance, handedness, 

and the Pegboard tests were correlated with other tests in the battery, correlations were 

examined between these tests and the tests from the cognitive battery. Foot preference, 

handedness and the total left and right hand score from the Pegboard had significant
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correlations with a large number of the cognitive tests. Only two significant correlations 

with eye dominance emerged: performance on the Pitch section of the Seashore Test and 

left eye dominance (r= 100, p<.05) and a test of sequencing and left eye dominance 

(r=-.09, p<.05). Two significant correlations with ear preference were found: 

performance on the Pitch section of the Seashore Test and right ear dominance (r=-.09, 

p<.05) and Right ear audiometry of high pitch and right ear dominance (r=-.08, p<.05).

The absence of a left-right factor and the lack of correlation between ear preference, eye 

dominance and the other tests lead to the decision to exclude these two variables from 

any further data reduction. The left and right scores on the Pegboard were combined to 

form a total score as these were highly correlated (r=.43, p<.001) and have very high 

loadings on the same factor (Factor 4 ). The continued inclusion in the data reduction 

process of handedness, the measure of foot preference, and the combined total of left 

and right hand from the Pegboard was justified as they correlated with the other 

neuropsychological and cognitive tests.

3.4.5.2 Audiometry Tests

A factor analysis was performed on the ten audiometry tests: five from the right ear and 

five from the left. Three components, with eigenvalues greater than one, accounting for 

76% of the variance were rotated using a Varimax procedure. The first factor was 

composed of all the left ear audiometry tests, the second was composed of the right ear 

audiometry tests of low pitch (250-1000 Hz), and the third factor, the right ear tests of 

high pitch (4000-8000 Hz). Based on the factorial composition of the audiometry tests 

three new variables to be used in subsequent analysis were created. The individual 

audiometry tests on the left ear were collapsed into a single score representing hearing 

acuity in the range of 250-8000 Hz and the tests from the right ear were divided into 

those representing high pitch and those representing low pitch. Factor loadings are 

presented in Table 3.10.
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Table 3.10. Rotated Factor Loadings for the Audiometry Tests

Factor 1 Factor 2 Factor 3 h2

Aud L 500 Hz .820 .400 .025 .833
Aud L 4000 Hz .772 .048 .371 .736
Aud L 1000 Hz .771 .320 .231 .734
Aud L 250 Hz .740 .460 -.069 .764
Aud L 8000 Hz .669 -.099 .527 .735

Aud R 500 Hz .240 .834 .218 .800
Aud R 250 Hz .261 .822 .127 .760
Aud R 1000 Hz .113 .713 .490 .761

Aud R 8000 Hz .140 .194 .824 .736
Aud R4000 Hz .194 .403 .727 .729

3.4.5.3 Benton Correlational Analysis

Prior to the main factor analysis a preliminary correlational analysis was carried out on 

the four scores derived from the Benton: number correct on self, number correct on 

other, number of reversals on self, and number of reversals on other. I f  these tests 

measured essentially the same skill twice, it could adversely affect any subsequent 

analysis. High correlations between reversals and non-reversals on self (r=.928) and 

between reversals and non-reversals on other (r=.922) indicated that there were virtually 

no differences in orientation on self or when indicating the same on a picture. However, 

the low correlations between orientation on self and orientation on other, for both non- 

reversals (r=.215, p<.001) and reversals (r=.206, p<.001), suggest that it is the 

variable of * self and 'other* which is important in this task rather than the variable 

‘reversal’ or ‘non-reversal’. The latter distinction was dropped from further analysis as
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the extremely high correlation between these two variables would artificially create a 

predetermined common factor in any subsequent factor analysis.

3.4.6 Factor analysis of the neuropsychological and cognitive tests

A factor analysis was run on those tests of the cognitive battery which withstood the 

preliminary analyses reported above. This left a total of twenty-two variables. Six 

factors with eigenvalues higher than 1.00 accounting for 63% of the variance were 

rotated using VARIMAX rotation. Factor loadings are presented in Table 3.11.

Factor 1 (26% of the variance) loaded highly on memory for faces, total left and right 

score for the Purdue Pegboard, short-term memory for letter pairs presented auditorily, 

the Pitch and Rhythm sections of the Seashore, copying, visual sequential memory 

(symbolic), somewhat lower on short-term memory for letter pairs presented visually 

and immediate recall, and lower still on verbal memory for abstract and concrete words 

and matching. Since memory functions (recognition, sequencing and recall) were 

involved, as well as aspects of visual and auditory perception, and visuo-motor skill, 

this factor may represent a general neuropsychological and cognitive factor. Factor 2 

(11%) which appeared in the preliminary analysis, reappeared, having high loadings on 

right handedness and right footedness and a negative loading on left footedness. Factor

3 (10%) loaded highly on matching, finger agnosia and Recall of Designs, less highly 

on visual sequential memory (pictorial) and to some extent on ability to make correct 

left-right judgements on others. All in some way assess aspects o f spatial ability. Factor

4 (6%) loaded highly on months sequence score, followed by recall of abstract words 

and to a lesser extent visual sequential memory (pictorial), recall of concrete words and 

ability to make correct left-right judgements on oneself. This factor can be interpreted as 

a sequencing factor. Factor 5 (5%) loaded highly on immediate and delayed recall and 

to a lesser extent on short-term memory for letter pairs presented visually and 

represented a memory factor. On Factor 6 (5%) the highest loadings were found on the
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tests of left-right orientation, with smaller loadings on recall of concrete words and 

sequential memory (pictorial).

Table 3.11. Rotated Factor Loadings for the Neuropsychological and Cognitive 
Measures.(bold indicates loadings > .40).

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 h2

Memory for Faces .845 -.027 -.174 -.095 .077 -.004 .760
Pegboard Total .824 -.053 -.018 .012 .156 .008 .707
STM (auditory) .762 -.043 .055 .179 .141 .046 .640
Seashore Pitch .731 -.049 -.096 .109 -.003 .138 .577
Aston seq. (symbols) .720 -.026 -.026 -.038 .204 .080 .569
Copying .694 -.008 .165 .051 -.075 -.079 .523
Seashore Rhythm .677 -.003 .019 .211 -.018 .100 .514
STM (visual) .534 -.108 .223 .261 .282 .110 .506

Left Foot Pref -.052 -.921 .045 -.018 -.000 .029 .854
Right Foot Pref -.104 .894 .017 .006 -.010 .012 .810
Right handedness -.086 .770 .043 -.004 -.001 .041 .604

Finger Agnosia -.170 .047 .719 -.065 -.060 .122 .571
BAS Matching .300 -.004 .713 .048 -.005 -.110 .613
BAS Designs -.005 -.026 .664 .117 .126 .141 .491

Month Score .001 .041 -.011 .750 .098 .193 .611
Recall (Abstract words) .400 .013 .032 .579 .050 -.051 .502
Recall (Concrete words) .333 -.061 .139 .473 .176 -.208 .432
Aston seq. (pictures) -.376 .029 .437 .444 .027 .207 .574

Delayed Recall .034 .008 .074 .186 .903 .049 .859
Immediate Recall .522 -.008 -.028 .041 .770 -.005 .868

Benton (correct on self) .116 -.016 -.004 .301 -.025 .7 4 0 .652
Benton (correct on other) .123 .048 -.286 -.163 -.092 .697 .612

The six factors are named for the purpose of reference and shown in Table 3.12
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Table 3.12. Summary table of factors and abbreviations

Factor 1 - VP AM (Visual and auditory memory and motor skills)
Factor 2 - HAND (Handedness and Footedness)
Factor 3 - FORM (Spatial ability)
Factor 4 - SEQ (Sequencing)
Factor 5 - MEM (Memory)
Factor 6 - ORIEN (Left-right orientation)

In order to check whether an oblique rotation allowing for some correlation between the 

factors would give a better fit to the data, an Oblimin rotation (Hannan, 1960) was 

performed. The resulting factor structure showed only small differences from the 

Varimax solution, slightly raising the high loadings but leaving the structure essentially 

unchanged. Two factors showed a moderate correlation (.28): Factors 1 and Factor 5. 

This finding is compatible with the fact that a memory component is a feature of both 

factors. Subsequently factor scores were created from the Varimax Rotation for the 468 

children with no missing data on any of the measures included. The mean scores for the 

sample on each factor are shown in Table 3.13.

Table 3.13. Mean scores. SD’s and valid n on each factor.

Factor Mean SD Min Max Valid n
VPAM -.040 .44 -2.05 1.13 468
HAND .004 1.0 -3.23 .66 468
FORM .059 .93 -4.39 2.19 468
SEQ .020 .99 -3.35 2.48 468
MEM .005 .97 -2.86 3.77 468
ORIEN -.004 1.0 -3.58 1.69 468
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3.4.6.1 Sex Differences on Factor scores

Table 3.14. Mean scores. SD’s and valid n on each factor bv sex

Factor

MALE
(n=273)
Mean SD

FEMALE 
(n=195) 
Mean SD t P*

VPAM -0.02 0.4 -0.06 .5 1.0 .32
HAND -.02 1.0 0.04 1.0 -0.72 .47
FORM 0.23 0.9 -0.19 .9 4.95 .001

SEQ -0.24 1.0 0.38 .8 -7.04 .001

MEM -0.06 .9 0.10 1.0 -1.80 .07
ORIEN .002 1.0 -0.01 1.0 0.16 .87

3.4.7 Emotional Assessment 

Scale B -Teachers

In addition to the two subscores derived from the Rutter Children’s Behaviour 

Questionnaire: the Neurotic and Antisocial scores, a third was created which represented 

a measure of attention. The third measure, although not included in Rutter's analysis, 

was included in view of studies which have found significant correlations between items 

which measure a child’s ability to focus and sustain his or her attention and reading, 

(Horn & Packhard, 1985). This was derived from summing the scores of four items 

(’’Restless”, ’’Fidgety”, "Cannot settle to anything” and "Unresponsive”). These items 

did not overlap with the items used to create the Neurotic and Antisocial subscales. A 

Cronbach’s alpha test of reliability indicated high reliability for each of the original 

subscales and the newly created scale, with a value of 0.67,0.78 and 0.81 for the 

Neurotic, Antisocial and Attention subscales, respectively. The total score on all items, 

as well as the scores on the items comprising each of the three measures, are shown in 

Table 3.15.
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Tabic 3.15. Mean scores and SD’s on the Rutter subscales

Mean SD Min Max Valid N
Total score 4.2 4.9 0 31 507
Neurotic 0.90 1.3 0 7 507
Antisocial 0.67 1.5 0 10 507
Attention 1.0 1.7 0 8 507

Only for those children with a total score of nine or more on the 26 items is a 

classification o f ’neurotic* or ’antisocial’ considered appropriate (Rutter, 1967). In this 

sample 15% had scores of greater than nine. Of these, 27 (5%) had higher neurotic than 

antisocial scores so fell into the ’neurotic’ classification, 42 (8%) had higher antisocial 

scores and fell into the ’antisocial’ classification. A further 10 children (2%) had equal 

neurotic and antisocial scores making them ’’undifferentiated’.

Scale A-Parents

Neither a total score, neurotic, antisocial nor attention scales were derived from the 

Rutter Children’s Behaviour Questionnaire (Scale A- parents) as too few of the items 

had been scored by the parents. In the majority of cases the box **Doesn’t Apply* was 

ticked.
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3.4.8 Subject Selection - Regression analysis

Expected raw reading scores for the sample (n=510) based on a two independent 

variables: Verbal IQ and age, were calculated. A problem, which is frequently 

addressed and which has no entirely satisfactory solution, is which measure of IQ is 

appropriate for selecting a group of dyslexics. Verbal IQ was chosen in preference to 

Performance IQ as it has a higher correlation with reading (r=.48 and r=. 14, 

respectively). In addition a regression equation using Performance IQ results in a larger 

standard error, indicating that this measure is associated with more error in prediction. 

Age was required as an additional independent variable as the raw scores on the 

Schonell Reading Test were not age corrected and age added significantly to prediction.

For each child expected Schonell reading were compared to obtained reading scores. 

Those children whose obtained reading scores were significantly lower than their 

expected reading scores were designated as severe underachievers. To determine 

whether a given discrepancy between expected and obtained reading score (the residual 

reading score) was ’significant', the 5% with the largest negative residuals were selected 

as severe underachievers. The use of a fixed percentage was adopted in favour of the 

more common approach of a cut-off based on the standard error of prediction, as the 

number identified by the latter depends on the characteristics of the sample (Share & 

Silva, 1986). For example, it has been convincingly demonstrated that the significantly 

greater percentage of underachievers identified by Yule, Rutter, Berger & Thompson 

(1974), using a two standard error cut-off, than was identified using the same criteria in 

later studies, was due to the presence of negative skew in the distribution of reading 

scores (Dobbins, 1988; Rodgers, 1983; Share etal., 1987; van der Wissel, 1985). It 

was felt to be particularly important, in a longitudinal study addressing questions of 

group membership over time, that the number of children identified did not vary 

uncontrollably as a function of the distribution of residual reading scores.
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The regression equation derived from the data in this sample was:

P red ic ted  S chonell R eading = .72 ♦ V erbal IQ + .72 * A ge -109 .4 .

The standard error of prediction was 15.5 and the equation accounted for 33% of the 

variance in reading scores. Forty eight children had no Schonell Reading scores so they 

were not included in the computation of the regression equation. A 5% cut-off on the 

distribution of residual reading scores resulted in twenty-two children being identified as 

dyslexic.

The residual reading scores were normally distributed in this study (K-S= 1.30; p>.05) 

therefore the 5% cut-off applied in this study is equivalent, in terms of the more 

traditional standard error cut-off, to -1.65. The criteria used to determine whether a 

discrepancy was ’severe* in this study resulted in the selection of children whose 

obtained reading score fell short of prediction by 25.5 raw score points or more.

The resulting dyslexic group (n=22) was then compared to the remainder of the sample 

(n=440) to examine the cognitive, neuropsychological, behavioural and emotional 

correlates associated with a severe discrepancy.

3.4.8.1 Cognitive characteristics

The twenty two children identified by the regression approach were all male. They did 

not differ significantly in age or IQ from the rest of the sample (see Table 3.16). 

Significant differences between the dyslexics and non-dyslexics were observed on all 

the reading related measures, with lower means and higher standard deviations for the 

dyslexic group. The groups also differed on the percentage of phonetically accurate 

misspellings made on the Schonell, and the degree to which the word visually 

approximated the target word (Bruck & Waters, 1988).
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Table 3.16. Regression groupings. Means and (SD’s) of IQ and reading and spelling
measures.

Dyslexics
(n=22)

Non-dyslexics
(n=440)

t P*

Age 103.7 (8.5) 103.3 (8.4) -0.21 0.83
Verbal IQ 103.9 (10.3) 100.4 (13.9) -1.17 0.24
Performance IQ 107.5 (12.4) 106.9 (12.7) -0.22 0.83
Full-Scale IQ 106.0(11.6) 103.7(12.7) -0.85 0.40
Schonell Reading Age 81.9 (5.8) 104.6(17.1) 6.22 .001

Schonell Spelling Age 73.5 (8.95) 98.7 (18.9) 6.22 .001

Neale Accuracy Age 83.8 (7.2) 107.1 (16.7) 6.51 .001

Neale Comprehension Age 89.2(10.8) 106.0 (17.7) 4.20 .001

% of phonetic Errors 23.1 (21.9) 37.8 (24.1) 4.61 .001

Visual spelling accuracy 48.7 (11.9) 59.3 (10) 4.61 .001

The dyslexic group was characterised by large negative loadings on the SEQ and 

ORIEN factors indicating significantly poorer performance on tests involving 

sequencing skill and left-right discrimination than the non-dyslexics (see Table 3.17). 

The pattern of loadings on the other factors indicated non significant trends in the 

dyslexic group in the direction of greater right handedness and good spatial ability 

(FORM). No differences were found on the MEM factor which consisted of immediate 

and delayed visual recall of pictures which the experimenter had named (British Ability 

Scales- Recall of Designs).
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Table 3.17. Regression Groups. Means scores and (SD’s) on the six factors.

FACTOR Dyslexics Non-dyslexics t P*
VPAM 1 o © Lh -.04 (0.4) .68 .50
HAND .36 (0.1) -.01 ( 1.0) -1.69 .09
FORM .22 ( 1. 1) .05 (1.0) -.80 .43
SEQ -.93(1.1) .06 ( 1.0 ) 4.55 .001

MEM .06 (0.7) .00 ( 1.0) -.25 .81
ORIEN -.68 (1.3) .028 (1.0) 3.17 .002

A comparison of performance on the audiometry tests by the two groups revealed no 

significant differences (see Table 3.18).

Table 3.18. Regression Groups. Mean scores and (SD’s) for right and left ear 
audiometry.

MEASURE Dyslexics Non- dyslexics t P25
Left ear audiometry 62.3 (25.5) 63.7 (37.4) 0.18 0.9
Right ear audiometry (High) 24.5 (14.2) 21.5 (15.2) -0.91 0.37
Right ear audiometry (Low) 50.9 (21.1) 47.7 (21 . 1) -0.67 0.49

Eye, foot and ear dominance were tested in a series of chi-square analyses, and no 

significant differences were found between the two groups (see Table 3.19).
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Tabic 3.19. Regression Groups. Eve, foot and car dominance.

Measure Dyslexics Non-dyslexics Chi-sq. P
Eye dom inance
Right
Left
Mixed

n=22  

9(41%) 
10 (45%) 
3(14%)

n=480 
275 (57%) 
162 (34%) 
43 (9%)

2.34 0.31

E ar dom inance
Right
Left
Mixed

n=22  

11 (50%)
5 (23%)
6 (27%)

n=480 
231 (48%) 
139 (29%) 
110(23%)

0.47 0 .79

Foot dom inance
Right
Left
Mixed

n=22

2 2 ( 100%)
n=480 
400 (83%) 
60(13%) 
20 (4%)

4 .36 0 .1 1

3.4.8.2 Teacher Interview and Questionnaire

A series of non-parametric tests (chi-square) was run to assess differences between the 

groups on variables taken from the teacher questionnaire. Teachers with children 

participating in the study in their class, were asked to make judgements about those 

individuals relative to children in the rest of that class. None of the children were in 

remedial classes, although some were receiving extra help outside the classroom 

situation. Full data was available for 483 of the 510 children. As a result of missing data 

on a number of the comparison variables, the numbers in the dyslexic and non-dyslexic 

groups vary and are indicated in the table.
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3.4.8.2.1 Parental attitude

Assessing parental attitude to school, the teachers reported 83% of the non-dyslexics’ 

parents to be supportive, with the remainder classified as not interested ( 10%) or over

anxious (7%). For the parents of the dyslexics the pattern was similar, but with a greater 

proportion of parents reported to be over-anxious. However, this difference were not 

significant (see Table 3.20).

Table 3.20. Regression Groups. Parental attitude towards school (Teacher Reports).

Dyslexics Non-dyslexics chi-sq. P
Parental attitude n = 2 1 n=444 1.74 0 .42
Not interested 2 ( 10%) 42(10%)
Supportive 16(76%) 372 (84%)
Over-anxious 3(14%) 30 (7%)

3.4.8.2.2 Child’s work

There were no reported differences in school attendance between the two groups, with 

both groups having between eleven and twelve days off a year (t=0.23, df, 430, ns). 

Teachers, did however, report a lower general standard of work for the dyslexic group 

in comparison to their peers (see Figure 3.8).
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Figure 3.8. Regression Groups. General standard of schoolwork (Teacher Reports)
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Teachers reported problems with reading, spelling, writing, speech, following 

directions and instructions, significantly more often in the dyslexic group than in the 

sample as a whole (see Figure 3.9). No significant differences were found for maths or 

language.
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Figure 3.9. Regression Groups. Dyslexics (D) and non-dvslexics (ND) having specific
areas of difficulty (Teacher Reports).
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3.4.8.2.3 Remedial help. Speech therapy and Psychological referral

Forty eight percent of the dyslexic group had received remedial help for reading and 

spelling problems, either currently or in the past. Just under ten percent had had some 

form of speech therapy and twenty percent had been referred to an educational 

psychologist. The proportions of children receiving these services were considerably 

lower in the non-dyslexic group (see Figure 3.10).

155



Figure 3.10. Regression Groups. Dyslexics and non-dvslexics receiving remedial help,
speech or educational therapy (Teacher Reports).
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3.4.8.2.4 Coordination

The dyslexic group was characterised by poorer general coordination and poorer 

coordination in physical education. There were no significant differences for 

coordination in other spheres: ball games, writing, drawing, sewing or handiwork (see 

Figure 3.11).

p<.001

mm

Remedial  help Speech therapy  

REFERRAL

■ ND

I I D

p< .01

Educational therapy

156



Figure 3.11. Regression Groups. Dyslexics and non-dvslexics having below average
coordination (Teacher Reports).
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3.4.8.2.5 Behavioural and Emotional characteristics

A comparison of the mean total scores on the Rutter (Scale B) indicated a non significant 

trend in favour of higher scores for the dyslexics. Also apparent was a higher mean 

’neurotic’ score for the dyslexics which approached but failed to reach significance (see 

Table 3.21). Mean scores on the antisocial scale were almost identical for the two 

groups.
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Tabic 3.21. Regression Groups. Mean scores and (SD’s) on the Rutter Children’s
Behaviour Questionnaire (Teacher Reports)

Rutter Questionnaire Dyslexics Non-dyslexics t
(n=21) (n=463)

Total score 6.04 (6.1) 4.1 (4.8) -1.81 .07
Antisocial 0.71 (1.0) 0.67 (1.5) -0.13 .90
Neurotic 1.38(1.7) 0.88  ( 1.2) -1.78 .08
Attention 1.14(1.1) 1.01 (1.7) -0.37 .71

There was a slightly higher incidence of disruptive classroom behaviour in the dyslexic 

group compared to the controls, but this did not approach significance. Forty-three 

percent of the dyslexics and thirty-three percent of the controls were seen by the teachers 

as having mild behaviour problems (chi-sq.=3.59, df=3, ns). Seven further aspects of 

more specific behaviour were also compared between the two groups. As can be seen 

from Table 3.22, no significant differences were found.

Table 3.22. Regression Groups. Number of children showing particular behaviour 
characteristics (Teacher Reports).

Dyslexic
(n=21)

Non-dyslexic chi-sq. 
(n=462)

P*

Tendency towards vandalism 1 (5%) 6 ( 1%) 0.133 0.71
Disruptive 9 (43%) 123 (27%) 1.93 0.16
Insolent - 29 (6%) 0.512 0.47
Troublemaker 2 ( 10%) 21 (5%) 0.274 0.60
Taking others property - 17 (4%) 0.084 0.77
Verbally aggressive - 43 (9%) 1.15 0.28
Physically aggressive 2 ( 10%) 53(12%) 0.00 1.00

Although over 50%, of the dyslexic group were perceived as having an emotional 

problem, this difference was not significant (Table 3.23).
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Table 3.23. Regression Groups. Number of children perceived as having an emotional
problem (Teacher Reports).

Dyslexic
(n=20)

Non-dyslexic chi-sq. p s  
(n=458)

Em otional problem s 4 .8 9  .09
No problems 10 (50%) 298 (65%)
Some problems 5 (25%) 115(25%)
Affects work 5 (25%) 45(10%)

Results of a five point rating scale on five dimensions revealed no significant differences 

between the dyslexics and non-dyslexics on three of the four dimensions: aggressive- 

submissive, easygoing-anxious and extravert-introvert. A significant difference was 

found on the mature-immature dimension (p<.05). Forty-seven percent of the dyslexics 

were rated at the high end of the scale, indicating greater immaturity, as opposed to 

twenty-five of the non-dyslexics. This difference was significant. None of the dyslexic 

group fell into the mature category (see Figure 3.12).
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Figure 3.12. Regression Groups. Ratings of maturity - immaturity (Teacher Reports)..
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No significant differences were found between the two groups concerning level of 

motivation (see Table 3.24).

Table 3.24. Regression Groups. Ratings of Motivation (Teacher Reports).

Dyslexic
(n=21)

Non-dyslexic chi-sq. 
(n=454)

Ps

M otivation level 2.08 0 .35
Highly motivated 8 (38%) 227 (50%)
Averagely 6 (29%) 133 (29%)
Lazy 7 (33%) 94 (21%)

The teachers perceived children in both the dyslexic and the non-dyslexic group as 

having similar number of friends with similar friendship structures (see Table 3.25).
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Table 3.25. Regression Groups. Friendships and peer relations (Teacher Reports).

Dyslexic Non-dyslexic chi-sq. p£

No. o f  F riends (n=21) (n=460) 1.95 .38
No friends 2 ( 10%) 34 (7%)
Few/one close 12 (57%) 201 (44%)
Many friends 7 (33%) 225 (49%)

Peer R ela tionsh ips (n=21) (n=462) 1.99 .57
Follower 13 (62%) 261 (57%)
Negative leader - 28 (6%)
Positive leader 4(19%) 110(24%)
Disliked 4(19%) 63(13%)

3.4.8.3 Parent Interview and Questionnaire

For 89% of both the dyslexic and non-dyslexic groups, the mother was interviewed. In 

the remaining 11% of cases either both parents, the adoptive mother or the father were 

interviewed.

3.4.8.3.1 Parents* age and education

There were no significant differences between the groups in the age of the mother or 

father when the subject was bom or in the number of years the parents had spent in full

time education (see Table 3.26).

161



Table 3.26. Regression Groups. Mean parental ages (SD’s) when subject was bom and
mean number of years and (SD’s) spent bv parents in full-time education (Parent 
Reports).

Dyslexics Non-dyslexics t P*
Mother's age 24.9 (4.7) 25.4 (6.3) 0.36 0.72
Father's age 27.7 (4.8) 27.9 (6 .8) 0.11 0.92
Years in Education (M) 11.1 (1.5) 11.9 (6 .8) 0.48 0.63
Years in Education (F) 10.9 (1.8) 11.0 (2 .6) 0.24 0.81

There were no significant differences in either father's or mothers occupation, nor in the 

number of children in the family. The average number of children in the families of the 

dyslexic subjects was 2.7 and in the non-dyslexics 2.5 (t=-0.61,df 425, ns).

3.4.8.3.2 Early and current reading skills

As can be seen from Tables 3.27 and 3.28 there were no significant differences in early 

literacy skills between the dyslexics and non-dyslexics. Although a large percentage of 

the dyslexic group had no reading prior to the start of school, this did not significantly 

differentiate them from the non-dyslexics.

Table 3.27. Regression Groups. Reading ability before the start of formal school 
(Parent Reports).

Dyslexics
(n=18)

Non-dyslexics chi-sq. p^ 
(n=409)

R eading ab ility 5 .15  .08
Not at all 15 (83%) 238 (58%)
Odd words 1 (6%) 115(28%)
Simple books 2 ( 11%) 56(14%)
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Table 3.28. Regression Groups. Writing ability before the start of formal school (Parent
Reports).

Dyslexics
(n=18)

Non-dyslexics
(n=410)

chi-sq. p

W riting ab ility 0 .77  . 6 8

Not at all 15 (83%) 307 (75%)
Odd words 3(17%) 98 (24%)
Simple words - 5 (1%)
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The dyslexic children were currently read to by their parents more often than the non- 

dyslexics. This difference did not, however, reach significance. Similarly, no significant 

differences were found in the amount the child was read to at home in the past, or in the 

frequency with which a child read to him or herself (see Table 3.29).

Table 3.29. Regression Groups. Frequency child read to and reads alone (Parent 
Reports).

Dyslexic Non-dyslexic chi-sq. p£

Read to w hen sm all (n=18) (n=411) 0 .26  .97
Not at all 1 (6%) 14 (3%)
Occasionally 2 ( 11%) 42(10%)
3-4 times 1 (6%) 24 (6%)
Most days 14 (78%) 331 (81%)

Read to  curren tly (n=17) (n=408) 6 .78  .08
Not at all 4 (24%) 218 (53%)
Occasionally 8 (47%) 133 (33%)
3-4 times 1 (6%) 16 (4%)
Most days 4 (24%) 41(10%)
Child reads alone (n=17) (n=411) 2 .89  .41
Not at all 2 ( 11%) 28 (7%)
Occasionally 3 (18%) 72(18%)
3-4 times 3 (18%) 33 (8%)
Most days 9 (53%) 278 (67%)

Parents of 64% of the non-dyslexic group reported no problems with school work. This 

was in contrast to the response from the parents of the dyslexic group, who reported a 

range of problems from mild to severe in 89% of cases (see Figure 3.13).

164



Figure 3.13. Regression Groups. Problems with schoolwork (Parent Reports).
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3.4.8.3.3 Reading & Spelling Problems in the Family

No significant differences between groups were found in parental reported incidence of 

reading and spelling problems in the close families of the dyslexics and non-dyslexics, 

although higher reported incidence was observed in the dyslexic group (see Table 3.30)

Table 3.30. Regression Groups. Incidence of reading and/or spelling problems in close 
family members (Parent Reports).

Dyslexics Non-dyslexics chi-sq. p^
(n=18) (n=408)

Reading problems 10 (56%) 147 (36%) 2.05 .15
Spelling problems 9 (50%) 171 (42%) 0.19 .66
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3.4.8.3.4 Behavioural and Emotional characteristics

No significant differences between groups were found any of the thirty-one items from 

the Rutter Children’s Behaviour Questionnaire answered by the parents. Nor were any 

significant differences found on the child’s initial reaction to school, on whether he or 

she enjoys school, the number o f changes of school, or the number and ease with which 

the child made friends.

3.4.8.4 Introducing Sex into the regression equation

Following the suggestion that using only age and IQ may introduce a sex bias into the 

regression equation, resulting in the under-emphasis of possible dyslexia in girls, sex 

was included as an independent variable in a regression equation (Share et al., 1987). 

The resulting new regression equation was:

Predicted Schonell Reading=.535 * VIQ + .312 * AGE + .171 * Sex -112.29

The standard error of measurement was 15.13 with an adjusted R2 of .36. Using the 

same 5% cut-off on residual reading scores, this created a dyslexic group with sixteen 

boys & six girls. There were no significant differences between the boys and girls in age 

or IQ, but the mean reading age for the girls was seven years six months and for the 

boys six years seven months (p<.01). Girls also had a significantly higher mean 

spelling age of seven years one month compared to a mean for the boys o f six years one 

month (p<.01).

In view of the fact that the inclusion of the six girls resulted in the exclusion of six boys, 

previously considered as ’’dyslexic”, the cut-off was moved in an attempt to incorporate 

both the original six boys and the new six girls making a total group of 28. In order to

166



achieve this the cut-off was set at 6%. The resulting group was comprised of 21 of the 

original 22 boys and seven girls.

There were no significant differences between the new dyslexic group (n=28) and the 

rest of the sample on age or IQ, however, as can be seen from Table 3.31, the new 

dyslexic group was significantly poorer on all the reading and spelling related measures. 

Comparing this table with Table 3.16 and the dyslexic group defined without using sex, 

it can be seen that the inclusion of seven girls and the concomitant exclusion of one boy, 

resulted in higher mean scores for the new dyslexic group on all the reading related 

measures, a higher mean score on Verbal IQ and a lower score on Performance IQ.

Table 3.31. Regression Groups (with sex in equation) Means, and (SD’s) of age, 
intelligence and reading related measures.

Dyslexics
(n=28)

Non-dyslexics
(n=482)

t P*

Age 103.3 (8.5) 103.3 (8.4) 0.04 .97
Verbal IQ 105.0 (10.5) 100.3 (13.8) -1.76 .08
Performance IQ 106.5 (11.9) 107.0 (12.7) 0 .22 .83
Full-Scale IQ 106.1 ( 11.2) 103.6 (12.7) - 1.01 .31
Schonell Reading Age 83.7 (7.3) 104.8(17.1) 6.48 .001

Schonell Spelling Age 75.6(10.0) 98.5 (19.0) 6.45 .001

Neale Accuracy Age 86.6  (9.1) 107.3(16.8) 6.48 .001

Neale Comprehension Age 92.7(12.7) 106.0(17.8) 3.75 .001

% of phonetic Errors 22.0(19.6) 38.1 (24.2) 3.39 .01

Visual spelling accuracy 49.0(10.8) 59.4 (10.0) 5.17 .001

The new dyslexic group was also characterised by lower scores on the same two factors 

as the original dyslexic group the sequencing and orientation factors (see Table 3.32).

167



Table 3.32. Regression Groups (with sex in equation). Means and SD’s of Factor

scores .

Dyslexics Non-dyslexics t P*
VPAM

©V

1 -.03 (0.5) 1.32 .19
HAND .35 (0.2) -.02 ( 1.0) -1.84 .07
FORM -.06(1.1) .07 (0.9) 0.65 .51
SEQ -.71 (1.3) .06 ( 1.0) 4.01 .001

MEM .18 (0.7) -.01 ( 1.0 ) -0.95 .34
ORIEN -.61 (1.4) .03 (1.0) 3.26 .001
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3.4.9 Selection of Subjects: Cluster Analysis

The second type of approach to defining a dyslexic group was the use of cluster analysis 

to group subjects on the basis of the size and pattern of discrepancies between two 

measures of ability (Verbal & Performance IQ) and three measures of achievement 

(Schonell Reading and Spelling and Neale Accuracy).

3.4.9.1 Clustering variables

The ability measures (WISC-R) and the achievement measures (Neale Accuracy, 

Schonell Reading and Schonell Spelling) were standardised in six month age bands. The 

standard scores were constructed based on data from 1300 children who were assessed 

as part of the first stage of the project. For each child six discrepancy scores were 

created based on the difference between the standard scores on two measures of ability 

(Verbal IQ and Performance IQ) and three measures of achievement (reading single 

words, prose reading and spelling). Table 3.33 shows the calculation of these 

discrepancies.

Forty eight children were excluded from the cluster analysis as a result o f missing data, 

leaving a total o f462. A constant o f+10 was added to all the IQ standard scores for 

ease of handling and interpreting the discrepancy scores. As a result, a large discrepancy 

score is associated with low reading/spelling relative to IQ and a small discrepancy score 

with high reading/spelling relative to IQ. A discrepancy of 10 represents reading or 

spelling at a level predicted by IQ.
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Table 3.33. Derivation of discrepancy Scores

DS i = (Verbal IQ-Schonell Reading standard score)+10
DS2 = (Verbal IQ-Schonell Spelling standard score)+10
DS3 = (V erbal IQ-Neale Accuracy standard score)+10
DS4 = (Performance IQ-Schonell Reading standard score)+10
DS5 = (Performance IQ-Schonell Spelling standard score)+10
DS$ = (Performance IQ-Neale Accuracy standard score)+10

The hierarchical clustering method employed was Ward’s method, which utilises 

distances based on the sum of squares between clusters, summed over all the variables. 

Euclidean distance was used as the measure of dissimilarity. This particular combination 

of clustering method and dissimilarity measure was selected as both are sensitive to 

differing levels of performance on the variables included in the analysis, as well as their 

profile. Ward’s method tends to generate clusters which can be ordered in terms of 

overall elevation, a fact for which it has been criticised (Aldenderfer & Blashfield,

1984). However, sensitivity to elevation was especially important in this analysis, given 

the wide performance range of the children involved. Furthermore the primary goal was 

to find groups whose members differed in the degree of discrepancy between reading 

related skills and intelligence.

3.4.9.2 Clustering Results

In the absence of a standard statistical or theoretical method for determining the ’best’ set 

of derived clusters, the fusion coefficients were examined and several analyses were 

compared. Examination of the fusion coefficients pointed to a four or five group 

solution (see Figure 3.14)

170



Figure 3.14. Plot of fusion coefficient versus number of clusters (Ward’s Method)
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An iterative technique was then used with the number of clusters set at both four and 

five. Results from the two analyses were compared. The selection of a four or five 

group solution did not affect the group with the largest discrepancies between ability and 

achievement, who clustered tightly together whichever solution was adopted. Change in 

cluster membership brought about by a reduction from the five group solution to the 

four group solution, was associated with those cases whose discrepancies were less 

severe. The five group solution was selected for further analysis as the optimum 

solution, as the reduction from the five group to the four group solution resulted in one 

group of children, reading at a level above that predicted from their IQ, being subsumed 

within another. To check the validity of this particular clustering solution, a split sample 

validation check was run. The sample was randomly divided into two groups and a K- 

means iterative technique, with five groups specified, yielded a solution which closely 

approximated that of the whole sample, suggesting that the solution represented a real 

partition of the data rather than some statistical artefact. This re-analysis with a split 

sample indicated that the children with laige discrepancies between their ability and 

achievement continued to cluster together.
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Multivariate analyses of variance using the variables used in the cluster analysis as 

dependent variables revealed significant differences between the groups (p<.001) on all 

measures. Although this technique is not recommended to confirm a cluster solution 

(Blashfield, 1980), it was carried out to determine whether there were any discrepancy 

scores which were not contributing significantly to the differentiation of the 5 groups. 

An external validation of this clustering solution from data presented later in this chapter 

shows that cluster membership is significantly related to performance on variables that 

were not used in the cluster analysis (see Table 3.37). This suggests some external 

validity to the solution (Morris etal., 1981).

Table 3.34 shows the mean discrepancy scores for each group derived from the cluster 

analysis.

Table 3.34. Cluster Groups. Means and (SD’s) for the discrepancy scores.

1

(n=112)

2

(n=9)

GROUPS
3

(n=52)

4

(n=95)

5

(n=194)

Total

(n=462)

P*

DSi 9.21 (.63) 8.1 (.54) 11.43 (.46) 10.93 (.35) 10.11 (.40) 10.17(.91) .0 0 1

DS2 9.27 (.70) 7.96 (.65) 11.35 (.54) 10.99 (.46) 10.10 (.45) 10.18 093) .0 0 1

DS3 9.09 (.67) 8.16 (.53) 11.3 (.45) 10.91 (.37) 10.07 (.40) 10.11 (.92) .0 0 1

DS4 9.12 (.63) 7.81 (.6 6 ) 11.87 (.38) 10.68 (.55) 10.86 (.56) 10.46(1.1) .0 0 1

d s 5 9.18 (.71) 7.69 (.48) 11.78 (.45) 10.74 (.57) 10.85 (.60) 10.47(1.1) .0 0 1

d s 6 9.0 (.64) 7.89 (.58) 11.73 (.34) 10.66 (.52) 10.81 (.56) 10.39(1.1) .0 0 1

From Table 3.34 it can be seen that Groups 1 and 2 (26% of the sample) were reading 

or spelling above the level predicted by their IQ, both Verbal and Performance. Groups 

4 and 5 (63%) were achieving at or just below the level predicted by their intellectual 

abilities and Group 3(11%) was achieving below prediction. In view of the severe
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discrepancy between ability, as measured by IQ, and reading achievement, as measured 

on several different tests, this group was provisionally labelled as the dyslexic group. 

Groups 1 & 2 were labelled over-achievers and Groups 4 & 5 average achievers.

The cognitive, neuropsychological, behavioural and emotional characteristics of the five 

groups are examined in the next sections.

3.4.9.3 Cognitive characteristics

Differences between the clusters were examined by analysis of variance. In the 

discussion of the results emphasis was placed on the differences between the group with 

the largest discrepancies (Group 3) and the remaining groups as identification of a group 

with severe discrepancies was the primary goal of this cluster analysis. Table 3.35 

shows the sex, age and intellectual performance of the groups.

Table 3.35. Cluster Groups. Sex, means and (SD’s) of age and IQ .

1

(n=112)

2

(n=9)

GROUPS 

Dyslexics 4 

(n=52) (n=95)

5

(n=194)

P* Duncans

% M 55% 33% 92% 65% 49% .ooit
AGE 104.2 (8.4) 101.7 (4.6) 101.7 (7.9) 101.6 (8.5) 104.7 (8 .8 ) .05 -

VTQ 105.2(13.6) 102.1 (14.6) 101.0(11.3) 1 1 0 .8 (12 .2 ) 94.4 (10.7) .0 0 1 5/3,2,1/1,4

PIQ 103.7 (14.2) 96.6 (8.9) 110.9(12.0) 108.0(11.1) 109.4(11.5) .0 0 1 2/1,4,5/4,5,3

FIQ 104.7(13) 99.1 (12) 106.1 (11.3) 110.5(12) 101.3(11) .0 0 1 2,5,1/5/1,3,4

tChi square

Significant differences were found between the groups on all these variables. Duncan’s 

Multiple Range Tests indicated that Group 5 had a significantly lower Verbal IQ score 

than the remaining groups, and that Groups 3 and 2 had a significantly lower Verbal IQ
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than Group 4. With Performance IQ, Group 2 was significantly lower than the 

remaining groups, and Group 1 significantly lower than Group 3. Group 2 had a 

significantly lower Full-Scale IQ than Groups 3 and 4. Group 4 had a significantly 

higher Full-Scale IQ than Groups 2 and 5.

Table 3.36 indicates the performance of the five groups on the reading and spelling 

tests. Duncan Multiple Range tests revealed that the performance of Group 3 was 

consistently poorer than all the other groups on all tests of reading, spelling and 

comprehension (p<.001). Group 2 showed the reverse pattern, where, with the 

exception of Neale Comprehension, they were significantly better on all measures. No 

significant differences were found between the performances of Groups 4 and 5.

Table 3.36. Cluster Groups. Means and (SD’s) of the reading and spelling measures.

1

(n=112)
2

(n-9)
Dyslexics
(n=52)

4
(n=95)

5
(n=194)

P * Duncans

SCHRA 123 (12.0) 138 (14.7) 84 (6.5) 99 (11.2) 100(11.8) .001 3/4,5/1/2

SCHSA 118(13.3) 136(16) 75 (8.8) 91(13) 93(14) .001 3/4,5/1/2

NLAAR 126(12.3) 137(12.1) 87 (7.9) 101 (11.1) 102(14.6) .001 3/4,5/1/2

NLACR 121 (18.1) 126(17.9) 90(10.4) 106 (15.4) 101 (14.6) .001 3/5,4/1,2

Spelling Error Analysis

% Visual 68.1 (5.2) 71.1 (3.2) 49.5 (9.3) 56.8 (8.7) 56.5 (9.8) .001 3/5,4/1,2

& Phonetic 58.1 (17.5) 73.1 (19.4) 19.6(19.1) 32.1 (21) 31.9 (21.3) .001 3/5,4/1/2

SCHRA=Schonell Reading Age; SCHSA= Schonell Spelling age; NLAAR = Neale Reading age;

NLACR=Neale Comprehension age.

In view of the significant differences between the groups on IQ and age, all subsequent 

comparisons between groups used Full-Scale IQ and age as covariates. Mean 

performance on each of the six neuropsychological factors is presented in Table 3.37.
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Table 3.37. Cluster Groups. Means, and (SD’s) of the six factor scores .

1
(n=108)

2
(n=9)

GROUP

Dyslexics

(n=46)

4

(n=91)

5

(n=184)

F P*

VP AM 0.08 (.44) 0.15 (.40) -0.10 (.45) -0.04 (.42) -0.11 (.44) 4.52 .001
HAND 0.12 (.89) -0.83 (1.4) 0.01 (1.0) -0.06(1.1) -0.03 (1.0) 1.90 .11
FORM 0.06 (1.0) -0.64 (.88) 0.28 (.84) 0.15 (.94) 0.01 (.90) 1.57 .18

SEQ 0.46 (.79) 0.70 (.67) -0.98 (1.0) 0.13(1.0) -0.08 (.92) 24.43 .001
MEM -0.14 (.91) -0.37 (1.0) 0.02 (.75) 0.04 (.94) 0.06(1.1) 1.07 .37

ORIEN 0.13 (.78) 0.29 (.57) -0.36 (1.4) -0.02(1.1) 0.02 (1.0) 2.52 .04

Analyses of covariance (age and Full-Scale IQ as covariates) revealed no significant 

differences between the groups on any of the audiometry tests. See Table 3.38.

Table 3.38. Cluster Groups. Means and (SD’s) on the audiometry Tests

1 2
GROUP

Dyslexics 4 5

Aneova

F

Left Ear 57.9 (29.4) 61.1 (57.0) 68.8 (46.3) 58.7 (28.6) 62.2 (35.4) .97 .43

Right Ear (Hi) 21.4 (14.6) 18.3 (13.5) 23.7 (16.4) 22.0(17.1) 20.0(13.1) .69 .60

Right Ear (Lo) 47.8 (22.1) 40.0 (13.2) 48.7 (19.7) 44.9 (18.9) 45.9 (18.9) .75 .56

Eye, foot and hand dominance were tested in a series of chi-square analyses and no 

significant differences were found among the five cluster groups.
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3.4.9.4 Teacher Interview and questionnaire

3.4.9.4.1 Parental attitude

Assessing parental attitude to child’s schooling, a significantly larger proportion of 

Group 3 were reported to have parents who were either perceived as uninterested in the 

child’s schooling , or perceived as over-anxious (see Figure 3.15).

Figure 3.15. Cluster Groups. Parental attitude to child’s schooling (Teacher Reports).
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3.4.9.4.2 Child’s work

There were no reported differences between the two groups in school attendance , with 

groups having between nine (Group 2) and fourteen days (Group 3) absence a year 

(F= 1.26, df= 4, 385, ns). Teacher assessments of the general standard of work of each 

child in relation to his or her class showed significant differences between groups. As a

c h i = 1 9 . 3  
d f =8
p< .01
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Parental  att itude

Su pp or t iv e
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group, the standard of work exhibited by children in group 3 was perceived to be 

significantly poorer (chi-sq=86.3; df=8; p<.001). This is displayed in Figure 3.16.

Figure 3.16. Cluster Groups. Standard of school work (Teacher Reports).
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As can be seen from Figure 3.17, the groups differed significantly in the percentage 

perceived to have difficulties with reading, spelling, writing, language and following 

instructions. In each case, Group 3 had the highest percentage of children experiencing 

difficulties. No differences were found for maths (chi-sq=3.14; df=4; ns); speech 

difficulties (chi-sq.=8.81; df=2; ns) or the ability to follow directions correctly (chi- 

sq.=7.73; df=2; ns).
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Figure 3.17. Cluster Groups. Difficulties with school work (Teacher Reports).
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3.4.9.4.3 Coordination

Levels of general coordination significantly differentiated the groups as did coordination 

for fine motor skills such as writing and drawing and handiwork (see Figure 3.18 to 

3.20). No significant differences were found for coordination in PE (chi-sq.= 13.4; 

df=8; ns) or ball games (chi-sq.= 13.9; df=8; ns).
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Figure 3.18. Cluster Groups. General coordination (Teacher Reports).
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Figure 3.19. Cluster Groups. Coordination - Fine motor skills (Teacher Reports).
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Figure 3.20. Cluster Groups. Coordination -handiwork (Teacher Reports).
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3.4.9.4.4 Remedial help, speech therapy and psychological referral

Significant differences were found between the groups according to whether they had 

remedial help, either currently or in the past (chi-sq.=67.2; df=4, p<.001). None of the 

children in groups 1 or 2 had received or were receiving help, in contrast to over 55% of 

the dyslexic group. A proportion of children in groups 4 and 5 had also received some 

help (see Figure 3.21). No significant differences were found in incidence of referral to 

a speech therapist (chi-sq.=1.9; df=4, ns) but a higher proportion of children in the 

dyslexic group had been referred to a psychologist (chi-sq.=10.0; df=4, p<.05).

180



Figure 3.21. Cluster Groups. Children receiving Remediation. Speech or Educational
therapy (Teacher Reports)

6 0  T p< .001

5 0 D y s l e x i c s

4 0  ■■

%

20

p< . 05

ns

Speech therapy P s y c h o lo g i s tRemediat ion
REFERRAL

3.4.9.4.5 Behavioural and Emotional characteristics

Significant differences between the five groups were found on the measures of Neurotic 

behaviour, and Attention derived from the Rutter (p<.01), after differences in age and 

Full-Scale IQ had been taken into account (Table 3.39)
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Table 3.39. Cluster Groups. Means scores and (SD’s) on the Rutter subscales (Teacher
Reports).

1
(n=103)

2
(n=9)

GROUP

’Dyslexic’

(n=49)

4

(n=84)

5

(n=181)

F P*

Total score 3.4 (4.2) 2.0 (3.7) 5.5 (5.6) 3.9 (4.0) 4.2 (4.8) 2.16 .07

Neurotic 0.79(1.1) 0.22 (.66) 1.45 (1.7) 0.74 (.95) 0.90 (1.3) 3.93 .01
Antisocial 0.60(1.2) 0.11 (.33) 0.69 (1.2) 0.56 (1.2) 0.72(1.7) 0.51 .73

Attention 0.65 (1.4) 0.33 (1.0) 1.31 (1.5) 1.01 (1.6) 1.02 (.98) 3.23 .01

No significant differences were found on general behaviour, as perceived by the 

teachers in the classroom situation (see Table 3.40).

Table 3.40. Cluster Groups. The number of children demonstrating behaviour problems 
(Teacher Reports).

1 2
GROUP

’Dyslexic’ 4 5 chi-sq.

(n=107) (n=9) (n=49) (n=85) (n=185)

Some problems 30 (28%) - 19 (39%) 30(35%) 62(34%) 6.58 0.16

Nor were differences found on any of the seven measures of misbehaviour, ranging 

from delinquency through disruptive or insolence behaviour to verbal or physical 

aggression (See Table 3.41).
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Table 3.41. Cluster Groups. Number showing specific behaviour characteristics
(Teacher Reports)

1
(n=107)

2
(n=9)

GROUP

Dyslexic

(n=49)

4

(n=85)

5

(n=185)

chi-sq. P *

Vandalism 1 (1%) - 2 (4%) - 3 (2%) 4.18 .38

Disruptive 23 (22%) 3 (33%) 17 (35%) 24(28%) 49 (26%) 3.40 .50

Insolent 5 (5%) - 1 (2%) 6 (7%) 12 (7%) 2.53 .64

Troublemaker 2 (2%) 1 (11%) 3 (6%) 3 (4%) 7(4%) 3.23 .52

Takes property 5 (5%) - - 2 (2%) 6 (3%) 2.99 .56

Verbally aggressive 12(11%) - 3 (6%) 7 (8%) 16 (9%) 2.13 .71

Physically aggressive 11(10%) - 5 (10%) 9(11%) 22(12%) 1.37 .85

As can be seen from Table 3.42 no significant differences were found between the 

groups in reported emotional problems.

Table 3.42. Cluster Groups. Emotional problems (Teacher Reports).

GROUP

1 2 Dyslexic 4 5 chi-sq. ps:

(n=105) (n=9) (n=48) (n=85) (n=183)

E m otional P ro b lem s 1 .6  0 .1 7

No problems 68 (64%) 6 (67%) 25 (52%) 57 (67%) 116 (63%)

Mild problems 30 (29%) 3 (33%) 12(25%) 21 (25%) 46 (25%)

Affects work 7 (7%) - 11(23%) 7 (8%) 21 (12%)

No significant differences were found between the groups concerning level of 

motivation (see Table 3.43).
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Table 3.43. Cluster Groups. Child’s level of Motivation (Teacher Reports).

1

(n=106)
2

(n=9)

GROUP
Dyslexic
(n=48)

4
(n=85)

5 chi-sq. 
(n=179)

M otivation 9.41 .31
Highly 63 (59%) 7 (78%) 22 (46%) 45 (53%) 81 (45%)
Average 26 (25%) 2 (22%) 15(31%) 23 (27%) 56 (31%)
Lazy 17(16%) - 11 (23%) 17 (20%) 42 (24%)

In order to establish whether the teacher ratings, which had been made on a five point 

scale, differed between groups, the mean scores were obtained for each rating scale. No 

differences were found on two of the four dimensions: aggressive-submissive (F= 1.28; 

df=4,426; ns) and extrovert-introvert (F=2.09; df=4,426; ns), but significant 

differences was found on the mature-immature dimension and the easy going - anxious 

dimension even when differences in age and IQ were taken into account suggesting that 

the dyslexics were both more immature and more anxious.

Table 3.44. Cluster Groups. Mean scores and (SD’s) on the immaturity and easv-going 
dimensions (Teacher Reports).

1 2 Dyslexics 4 5 F

(n- 107) (n=9) (n=49) (n=85) (n=183)

Mature-immature 2.7 (.99) 1.7 (.87) 3.5 (.79) 2.9 (.99) 3.0 (.93) 14.0 .001

Easygoing-anxious 3.1 ( 1.0) 2.6 (1.2) 3.4 (1.0) 3.0 (.82) 2.9 (1.0) 2.63 .03
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Table 3.45. Cluster Groups. Friendships and peer relations (Teacher Reports).

1

(n=107)
2

(n=9)

GROUP
Dyslexic
(n=49)

4
(n=85)

5
(n=185)

chi-sq. Ps

N o. o f  F riends 7.40 .49

None 10 (9%) 1 ( 11%) 4(8%) 5(6%) 14 (8%)
Few/one close 43 (40%) 4 (44.5%) 28 (57%) 34 (40%) 91 (49%)
Many friends 54 (51%) 4 (44.5%) 17 (35%) 46 (54%) 80 (43%)

P eer R ela tionsh ips 14.13 .29
Follower 58 (54%) 4 (44%) 30(61%) 42(50%) 107 (58%)
Negative leader 4 (4%) - 2 (4%) 3(4%) 14 (8%)
Positive leader 30 (28%) 3 (33%) 8(16%) 30 (35%) 36 (20%)
Disliked 15 (14%) 2 (22%) 9(18%) 1 0 ( 12%) 28 (15%)

3.4.9.5 Parent Interview and Questionnaire

The mother was the principal interviewee in all groups: 90% of cases in group 1, 78% in 

group 2, 93% in the dyslexic group, 88% in group 4 and 87% in group 5. Remaining 

interviews were conducted with the father or adoptive mother.

3.4.9.5.1 Parent’s age and education

As can be seen from Table 3.46, the mean age of the mother at subjects birth was lowest 

for the dyslexic group, and the number of years the father had spent in full time 

education was lowest in group 5. Post hoc tests showed between which groups the 

significant differences lay: Mother’s age: 3 < 4, 1; 4 > 5; difference in father’s 

education: 5 < 1,4; 4 > 3.
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Tabic 3.46. Cluster Groups. Mean parental age and (SD) when subject was bom and 
mean number of years (SD) spent bv parents in full-time education (Parent Reports).

1
(n=96)

2
(n=8)

GROUP

Dyslexic

(n=42)

4

(n=81)

5

(n=160)

F P*

Mother’s age 26.3 (5.3) 26.6(4.1) 23.5 (8.4) 26.7 (4.9) 24.8 (6.5) 2.87 .02
Father’s age 28.6 (5.6) 29.1 (5.2) 26.2 (8.4) 28.9 (5.2) 27.4 (7.5) 1.69 .15

Mother’s education 12.0 (8.0) 11.0 (.87) 11.3 (3.2) 11.5 (2.1) 12.3 (8.2) .26 .91

Father’s education 11.5 (2.6) 11.4 (2.1) 10.7 (2.6) 11.8 (2.5) 10.5 (2.6) 4.24 .002

Social class of the father, classified according to the Classification of Occupations, 

differed significantly between the five groups. Excluding those in the armed forces (11 

fathers) and those who were unemployed (22 fathers), a greater percentage of fathers 

from the dyslexic group and from group 5 were in occupations which placed them in 

social classes HI, IV or V (see Figure 3.22).
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Figure 3.22. Cluster Groups. Fathers occupation (Parent Reports).
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3.4.9.5.2 Early and current reading skills

Early reading ability appeared to show a significant relationship to reading ability at age 

eight. The best readers, those in groups 1 and 2 had better reported pre-school reading 

skills, than those in the remaining three groups, with children in the dyslexic group 

reported as demonstrating the least pre-school ability (see Figure 3.23). No differences 

were found for pre-school writing ability with the majority of children in all groups 

unable to write before school started (chi-sq.=8.2; df=8; ns).
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Figure 3.23. Cluster Groups: Reading ability prior to start of primary school
(Parent Reports).
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Current reading habits were compared across the three groups (Figure 3.24). A 

significant relationship was found between the number of times a child was read to 

currently, the number he or she read alone and reading ability. The better a child’s 

reading the less likely he or she was to be read to frequently and the more likely he or 

she was to be read alone regularly. No similar trends were apparent in the number of 

times a child was read to prior to school; close to 80% in each group were read to on 

most days (chi-sq. = 10.64; df=98; ns).
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Figure 3.24. Cluster Groups. Amount a child read to per week currently
(Parent Reports).
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Figure 3.25. Cluster Groups. Amount child reads alone per week (Parent Reports).
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Judgements made by parents concerning any difficulties their child might have had with 

school work differed significantly between groups and showed a clear relationship with 

reading ability. Groups 1 and 2, the best readers had few recognised problems. This 

was in contrast to 70% of the dyslexic group who had acknowledged problems, in 30% 

of cases these were judged to be ’severe’ (see Figure 3.26).

Figure 3.26. Cluster Groups. Problems with School work (Parent Reports).
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3.4.9.5.3 Familial Reading and Spelling Problems

Reported incidents of reading and spelling problems in the family also bore a significant 

relationship to current reading ability. Incidence of reading and spelling problems was 

highest for the dyslexic group and lowest for groups 1 and 2. The number of families 

with reading and spelling problems in groups 4 and 5 fell between these two extremes 

(Figure 3.27).
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Figure 3.27. Cluster Groups. Reading and spelling problems in the family (Parent

Reports).
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3.4.9.5.4 Behavioural and Emotional characteristics

No significant differences were found on Rutter Children’s Behaviour Questionnaire 

answered by the parents.

3.4.10 Regression and Cluster Analysis: a comparison of methods of subject selection.

Twenty one of the twenty-two children identified as dyslexic by the regression equation 

using age and verbal IQ, fell into the dyslexic cluster (n=52). If the regression equation 

incorporating sex as an additional independent variable was employed, one of the girls 

identified also fell into the dyslexic cluster group. On the surface it appears that in 

comparison to the dyslexic cluster group, the dyslexics identified by regression 

represent a smaller more severely reading disabled group. This is supported by a 

comparison of the group means which indicates that as a group the regression dyslexics 

(using VIQ and age) are older and poorer at reading and spelling than the cluster

Reading Spell ing
FAMILIAL READING & SPELLING
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identified dyslexics. Both groups are characterised by Verbal-Performance IQ 

discrepancies in the direction of higher Performance IQ (see Table 3.16, 3.35 and 3.36).

In order to examine the concordance between the two methods in more detail, the criteria 

for inclusion in the dyslexic group using regression were made more relaxed so that the 

number selected as dyslexic would reflect the prevalence figure of 11% obtained using 

cluster analysis. To achieve this, a cut-off of 11% on the distribution of residual reading 

scores, derived from the original equation in which sex was not a variable, was applied 

and the resulting group (n=51) compared to the 11% identified by cluster analysis. 

Thirty eight (75%) were also in the dyslexic group identified by cluster analysis. The 

remaining thirteen (25%) were uniquely identified by regression. This left a further 

fourteen (27%) uniquely identified by cluster. A three way analysis of variance was 

computed to determine whether there were any discernible differences between those 

identified as dyslexic by both methods, by regression alone and by cluster alone firstly 

in the size of the ability -achievement discrepancies (Table 3.47), and secondly in 

absolute reading, spelling and IQ levels (Table 3.48).

Table 3.47. Means and (SD’s) of the reading, spelling and IQ discrepancy scores for 
those defined as dyslexic bv both methods (BM). bv regression only (R) and bv cluster 
only (C).

Both methods Regression Cluster F p s  Duncans

(n=38) (n=13) (n=14)

VIQ- Sch. Reading 11.7 (.33) 11.3 (.20) 10.9 (.21) 41.2 .001 BM>R>C
VIQ- Sch. Spelling 11.5 (.50) 11.2 (.37) 10.8 (.21) 14.3 .001 BM>R,C
VIQ- Neale Acc. 11.5 (.38) 11.2 (.25) 10.8 (.24) 19.5 .001 BM>R>C
PIQ- Sch. Reading 11.9 (.40) 11.1 (.30) 11.9 (.29) 23.5 .001 BM,C >R
PIQ- Sch. Spelling 11.8 (.50) 11.0 (.24) 11.9 (.38) 19.9 .001 BM,C >R
PIQ- Neale Acc. 11.7 (.34) 11.0 (.40) 11.8 (.25) 22.8 .001 BM,C >R
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Table 3.47 shows that the size of the ability-achievement discrepancies differed 

significantly according to group membership. Children identified by both methods had 

the most severe discrepancies across all measures. The differences between the group 

identified by regression and the group identified by cluster were principally in relation to 

Performance IQ. The cluster only dyslexics had significantly larger discrepancies on all 

measures in relation to Performance IQ.

Table 3.48. Means and (SD’s) of the reading, spelling and 10 measures for those 
defined as dyslexic bv both methods (BM). bv regression only (R) and bv cluster only

[CL

Both methods Regression 
(n=38) (n=13)

Cluster
(n=14)

F P* Duncans

Age 102.9 (7.6) 107.1 (7.4) 98.5 (8.1) 4.26 .02 C<R
Verbal IQ 103.2(11.3) 104.3 (14.6) 95.1 (9.3) 2.91 .06
Perf. IQ 108.8 (12.4) 101.6 (9.8) 116.8 (8.5) 6.18 .01 R,BM<C
Full IQ 106.3 (12.2) 103.4(12.8) 105.5 (8.8) .31 .73
Reading age 83.4 (6.2) 90.2 (7.3) 86.7 (6.7) 5.56 .01 BM<R
Spelling age 74.7 (8.9) 84.5 (7.5) 77.2 (9.3) 6.19 .01 BM,C<R
Neale Acc. age 85.9 (8.0) 93.5 (9.5) 88.1 (7.6) 4.13 .02 BM<R
Neale Comp, age 88.8 (10.6) 100.0 (14.4) 92.7 (9.7) 4.70 .01 BM<R
Factor 4 (SEQ) -1.03(1.1) -.07 (1.2) -.86(1.0) 3.83 .03 R<BM
Factor 6 (ORIEN) -.38 (1.3) -.59(1.5) -4.4 (1.5) 0.16 .85

Those identified by both methods were characterised by significantly poorer 

performance on the reading and spelling measures, than those identified uniquely by 

regression, and thus represented the most severely disabled group. The regression only 

dyslexics were significantly better at spelling than those identified by cluster alone. This 

reflects the consideration in the latter approach of a number of ability-achievement 

discrepancies, including spelling. Those identified uniquely by cluster, were
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significantly younger than those identified by regression and had a significantly higher 

Performance IQ than both groups (Table 3.48).

3.4.11 Can Subtvoes be identified?

The possibility that the larger dyslexic group identified by cluster analysis (n=52) could 

be further subdivided into valid subgroups according to cognitive test results was 

investigated through cluster analysis. The cognitive test profiles of the resulting groups 

were examined to determine the extent to which they were characterised by differences 

in level on the cognitive tests (quantitative differences) or differences in shape 

(qualitative differences).

The rationale for the selection of the measures to be used in this second cluster analysis 

was to restrict the number of diagnostic measures to a smaller representative number in 

order to reduce test redundance and random error variance. The final selection of 

measures was based on the power of a test to discriminate between dyslexics and non- 

dyslexics and on whether the potential measure had a high loadings on only one factor. 

The three factors with the greatest discriminating power were VPAM, SEQ and ORIEN, 

All the tests comprising factor 1 (VPAM) were included as none of these tests had high 

loadings on any other factor. The scores from factor 4 (SEQ): months of the year, 

memory for concrete words and visual sequential memory were included and the two 

tests from factor 6 (ORIEN). A total of thirteen tests was included. Six children: five 

boys and one girl were excluded due to missing data on a number of the cognitive tests.

After comparing the results of a k-means cluster analysis using various predetermined 

numbers of clusters, a two cluster solution was chosen (n= 18 and n=28). The small 

sample size placed restrictions on the possibility of exploring the internal validity 

through split-sample procedures. The means and standard deviations of the cognitive 

tests used in the derivation of the subgroups are shown in Table 3.49.
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Table 3.49. Cluster Subgroups. Means and (SD’s) of the clustering variables.

MEASURES SUBGRP1 
n=18

SUBGRP 2 
n=28

t P*

Factor 1
Memory for faces 32.3 (5.9) 34.9 (4.5) -1.72 0.09
Pegboard total score 32.7 (4.0) 36.5 (3.9) -3.19 .01
STM (auditory) 28.0 (4.9) 32.4 (5.1) -2.91 .01
STM (visual) 22.8 (4.4) 28.6 (5.8) -3.62 .001
Seashore - Pitch 25.1 (5.5) 32.1 (6.9) -3.64 .001
Visual seq. mem (symbols) 7.2 (1.0) 8.2 (1.1) -3.03 .01
Copying 8.9 (1.6) 10.2(1.5) -2.75 .01
Seashore - Rhythm 17.7 (4.1) 24.2 (2.7) -6.53 .001
F actor 4
Months in sequence 4.5 (2.6) 7.7 (3.2) -3.53 .001
Concrete words 4.6 (1.2) 5.6 (1.4) -2.62 .01
Visual seq. mem (pictures) 16.3(1.1) 19.0(1.5) -6.47 .001
Factor 6
L-R judgements correct on self 3.2 (8.6) 10.4 (5.1) -3.57 .01
L-R judgements correct on other 3.0 (9.4) 13.6 (8.5) -3.96 .001

In order to determine whether the two subgroups differed on variables external to the 

cluster analysis, performance on the cognitive tests not used in the analysis (Table 3.50) 

and reading and spelling performance (Table 3.51) was examined. In the case of the 

former, this can not be considered a true external validation as these measures correlated 

to some degree with the clustering measures. However, one would expect measures 

from the same domain to follow the differences characteristics of each subgroup.
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Table 3.50. Cluster Subgroups. Means and (SD’s) of cognitive tests not included in the
cluster analysis.

MEASURES SUBGRP 1 
n=18

SUBGRP 2 
n=28

t P*

Right Handedness 12.1 (4.0) 12.0 (4.7) 0.07 .94
Finger Agnosia total 19.9 (3.4) 21.5(1.9) -1.95 .10
M atching (BAS) 12.9(1.1) 14.3 (0.9) -4.31 .001
R ecall o f  D esigns (BAS) 43.3(10.0) 52.6(11.8) -2.76 .01
Memory for abstract words 2.6 (1.1) 3.2 (1.2) -1.70 .10
Im m ediate R ecall (BAS) 9.1 (1.6) 10.9 (2.2) -3.08 .01
D elayed Recall (BAS) 6.8 (1.1) 8.6 (1.9) -3.64 .001
Rutter total score 7.1(6.2) 4.5 (5.3) 1.51 .14
Level o f  attention* 2.0 (1.7) 0.9 (1.2) 2.56 .01

* higher scores associated with lower levels of attention

The two subgroups differed significantly on all but one of the clustering variables. In 

each case the direction of the difference was the same, subgroup 1 was characterised by 

poorer performance on all the cognitive tests. The subgroups did not appear to be 

characterised by a specific area of low performance, instead the cluster profiles were 

distinguished by different levels of performance. Performance on the cognitive tests not 

included in the cluster analysis followed the same pattern, superior performance by 

subgroup 2 on all the measures.

Performance and Full IQ significantly differentiated the two groups, but not Verbal IQ 

or age, although the trend was the same in the latter two, superior performance by 

Subgroup 2 (Table 3.50).
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Table 3.51. Cluster Subgroups. Means and (SD’s) on the reading, spelling and IQ

measures.

MEASURES SUBGRP 1 
n=18

SUBGRP 2 
n=28

t P25

Age 100.8 (7.1) 102.6 (8.5) -0.75 0.5
Verbal IQ 97.8 (9.6) 103.9 (11.5) -1.88 .07
Perf. IQ 107.3 (10.4) 114.2(12.2) -1.99 .05
Full IQ 102.3 (9.7) 109.6(11.5) -2.23 .03
Reading age 80.4 (5.0) 87.1 (6.1) -3.87 .001
Spelling age 70.8 (7.2) 79.3 (8.4) -3.52 .001
Neale Acc. age 80.9 (6.0) 90.4 (6.8) -4.86 .001
Neale Comp, age 84.1 (8.8) 94.5 (9.8) -3.49 .001

3.4.12 Prediction

Concurrent prediction can be undertaken from two frames of reference: (a) the prediction 

of reading competence and (b) the identification of potential reading problems. The 

former is obviously related to the latter as those with reading problems will tend to fall 

near the low end of the distribution of reading achievement scores. At the same time, 

those with dyslexia by definition are not simply the poorest readers in the sample, but 

are those underachieving relative to their age and IQ. Thus, variables that may be the 

best predictors of reading achievement may not necessarily be the best predictors of 

reading failure. It is possible that new variables may become salient that exert only a 

minor influence in the upper range of reading abilities.

The concurrent prediction of reading ability and of reading disability is presented in the 

next section.
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3.4.12.1 Reading and Spelling ability

Stepwise multiple regressions indicated that a subset of the variables which had 

significant correlations with the reading related measures assessed were able to explain 

substantial proportions of the variance in concurrent reading scores: 45% of the 

variance in Schonell Reading, 40% of the variance in Schonell Spelling, 41% of the 

variance in Neale Accuracy, and 53% of the variance in Neale Comprehension. The 

importance of each predictor variable in predicting achievement is reflected in the final 

standardised beta weights, the t-value and the order of entry into the regression 

equation. As can be seen from Table 3.52, the sequencing factor had large and 

significant beta weights and was among the first variables to enter the regression 

equation in each case.
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Table 3.52. Concurrent prediction of reading, spelling and comprehension ability using 
stepwise multiple regressions

Criterion Predictor
variables

R2 Change 
in R2

SE Final Beta 
weight

Sig. t 

P*
Schonell Reading SEQ .26 - 16.4 .32 .001
Raw score Verbal IQ .36 .11 15.2 .34 .001

Age .42 .05 14.5 .23 .001
ORIEN .43 .01 14.3 .12 .01
VPAM .44 .01 14.2 .12 .01
TYMPL .45 .01 14.1 .10 .01

Neale Accuracy SEQ .23 - 19.5 .30 .001
Raw score Verbal IQ .34 .11 18.1 .32 .001

Age .38 .04 17.5 .19 .001
VPAM .40 .02 17.3 .15 .001
ORIEN .41 .01 17.1 .11 .01

Neale Comprehension Verbal IQ .38 - 6.6 .52 .001
Raw score Age .47 .09 6.1 .25 .001

VPAM .50 .03 5.9 .17 .001
SEQ .52 .02 5.8 .16 .001
ORIEN .53 .01 5.7 .08 .03

Schonell Spelling SEQ .23 - 14.2 .26 .001
Raw score Verbal IQ .29 .06 13.6 .32 .001

Age .36 .07 12.9 .25 .001
ORIEN .38 .02 12.8 .13 .002
VPAM .39 .01 12.7 .15 .001
Perf. IQ .39 <.01 12.6 -.10 .02
Sex .40 .01 12.5 -.10 .03

Note: figures in bold represent total accounted for variance

A further indicator of the "usefulness” of an individual predictor is its contribution to 

the squared multiple correlation (Darlington, 1968). The relationship, symbolised by 

R2, represents the relationship between all the independent variables and the criterion
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variable. The change in R2 represents the additional contribution of a variable over and 

above that of the variable entered in the step before. However, a direct comparison of 

R2 is problematic. In a stepwise procedure, variables with the highest correlation with 

the criterion will be entered first, if other variables are highly correlated with this 

variable, they may not make a sufficiently large additional contribution to be entered 

before the procedure is terminated by non-significance. Thus, the perceived 

contribution of a variable can vary dramatically depending on the other variables in the 

equation. Furthermore, as Cohen & Cohen (1975) note, when there is a relatively large 

number of independent variables, the significant test of an individual variable’s 

contribution, as measured by i ,  ignores the large number of other t  tests which are 

conducted simultaneously. The authors argue that this involves serious capitalisation on 

chance and doubt must be cast on the validity of the separate tests. For this reason, each 

of the predictor variables was entered singly so that their unique contribution to the 

variance of the criterion, in the absence of any other conflicting variables, could be 

assessed (Tables 3.53 to 3.56).

200



Table 3.53. Regression analyses indicating the______ contribution of each predictor
variable to Schonell Reading when entered singly into the equation listed in order of 
greatest contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t

Schonell Reading SEQ .26 16.4 .51 .001
Raw score Verbal IQ .23 16.7 .48 .001

VPAM .14 17.6 .38 .001
Age .06 18.4 .26 .001
Attention .05 18.5 -.22 .001
ORDEN .03 18.7 .18 .001
Neurotic .02 18.8 -.17 .003
Sex .02 18.8 -.15 .01
Social class .01 18.9 .13 .02
FORM .01 18.9 .11 .04
Perf. IQ .01 18.9 .10 .07
Antisocial .01 18.9 -.09 .10
Tympanometry .00 19.0 .08 .14

Table 3.54. Regression analyses indicating the  contribution of each predictor
variable to Neale Accuracy when entered singly into the equation listed in order of greatest 
contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t 

P*
Neale Accuracy SEQ .23 19.5 .48 .001
Raw score Verbal IQ .22 19.7 .47 .001

VPAM .16 20.5 .40 .001
Age .05 21.7 .23 .001
Attention .05 21.7 -.23 .001
Neurotic .02 22.0 -.16 .002
ORIEN .02 22.0 .16 .003
FORM .02 22.1 .15 .01
Sex .02 22.1 -.15 .004
Perf. IQ .02 22.1 .13 .01
Social Class .01 22.1 .13 .02
Antisocial .01 22.2 -.10 .06
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Table 3.55. Regression analyses indicating the contribution of each predictor
variable to Neale Comprehension when entered singly into the equation listed in order of 
greatest contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t

Neale Verbal IQ .38 6.6 .62 .001
Comprehension VPAM .19 7.5 .44 .001
raw score SEQ .17 7.6 .41 .001

Perf. IQ .07 8.0 .27 .001
Age .06 8.1 .25 .001
FORM .05 8.1 .23 .001
Attention .04 8.2 -.21 .001
Social Class .03 8.2 .19 .001
ORDEN .02 8.3 .15 .001
Neurotic .02 8.3 -.15 .01
Antisocial .01 8.3 -.10 .07
Sex -.00 8.4 -.02 .65

Table 3.56. Regression analyses indicating the contribution of each predictor
variable to Schonell Spelling when entered singly into the equation listed in order of 
greatest contribution (as measured bv RZ).

Criterion Predictor
variables

R2 SE Beta
weight

Sig.t

P*
Schonell Spelling SEQ .23 14.2 .48 .001
Raw score Verbal IQ .16 14.8 .40 .001

VPAM .13 15.1 .37 .001
Age .08 15.5 .29 .001
Attention .04 15.9 -.21 .001
ORIEN .03 16.0 .17 .001
Sex .03 16.0 -.17 .002
FORM .02 16.1 .14 .01
Neurotic .01 16.1 -.13 .02
Antisocial .00 16.2 -.08 .15
Perf. IQ .00 16.2 .07 .20
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All the independent variables, with the exception of scores on the antisocial scale and left 

ear tympanometiy, make significant individual contributions to at least two of the 

criterion measures (see Tables 3.53-5$. The sequencing factor (SEQ), Verbal IQ and the 

visual and auditory memory and motor skills factor (VPAM) make significant individual 

contributions of between 13% and 38% to the total variance in all the criterion measures 

(p<.001). Age, attention, the left-right factor (ORIEN) and the neurotic subscale make 

smaller, but also significant individual contributions, to the total variance in all criterion 

measures (p<.01). Performance IQ makes a significant individual contribution to Neale 

Accuracy and Neale Comprehension (p<.01, p<.001, respectively) but not to Schonell 

Reading or Spelling. With the exception of Schonell Spelling, membership of social 

classes I and II makes a significant contribution to the variance observed in the other 

criterion measures (p<.05).

3.4.12.2 Prediction of Reading disability: Regression Groups

In order to determine whether group membership (i.e. dyslexic or non-dyslexic) could 

be reliably predicted from a combination of the variables on which the groups had been 

found to differ, a stepwise discriminant analysis was performed. The variables on 

which the groups differed significantly and which were incorporated in the 

discriminant analysis included : the sex of the child, the six ability-achievement 

discrepancies and the two factor scores: the sequencing factor and the left-right 

orientation factor. Groups were dyslexic or non-dyslexic. In order to minimise the 

exclusion of cases due to missing data, variables from the parent and teacher 

questionnaires were not used. Their use would have resulted in too small a dyslexic 

group relative to the number of predictors and the inclusion of too many binary 

variables. Variables excluded were: standard of work in relation to class, difficulties 

with spelling, reading, writing, speech, following directions, following instructions, 

the amount o f remedial help, coordination skills and the immature-mature trait.
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Of the original 510 cases, seventy-two had at at least one factor score missing so were 

excluded from the analysis. The resulting sample was comprised o f438 cases of which 

21 were in the dyslexic group. Prior probabilities for membership in the dyslexic and 

non-dyslexic groups were 0.05 and 0.95, respectively.

Five of the nine variables contributed significantly to prediction of group status: the 

discrepancy between Verbal IQ and Schonell Reading, left-right orientation, sex, 

sequencing ability and the discrepancy between Performance IQ and Schonell Spelling. 

One discriminant function was calculated with chi-square (df=2) = 96.6 indicating that 

it is statistically unlikely that dyslexics and non-dyslexics have the same mean on the 

discriminant function (p<.001). The loading matrix of correlations between predictors 

and discriminant functions, seen in Table 3.57, suggests that the best predictors for 

distinguishing between dyslexics and non-dyslexics are achievement relative to Verbal 

IQ, followed by achievement relative to Performance IQ, sequencing, sex and left right 

orientation.
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Table 3.57. Results of Discriminant function analysis

Correlations of 
predictor variables 
with discrim function

PREDICTOR VARIABLE 1

Univariate 
F( 1,436)

P*

VIQ- Schonell Reading 0.89 87.6 .001

VIQ- Neale Accuracy 0.83 70.6 .001

VIQ-Schonell Spelling 0.76 62.3 .001

PIQ- Schonell Reading 0.64 44.7 .001

PIQ- Neale Accuracy 0.60 36.5 .001

PIQ- Schonell Spelling 0.55 32.9 .001

SEQ -0.43 20.1 .001

SEX 0.39 16.2 .001

ORIEN -0.31 10.3 .01

On the basis of this discriminant function, 97% of cases were correctly classified. In 

spite of the high hit rate, over half of the dyslexics were wrongly classified as non- 

dyslexics. Nine (43%) of the dyslexics were correctly classified. Although prediction 

for the dyslexic group was substantially better than chance ( 1% based on prior 

probabilities), twelve (57%) cases were nevertheless misclassified.

3.4.12.3 Reading Disability: Cluster Groups

A similar analysis was performed for the dyslexics identified by cluster analysis. 

Predictors were: sex, the six ability achievement discrepancies, the general cognitive 

factor, spatial ability factor and the sequencing factor. Groups were the five clusters. 

Ninety-four children were excluded due to missing data, leaving 416 cases of which 44

205



were in the dyslexic group. Prior probabilities for membership in the five clusters are 

shown in Table 3.58

Table 3.58. Prior Probabilities of membership in one of the five groups identified by 
cluster analysis

GROUP N PRIOR

1 102 0.25

2 9 0.02

D yslexic 44 0.11

4 82 0.20

5 179 0.43

Seven of the eleven variables included contributed significantly to the prediction of 

group membership: Performance IQ - Neale Accuracy, Verbal IQ - Schonell Reading, 

Performance IQ - Schonell Reading, Verbal IQ-Schonell Spelling, SEQ, sex and 

VPAM. Four discriminant functions were calculated, with a combined chi sq. (df=28) 

= 976.4, p<.001 . After removal of the first function there was still strong association 

between groups and predictors, chi sq. (df=18) = 245.4, p<.001. Similarly, a 

significant association was found after removal of the second, chi sq. (df=10) = 41.0, 

p<.001. The fourth function alone did not contribute significantly to prediction, chi sq. 

(df=4) = 8.9, p>.05. The first three functions accounted for 86%, 12% and 1.5%, 

respectively, of the between-group variability. The loading matrix of correlations 

between predictors and discriminant functions is shown in Table 3.59
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Table 3.59. Pooled within-group correlations between predictor variables and 
discriminant functions (variables ordered bv size of correlation within a function and
univariate F for each predictor.

Correlations of 
predictor variables 
with discrim function

PREDICTOR VARIABLE 1 2 3 4
Univariate 
F(4,411)

PIQ - Neale Accuracy 0.79 -0.54 0.10 -0.23 306.8 .001

PIQ - Schonell Reading 0.77 -0.52 -0.17 0.12 292.7 .001

VIQ - Schonell Reading 0.77 0.49 0.20 -0.35 286.6 .001

VIQ - Neale Accuracy 0.77 0.45 0.20 -0.34 282.8 .001

PIQ - Schonell Spelling 0.71 -0.42 0.03 0.42 242.2 .001

VIQ - Schonell Spelling 0.66 0.50 0.12 0.41 218.3 .001

VPAM -0.07 0.17 -0.09 0.04 4.2 .01

ORDEN -0.08 0.09 -0.03 -0.06 1.5 .21

SEQ -0.20 0.14 0.65 0.40 23.0 .001

SEX 0.09 0.15 -0.61 0.06 8.2 .001

Attention 0.07 -0.01 -0.20 -0.10 2.57 .05

The overall hit rate for the sample of 438 cases (72 cases had missing data on the seven 

variables used for group prediction), was 94%, compared to 29% that would be 

correctly classified by chance alone. Table 3.60 presents the classification results. The 

discriminant function was best at classifying those in Groups 1 (96 %) and 5 (99%). 

Thirty-nine (85%) of the dyslexics were correctly classified, with those wrongly 

classified placed in Groups 4 and 5 (’average’ readers).
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Table 3.60. Classification Results: Step-wise Discriminant Analysis

ACTUAL GROUP No. of cases

PREDICTED GROUP MEMBERSHIP 

1 2 3 4 5

1 108 104(96%) 0 0 0 4 (5%)

2 9 1(11%) 8(89%) 0 0 0

Dyslexics 46 0 0 39(85%) 4 (9%) 3 (7%)

4 91 0 0 3 (3%) 78 (86%) 10(11%)

5 184 1 (.5%) 0 0 (.5%) 0 182 (99%)

Overall correct classification=93.8%

208



3.4.13 Summary

The results of Study 1 indicate that ninety-five percent of the children classified as 

dyslexic by regression analysis were also classified using cluster analysis. An additional 

thirty-one children were classified as dyslexic by the latter method, suggesting a 

provisional prevalence figure of eleven percent. Evidence was found for weak 

sequencing abilities, poor left-right discrimination, a verbal-performance discrepancy 

in the direction of superior non-verbal ability, and pronounced difficulties with school 

work for the dyslexic groups.

A large proportion of those identified by regression (62%) and cluster (55%) had also 

been targeted within the school system as poor readers and were receiving or had 

received remedial help. A number of studies have suggested a strong relationship 

between reading disability and problem behaviour. In this study, there was some 

evidence that teachers perceived the dyslexic subjects as more immature, anxious, 

moody and hyperactive than their classmates.

Subjective judgements, made by parents concerning the presence of reading and spelling 

problems in the immediate family, provide only limited support for a familial component 

of dyslexia. Although the trend was for a higher incidence in the family members of 

dyslexic subjects, 56% in the dyslexic group identified by regression and 49% in the 

group identified by cluster, this did not reach significance as a high proportion of 

parents of non-dyslexic subjects also reported the existence of reading and spelling 

problems.

The geneialisability of these findings depend on several factors which will be discussed 

before conclusions are drawn. Among the most important factors are the sample from 

which the dyslexic groups were drawn, the effect sex differences may have had on the 

distribution of reading, spelling and IQ, the diagnostic measures used in both the
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clustering and regression procedures, the experimental design and regression to the 

mean associated with the comparison of two correlated test scores such as IQ and 

reading. Each of these five factors will be discussed separately before the characteristics 

of the dyslexic groups are examined in more detail.

3.4.13.1 The sample

The characteristics of a dyslexic group, and the controls group (s) to which they are 

compared, will depend to a large extent on the sample from which they were selected. 

The dyslexic group in this study was unusual. It was drawn from a population in which 

the majority of children (62%) had been selected less than a year earlier, using mental 

age and achievement age scores, as under-achievers. The criteria used to define this 

group were intended to identify a large group of children from which a smaller more 

specific group of dyslexics could be selected. Given the relatively weak characteristics 

of developmental scores for discrepancy and statistical analysis (Bennett, 1982), it was 

not expected that all those identified as under-achievers at this initial stage would be 

necessarily later identified as dyslexic. Nevertheless, these selection criteria had the 

effect of causing a significant negative skew in the distribution of reading and spelling 

scores which undoubtedly contributed to the higher them expected incidence of those 

with severe discrepancies obtained in this study. A further effect may be that the 

accepted cut-off on the distribution of residuals of -1.65 standard errors (5% of the 

sample) is too stringent and that a number with ’real’ discrepancies are missed as a 

result. This will be discussed further.

Both the unselected and the selected samples were characterised by lower spelling than 

reading ages, implying that the population finds spelling more difficult than reading. 

Whether this is a feature specific to this sample or a more general feature is unclear. 

However, higher reading than spelling ability was found in all the geographic areas from 

which the sample was drawn which suggests it may be a general trend. There appear to
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have been very few direct comparisons between children’s reading and spelling. 

Standardised reading and spelling tests typically employ different words which makes it 

impracticable to compare the two skills directly. Bryant & Bradley (1980) found, on the 

basis of a crude comparison between the two skills, that both disabled readers and 

normals did better at reading than spelling. However, they also found that although this 

was the trend, a number of children in both groups actually spelled more words 

correctly than they read correctly.

A further possibility is that the norms for the Schonell Spelling Test are outdated and 

that they expect a higher level of spelling ability than is now found in the population 

more than forty years later. In view of changes in education practice with arguably less 

attention given to the direct teaching of spelling, this possibility may have some validity. 

In addition, there is some suggestion that a number of words on the Schonell spelling 

test may have changed their rank order. Newman etal. in an unpublished item analysis 

of the Schonell spelling test found some evidence to suggest that difficulty of a given 

word had not remained constant since its introduction in 1945 : e.g. lid, description, net, 

hit, by and courteous have increased in relative difficulty while others have decreased: 

topic, yes, egg, tree, guess and liquid. I f  a significant proportion of the words have 

become more difficult for the average child to spell, then the norms derived from the test 

could be expected to be too high for current samples of children, resulting in lower 

spelling ages.

3.4.13.2 Sex differences

Small but significant sex differences were found for all measures of IQ and reading and 

spelling in the unselected sample. The boys had higher mean scores on the three scales 

of the WISC-R, and lower mean scores on Schonell Spelling and Neale Accuracy. This 

is somewhat unexpected in view of the correlation between Verbal IQ and reading. One 

might expect the girls to have a higher mean Verbal IQ in view of their superior
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performance on the reading test. An alternative hypothesis is that their superior reading 

performance is attributable to skills aside from those measured by Veibal or 

Performance IQ. This runs contrary to findings reported by McManus & Mascie-Taylor 

(1983), who having isolated the specific component unique to reading and independent 

of verbal IQ, found that girls were not necessarily superior readers.

Sex differences were retained in the selected sample, with the boys still performing 

significantly better on Verbal and Full-scale IQ, and less well on all the reading related 

measures, except comprehension. One consequence of this is an increased probability of 

boys having a discrepancy between their IQ and their reading, thus increasing the 

likelihood that they will be labelled as dyslexic. If  these biases are operating at 

measurement level, and there is some suggestion that they are (Scarborough, 1984;

Share etal., 1987), in combination with cultural and behavioural factors, which also 

tend to favour selection of boys (Goldberg & Schiffman; Thomson, 1990), the higher 

incidence of dyslexia in boys is thereby sustained. Finucci & Childs (1981) found that 

when diagnosis was made on the basis of a reading or spelling quotient alone, the sex 

ratios were 2:1 or less which are considerably smaller than those found for clinic or 

special school samples.

It might be hypothesised that the more severe the discrepancy adopted as the defining 

criterion, the greater the excess of boys over girls identified as dyslexic.This hypothesis 

was supported by the current study where extending the cut-off to include 11% of the 

population resulted in the identification of four girls. Further evidence for a positive 

relationship between severity and malerfemale ratio comes from a study by Korhonen 

(1988) who found that the subgroups with the most severe reading disabilities had a 

higher ratio of boys to girls than those with milder disabilities.

Given the existence of sex differences in the diagnostic measures, one way to redress 

the bias currently operating against girls would be to define underachievement relative,
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not only to age and IQ, but also to sex. In this way girls who may not be under

achieving relative to boys of the same age and IQ, but who may be underachieving 

relative to their same sex peers would be identified. This study included sex as an 

additional independent variable with the result that, using the same cut-off of 5%, 

sixteen boys and six girls were identified. As might be expected, the girls had 

significantly higher reading and spelling scores. One result of this was that the mean 

reading and spelling scores of the dyslexic group as a whole were now higher than they 

had been when no girls were included, thus making the dyslexics apparently a less 

severely disabled group.

Another way of biasing identification procedures in favour of girls, is to compute 

regression equations separately for males and females. This has been shown virtually to 

eliminate the traditional sex ratios (Scarborough, 1984). However, the circularity of the 

situation becomes apparent when one considers the appropriateness of setting the same 

criteria, e.g. two standard deviations below expectancy, to define dyslexia in boys and 

in girls, in view of suggestions that boys have a greater susceptibility to dyslexia. 

Furthermore, to include sex and not other variables that have been shown to correlate 

with reading ability, such as social class or measures of attention (Horn & Packhard, 

1985) means one is simply replacing one bias with another.

3.4.13.3 Diagnostic measures: one discrepancy or several?

Thirty-eight children were identified as dyslexic by both the regression and cluster 

procedures, in the former this was on the basis of consideration of a single ability- 

achievement discrepancy, and in the latter on the basis of six ability-achievement 

discrepancies. This suggests that, to a certain extent, diagnosis is as accurate on the 

basis of one discrepancy as it is on six. Further support for this hypothesis comes from 

an examination of the cluster profile of the dyslexic group on the six discrepancies. 

Large discrepancies were found across all measures, indicating that discrepant
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performance on one measure was likely to be associated with discrepant performance on 

the other measures. This finding mirrors that of Satz & Morris (1981) and Van der Vlugt 

& Satz (1985) who found that the profiles o f ’dyslexic clusters’ were indicative of 

discrepant performance on all the diagnostic measures.

The differences that emerge when the cognitive profiles of those identified uniquely by 

regression (n= 14) and those uniquely by cluster (n= 13) are compared, suggest that age, 

spelling ability and Performance IQ determine membership of the respective groups. 

Children missed by the regression approach but identified by the cluster, appear to be 

those with a high Performance IQ and poor spelling in addition to poor reading. 

Alternatively, those who did not fall into the dyslexic cluster, but were identified by the 

regression procedure, appear to be those whose mean reading score, although in 

absolute terms higher than that of those that did fall into the dyslexic cluster, is low 

based on their age. Although differences in scores due to age are controlled for in the 

cluster procedure, the inclusion of age as an independent variable in the regression 

results in this variable having more weight in the calculation of expected reading score. 

Thus, as an approach regression is more sensitive to discrepancies between IQ in 

combination with age, than cluster analysis.

In summary, it appears that the use of a single ability achievement discrepancy results in 

the exclusion of a number of children, with significantly below average reading and 

spelling, even when the criterion for inclusion is moved to allow the bottom 11% to be 

identified. It is also apparent from the comparison of those identified by the two 

methods, that a cut-off of 5% such as was applied in the regression, is too stringent. It 

results in a significant number of children for whom a diagnosis of dyslexia may be 

appropriate being excluded.

The absence of any specific patterns of performance is perhaps surprising in view o f a 

number of studies which have identified a subgroup of poor spellers who do not have
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accompanying reading problems (Bruck & Waters, 1988; Finucci, Isaacs, Whitehouse 

& Childs, 1983; Fields, Wright & Newman, 1989; Frith, 1980, Jorm, 1981; Nelson & 

Warrington, 1974). One possible explanation is that the number of children with large 

discrepancies on all measures might outweigh the few children with discrepancies on 

single measures, such as spelling, with the result that these individuals become 

subsumed within the discrepant group. Another related explanation centres on the 

clustering technique employed. Ward’s method tends to find clusters which differ in 

terms of their overall elevation (Aldenderfer & B lash field, 1984). Thus, it could be that 

the solution was influenced by the size of the discrepancies to the exclusion of their 

pattern. The dominant characteristic of the resulting dyslexic cluster would then be large 

discrepancies on all the measures, rather than a specific pattern.

3.4.13.4 Experimental design

The dyslexics and controls identified by the regression equation did not differ 

significantly on age or IQ. It is therefore unlikely that differences on these variables will 

have played a role in determining performance on the cognitive or neuropsychological 

measures. However, differences in reading skill between the two groups may have 

affected performance, and the closer the skill which is being measured is to the reading 

task, e.g. phoneme segmentation, the more cause and effect will potentially be 

confounded. In order to determine whether a variable has a causal role to play, 

differences in reading level as well as those in age and IQ would have to be taken into 

account (Bryant & Goswami, 1986; Vellutino & Scanlon, 1989). Within the present 

design, the strongest statements concerning causality that can be made occur when no 

differences are found between the dyslexics and controls on a given task. In this case, it 

is unlikely that the variable in question has a causal role to play in dyslexia.

Cluster analysis identified a dyslexic group and a number of control groups with the 

result that rather than comparing the performance of the dyslexics to the remainder of the
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sample, their performance was compared to that of four other groups. One effect of this 

design is to increase the likelihood of finding significant differences between groups. 

The cluster groups identified in this study also differed significantly on age and IQ 

which necessitated covarying for these abilities. A disadvantage of this is that it can 

cause interpretative difficulties if non-parametric statistics (e.g. chi-square) are 

employed, as differences in age and IQ cannot be controlled for. Also when covarying 

post-hoc tests cannot be applied to determine the location of any significant differences.

3.4.13.5 Regression to the mean

It has been demonstrated that if a direct comparison is made between two measures, 

such as IQ and reading, the identification of children with extremely high IQs as 

dyslexic is statistically more likely, given that their position in the distribution of reading 

scores tends not to be as high as it is in the distribution of IQ scores. In this study a 

number of IQ-reading/spelling discrepancies were considered. In view of this it is 

important to consider the effect that regression toward the mean may have had on the 

generation of the severe discrepancies and ultimately the groups in this study.

The finding that thirty-eight (75%) of the dyslexics identified by cluster analysis were 

also selected by regression suggests that regression to the mean did not play a large part 

in the creation of the ’severe* discrepancies. The fourteen identified by cluster alone 

were characterised by a high mean Performance IQ, and low Verbal IQ, but they were 

also characterised by reading scores below the sample mean. It is likely that had 

Performance IQ rather than Verbal IQ been used in the regression analysis these 

individuals would have been selected.
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3.4.13.6 Description of the dyslexic groups

Twenty-two children were identified as dyslexic using regression analysis, and 52 using 

cluster analysis. A feature of both analyses analysis was that no exclusionary criteria 

were applied. Thus, the bias toward the definition of high IQ, high SES, behaviourally 

and emotionally stable children was absent with the result that the dyslexic group in this 

study may not be as ”pure” as some researchers have suggested is appropriate in the 

absence of positive unequivocal definitions of dyslexia (Pavlidis, 1990). However, 

until the so called ’pure* dyslexics have been shown to differ expressly from the general 

pool of discrepant readers, the exclusion o f’non-dyslexic* readers is not justified, even 

though their continued inclusion complicates the search for causal factors.

The two dyslexic groups identified by regression and cluster showed poor sequencing 

skills as evidenced by significantly lower scores on the SEQ factor. This factor was 

comprised of four tests: months of the year repeated in sequence; visual sequential 

memory for pictures (Aston Index) and recall of concrete and abstract words. The 

combined demands of these tasks require skill in two areas in which dyslexics have 

fairly consistently been shown to have difficulty: memory span and retaining the serial 

order of verbally presented items (Bakker, 1972; Bakker & Schroots; Nelson & 

Warrington, 1980; Rugel, 1974; Spring, 1976; Thomson, 1982; Torgesen, 1978).

Performance for both dyslexic groups was also significantly poorer on Factor 6 . This 

factor was comprised of a single test - Benton’s Left-Right Test - and was comprised of 

two variables which measured respectively, the number of correct judgments made on 

oneself, and the number correct on another person. The distinction of reversal or non - 

reversal, whether on 'self or ’other’ did not appear to be valid. The dyslexics made 

significantly more errors on both themselves and others. A number of other studies have 

found a high incidence of right/left discrimination problems in dyslexics (Croxen &
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Lytton, 1971; Finlayson & Reitan, 1976). The Bangor Dyslexia Test (Miles, 1982) 

includes knowledge of left and right as a distinguishing variable.

The trend in the dyslexic groups was for a Verbal-Performance IQ discrepancy, with 

Verbal IQ lower than Performance IQ. This was especially marked in the dyslexic group 

identified by cluster analysis and in the subset of this group who were uniquely 

identified by this technique. Rather than being indicative of global differences between 

these two measures, Thomson (1984) presents a review of studies looking at subtest 

profiles on the WISC, which point to poor performance on four specific tests: 

Information, Arithmetic, Coding, and Digit-Span , three of which come from the Verbal 

scale which will result in a depressed Verbal IQ. However, in the present study, the 

discrepancy appears to have been caused, not by a depressed Verbal IQ but by a higher 

than average Performance IQ.

There was some evidence from teacher reports to suggest that the dyslexics were more 

poorly coordinated than the control groups. Significant differences were found for 

general coordination for both dyslexic groups, coordination relating to physical 

education and fine motor skills such as writing and drawing. A number of subtyping 

studies, which have included measures of motor ability such as the pegboard, finger 

tapping, or maze coordination tests, have found subtypes characterised, at least in part, 

by poor motor skills (Denckla, 1972; Fisk & Rourke, 1979; Joscko & Rourke, 1985; 

Kinsboume & Warrington, 1963; Lyytinen & Ahonen, 1988; Satz & Morris, 1981). 

However, within the context of the large number of subtyping studies relatively few 

describe motor problems in their subjects. A finding which may either reflect the relative 

unimportance of these skills in subtype delineation or the exclusion of variables 

measuring these skills from the assessment battery.

The dyslexics were perceived by the teachers to be significantly less mature than their 

peers even when differences in age and IQ were controlled for. There was also a
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tendency towards greater inattentiveness in the cluster identified dyslexics. However, no 

other significant differences were found on measures of behaviour which suggests that 

as a group the dyslexics were not specifically characterised by a high incidence of 

associated emotional and behavioural problems. A number of studies that have used 

teacher rating scales, in an attempt to highlight any behavioural or emotional patterns that 

may distinguish dyslexics from their peers, indicate that teachers more often perceive 

dyslexics as more hyperactive, aggressive, distractible and withdrawn (Keogh etal. 

1974; Me Gee etal., 1984, 1986; McKinney etal., 1982).

Somewhat surprisingly, no clear relationship was found between dyslexia and family 

history of reading problems. The parents of the dyslexic children reported a higher 

incidence of reading problems in the family, however, this did not reach significance as 

almost 50% of the parents of children in two of the non-dyslexic clusters also reported 

reading and spelling difficulties. In view of substantial and convincing evidence for 

genetic effects in dyslexia (Pennington, 1990; McManus, 1990), the findings in this 

study may reflect the way in which the information was gathered. No formal testing of 

family members was made, instead parents were asked informally about the existence of 

reading problems in the family which appears to have resulted in an over-estimation.

3.4.13.7 Subtypes

A preliminary approach was made to determine whether the dyslexic cluster group 

could, by performance on a number of cognitive tests, be further divided. Two distinct 

subgroups emerged. Subgroup 1 (n= 18) were characterised by a significantly lower 

performance on all the cognitive tests in comparison to Subgroup 2 (n=28). No 

qualitative differences were found between the two groups.

There are at least three possible explanations for the failure to find qualitatively different 

subtypes. The first relates to the fact that, despite the inclusion of a range of variables
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from the auditory and visual domains, the variables are not sensitive enough to detect 

potential qualitative differences and instead all measure more general cognitive ability. 

This is supported by the factor analysis in which eight out of the twenty-two variables 

loaded highly on a single factor reflecting visual-motor, perceptual, memory and 

auditory abilities. In the present study there is a shortage of variables measuring 

language skill, in particular, phonological ability, which may be important as a large 

number of subtyping studies suggest that the most commonly reported subtype is one 

characterised by poor oral word reading skills, difficulties in verbal expression and 

phonological coding.

The second relates to the small size of the dyslexic sample. Six cases were excluded due 

to missing data, leaving a total sample of forty-six. Thus, the possibility that the sample 

is too small to contain subtypes, and that most of the dyslexics in this study are instead 

members of a single subtype, cannot be ruled out. The third, arguably more radical 

explanation, is that discrete subtypes with different cognitive profiles do not exist and 

that dyslexics differ only in degree from non-dyslexics. There is evidence from the 

literature to support such an explanation, with a number of studies showing that the 

surface manifestations of reading problems in different groups are surprisingly similar 

(Ellis, 1985; Frith, 1982; Scarborough, 1984; Stanovich, 1989; Vogler etal., 1989).

3.4.13.8 Concurrent Prediction

O f the six cognitive factors, the sequencing, left-right discrimination and visual and 

auditory memory and motor skills factors were found to be reliable predictors of 

reading, spelling and comprehension in the whole sample, when combined in a stepwise 

multiple regression analysis. These in conjunction with Verbal IQ, and age accounted 

for 45%, 41%, 53% and 39% of the variance in single word reading, prose reading, 

comprehension and spelling. Left ear tympanometry made a small (<1%) but significant 

contribution to reading, in conjunction with the six variables listed above. However, its
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unique contribution to reading was not significant which suggests that this measure is 

not an important predictor of reading.

Stepwise discriminant function analyses indicated that five variables contributed 

significantly to the allocation of subjects into the dyslexic and non dyslexic groups 

identified by regression. The most important variable was the Verbal IQ-reading 

discrepancy, followed by left-right discrimination ability, sex, sequencing ability and the 

Performance IQ-spelling discrepancy. On the basis of the discriminant function 97% of 

cases were correctly classified. However, misclassification rates were markedly higher 

for the dyslexic group, with only nine of the 21 dyslexics correctly classified. All of the 

non-dyslexic group were correctly classified. For the groups identified by the cluster 

procedure, the overall hit rate was 94%. Seven variables contributed significantly: 

Performance IQ-prose reading, Verbal IQ-reading, Performance IQ-reading, Verbal IQ- 

spelling, sequencing ability, sex and performance on the visual and auditory memory 

and motor skills factor. Prediction of membership of the dyslexic group was very 

accurate, with 86% of the dyslexics being correctly classified. The majority of those that 

were misclassified were placed in Group 5, an ’average* reader group.
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CHAPTER 4 STUDY 2 THE FOLLOW-UP

4 .1 . AIM  OF THE STUDY

The aim of the study was to follow-up the sample children examined five years 

previously and re-assess intelligence, reading and spelling. This section describes a 

concurrent analysis of the 416 children who were followed up and once again defines, as 

in Study 1, two dyslexic groups by regression and cluster analysis.

4 .2  SU BJEC TS

Four hundred and sixteen (82%) of the subjects who participated in Study 1 were 

assessed five years later between March 1987 and May 1989. High trace rates were 

found for each of the five counties. These are shown in Table 5.1.

Table 4.1. Trace rates bv area

Area No. traced % Trace rate

West Midlands 45 93%
Avon 96 85%
Dorset 75 83%
Suffolk 87 82%
Cheshire 113 79%

Ninety-four children did not participate in Study 2 for a number of reasons.Twelve were 

prevented from taking part by external factors, such as severe illness or non-cooperation 

by the school which they were currently attending. In thirty-one cases the parent or the 

child expressly stated that they no longer wanted to take part. The remaining fifty-one 

were lost to the study, being untraceable or because school records detailing school 

changes were incomplete. A comparison between those lost to the study and those who
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were followed up, revealed no significant differences in sex, age, IQ or reading and 

spelling ability. Thus, it seems unlikely that the loss of these 94 subjects will have any 

significant influence on the present study.

The sample was comprised of 250 boys and 166 girls with a mean age of 13 years and 7 

months (S.D.= 10 months). The majority of subjects were in the second, third or fourth 

year of Comprehensive School (n=45), eleven attended Middle School, two had moved 

into the private sector, and two attended special schools for behaviour problems.

4 .3 M ETHODS

A number of the tests from Study 1 were re-administered in Study 2. These include:

(1) The Wechsler Intelligence Scale for Children - Revised (16)*

(2) The Neale Analysis of Reading Ability (13)*

(3) The Schonell Graded Word Spelling Test - A (15)*

(4) The Schonell Graded Word Reading Test (12.6)*

* Upper age limits of test.

It was expected that a proportion of children would have undoubtedly reached the ceiling 

on one or all of the reading and spelling tests. The continued inclusion of these tests was 

justified as they facilitate assessments to be made about change of the less able readers 

who will not be performing at ceiling. In addition, two additional tests were employed to 

enable the full range of reading and spelling ability to be assessed. These were:

(1) The Wide Range Ability Test Revised Level 2 (Jastak & Williams, 1984) 12-75 years

(2) The Wide Span Reading Test Revised (Brimer, 1984) 7-14 years
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Two subtests were used from the WRAT: Reading which consists of recognising and 

pronouncing words out of context and Spelling in which single words are written to 

dictation. These subtests were individually administered. Raw scores, standard scores 

and percentile equivalents are available for each test. In addition the first ten errors made 

by a subject on the WRAT spelling were coded for phonetic correctness and visual 

accuracy using criteria described by Bruck & Waters (1988). This coding was carried out 

by two independent raters. If  the two raters disagreed the decision of a third determined 

the status of an error.

The WSRT assesses reading comprehension. This is a timed, group administered test in 

which the child is required to complete a sentence by supplying a word to fill an indicated 

gap. The word is chosen from another sentence beside the incomplete sentence. Standard 

scores and percentile equivalents are derived from this test
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4.4. RESULTS

4.4.1 Follow-up interval

The aim was to have a five year . period between initial assessment and the follow-up. 

In practice this was not always possible given the large number of subjects spread over a 

wide geographic area. As shown in Table 4.2 the shortest mean follow-up period was 

four and a half years while the longest mean period was nearly six years.

Table 4.2. Mean time interval between initial assessment and follow-up assessment in 

months

Area Mean time between 
assessments

SD Min Max

West Midlands 61.5 2.4 60t 73
Avon 71.2 3.5 60 97
Dorset 60.3 .98 59t 63
Suffolk 56.7 7.0 47 68

Cheshire 54.5 3.0 46 67

Overall 60.6 7.5 46 97

t  the fact that the mean lies so close to the minimum value suggests the 
distribution is extremely positively skewed.

An analysis of variance showed that there was a significant difference in the . length of 

time (F=251.60, df 4,411 p<.001) between the two assessments in the different 

geographic areas. The only two areas in which the follow up period was equivalent were 

Dorset and the West Midlands. This difference in time between assessments could have 

an effect on any subsequent analysis if there were a correlation between the amount of
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time between assessments, and the reading and spelling performance in Study 2. The 

effects of time between assessments will be considered in the next section.

4 .4 .2  E ffec ts  o f  tim e

To investigate the effects of different time intervals on ability and achievement, a 

regression analysis was carried out. The reading, spelling and IQ measures, as well as 

the scores representing the change in each of these, were used as the dependent variables 

and the length of time between assessments as the independent variable.

Table 4.3. Regression of length of time on ability and achievement variables at follow-

Dependent variables R2 F P*
WRAT Reading standard score .001 1.49 .22

WRAT Spelling standard score .002 .013 .91
Full-Scale IQ .0003 1.13 .29
Change in WRAT Reading .0001 1.05 .31
Change in WRAT Spelling .002 .097 .76
Change in Full IQ .002 .306 .58

The results revealed that the effect of length of time was negligible, with the accounted 

variance nowhere exceeding .0003 and the minimum probability of significance being 

0.22 (Table 5.3). In view of the relatively high statistical power associated with the large 

number of cases (n=416) one can conclude that the variation of differences in time 

between assessments affects neither the absolute performance, nor its change.
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4.4.3 Intelligence

Table 4.4 shows the means, standard deviations and ranges for the subscales of the 

WISC-R for the follow-up sample.

Table 4.4. Means and standard scores on the three IQ scales

WISC-R Mean SD min max
Verbal IQ 100.4 12.0 69 137
Performance IQ 110.0 13.1 71 146
Full-Scale IQ 105.2 12.3 77 139

The frequency distributions of the IQ measures were plotted and deviations from a 

theoretical normal distribution were assessed by applying Kolmogorov-Smimov (K-S) 

one-sample tests. Figures (4.1) to (4.3) show the distribution of each IQ scale, the mean, 

SD, K-S and its significance.
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Figure 4.1. Cumulative distribution of Verbal 10.
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Figure 4.2. Cumulative frequency distribution of Performance IQ
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Figure 4.3. Cumulative distribution of Full Scale IQ
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The results show that assumptions of normality of distribution are not inappropriate for 

the IQ measures used in this study.

4.4.3.1 Sex Differences in Intelligence.

Significant differences were found between the sexes on Verbal IQ. The boys had a 

higher IQ score and a larger standard deviation. No significant differences were found for 

Performance or Full-Scale IQ.
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Table 4.5. Sex differences in 10 measures

IQ Measure Male SD Female SD t

Full-Scale 105.7 12.9 104.5 11.3 1.01 .31
Verbal IQ 101.8 12.8 98.3 10.4 2.91 .01
Performance IQ 109.2 13.2 111.2 13.1 -1.53 .13

4.4.4 Reading and Spelling assessments

In order to minimize ceiling effects raw scores are given on the Schonell and the Neale 

Analysis of Reading. This is because the raw scores permit greater differentiation, as on 

the Schonell Reading Test and the Neale Accuracy reading ages beyond a certain raw 

score are extrapolated. Table 4.6 shows the means, minimum and maximum scores on 

the reading and spelling assessments repeated from Study 1.

Table 4.6. Mean reading and spelling raw scores for the follow-up sample

Measure Mean SD Min Max
Schonell Reading 71.1 17.5 15 100
Schonell Spelling 63.5 17.6 14 99
Neale Accuracy 82.7 18.3 25 100
Neale Comprehension 33.6 8.3 10 44

In view of the expected ceiling effects on these variables, the frequency distributions for 

each variable were examined. Figures (4.4) to (4.7) show the distribution for each 

variable, the mean and SD, the K-S and its significance.
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Figure 4.4. Cumulative distribution of Schonell Reading raw scores
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Figure 4.5. Cumulative distribution of Schonell Spelling raw scores
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Figure 4.6. Cumulative distribution of the Neale Analysis of Reading Accuracy raw
scores
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Figure 4.7. Cumulative distribution of the Neale Analysis of Reading Comprehension 
raw scores
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Preliminary examination of the frequency distributions for reading, spelling and 

comprehension scores reveals clear ceiling effects for the Neale Analysis of Reading, 

some effect for Schonell reading, and no apparent effect for Schonell Spelling. Given the 

existence of significant ceiling effects, it is important to ascertain to what extent observed 

ceiling effects have an influence on readers of differing ability. One would expect that 

they will have their greatest influence on the readers scoring at or just below the 

predetermined ceiling and the least effect on those at the bottom of the distribution of 

reading scores.

One systematic way of assessing the relative effects of these ceilings on all levels of 

reading and spelling ability is by looking at the strength of the linear relationship between 

a skill at time 1 and the same skill at follow-up. For example, in order to examine the 

strength of the relationship between reading at time 1 and time 2 , reading ability could be 

divided into three bands: poor, average and good based on reading scores at time 1. 

Assuming that the strength of the relationship is, in principle, the same for all bands, it 

becomes possible to interpret any reduction in accounted variability as a ceiling effect. In 

other words, if a ceiling is in operation, reading at time 1 will be able to explain less and 

less of the variation in reading at follow-up, as the latter is held artificially low. This will 

be displayed by lower values of R2 in the affected bands.

However, R2 itself is greatly affected by changes in the variance of the independent 

variable, in the present example reading at time 1. Greater variance is associated with a 

higher R2. Therefore, any cross-comparision of R2 between bands has to be done on 

bands with essentially equal variances to make interpretation meaningful. Thus, rather 

than equal numbers in each band of poor, average and good readers at time 1, the range 

of scores must be comparable as evidenced by equal standard deviations.
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Interpretation of the standard error in such an analysis must be made with caution. The 

standard error is a measure o f ’goodness of fit’, and as such a low standard error 

generally indicates a strong relationship between the independent and the dependent 

variable. It is also associated with reduced variance in the dependent variable. I f  a 

variable has a ceiling, the spread of the scores will be reduced near that ceiling leading to 

a lower standard error. Thus lower standard errors do not necessarily reflect high 

concordance between observed scores and predicted scores but reduced spread in the 

former.

The sample was divided into three bands at time 1 for each of the variables: Schonell 

Reading, Spelling, Neale Accuracy and Neale Comprehension, with each band for each 

variable having significantly different means (F=720.41, F= 1261.42, F= 1181.67 and 

F= 1069.51 respectively, with p<.001 in all cases) but with equivalent standard 

deviations. Band 1 had the lowest raw scores, Band 2 average and Band 3 the highest. 

Table 5.7 depicts the linear relationship between reading spelling and comprehension at 

the two occasions and its strength for the whole sample and its strength by band.

Table 4.7. Number in each band, mean in Study 1 (T j ) and Study 2 (T?). R2 and SE for 

the Schonell Reading score. Spelling. Neale Accuracy and Comprehension.

(a) Schonell R eading

Band n Mean (SD)Ti Mean(SD)T2 R 2 SE
Band 1 152 20.2 (8 .0) 57.7 (16.3) 0.31 13.6
Band 2 183 46.1 (9.2) 79.7 (9.5) 0.31 7.9
Band 3 36 73.1 (7.0) 91.4 (4.6) 0 .28 3.9
Total 371 38.1 (18.8) 71.1 (17.5) 0.61 10.9
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(b) Schonell Spelling

n Mean (SD) Ti Mean(SD)T2 R2 SE

Band 1 182 16.6 (6 .6) 50.7 (15.2) 0 .29 12.8

Band 2 190 38.0 (7.3) 70.6(10.9) 0 .32 9.0
Band 3 44 60.9 (6 .8) 86.3 (9.1) 0 .34 5.8
Total 416 31.1 (16.0) 63.5(17.6) 0 .63 10.8

(c) N eale A ccuracy

Band n Mean (SD) Ti Mean(SD)T2 R2 SE
Band 1 167 20.2 (7.9) 67.6(19.3) 0 .27 16.5
Band 2 184 46.4 (9.1) 90.9 (7.5) 0.26 6.5
Band 3 65 79.2 (8.5) 98.3 (2.1) 0.09 2.0

Total 416 41.0 (22.1) 82.7 (18.3) 0.51 12.9

(d) N eale C om prehension

Band n Mean(SD)Ti Mean(SD)T2 R 2 SE

Band 1 225 9.1 (3.4) 29.8 (8 .6) 0 .14 8.0

Band 2 141 18.9 (3.3) 37.2 (5.2) 0 .08 5.0
Band 3 48 32.4 (3.4) 41.0 (2.6) 0 .03 2.5
Total 414 15.1 (8.4) 33.6 (8.3) 0 .33 6.8

The small numbers in the top bands reflect the positive skew in the distribution at time 1 

with children at the top end of ability on reading, spelling and comprehension being 

under-represented. As a result the majority of children fall into bands 1 and 2 with band 3 

representing only between 10 and 16% of the sample. No drop occurs in the amount of 

variance accounted for at follow-up in the first two bands for reading (31% and 31%) or 

spelling (29% and 32%) and only a minimal drop in the third band for reading (28%). In 

both these cases the amount of overall variance accounted for is similar (61% and 63%). 

For the Neale Accuracy the overall R2 is low (51%) indicating a weakened relationship
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for the whole sample and suggesting that ceiling effects are affecting all bands. 

Particularly severe ceiling effects are illustrated by the dramatic drop in R2 in the top 

band. The low overall R2 (33%) and the extremely low values of R2 in the individual 

bands for the Neale Comprehension strongly suggest severe and pervasive ceiling effects 

at all levels.

The standard deviations of the reading scores at follow-up clearly indicate the relationship 

between variance in the dependent variable (SD), standard error (SE), amount of 

accounted variability (R2) and ceiling effects. From Table 8 , it can be seen that high 

accounted variability is associated with a higher standard error and larger total variance of 

the criterion in that band. Conversely lower accounted variability is associated with 

lower standard error, little variance and ceiling effects.

In summary, although care must be taken in interpretation, it is possible to conclude that 

continued use of the Schonell Spelling is justified at all levels, use of the Schonell 

Reading is largely justified and use of the Neale Accuracy is appropriate for the bottom 

40%. The severe ceiling effects on the Neale Comprehension are clearly a problem at all 

levels and it was dropped from any subsequent analysis at follow-up.

Table 4.8 shows the means, standard deviations and the range of the WRAT and the 

WSRT tests. The same pattern of lower spelling than reading observed in Study 1 was 

maintained in Study 2.
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Table 4.8. Standard score means, percentile equivalents, standard deviations and ranges 
for the reading and spelling tests in Study 2

Mean SD Min Max

WRAT Reading 97.7 18.9 53 147
Percentile Eq. 46.5 33.5 1 99
WRAT Spelling 89.7 16.7 27 148
Percentile Eq. 32.1 28.9 1 99
WSRT 101.1 16.1 0 140
Percentile Eq. 53.0 26.4 0 99

The frequency distributions of these variables were examined to determine whether these 

distributions were normally distributed (Figures 4.8 to 4.10).

Figure 4.8. Cumulative distribution of the Wide Range Ability Reading standard scores.
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Figure 4.9. Cumulative distribution of Wide Range Ability Spelling standard scores
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Figure 4.10. Cumulative distribution of Wide Span Reading standard scores
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The only test for which assumption of normal distribution was inappropriate was the 

Wide Span Reading Test. Possessing no apparent ceiling or floor effects, this distribution 

nevertheless significantly deviated from a normal distribution (p<.001). A 

transformation of the data was not attempted as this would result in a change in the means 

and the individual scores.

4.4.4.1 Sex Differences in the reading and spelling measures

Figure 4.11 shows the mean scores for girls and boys on the reading and spelling 

assessments. Compared to boys, means for girls were significantly higher on all the 

spelling measures and on reading measures repeated from Study 1. No significant 

differences were found on the two new reading tests.

Figure 4.11. Mean scores by sex on each of the reading and spelling measures
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4.4.5 Subject selection. Regression analysis

Predicted reading raw scores on the Wide Range Ability Reading Test were derived for 

the follow-up sample by means of a regression equation using chronological age in 

months and WISC-R Verbal IQ. The raw scores on the WRAT were chosen in preference 

to standard scores as their use resulted in the best prediction, where *besf was defined by 

the equation that resulted in the lowest standard error. The WRAT reading subtest was 

chosen in preference to the Schonell Reading test as the former was unimpaired by ceiling 

effects.

The correlation between WRAT reading raw score and Verbal IQ was .60 (p<.001), 

between WRAT reading raw score and age .09 (p<.05) and between Age and Verbal IQ, 

-. 14 (p<.01). The resulting regression equation was:

Predicted WRAT Reading raw score= .24 * Age + . 68 * VIQ - 56.7.

The standard error of measurement was 10.25 with an adjusted R2 of .38. A comparison 

of beta weights obtained in Study 1 for age and Veibal IQ (.33 and .52, respectively) and 

those obtained in Study 2 suggests a greater differentiation in the predictive power of age 

and IQ. However, such comparisons have limited validity as the magnitude of a given 

beta weight is sample specific and reflects the variances and covariances of the other 

variables in the analysis.

As in Study 1, a 5% cut-off on the distribution of residual scores was used to select a 

group of severe underachievers. This resulted in the selection of twenty-one subjects, 

seventeen male and four female.
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Table 4.9 shows the means and standard deviations of the two resulting groups for age, 

IQ, raw scores on the Schonell Reading and Spelling tests, standard scores from the 

Wide Range Ability Reading Test, Spelling Test and the Wide Span Reading Test.

Table 4.9. Regression Groups. Means and (SD’s) of 10. reading and spelling measures.

Dyslexics
(n=21)

Non-dyslexics
(n=395)

t P*

Age 163.9 (9.4) 163.7 (9.9) -0.11 .91
Verbal IQ 104.4 (9.5) 100.2 ( 12.1) -1.57 .12

Perf. IQ 110.1 (15.6) 110.0(13.0) -0.05 .96
Full-Scale IQ 107.6 (12.3) 105.1 (12.3) -0.91 .36
Schonell Reading 49.3(16.1) 72.3 (16.8) 6.10 .001

Schonell Spelling 41.0(14.9) 64.7(16.9) 6.30 .001

WRAT Reading 73.2 (10.0) 99.0(18.4) 6.36 .001

Percentile Equivalent 7.0 (8.2) 48.6 (33.1) 5.76 .001

WRAT Spelling 71.9 (13.1) 90.7 (15.7) 5.41 .001

Percentile Equivalent 6.5 (6.5) 33.4 (30.0) 4.25 .001

WSRT Reading 90.0 (24.6) 101.6(15.5) 3.02 .003
Percentile Equivalent 37.6 (23.9) 53.7 (26.4) 2.55 .01

WRAT Spelling Error Analvsis
Phonetic accuracy 8.5 (4.5) 12.0 (4.1) 3.74 .001

Visual Accuracy 65.2 (6.3) 74.0 (7.5) 5.13 .001

As can be seen from Table 4.9, the dyslexics and controls do not differ on age or IQ. 

Significant differences emerge, however, on all the reading related tests. Mean 

performance by the dyslexic group on both the Reading and Spelling subtests of the 

WRAT places them in the bottom 7% of the sample.
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4.4.6 Subject Selection: Cluster Analysis.

Ability-achievement discrepancy scores were used as the variables in the cluster analysis. 

This were created using the standard scores from the WISC-R and the standard scores 

derived from the manual for the Wide Range Ability Reading and Spelling Tests. On the 

WRAT and the WISC-R, the standard scores have a mean of 100 and a standard 

deviation of 15. A Verbal or Performance IQ of 85 and 115 corresponds to one standard 

deviation below and above the mean, respectively . Similarly a reading score of 85 or 115 

corresponds to one standard deviation below or above the mean. The four discrepancy 

scores are listed in Table 4.10

Table 4.10. Discrepancy scores on time 2 ability and achievement measures

DSj = Verbal IQ Scaled score-WRAT Reading scaled score 
DS2 = Verbal IQ Scaled Score-WRAT Spelling scaled score 
DS3 = Performance IQ scaled score- WRAT Reading scaled score 
DS4 = Performance IQ scaled score - WRAT Spelling scaled score

Discrepancies based on the WISC-R and the the Wide Span Ability Test was not used in 

the cluster analysis. The WSRT is largely a measure of level of comprehension and in 

view of findings which suggest that dyslexic children perform relatively well on 

measures of comprehension compared to measures of accuracy (Thomson, 1982), it was 

not included.

Similarity between subjects was defined using squared Euclidean distance. Two 

clustering methods were employed: an hierarchical and an iterative technique, Wards and 

K-means respectively.
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4.4.6.1 Number of clusters

In order to decide on the number of clusters an examination was made of the fusion or 

clustering coefficients. They provide an indication of how clusters change as a result of 

merger with other clusters (see Figure 4.12).

Figure 4.12. Cluster coefficients plotted against number of clusters.
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As no clear marked change was observed in the coefficients five and six cluster solutions 

were considered. These potential solutions were then subjected to a k-means iterative 

partitioning technique. Results from the two solutions were compared and are presented 

in Table 4.11. A single discrepancy score, Verbal IQ -WRAT reading (DSi) was used to 

compare groups as the other discrepancy scores followed a similar pattern. The six 

cluster solution identified a small group of severe underachievers (Group 5, n=32) whose 

mean reading was at the 11th percentile as measured by the WRAT Reading subtest. The 

five cluster solution resulted in this group being split and re-combined. Those with the 

largest discrepancies fell into a new group (Group 2, n=13), with more severe reading
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deficits, and those with large, but less severe discrepancies merged with those from 

Group 3 to form the substantial proportion of those in the new Group 4 (n= 106). The 

single individual in Group 4 was incorporated into Group 2 in the 5 group solution.

Table 4.11. Breakdown bv group for a six and a five group solution derived from a K- 
means iterative technique with the number in each group and the mean reading percentile 
score.

K=6

PE

DS! n WRAT PE K=5 DS! n WRAT

G rp 2 -19.4(8.2) 19 83.4 Grp 1 -9.7 (8.4) 76 80.5
G rp 1 - 12.1 (8 .8) 116 75.6 G rp 5 -19.0 (7.7) 48 78.1
G rp 3 14.2 (9.1) 67 35.6 G rp 3 3.3 (7.9) 173 38.1
G rp 6 5.9 (5.9) 182 34.5 Grp 4 17.3 (8.0) 106 26.0
G rp 5 25.5 (7.4) 32 11.2 G rp 2 27.8 (8.9) 13 9.6
G rp 4 34.0(1.0) 1 1.0

The six cluster solution was chosen as the reduction from a six group to a five group 

solution resulted in more than half of those with the most severe discrepancies joining a 

new group (Grp 4), leaving a small but very severe group (Grp 2) and a larger group 

with less severe discrepancies (Grp 4). The individual in Grp 4 was incorporated in Grp 

5 creating a severe underachieving group of 33, representing 8% of the sample. This 

individual was not treated as an "outlier” (Everitt, 1980) as it was felt that his discrepancy 

was not the result of measurement error but of very poor reading ability. He did not 

appear to be an unique individual for whom there were no comparison individuals. This 

assumption was confirmed by the incorporation of the subject into the severely discrepant 

cluster in the five cluster solution.

2 44



4.4.6.2 Validation of the clustering solution

Internal validation in the form of a split sample analysis revealed a cluster structure which 

was essentially similar to that obtained on the whole sample with the individuals with the 

most severe discrepancies continuing to cluster together. External validation, although 

desirable, was not possible in Study 2, as no variables existed outside the clustering 

procedure on which performance could be compared.

4.4.6.3 Cluster profiles

Table 4.12 shows the mean score and standard deviation for each cluster group on the 

four ability-achievement discrepancies.

Table 4.12. Means and (SD’s) on each IO-achievement discrepancy.

1

(n=116)

2

(n=19)

3

(n=67)

4

(n=33)

5

(n=181)

Total

(416)

DS! -12.1  (8 .8 ) -19.4 (8.2) 14.2(9.1) 25.8 (7.5) 5.9 (8.0) 2.6 (14.9) .0 0 1

d s 2 -3.7 (8.9) -7.7(11.1) 2 2 .6  (8 .0 ) 30.4 (9.8) 13.5 (7.6) 10.6 (14.2) .0 0 1

d s 3 -3.2(10.3) -25.9 (9.3) 9.2(11.1) 41.1(10.0) 22.1 (9.6) 12.3 (18.6) .0 0 1

d s 4 5.2 (9.7) -14.7 (9.7) 17.6 (8.0) 45.7 (9.8) 29.7 (8.1) 20.2 (16.9) .0 0 1

From Table 4.12 it can be seen that Groups 1 and 2 had discrepancy scores below the 

sample mean which suggests that both groups contained individuals reading and spelling 

well above what would be expected on the basis of either their Verbal (DSj and DS2) or 

Performance IQ (DS3, DS4). These over-achievers represented 32% of the sample. 

Groups 3 and 5 had discrepancy scores within one standard deviation of the sample 

mean. These two groups represented 60% of the sample. The remaining 8% fell into one
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cluster. This group was characterised by discrepancy scores more than one standard 

deviation below the mean, with particularly severe discrepancies when achievement was 

considered relative to their Performance IQ (DS3, DS4). This latter group was also 

characterised by the highest boy:girl ratio in favour of boys, 29 boys and four girls 

(Table 4.13).

Table 4.13. Cluster Groups. Percentage male, means and (SD’s) for age and IQ.

1

(n = l16)
2

(n=19)
3
(n=67)

Dyslexic
(n=33)

5
(n=181)

Ps

% M 51% 63% 73% 88% 56% .001

AGE 163.7 (10.0) 162.4 (6.0) 164.7 (10.9) 162.9(10.0) 163.5 (9.7) .87
VIQ 101.3 (11.4) 100.9 (12.1) 105.9 (12.9) 102.4(10.1) 97.3 (11.5) .001

PIQ 110.2(11.4) 94.3 (13.8) 100.9 (11.1) 117.8(13.2) 113.5(11.8) .001
FIQ 106.0(11.4) 97.5(13.3) 103.9 (13.1) 110.3(13.1) 105.2 (12.0) .001

* post hoc comparisons in text

Pairwise comparisons among means using Duncan’s Multiple Range Test (Duncan,

1955) highlighted the fact that in Verbal IQ, Group 3 was significantly poorer than Group 

5. In Performance IQ Group 2 was significantly poorer than Group 3, which in turn was 

significantly poorer than Groups 1, 4 and 5. There was no significant difference between 

Group 4 and Group 5, both had Performance IQ’s in the High Average category 

(Wechsler, 1974). On Full-Scale IQ, Group 2 was significantly poorer than all the other 

groups and Group 3 was significantly poorer than Group 4.

As can be seen from Table 4.14, a distinct pattern emerged: consistently superior 

performance by Groups 2 and 1, average performance by Groups 3 and 5 and poor 

performance by Group 4. This pattern was confirmed by post hoc tests: 4 < 5,4 < 1,2. 

The only exception was the number of errors made on the Wide Span Reading Test. 

Although the same pattern was observed, the only group whose performance differed
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significantly from that of the other groups, was group 2 , who made the fewest errors and 

had the lowest standard error.

Table 4.14. Cluster Groups. Standard scores, percentile equivalents and (SD’s) on the 
Wide Ranee Ability Test Reading (WRATR & WRATPE) and Spelling subtests 
(WRATS & WRATPE). the Wide Span Reading test (WSRT. WSRTPE) and raw 
scores on the Schonell Reading (SCHRS) and Spelling (SCHSS)

1

(n=116)

2

(n=19)

3

(n=67)

Dyslexic

(n=33)

5

(n=181)

P*

WRATR 113.5(12.3) 120.3 (14.4) 91.6(16.9) 76.6 (11.2) 91.4(15.3) .0 0 1

WRATPE 75.6 (21.9) 83.4(18.9) 35.6 (29.6) 10.8 (15.2) 34.5 (27.8) .0 0 1

WRATS 105.0 (10.4) 108.6 (13.8) 83.3 (13.0) 72.0(11.2) 83.7(11.3) .0 0 1

WRATPE 60.8 (22.7) 66.9 (26.8) 19.9 (21.4) 5.8 (6.4) 19.3(18.5) .0 0 1

WSRT 106.5(11.2) 110.8(16.9) 100.0(18.5) 90.6 (20.3) 98.7(15.6) .0 0 1

WSRTPE 63.0 (23.5) 66.7 (28.3) 51.8 (28.0) 34.7 (24.0) 48.6 (25.0) .0 0 1

No.of Errorsf 5.2 (7.8) 3.4 (6 .6 ) 6.9 (8.7) 8.4 (9.7) 7.1 (9.7) .0 0 1

SCHRS 84.0 (8 .6 ) 8 6 .6  (7.3) 66.9 (18.5) 53.1 (16.9) 6 6 .1  (16.0) .0 0 1

SCHSS 77.7 (10.5) 82.2(10.0) 58.1 (16.6) 44.6 (14.6) 58.0 (15.0) .0 0 1

t  Error total on the WSRT

Misspellings from the WRAT were coded for phonetic correctness and visual accuracy 

(see Methods section). Group 4 had the lowest percentage of phonetically correct errors, 

although post hoc tests showed that their performance was not significantly different 

from Group 3 and 5, only from Groups 1 and 2. Group 4, however, had a significantly 

lower percentage of visually accurate errors (see Table 4.15).
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Table 4.15. Cluster Groups. Spelling error analysis on the WRAT Spelling subtest with 
the mean number of errors rated as phonetically accurate and visually accurate

1 2 3 4 5 P< Duncans

n=116 n=19 n=67 n=33 n=181

Phon acc. 14.4 (3.2) 16.3(1.9) 10.5 (4.0) 9.7 (4.7) 10.7 (3.9) .0 0 1 4,3,5<l/2

Visual acc. 78.3(4.1) 78.1 (2.6) 72.6 (6.5) 64.6 (8.2) 72.0 (8.1) .0 0 1 4<5,3<2,1

4.4.7 Subject Selection: Regression and cluster compared

A direct comparison of the dyslexics identified by the regression equation and the cluster 

procedure was not possible given the high degree of overlap between children identified 

by the two methods. Fourteen out of the twenty-one children identified by the regression 

equation were also in the dyslexic cluster. In addition a direct comparison of the numbers 

identified by each method is not meaningful given that the regression procedure 

necessitates setting a pre-determined cut-off which, in this case, effectively limits the 

number who can be identified as dyslexic to 5%. In contrast to applying a regression 

equation, in cluster analysis the researcher sets no upper limit on the number which can 

fall into this group.

One way of examining the concordance between the two methods in more detail is to 

extend the cut-off for inclusion in the dyslexic group to reflect the prevalence figure of 

8% obtained using cluster analysis. In this way the characteristics of the children 

identified by both methods could be compared to those identified by a single method. It 

was also intended to determine in what way the children uniquely identified by regression 

would differ from those uniquely identified by cluster. Thus, a one way analysis of 

variance was computed to determine whether there were any discernible differences either 

in the size of the discrepancies (Table 4.16), or in the absolute reading and spelling
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abilities, between those identified as dyslexic by both methods, by regression alone and 

by cluster alone (Table 4.17).

Table 4.16. Means and (SD’s) of the reading, spelling and IQ discrepancies for those 
defined as dyslexic bv both methods (BM). bv regression only (R) and bv cluster only 
(Cl

Both methods 
(n=19)

Regression
(n=14)

Cluster
(n=14)

F P* Duncans

VIQ-WRAT Reading 30.4 (5.3) 26.6 (3.5) 19.6 (5.2) 20.7 .001 BM>R>C

VIQ- WRAT Spelling 32.4(11.2) 26.7 (9.4) 27.6 (6.9) 1.73 .18

PIQ - WRAT Reading 42.8(11.0) 22.3(11.1) 38.9 (8.3) 17.1 .001 BM,C>R

PIQ - WRAT Spelling 44.8(10.1) 22.4 (7.2) 46.9 (9.4) 32.0 .001 BM,C>R

The dyslexics identified by regression only had significantly larger discrepancies between 

Verbal IQ and reading than the dyslexics identified by cluster analysis. The cluster 

identified dyslexics were characterised by significantly larger discrepancies on all the 

measure in relation to Performance IQ than the regression only group.

Table 4.17. Means and (SD’s) of the reading, spelling and IQ measures for those defined 
as dyslexic bv both methods (BM). bv regression only (R) and bv cluster only (C).

Both methods 
(n-19)

Regression
(n=14)

Cluster
(n=14)

F P*

Age 162.5 (9.2) 164.5 (9.6) 163.4(11.4) .17 .85
Verbal IQ 104.5 (10.3) 100.9 (15.9) 99.6 (9.4) .77 .47
Perf. IQ 116.9 (14.0) 96.6 (8.3) 118.9(12.4) 15.23 .001

Full IQ 111.2(12.7) 98.9 (12.7) 109.1 (11.2) 4.36 .02

WRATR PE 8.3 (11.1) 13.1 (22.1) 14.3 (19.5) .55 .58
WRATS PE 6.9 (7.6) 8.6(14.5) 4.4 (4.1) .70 .50
WSRT SS 93.6(11.4) 89.4 (35.4) 86.5 (28.5) .32 .73
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The three groups do not differ significantly on age or any measure of reading or spelling 

suggesting that severity is not associated with the means of identification. All three 

groups have reading and spelling scores which place them in the bottom 15% of the 

sample. The only trend was for lower spelling scores for those identified by cluster alone 

reflecting the inclusion of spelling in the defining criteria. This, however, was not 

significant. The most striking difference between the groups was the significantly lower 

Performance IQ, which reduced Full Scale IQ correspondingly, for those identified by 

regression only. Both of the other groups had a large Verbal -Performance IQ 

discrepancy, in favour of higher Performance. This was not apparent in the regression 

only group in which there was less than a four point difference in the reverse direction. 

This suggests that the regression method, used in isolation results in a number of poor 

readers with low Verbal IQ’s but nevertheless of high intellectual ability, as measured by 

accomplishment on the Performance scale, being excluded.
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4.5 SUMMARY

Eight-two percent of the original sample were traced and re-assessed five years after the 

original assessment. The two statistical approaches adopted in Study 1 for defining a 

dyslexic group were replicated and the resulting groups discussed. This section 

represents a summary of the results.

4.5.1 The sample

IQ and the reading and spelling score distributions derived from the Wide Range Ability 

Test were normally distributed. Reading was found to be higher than spelling. This is in 

line with normative data reported in the WRAT Manual (Jastak & Jastak, 1984) in which 

the mean for spelling for the age range reported in this study is also lower than that for 

reading. The Wide Span Reading Test, despite possessing no apparent ceiling or floor 

effects, was not normally distributed. The reasons for this are not clear. It was the only 

group administered test and this might have had an effect on the distribution.

Ceiling effects were apparent on the Schonell Reading and both Neale Accuracy and 

Comprehension. A more detailed investigation , suggested that, in the case of Schonell 

Reading, these were only affecting 10% at the top end of the distribution, and that its 

continued use was justified. Ceiling effects were found to be more severe on the Neale, 

and both items were excluded from further analysis.

4.5.2 Sex differences

The superiority of boys on Verbal IQ found in the original study was maintained. No 

differences were found on Full scale IQ, as the girls had higher, although not significant, 

means on the Performance scale. Both these findings are unexpected and at first appear to 

run contrary to the notion that girls tend to have superior verbal skills and boys superior
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spatial ability and non-verbal skills (Maccoby & Jacklin, 1974; Me Guinness, 1985; 

Tittemore, Lawson & Inglis, 1985). However, a recent review of gender differences in 

intellectual abilities by Vogel (1990), suggests that although there are some differences 

on the individual subtests, there are no consistent differences on the Verbal, Performance 

or Full scale IQ’s. A contributory factor to the higher Performance IQ of the girls in this 

study may have been the exclusion of Object Assembly, a subtest on which superior 

performance by boys has been reported (McGuinness, 1985) and the inclusion of 

Coding, on which superior female performance has been found (McGee, 1982; Lawson 

& Inglis, 1984).

An examination of the reading and spelling means of the boys and girls leads to 

contradictory conclusions. Significant differences were found on the Schonell in favour 

of superior reading and spelling performance by the girls. These differences were echoed 

on the WRAT Spelling subtest, but not in the Wide Range Ability or Wide Span Reading 

means. This suggests that female reading and spelling superiority, although apparent in 

this study is nevertheless tenuous and depends on what test is used. The absence of 

significant differences on the WRAT Reading subtest has important consequences for the 

identification of girls as dyslexic. The regression of age and Verbal IQ on reading 

assumes that reading ability is the same for the two sexes, if  sex is not included as a 

separate variable. In Study 1 this assumption was not valid and resulted in the 

identification of an entirely male sample. In Study 2, although there were no sex 

differences in reading, using regression four girls were identified as dyslexic compared to 

17 boys, and using cluster, four girls and 29 boys. These figures approximate or exceed 

the 4:1 ratio of male: female incidence often quoted (Critchley, 1970; Finucci & Childs, 

1981).
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4.5.3 Description of the dyslexic groups

Eight percent of the sample fell into the dyslexic group following cluster analysis. This 

was in contrast to the 5% identified when a -1.65 standard error cut-off was applied to 

the distribution of residual reading scores by regression analysis. In order to compare the 

concordance between the two methods the cut-off was extended to 8%, representing a 

standard error cut-off of -1.41. This resulted in the creation of three groups: those 

identified by both methods; those identified by regression alone; and those identified by 

cluster alone. It has been argued that a simple difference score, such as was employed in 

the cluster analysis between a standardised IQ score and a standardised reading score, 

results in the classification of children with reading scores above the mean (Rispens & 

van Yperen, 1990). However, in the present study, no significant relationship was 

found between the method of identification and the severity of reading disability. 

Although the reading performance of the group identified uniquely by cluster analysis 

was slightly higher than the other two groups, the difference did not approach 

significance, and their mean percentile score placed them as a group in the bottom 15%.

Significant differences were found between the three groups on Performance and Full 

Scale IQ. The group identified by cluster analysis had a significantly higher Performance 

and Full Scale IQ than the group identified by regression analysis, and a marked Verbal - 

Performance IQ discrepancy. One implication of this is that, if the dyslexic group 

identified by cluster is matched on Full Scale IQ to a control group, it is likely that the 

latter group will have a significantly higher Verbal IQ than the dyslexic group. Thus, 

even within an IQ match design, differences in Verbal IQ could remain an uncontrolled 

for source of variation between the dyslexics and controls.
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CHAPTER 5 STUDY 2 A LONGITUDINAL ANALYSIS

The aims of the longitudinal analyses reported in this study were fivefold: (1) to 

determine how accurately reading and spelling at follow-up could be predicted from a 

set of measures from Study 1; (2) to examine the prognosis of dyslexia by comparing 

rates of reading and spelling development in dyslexic relative to non-dyslexic groups 

between the ages of eight and thirteen; (3) to explore the effect differential patterns of 

development may have on the stability of the initial classification as dyslexic; (4) to 

assess the performance of those dyslexics identified at age thirteen on measures 

assessed at age eight; and finally (5) to examine the predictive validity of a subset of 

these measures in regard to outcome (i.e. dyslexic or non-dyslexic) five years later.

5 .1 . FU TU RE PRED ICTIO N  OF READING A BILITY

One of the purposes of the longitudinal study was to investigate the prediction of 

reading and spelling at age thirteen (Study 2) on the basis of the cognitive and 

behavioural variables assessed five years previously (Study 1). The correlations 

between the cognitive measures assessed in Study 1 and the reading, spelling and IQ 

measures assessed in Study 2 are shown in Table 5.1.

One dummy variable was used for social class. The children in social classes I and II were 

coded 1 and the rest of the sample 0 for the first variable. This allowed an assessment of 

the effects of high and low social class to be made. Similarly one dummy variable was 

created for sex.
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Table 5.1. Intercorrelations between Study 1 and Study 2 Measures

STUDY 2

STUDY 1 Reading Spelling WRATR WRATS WSRT VIQ PIQ

Schonell Reading .78 .83 .78 .79 .54 .47 .27
Schonell Spelling .73 .79 .73 .76 .48 .40 .26
Neale Accuracy .78 .82 .79 .80 .57 .49 .29
Neale Comprehension . 6 8 .69 .67 .65 .60 .62 .39
Verbal IQ .50 .45 .53 .46 .56 .80 .47
Performance IQ .24 .17 .24 . 2 0 .28 .44 .69
Age . 1 0 .1 1 -.06 -.05 - . 1 1 - . 1 1 -.03

VPAM .44 .42 .40 .33 .38 .32 .31
Right HANDedness .05 .03 .08 .05 - .02 - .02 -.03
FORM perception . 2 1 .19 . 2 1 .17 .24 .27 .41
SEQuencing .45 .49 .39 .40 .32 .25 . 1 2
MEMory .02 .01 -.02 -.01 .06 .03 .13
L-RORIENtation . 2 1 .18 .18 .16 .18 . 1 2 .1 1

Audiometry L -.04 -.02 -.06 -.04 -.05 -.10 -.08
Audiometry R (Hi) .05 .04 .03 .02 .01 -.00 -.03
Audiometry R (Low) .01 .01 -.01 - .00 - .00 -.10 -.09
Tympanometry R .03 .01 -.00 -.01 -.05 -.04 - .02
Tympanometry L .00 .03 -.00 .03 .03 -.04 .05
Ear Preference .01 .02 .05 .01 - .02 -.01 .06
Eye Dominance .04 .02 .03 - .00 -.01 -.01 .02

Neurotic -.18 -.16 -.17 -.17 -.13 -.1 5 - . 1 1
Antisocial -.19 -.16 -.15 -.17 -.13 -.1 6 -.1 4
Attention -.34 -.32 -.29 -.30 -.2 6 -.2 4 -.3 0

Male - . 1 1 - . 2 0 -.08 -.18 -.04 .14 -.07
Social Class I&II .16 .1 1 .18 .16 .17 .31 .18

STUDY 2 

Schonell Reading .90 .89 .83 .64 .58 .37
Schonell Spelling - . 8 6 .89 .62 .52 .32
WRAT Reading - .83 .63 .62 .38
WRAT Spelling 
Wide Span Reading 
Verbal IQ 
Performance IQ

.60 .52
.57

.34

.36

.53

Note: Figures in bold typeface significant at least at the p<.05 level
Note: WRATR, WRATS, WSRTR, VIQ, PIQ all expressed in standard score form, all
other scores are raw or factor scores
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High positive correlations were found between all the reading, spelling and achievement 

measures, with the highest correlation between reading at age eight and spelling at age 

thirteen. The same four factors: VP AM, FORM, SEQ and ORIEN, which were 

significantly correlated with reading achievement at age eight, were also significantly 

correlated with all the Study 2 measures, including IQ. In all cases, with the exception of 

SEQ, these correlations were higher with the measures at age thirteen. In the case of the 

sequencing factor, the correlations with the two reading measures were lower, but the 

correlation with spelling increased. At age thirteen, two factors which had not shown 

significant correlations with Performance IQ in Study 1 (see Table 3.8), SEQ and ORIEN, 

showed significant positive correlations.

There were no significant correlations between any of the audiometry, tympanometry, ear 

preference or eye dominance scores and the measures assessed at age thirteen. However, 

significant negative correlations were found between the three Rutter measures and all the 

measures assessed in Study 2. These were again higher for the five reading related and IQ 

measures re-assessed at age thirteen than at age eight. There were significant negative 

correlations between being male and Schonell reading, spelling and WRAT spelling. 

Membership of social classes I and n  was correlated with all the measures in Study 2, with 

the coefficients for the five measures re-assessed at age thirteen higher than they had been 

five years previously (see Table 3.8).

Stepwise multiple regressions (see Table 5.2) indicated that a subset of measures at age 

eight was able to explain substantial proportions of the variance in reading scores (77%), 

spelling scores (76%) and reading comprehension (49%).
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Table 5.2. Stepwise multiple regressions used to account for variance in reading, spelling 
and comprehension ability at age thirteen using measures assessed at age eight.

Criterion Predictor R2 Change SE Final Beta Sig. t
variables in R2 weight

Schonell Spelling Sch.Reading .70 - 9.7 .62 .001

Raw score Age .73 .03 9.11 -.18 .001

Attention .76 .03 8.7 -.13 .001

SEQ .77 .01 8.5 .10 .002

VPAM .77 <.01 8.4 .09 .003
Sch. Spelling .77 <.01 8.4 .17 .02

Schonell Reading Sch. Reading .63 - 10.6 .63 .001

Raw score Age .67 .04 10.0 -.18 .001

VPAM .69 .02 9.7 .12 .001

Attention .71 .02 9.4 -.13 .001

Verbal IQ .71 <.01 9.3 .07 .05
ORIEN .71 <.01 9.3 .07 .02

SEQ .72 .01 9.2 .08 .02

WRAT Reading Neale Acc. .63 - 11.6 .27 .01

standard score Age .73 .10 10.0 -.32 .001

Reading .75 .02 9.6 .52 .001

PAM .76 .01 9.4 .09 .004
Attention .77 .01 9.2 -.09 .002

Verbal IQ .77 <.01 9.1 .08 .01

Wide Span Reading Verbal IQ .34 - 13.2 .31 .001

standard score Neale Acc. .44 .10 12.2 .41 .001

Age .48 .4 11.8 -.22 .001

PAM .49 .1 11.6 .15 .001

WRAT Spelling Neale Acc. .64 - 9.8 .26 .01

standard score Age .72 .8 8.6 -.32 .001

Reading .74 .2 8.3 .42 .001

Attention .75 .1 8.11 -.11 .001

Spelling .76 .1 8.0 .19 .01

Note: figures in bold  represent total accounted for variance.
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In order to assess the contribution of the individual predictors they were each

entered individually into the regression equation. In this way their contribution to the 

variance of the criterion could be established in the absence of any other conflicting 

variables.

Table 5.3. Regression analyses indicating the contribution of each predictor variable
to Schonell Spelling when entered singly into the equation. Listed in order of greatest 
contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t 

P*
SCHONELL Spelling Schonell Reading .70 9.7 .84 .001

Raw Score Neale Accuracy .69 9.7 .83 .001

Schonell Spelling .63 10.6 .80 .001

Neale Comp. .51 9.7 .83 .001

SEQ .27 15.1 .52 .001

Verbal IQ .23 15.4 .48 .001

VPAM .17 16.0 .41 .001

Attention .13 16.4 -.36 .001

Male .05 17.2 -.21 .001

Neurotic .03 17.3 -.19 .001

ORIEN .03 17.4 .17 .002

Performance IQ .02 17.4 .15 .009
Antisocial .01 17.6 -.13 .02

FORM .01 17.5 .13 .02

SES .01 17.5 .12 .03
HAND .002 17.6 .08 .18
Age .001 17.6 .05 .38
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Table 5.4. Regression analyses indicating the______contribution of each predictor variable
to Schonell Reading when entered singly into the equation. Listed in order of greatest 
contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t 

P*
SCHONELL Reading Sch. Reading .63 10.6 .79 .001

Raw Score Neale Accuracy .62 10.7 .79 .001

Sch. Spelling .53 10.6 .79 .001

Neale Comp. .47 12.6 .69 .001

Verbal IQ .28 14.8 .53 .00

SEQ .23 15.2 .48 .001

VPAM .18 15.7 .43 .001

Attention .12 16.2 -.35 .001

Performance IQ .04 17.0 .21 .001

FORM .02 17.2 .15 .006
ORIEN .03 17.0 .19 .001

Neurotic .03 17.0 -.19 .001

SES .03 17.1 .17 .002

Antisocial .02 17.2 -.14 .01

Male .01 17.2 -.13 .02

HAND .01 17.3 .09 .09
Age .00 17.4 .02 .77
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Table 5.5. Regression analyses indicating the contribution of each predictor
variable to WRAT Reading when entered singly into the equation. Listed in order of 
greatest contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t

WRAT Reading Neale Accuracy .63 11.6 .80 .001

Standard score Sch. Reading .61 11.9 .78 .001

Sch. Spelling .53 13.0 .73 .001

Neale Comp .46 14.0 .68 .001

Verbal IQ .30 15.9 .55 .001

SEQ .17 17.4 .42 .001

VPAM .15 17.6 .40 .001

Attention .11 18.0 -.34 .001

Neurotic .04 18.7 -.21 .001

Perf. IQ .04 18.7 .20 .001

ORIEN .03 18.8 .17 .002

Social Class .03 18.8 .17 .002

FORM .02 18.9 .15 .01

Age .01 19.0 -.13 .02

Antisocial .01 19.0 - .12 .04
Male .00 19.1 -.08 .14
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Tabic 5.6. Regression analyses indicating the contribution of each predictor variable
to WRAT Spelling when entered singly into the equation. Listed in order of greatest 
contribution (as measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t

WRAT Spelling Neale Accuracy .64 9.8 .80 .001

Standard score Sch. Reading .63 10.0 .79 .001

Sch. Spelling .57 10.7 .76 .001

Neale Comp .42 12.4 .65 .001

Verbal IQ .23 14.3 .48 .001

SEQ .18 14.8 .43 .001

Attention .11 15.4 -.34 .001

VPAM .10 15.5 .32 .001

Neurotic .04 16.0 -.20 .001

Male .03 16.1 -.18 .001

Perf. IQ .02 16.1 .16 .004
Social Class .02 16.2 .15 .01

Antisocial .02 16.2 -.14 .01

ORIEN .02 16.2 .14 .01

FORM .01 16.3 .11 .06
Age .01 16.3 -.10 .06
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Table 5.7. Regression analyses indicating the______contribution of each predictor variable
to WSRT when entered singly into the eauation.Listed in order of greatest contribution (as 
measured bv R2).

Criterion Predictor
variables

R2 SE Beta
weight

Sig. t

P25
Wide Span Verbal IQ .34 13.2 .59 .001

Reading Test Neale Comp. .34 13.2 .58 .001

standard score Neale Accuracy .31 13.4 .56 .001

Sch. Reading .29 13.7 .54 .001

Sch. Spelling .22 14.4 .47 .001

PAM .15 15.0 .39 .001

SEQ .09 15.5 .31 .001

Attention .08 15.6 -.28 .001

Perf. IQ .05 15.8 .24 .001

FORM .04 15.9 .21 .001

Social Class .03 16.0 .18 .002

ORIEN .02 16.1 .16 .01

Age .02 16.1 -.14 .01

Antisocial .01 16.2 -.12 .04
Neurotic .01 16.2 -.10 .10

Male .00 16.3 -.04 .45

From Tables 5.3 and 5.7, it can be seen that the relative pattern of individual 

contributions of predictors is the same for both WRAT Reading and WRAT Spelling 

with Neale Accuracy, Schonell Reading, Schonell Spelling and Neale Comprehension 

individually accounting for between 42% and 65% (p<.001) of the variance in Study 2 

Reading and Spelling. The remaining variables, with the exception of male in the case 

of WRAT Reading, and FORM and age in the case of spelling, all made a significant 

individual contribution to total variance.

Verbal IQ made the greatest unique contribution to variance in Wide Span Reading Test 

performance, followed by Neale Comprehension, Neale Accuracy and the Schonell
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Reading and Spelling. Sex and scores on the Neurotic subscale did not make a 

significant unique contribution (see Table 5.7).

A second series of stepwise regression was carried out, in which reading related 

measures from age eight were removed, in order to ascertain what proportion of the 

variance could be accounted for by the non reading related cognitive factors. A 

substantial drop in accounted variance was observed for WRAT reading and spelling, 

with two factors: sequencing and left-right discrimination emerging as significant 

predictors. Very little drop in accounted variance was observed for the Wide Span 

Reading Test suggesting that reading ability is not an important predictor of 

performance on this test five years later.
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Table 5.8. Stepwise multiple regressions used to account for variance in reading and 
spelling ability at age thirteen (Reading related measures at age eight not included).

Criterion Predictor
variables

R2 Change 
in R2

SE Final Beta 
weight

Sig. t

WRAT Reading Verbal IQ .29 - 15.9 .33 .001

standard score SEQ .35 .06 15.2 .22 .001

PAM .37 .02 14.9 .19 .001

Attention .39 .02 14.7 -.13 .002

ORIEN .41 .02 14.5 .14 .001

Age .42 .01 14.4 -.12 .007

WIDE SPAN Reading Verbal IQ .30 - 14.1 .37 .001

Test PAM .35 .05 13.6 .22 .001

ORIEN .36 .01 13.4 .14 .002

SEQ .37 .01 13.3 .15 .002

Age .39 .02 13.1 -.12 .005
Attent .40 .01 13.1 -.09 .05

SCHONELL Spelling SEQ .25 - 15.2 .32 .001

Raw Score Verbal IQ .36 .11 14.1 .22 .001

VPAM .39 .03 13.7 .19 .001

Attention .42 .03 13.4 -.18 .001

ORIEN .44 .02 13.2 .15 .001

SCHONELL Reading Verbal IQ .26 - 14.9 .28 .001

Raw Score SEQ .36 .10 13.9 .26 .001

VPAM .40 .04 13.4 .22 .001

ORIEN .43 .03 13.2 .17 .001

Attention .44 .01 12.9 -.16 .001

WRAT Spelling Verbal IQ .21 - 14.4 .26 .001

Standard Score SEQ .29 .08 13.6 .27 .001

Attention .32 .03 13.3 -.17 .001

ORIEN .33 .01 13.2 .11 .012

PAM .33 <.01 13.1 .12 .012

Age .34 .01 13.1 -.09 .04
Note: figures in bold represent total accounted for variance
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5.2 PROGNOSIS

The results of longitudinal studies suggest that although dyslexic children improve their 

reading skills with time, they do not outgrow their disability (Spreen, 1982). The 

analysis reported in this section was intended to determine to what extent the rates of 

change were the same for the dyslexics and the non-dyslexics; to what extent dyslexia 

represented a stable disability with those being identified as dyslexic in Study 1 also 

identified as dyslexic in Study 2; and finally to determine the extent to which the 

differences found between the two subgroups identified in Study 1 would persist over 

the five year period. Would the same subgroups emerge?

5.2.1 Stability of Performance

The development of reading and spelling in the dyslexic and non-dyslexic groups was 

examined over a five year period.

5.2.1.1 Dvslexics identified bv Regression

The mean test scores and standard deviations for the first and second testing sessions of 

the dyslexics identified by regression and the control groups are shown in Table 5.9. 

Five of the twenty-two dyslexics identified in Study 1 were not followed up. This left a 

group of seventeen who had been dyslexic at the initial testing. Forty-five of the 

controls were excluded as they had missing data. This resulted in a control group of 

354.

In Study 1 the dyslexics and controls differed significantly on reading and spelling, no 

differences were found for IQ. At follow-up, in addition to these differences, these 

dyslexics and controls differed significantly on Performance IQ.
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Table 5.9. Study 1 Regression Groups. Longitudinal data (mean and SD’s.)

STUDY 1 
Dyslexic Controls 
(n=17) (n=354)

t p£
FOLLOW-UP 

Dyslexics Controls t 
(n=17) (n=354)

VIQ 104.8(10.7) 101.8(13.7) -1.13 .26 102.5(10.7) 101.3(11.8) -0.76 .4

PIQ 108.9 (13.8) 107.9 (12.6) -0.58 .57 103.9 (13.8) 111.2 ( 12.8) 1.95 .05

HQ 107.2(12.6) 104.9 (12.4) -1.03 .30 103.5 (12.7) 106.4 (12.0) 0.61 .54

Read* 12.1(7.9) 39.4(18.3) 6.12  .001 51.7(20.5) 72.8 (16.8) 4.79 .001

Spell* 11.9(6.9) 32.3(16.0) 5.19 .001 41.3(17.9) 65.2 (16.9) 5.50 .001

* Schonell reading and spelling raw scores

The dyslexic and the control groups both showed significant improvements in reading 

and spelling. The control group also showed a significant gain in Performance and Full 

Scale IQ. In the dyslexic group Performance IQ scores deteriorated significantly over 

the five year period. Verbal IQ scores remained very stable over the five years, neither 

group demonstrated significant changes (see Table 5.10).

Table 5.10. Study 1 Regression Groups. Change in 10 . reading and spelling in the 
five years from Study 1 to Study 2.

DYSLEXICS CONTROLS
Study 1 Study 2 t P* Study 1 Study 2 t P^
(n=17) (n=17) (n=354) (n=354)

VIQ 104.8 102.5 1.16 .27 101.8 101.3 1.17 .24
PIQ 108.9 103.9 2.40 .03 107.9 111.2 -6.19 .001

HQ 107.2 103.4 1.88 .08 104.9 106.4 -3.54 .001

Reading 12.1 51.6 -9.32 .001 39.4 72.8 -53.7 .001

Spelling 11.9 41.3 -7.14 .001 32.3 65.2 -57.8 .001
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Table 5.11 presents the results of a multivariate analysis of variance incorporating one 

between-subjects factor, GROUP (dyslexic vs control), one within-subjects factor, 

TIME (initial vs second testing) and the five cognitive tests as dependent variables. 

Multivariate F-ratios indicated significant main effects for GROUP and for TIME. 

Univariate results revealed that the GROUP difference was significant for two of the 

five tests, reading and spelling, with the dyslexics obtaining lower scores on average 

than the controls. A significant increase in performance as a function of TIME was also 

present for reading and spelling. The GROUP x TIME interaction was significant for 

the multivariate composite, for Performance and Full IQ, and reading suggesting a 

different developmental course for these measures in the dyslexic children (Table 5.11).

Table 5.11. GROUP x TIME mixed model MANOVA F-ratios

GROUP TIME GROUP x TIME
Multivariate t 13.9*** 142.6*** 5.3***
Univariate ¥

Verbal IQ .49 1.81 .71
Perf. IQ 1.1 .41 10.9***
Full IQ .01 1.4 7.3**
Schonell Spelling 33.5*** 514.9*** 1.6

Schonell Reading 35.4*** 598.7*** 4.3*

fForall multivariate F-ratios (Wilks), d.f. = 5, 365 
¥ For all univariate F-ratios, d.f. = 1, 369 
*** p^.001; **p^.01; *p^.05

Examination of the means for Performance IQ show that the dyslexics and control 

group differed significantly less on this measure in Study 1 than in Study 2. 

Furthermore, as can be seen from Figures 5.1 & 5.2 the differences between the two 

groups increased over time with the dyslexic group showing a decrease in Performance 

and Full IQ over the five year period and the control group an increase. An examination
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of the means for reading indicates that the rate of change is faster in the dyslexic group, 

suggesting that differences between the two groups of readers decrease with age. For 

the other variables, Verbal IQ and spelling the rate of change was the same for both 

groups.
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Figure 5.1. Study 1 Regression Groups. Mean Performance IQ scores in Study 1 and
Study 2.
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Figure 5.2. Study 1 Regression Groups. Mean Full Scale IQ scores in Study 1 and 
Study 2.
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Figure 5.3. Study 1 Regression Groups. Mean Reading raw scores in Study 1 and
Study 2
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5.2.1.2 Dyslexics identified bv Cluster Analysis

The series of analyses described above was repeated for the children identified in Study 

1 as dyslexic using cluster analysis. Thirteen of this group were not followed up, 

leaving a group o f45 (42 boys and three girls). The control group consisted of 326 

children . The four separate control groups from Study 1 were not represented. Mean 

scores for the five tests administered during each Study are shown in Table 5.12
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Table 5.12. Study 1 Cluster Groups. Longitudinal data (means and SD’s.)

STUDY 1 
Dyslexic Controls 
(n=45) (n=326)

t P*

FOLLOW-UP 
Dyslexics Controls 
(n=45) (n=326)

t

VIQ 101.0(11.8) 102.1 (13.9) -0.01 .99 99.5 (12.4) 101.6 (11.7) 0.51 .61

PIQ 112.2(12.2) 107.3 (12.6) -2.83 .01 110.2(14.7) 110.9(12.7) -0.13 .90

FIQ 106.8(11.7) 104.8 (12.5) -1.51 .13 104.9(13.1) 106.4(11.9) 0.19 .85

Reading 15.8 (8.9) 41.2(17.8) 9.41 .001 53.0 (19.0) 74.4 (15.6) 7.9 .001
Spelling 13.5 (7.1) 33.9(15.6) 8.43 .001 45.0 (16.5) 66.7(16.1) 8.04 .001

The dyslexic and the control groups identified by cluster analysis both showed 

significant improvements in reading and spelling. The control group also showed a 

significant gain in Performance and Full Scale IQ. Verbal IQ scores remained very 

stable over the five years, neither group demonstrating significant changes (see Table 

5.13).

Table 5.13. Cluster Groups. Change in 10. reading and spelling in the five years from 
Study 1 to Study 2

DYSLEXICS 

Study 1 Study 2 

(n=45) (n=45)

t P*

CONTROLS 

Study 1 Study 2 

(n=326) (n=326)

t P*

VIQ 101.0 99.5 1.21 .23 102.1 101.6 1.02 .31

PIQ 112.2 110.2 1.10 .28 107.3 110.9 -6.71 .001
FIQ 106.8 104.9 1.34 .19 104.8 106.4 -3.98 .001
Reading 15.8 53.0 -16.6 .001 41.2 74.4 -51.89 .001
Spelling 13.5 45.0 -15.0 .001 33.9 66.7 -56.1 .001

Multivariate F-ratios indicated significant main effects for GROUP and TIME. 

Univariate results revealed that GROUP and TIME were significant for reading and
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spelling; the controls scored higher than the dyslexics and both groups exhibited a 

significant increase in performance across time. As found previously for the smaller 

dyslexic group identified by regression, the GROUP x TIME interaction was 

significant for the multivariate composite, two measures of IQ: Performance and Full 

Scale and reading (Table 5.14)

Table 5.14. GROUP x TIME mixed model MANOVA F-ratios

GROUP TIME GROUP x TIME

Multivariate t 27.2*** 342.2*** 4.6***
Univariate ¥

Verbal IQ .66 2.3 .67
Perf. IQ 1.3 1.1 12.2***
Full IQ .02 .04 8.3**
Schonell Spelling 83.0*** 1337.8*** .64
Schonell Reading 1354.3*** 4.2*

fForall multivariate F-ratios (Wilks), d.f. = 5, 365 
¥ For all univariate F-ratios, d.f. = 1, 369 
*** p=s.001; **p*.01; *p^.05
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An examination of the mean scores of the dyslexics and controls on the variables which 

showed a significant interaction indicated that the differences between the groups on 

Schonell Reading decreased over time (Figures 5.6) The differences between groups 

also decreased on the measures of Performance and Full Scale IQ (Figures 5.4, 5.5). In 

the latter instances, however, the decrease was due to the significant improvement in 

these skills in the control group and a deterioration (non-significant) in the dyslexic 

group.

Figure 5.4. Cluster Groups. Mean Performance IQ scores in Study 1 and Study 2
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Figure 5.5. Study 1 Cluster Groups. Mean Full IQ Scale scores in Study 1 and Study
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Figure 5.6. Cluster Groups. Mean reading raw scores in Study 1 and Study 2
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5.2.1.3 Summary

The results indicate that the spelling and Verbal IQ abilities of dyslexics and control 

children tend to develop at similar rates.This appears to be true independent of how 

they were classified as dyslexic. For the measure of reading, differences between the 

dyslexics and controls decreased significantly over the five year period, although the 

dyslexics were significantly poorer than the controls at both ages. On the measures of 

Performance and Full Scale IQ, the controls improved significantly from Study 1 to 

Study 2. In contrast, a decline in performance was found on these two measures in the 

dyslexics.

5.2.2 Stability of Classification

The concept of dyslexia assumes that there is a stable group of children underachieving 

in reading whose classification is not age- or test-specific. This assumption was tested 

by examining the overlap between groups classified as dyslexic at age eight and at age 

thirteen.

5.2.2.1 Dyslexics identified bv Regression

Six (35%) of the seventeen dyslexics followed up were again classified as dyslexic five 

years later following regression of age and Verbal IQ on WRAT Reading scores. Eleven 

of these original dyslexics were not so classified.
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Table 5.15. Regression Groups. Stability of membership of the dyslexic group from
Study 1 to Study 2.

T I M E  2 
Dyslexic Not Dyslexic 

T _______________________________
I Dyslexic 6 11 17
M
E Not Dyslexic 15 384 399
1

21 395 416

In addition to the six children from Study 1, the dyslexic group in Study 2 contained 

fifteen children whose current residual reading scores placed them in the bottom 5% and 

hence the dyslexic group. These changes in group membership over time are shown in 

Table 5.15.

Classification as dyslexic at both times is the result of a cut-off of 5% on the distribution 

of residual reading scores. The effect of this is to limit the number of children able to be 

classified as dyslexic. A more accurate assessment of stability results if  the residual 

reading scores, derived from the regression equations in Study 1 and Study 2, are 

compared for the individuals identified as dyslexic in Study 1. The residual reading scores 

required for inclusion in the dyslexic group were: greater than -23.30 in Study 1 and 

greater than -16.0 in Study 2. The residuals were examined to determine how many 

children classified as dyslexic in Study 1 had residuals close to or below -16.0 in Study 2 

(Figure 5.7).
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Figure 5.7. Residual reading scores at two times (Resid 1 and Rcsid 2) for individual
dyslexics identified in Study 1 by regression
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children classified as dyslexic in Study 2; t  those children who just miss classification as 
dyslexic in Study 2 (i.e. residuals close to -16.0)

As can be seen from Figure 5.7, four of the Study 1 dyslexics just miss classification in 

Study 2 having residuals close to -16.0. If the cut-off were made more tolerant and set at 

7.5%, in place of 5%, these children would be incorporated into the dyslexic group. The 

remaining seven children showed considerable improvement with age, their residual 

scores, derived from the regression equation in Study 2, falling between the 10th and 39th 

percentile in the distribution.

The residual reading scores of the fifteen children who moved into the dyslexic group in 

Study 2 were similarly examined to determine the relative positions of these children in the 

distribution of residual reading scores in Study 1.
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Figure 5.8. Residual reading scores at two times (Resid 1 and Resid 2) for individual 
dyslexics identified in Study 1 by Regression analysis.
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Figure 5.8 shows that the majority (n= 11) of children identified as dyslexic in Study 2 

were not underachieving relative to the rest of the sample in Study 1. An examination of 

their residual reading scores indicates that they fell between the 10th and 44th percentiles. 

Four children had residual reading scores which placed them close to the -23.3 cut-off, 

indicating that had a slightly more tolerant cut-off (8%) been applied these individuals 

would have been selected.

In conclusion it appears that fourteen children were characterised by enduring 

underachievement in reading in the primary and early secondary school thus representing a 

stable dyslexic group. This group included the six children identified at both times with 

residual reading scores in the bottom 5% and eight children who just missed classification
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as dyslexic in either Study 1 (n=4) or Study 2 (n=4). Seven children appear to have 

improved (the transient dyslexic group) and eleven appear to have deteriorated (the later 

emerging dyslexic group). These findings are summarised in Table 5.16

Table 5.16. Stability of membership of the dyslexic group from age eight to age thirteen 
after adjustment for cases falling close to the predetermined cut-off.

T I M E  2
Dyslexic Not Dyslexic 

T _______________________________
I Dyslexic 14 7 21

M
E Not Dyslexic 11 384 395
1

25 391 416

In order to establish whether the children classified at both ages as reading disabled were 

poorer in absolute terms on reading and spelling than children classified at only one age, 

the reading, spelling and IQ scores of the stable and transient dyslexics and those who 

became dyslexics were compared. It was expected that the stable dyslexics would score 

lower on the reading and spelling measures, both in Study 1 and Study 2, than the other 

two groups. It was also expected that the reading and spelling means of the other two 

groups would reflect their status; i.e lower mean scores in Study 1 and higher mean scores 

in Study 2 for the ’transient’ group and higher mean scores and lower mean scores, in 

Study 1 and 2, respectively, for the late emerging dyslexic group. One way analyses of 

variance were carried out followed by Duncan’s post hoc tests. The results are shown in 

Table 5.17.
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Table 5.17. Sex, age, reading, spelling and IQ means (and SD’s) for stable, transient and
late emerging dyslexics in Study 1 and Study 2.

Variable Stable
(n=14)

Transient
(n=7)

Late emerging F 
(n= ll)

Duncans

% Male 93% 100% 73% 3.56 - 17f
Age 101.9 (8 .8) 104.6 (10.0) 101.3 (10.0) .29 .75
Verbal IQ 102.4 (10.4) 108.7 (12.4) 99.4 (8.1) 1.74 .19
Verbal IQ* 102.6(11.3) 103.6 (9.2) 104.3 (6.7) .09 .92
Perf. IQ 106.7 (11.0) 111.7(16.9) 113.2 (8.2) .98 .38
Perf.IQ* 105.6 (16.9) 106.6 (12.4) 114.5(10.0) 1.26 .30
Full IQ 104.6 (10.7) 111.3 (14.8) 106.2 (6 .2) .95 .40
Full IQ* 104.6 (14.2) 105.1 (10.6) 109.5 (7.6) .56 .58
Sch. Reading score 11.4(6.3) 15.7 (9.9) 23.1 (10.1) 5.22 .01 S < L
Sch. Reading score * 42.1 (16.5) 67.4(15.7) 54.7 (12.2) 6.82 .01 S < T
Sch. Spelling score 10.7 (6.9) 13.4 (7.3) 20.7 (9.3) 4.83 .02 S < L
Sch. Spelling score * 34.6 (15.8) 50.7 (15.4) 46.8 (10.9) 3.72 .04 S < T
WRAT Reading PE* 7.5 (8 .6) 28.9 (25.3) 6.1 (6.9) 7.00 .01 L, S < T
WRAT Spelling PE* 4.9 (6.1) 10.4(10.2) 7.8 (6.4) 1.45 .25

Note: * indicates Study 2 mean
t  chi square

As expected those classified as dyslexic at both times were the most severely disabled in 

terms of reading and spelling ability as measured by the Schonell both at time 1 and time 

2. They differed significantly from the ’late emerging dyslexic group’ in Study 1 and the 

’transient’ group in Study 2. One unexpected difference was the highly similar 

performance of the three groups on the WRAT Spelling subtest; all three groups were 

performing at or below the 10th percentile. It appears that the ’transient dyslexic* group 

have made significant improvement in reading ability, they differed significantly from the 

other two groups on the WRAT Reading, but not on spelling. This suggests that had 

underachievement been defined relative to spelling rather than reading, these individuals 

would still be classified as dyslexic.
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5.2.2.2 The dyslexic group identified bv cluster analysis

Membership of the dyslexic group identified by cluster analysis is unconstrained; no 

upper limits are placed on the number with severe discrepancies falling in the same 

cluster. For this reason, assuming no measurement error, statements about 

improvement and deterioration can be made more readily than when regression is the 

approach adopted to define underachievement. Forty-five of the dyslexics identified 

using cluster analysis were followed up. Of these forty-five, fourteen were included in 

the dyslexic group at Time 2. Thirty-one were no longer classified, and nineteen 

children had apparently deteriorated (see Table 5.18).

Table 5.18. Stability of membership of the dyslexic group identified bv cluster analysis 
from age eight to age thirteen

T I M E 2 
Dyslexic Not Dyslexic

T
I Dyslexic 14 31 45
M
E Not Dyslexic 19 384 371
1

33 383 416

Once again, to establish whether the children classified at both ages as dyslexic were 

significantly poorer at reading and spelling at both assessments than children classified at 

only one age, the reading, spelling and IQ scores of the stable and transient dyslexics and 

those who became dyslexics were compared. One way analyses of variance were carried 

out on these measures and overall tests were followed up by Duncan’s post hoc tests 

(Table 5.19).
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Table 5.19. Age, sex, reading, spelling and IQ means (and SD’s) for Stable. Transient
dyslexics and Late emerging dyslexics in Study 1 and Study 2.

Variable Stable
(n=14)

Transient
(n=31)

Late
(n=19)

F Duncans

% Male 93% 94% 84% 1.3I f  .52
Age 100.9 (9.6) 101.9 (7.5) 104.9 (10.2) 1.03 .36
Verbal IQ 101.2(10.5) 101.0 ( 12.6) 98.5(10.0) .33 .72
Verbal IQ* 102.7 (10.6) 98.1 (13.0) 102.2 ( 10.0) 1.12 .33
Perf. IQ 112.1 (9.5) 112.3 (13.4) 110.5(11.6) .13 .88

Perf.IQ* 118.6(14.1) 106.5 (13.6) 117.1 (12.8) 5.69 .01 T < S,L
Full IQ 106.9 (9.9) 106.8 ( 12.6) 104.3 (9.7) .33 .72
Full IQ* 111.1 (13.3) 102.1 (12.3) 109.7 (11.2) 3.71 .03 T <  L
Sch. Reading score 16.1 (8 .6) 15.7 (9.2) 25.3 (7.8) 7.64 .001 T, S < L
Sch. Reading score * 46.1 (17.5) 56.0(19.1) 58.2(14.8) 2.12 .13
Sch. Spelling score 13.6 (6.3) 13.5 (7.5) 21.8 (6 .8) 9.20 .001 T, S < L
Sch. Spelling score * 39.0(15.9) 47.6 (16.3) 48.7 (12.6) 1.96 .15
WRAT Reading PE* 9.9 (19.3) 23.1 (24.8) 11.5 (12.0) 2.86 .07
WRAT Spelling PE* 5.7 (6.5) 10.2(15.1) 5.9 (6.5) 1.14 .33

Note: * indicates Study 2 mean, t = chi square

There was no evidence to suggest that the ’stable dyslexic’ group was characterised by 

poorer performance in absolute terms on the reading and spelling measures at either 

time 1 or time 2. As expected, those who became dyslexic, were significantly better at 

reading and spelling than the other two groups in Study 1. However, on all the reading 

related measures in Study 2, the performance of the three groups was equivalent. The 

’stable dyslexic’ group and the ’late emerging dyslexic’ group are both characterised by 

significantly higher Performance IQ in Study 2. This pattern of results suggests that the 

differences between children classified once or twice as dyslexic are not related to their 

absolute reading and spelling levels but to reading and spelling relative to their IQ.
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5.2.3 Stability of classification: regression and cluster analysis compared.

Both regression analysis and cluster analysis enable a stable group of children, 

characterised by severe underachievement at both times of assessment, to be identified. 

In addition, they identify two further groups defined as dyslexic at just one of the two 

assessments. The extent to which the same children were identified by both methods 

was examined. Six children were defined as dyslexic by regression and cluster analysis 

at both times. Another six children moved out of both the regression and the cluster 

identified dyslexic groups and a further six deteriorated, according to both methods, 

sufficiently over the five year period to be included in both the Study 2 dyslexic groups 

(Table 5.20).

Table 5.20. Status of children in Study 2 as defined bv regression and cluster analysis

REGRESSION Never Stable
CLUSTER
Transient Late emerging

Never dyslexic 349 4 18 13 384
Stable dyslexic 1 6 7 0 14
Transient dyslexic 0 1 6 0 7
Become dyslexic 2 3 0 6 11

352 14 31 19 416

A relatively large number in the transient dyslexic group (n=18), and the ’late emerging 

dyslexic* group (n= 13) as defined by cluster analysis, fell into the ’never dyslexic’ 

category defined by regression. One explanation for the apparent disagreement between 

methods, as to a child’s status regarding stability of the dyslexia diagnosis, is that the 

regression equation determines underachievement solely on the basis of Verbal IQ and 

reading, whereas the cluster analysis considers underachievement on Performance IQ 

and spelling in addition. It is, thus possible that children classified as ’never dyslexic’
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by regression were underachieving relative to their Performance IQ either in Study 1 or 

Study 2. If  this were the case, a relatively high mean Performance IQ in Study 1 

combined with a relatively lower Performance IQ in Study 2 would be expected for 

those in the ’transient dyslexic’ group as perceived by cluster. For those in the ’late 

emerging dyslexic’ group the opposite trend might be observed. In order to examine 

this discordance the IQ, reading and spelling means of these two groups were 

compared.

Table 5.21. Means and (SD’s) on 10. Reading and Spelling for those children defined 
as ’never dyslexic’ bv regression and dyslexic bv cluster in either Study 1 only 
(transient) or Study 2 only (late emerging dyslexics)

Measure Never/transient
(n=18)

Never/became dyslexic t 
(n=13)

P*

Age 100.1 (6.3) 106.5(10.1) -2.16 .06
Verbal IQ 98.6(12.9) 97.2(10.7) 0.32 .75
Verbal IQ* 95.1 (14.1) 99.8 (10.6) - 1.0 .30
Perf. IQ 116.1 (11.5) 108.4 (12.4) 1.79 .09
Perf. IQ* 110.4(13.4) 118.8(14.1) -1.70 .11

Sch. Reading age 86.3 (6.4) 91.6 (6.5) -2.26 .03
Sch. Spelling age 77.8 (8.5) 86.3 (8.7) -2.70 .01

WRAT Reading PE* 25.4 (27.2) 13.1 (13.3) 1.49 .11

WRAT Spelling PE* 12.1 (18.4) 5.5 (7.1) 1.21 .19

* measure assessed at time 2

An examination of the means for the two groups suggests that it is change in 

Performance IQ over the five years combined with a relatively stable Verbal IQ which is 

responsible for the lack of concordance between methods.

A small number (n=7) of children perceived by regression equations in Study 1 and 

Study 2 as ’stable dyslexics’, were seen to have improved by cluster (n=7). An
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examination of their reading and spelling percentile rankings on the WRAT in Study 2 

places them below the 10th and 4th percentiles respectively which provides little 

support for a diagnosis of improvement (see Table 5.22). Thus there is some 

suggestion that these seven may be misclassifications which would be more accurately 

placed in the dyslexic cluster in Study 2.

Table 5.22. Means (and SD’s) for 10. Reading and Spelling in Study 1 and Study 2 for 
those children perceived as ’stable dyslexics* bv regression and as ’transient dyslexics*.

Measure Stable /  Improved 
(n=7)

Age 102.3 (8.3)
Verbal IQ 101.0. (9.5)
Verbal IQ* 100.9 (11.6)
Perf. IQ 103.3(10.2)
Perf. IQ* 96.4 (9.5)
Sch. Reading age 81.1 (4.3)
Sch. Spelling age 71.4 (9.8)
WRAT Reading PE* 9.3 (10.7)
WRAT Spelling PE* 3.9 (4.4)

Note: * measure assessed in Study 2

5.2.4 Stability of Subtype Classification

Two subgroups of dyslexics were statistically identified in Study 1 from the larger 

group of dyslexics identified by cluster analysis. The two subgroups were 

distinguished by different levels of performance, with Subgroup 1 (n=18) showing 

significantly poorer performance on all the cognitive measures, including reading, 

spelling, Performance and Full IQ, than Subgroup 2 (n=28). O f these forty-six 

children, sixteen from Subgroup 1 and twenty four from Subgroup 2 were followed
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up. The IQ, reading and spelling means of these two groups were compared in order to 

examine the stability of the original classification.

Table 5.23. Means and (SD’s ) of measures in Study 2 for the two dyslexic subgroups 
identified in Study 1

Measure Subgroup 1 
(n-16)

Subgroup 2 
(n-24)

t P*

Verbal IQ 97.2 (7.0) 101.7 (14.7) -1.13 .27
Perf. IQ 104.8 (13.9) 113.7 (15.1( -1.89 .07
Full IQ 100.6 (9.0) 108.0(14.9) -1.78 .08
Sch. Reading 42.1 (14.3) 58.7 (16.5) -3.27 .01

Sch. Spelling 36.1 (14.0) 49.4 (14.6) -2.87 .01

WRAT Reading PE 7.7 (8.5) 24.3 (26.6) -2.41 .02

WRAT Spelling PE 3.9 (3.9) 9.5 (9.9) -2.16 .04

The two subgroups no longer differed significantly on IQ, although the trend was still 

the same as that found in Study 1; superior Performance and Full Scale IQ in 

Subgroup 2. Consistent differences were found on all measures of reading and 

spelling, with Subgroup 1 still scoring significantly lower. Thus, it seems that the 

differences between the subgroups remain relatively stable from the age of eight to 

thirteen years.

In view of the consistently poorer performance of Subgroup 1, it might be 

hypothesised that the members of this subgroup would be more likely to fall into the 

stable dyslexic group than the members of Subgroup 2. As the two subgroups were 

derived from the group classified as dyslexic by cluster analysis, membership of the 

stable dyslexic group identified by cluster analysis was examined. Thirty-one percent of 

the members of Subgroup 1 were in the ’Stable* dyslexic group, and 29% of Subgroup 

2, the remainder in both subgroups were seen to improve. Thus, membership of the 

dyslexic subgroups in Study 1 appears to have limited prognostic significance.
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5.3 PERFORMANCE OF STUDY 2 DYSLEXICS IN STUDY 1

5.3.1 Dyslexics identified bv Regression

Performance five years earlier of the twenty-one dyslexics identified by the regression 

equation in Study 2 was compared to that of the non-dyslexics identified at the same 

time.

5.3.1.1 Intelligence. Reading and Spelling

The means and standard deviations for the IQ and reading measures administered in 

Study 1 are shown in Table 5.24. The dyslexic group was significantly poorer on all 

reading related measures. No differences were found on any measure of IQ.

Table 5.24. Study 2 Regression Groups. Means and (SD’s) of the IQ. reading and 
spelling measures assessed in Study 1.

Measure Dyslexic
(n=21)

Non-dyslexic
(n=395)

t

Verbal IQ 101.4 (9.3) 101.0(14.1) -0.12 .91
Perf. IQ 108.7 (10.6) 107.3 (13.0) -0.58 .56
Full IQ 105.0 (8.6) 104.1 (13.0) -0.35 .73
Sch. Reading age 87.2 (8.4) 105.1 (17.0) 4.68 .001
Sch. Spelling age 79.7 (11.4) 98.3 (19.0) 4.43 .001
Neale Reading age 89.0 (9.4) 106.8(16.9) 4.77 .001
Neale Comp, age 95.2(15.5) 106.1 (18.0) 2.68 .01

The ability-achievement discrepancies in Study 1 were considered in order to determine 

whether the dyslexic group were underachieving relative to their IQ in Study 1.
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Significant differences were found with the dyslexic group underachieving relative to 

both Verbal and Performance IQ. In contrast, the non-dyslexic group were achieving 

close to the level predicted by IQ (Table 5.25).

Table 5.25. Study 2 Regression Groups. Means and standard deviations of the 
abilitv-achievement discrepancies measured in Study 1.

Discrepancy¥ Dyslexic Non-dyslexic t p^ 
_______________(n=21) (n=395)________________

VIQ- Readingt 11.3 (.55) 10.1 (.89) -5.46 .001
VIQ- Spelling 11.2 (.94) 10.1 (.94) -4.96 .001
VIQ- Neale Acc. 11.2(1.1) 10.1 (.92) -5.89 .001
PIQ- Reading 11.5 (.5) 10.4(1.1) -4.61 .001
PIQ- Spelling 11.4 (.61) 10.4(11.1) -4.25 .001
PIQ- Neale 11.5 (.4) 10.3 (1.1) .497 .001

¥ A discrepancy of 10 indicates reading and spelling at a level predicted 
by IQ 1 45 missing cases therefore groups are reduced to 20 and 35, 
respectively.________________________________________________

5.3.1.2 Factor Analysis

The factor analysis on the cognitive test battery from Study 1 was rerun with the reduced 

sample generating new factor scores for those children followed up. This was possible 

for 378 of the total 416 as a number of children had missing data on one or more of the 

tests included in the factor analysis. Decisions to rerun the factor analysis were made on 

methodological rather than theoretical grounds. SPSSX generates factor scores for a 

particular sample, and changes in the initial sample size, such as occur as a result of 

children not being followed up, can result in a change in the factor analysis outcome. The 

new factor structure was found to be identical to the old; six factors accounting for 64% 

of the variance were rotated using a Varimax rotation. The factor loadings are shown in
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Table 5.26. Small differences were found, with some loadings slightly higher or lower 

than in Study 1.

Table 5.26. Rotated factor loadings for the cognitive measures (bold indicates loadings 
>.40)

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 h2

Memory for faces .848 -.038 -.212 -.093 .055 -.021 .780
Pegboard Total .847 -.054 -.006 .002 .163 .017 .751
STM (auditory) .781 -.038 .001 .148 .126 .044 .651
Seashore Pitch .753 -.078 -.083 .068 -.023 .097 .591
Aston Sequence (symbols) .729 -.013 -.041 -.046 .189 .11 .585
Copying .717 -.016 .139 .005 -.063 -.087 .550
Seashore Rhythm .704 -.044 .008 .169 -.017 .122 .535
STM (visual) .560 -.121 .174 .246 .261 .080 .493

Left Foot Pref. -.045 -.921 .072 -.041 .042 .029 .858
Right Foot Pref. -.124 .891 -.003 .045 -.053 -.010 .812
Right Handedness -.107 .772 .060 -.068 .048 .065 .623

Matching .303 -.044 .703 .029 -.076 -.113 .601
Finger Agnosia -.216 .040 .692 -.082 -.012 .147 .555
BAS Designs -.026 -.016 .653 .157 .139 .145 .492

Month Score -.006 -.018 -.036 .752 .137 .163 .608
Recall (abstract words) .444 .055 .052 .525 .067 -.051 .488
Aston Sequence (Pictures) -.395 .046 .414 .466 -.004 .190 .588
Recall (concrete words) .380 -.014 .182 .459 .146 -.120 .425

Delayed Recall .058 -.026 .079 .213 .900 .028 .866
Immediate Recall .571 -.008 -.050 .038 .739 -.038 .877

Benton (correct on others) .113 .047 .269 -.142 .058 .741 .653
Benton (correct on self) .125 -.013 -.011 .341 -.043 .734 .684

Factor 1 (27% of the variance) loaded highly on memory for faces, the total score on the 

pegboard, short-term auditory memory, the pitch and rhythm (Seashore), copying, 

visual sequential memory for symbols (Aston); somewhat lower on short-term visual 

memory and Immediate Recall (BAS) and lower still on memory for concrete and abstract 

words. Since memory functions (recognition, sequencing and recall) were involved, as 

well as aspects of visual and auditory perception, this factor appears to represent a visual 

and auditory memory and motor skills factor. Factor 2(11%) which appeared in the
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preliminary analysis, reappeared, having high loadings on right handedness and right 

footedness and a negative loading on left footedness. Factor 3 (10%) loaded highly on 

Matching (BAS), finger agnosia and Recall of Designs (BAS) and less highly on visual 

sequential memory for pictures (Aston) which are all in some way aspects of form 

perception. Factor 4 (6%) loaded highly on ability to recall the months of the year in 

sequence, followed by memory for abstract words and to a lesser extent visual sequential 

memory for pictures (Aston) and memory for concrete words. This factor can be 

interpreted as a sequencing factor. Factor 5 (5%) loaded highly on Delayed Recall (BAS) 

and Immediate Recall (BAS) and represented a memory factor. On Factor 6 (5%) the 

highest loadings were found on the tests of left-right orientation. The resulting six factors 

are named as for Study 1 and shown in Table 5.27:

Table 5.27. Summary Table of Factors

Factor 1: VP AM (Visual and Auditory Memory and Motor skills)
Factor 2: HAND (Handedness and Footedness)
Factor 3: FORM (Form perception)
Factor 4: SEQ (sequencing)
Factor 5: MEM (memory)
Factor 6: ORDEN (Left-right orientation)

5.3.1.3 Differences on the Factor scores derived from Study 1 measures

The means and standard deviations of the six factor scores are shown in Table 5.28.

The dyslexic group had significantly higher negative loadings on the visual and 

auditory memory and motor skills factor and sequencing factor indicating poorer 

performance on the tests of which these factors are comprised: memory, auditory 

discrimination, perceptual-motor skill and sequencing. No differences were found on 

the audiometry tests (Table 5.29).
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Table 5.28. Study 2 Regression Groups. Means and (SD’s) for the six cognitive factors.

Dyslexics
(n-18)

Non-dyslexics
(n=360)

t P22

VPAM -0.24 (0.5) -0.03 (0.4) 2.07 0.04
HAND 0.05(1.1) 0 .0 0 ( 1.0 ) -0.20 0.84
FORM 0.01 (0.9) 0.08 (0.9) 0.30 0.77
SEQ -0.83(1.3) 0.07 (1.0) 3.84 0.01

MEM 0.15(0.7) -0.01 ( 1.0) -0.69 0.49
ORIEN -0.21 (1.3) 0 .0 0 ( 1.0) 0.87 0.38

Table 5.29. Study 2 Regression Groups. Means and (SD’s) on the audiometry tests in 
Study 1.

Dyslexics
(n=21)

Non-dyslexics
(n=395)

t

Audiometrv
Left Ear 61.4 (26.7) 65.2 (37.3) 0.45 0.65
Right Ear (high) 18.3 (12.7) 22.0(15.4) 1.07 0.29
Right (low) 46.4 (20.0) 49.2 (21.6) 0.57 0.57

5.3.1.4 Laterality

No significant differences were found on the measures of foot or ear dominance, with 

right, left and mixed dominance fairly evenly distributed between groups (Figures 5.9 & 

5.10). An interesting, in view of controversy concerning the relationship between mixed 

laterality and reading, difference was found for eye dominance; a significantly higher 

percentage of children in the dyslexic group had shown left or mixed eye dominance five 

years earlier (Figure 5.11). In ten of the twelve dyslexic children (83%) left eye 

preference was associated with right handedness. Mixed, or unstable, eye preference was 

likewise associated with right handedness. However, a similar pattern was observed for
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the non-dyslexics, in 85% of cases left eye preference was associated with right 

handedness and 80% of those showing unstable eye preference were also right handed. 

This indicates that crossed laterality is not associated uniquely with dyslexia in the present 

study.
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Figure 5.9. Study 2 Regression Groups. Percentage of individuals previously showing
right, left and mixed foot preference.
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Figure 5.10. Study 2 Regression Groups. Percentage of individuals in each group 
previously showing right, left and mixed ear preference.
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Figure 5.11. Study 2 Regression Groups. Percentage of individuals previously showing
right, left or mixed eve dominance
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5.3.1.5 Teacher Questionnaire

A series of nonparametric tests (Chi-square) were used to determine whether the dyslexic 

and non-dyslexic groups identified in Study 2 were perceived differently by their class 

teachers five years earlier.

5.3.1.5.1 Family structure

Five years prior to assessment in Study 2, the majority of children in both the dyslexic 

(71%) and the non-dyslexic (79%) groups were living in a two parent family (ns) and 

there were no significant differences in the number of divorces or separations. English 

was the first language for over 91% of each group.
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5.3.1.5.2 Parental attitude

Assessing parental attitude to school, the teachers found 84% of the non-dyslexics 

parents to be supportive, with the remainder classified as not interested ( 10%) or over

anxious (7%). For the parents of the dyslexics the pattern was similar, but with a 

greater proportion of parents reported to be over-anxious. However, this difference 

were not significant (see Table 5.30).

Table 5.30. Study 2 Regression Groups. Previous parental attitude towards school. 
(Teacher Reports).

Dyslexics
n=20

Non-dyslexics
n=357

chi-sq.

Parental attitude 0.28 0 .87
Not interested 2 ( 10%) 33 (9%)
Supportive 16 (80%) 299 (84%)
Over-anxious 2 ( 10%) 25 (7%)

5.3.1.5.3 Children’s work

There were no reported differences in school attendance between the two groups, with 

both groups having between 11 and 12 days absence a year (t=0.17, df, 352, ns). 

Judgements about the standard of work of those in the dyslexic group showed that 

five years ago there was much more variation in the standard of work for the dyslexics 

than the controls. A large percentage had a below average standard of work but a 

proportion (20%) also had an above average standard of work (see Figure 5.12).
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Figure 5.12. Study 2 Regression Groups. Previous general standard of work relative
to the class (Teacher Reports).
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Teachers’ statements regarding the difficulties children experience in school, suggest 

that the dyslexics had significantly greater difficulty with reading and spelling five 

years earlier than the non-dyslexics (see Figure 5.13). These difficulties did not, 

however, extend to the other domains tested: writing (chi=1.04, df=l, ns), maths 

(chi=0.55, df=l, ns), speech (chi=0.82, df=l, ns), language (chi=0.00, df=l, ns), 

directions (chi=1.52, df=l, ns) or instructions (chi=0.14, df=l, ns).

4
A v e r a g e  Below Average

STANDARD OF WORK
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Figure 5.13. Study 2 Regression Groups. Reading and Spelling problems (Teacher
Reports).
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5.3.1.5.4 Remedial help, speech therapy and psychological referral

A significantly greater number of dyslexics than controls had received remedial help 

for reading and spelling difficulties. A greater number had also been referred to a 

speech therapist (see Figure 5.14). Rates of referral to an educational psychologist, 

however, did not differ significantly between the two groups (chi=2.96; df= 1; ns).
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Figure 5.14. Study 2 Regression Groups. Percentage receiving remedial help and
speech therapy (Teacher Reports)
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5.3.1.5.5 Coordination

No significant differences were found between the current dyslexic and non-dyslexic 

groups identified by regression on any of the previously assessed aspects of 

coordination (See Table 5.31). This was in contrast to measures of general 

coordination and coordination for gross motor skills which had differentiated the 

dyslexic groups at time 1.
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Table 5.31. Study 2 Regression Groups. Numbers of children previously showing
below  average coordination (Teacher Reports).

Dyslexics Non-dyslexics chi-sq. P22

General coordination 5 (24%) 60(16%) 2.43 .30
Physical education 4(19%) 61 (17%) 3.80 .15
Ball games 5 (24%) 60(17%) 3.25 .20

Writing 7 (33%) 100 (27%) 3.48 .18
Handiwork 6 (30%) 68(19%) 5.32 .07

5.3.1.5.6 Behavioural and Emotional characteristics

The dyslexic and non-dyslexic group were not characterised by significantly different 

performance on any of the three subscales derived from the Rutter Children’s 

Behaviour Questionnaire five years previously or the total score (see Table 5.32).

Table 5.32. Study 2 Regression Groups. Means and (SD’s) of the Rutter Children’s 
Behaviour Questionnaire scores in Study 1 (Teacher Reports).

Rutter Questionnaire Dyslexics Non-dyslexics t P*
Total score 5.24 (5.4) 4.18(5.1) -0.93 .35
Antisocial 0.62 (.98) 0.65 (1.5) .09 .93
Neurotic 1.38(1.6) 0.88 (1.3) -1.74 .08
Attention 1.71 (1.8) 1.03(1.7) -1.79 .08

Teacher ratings of general behaviour did not significantly differentiate the current 

groups (see Table 5.33).
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Table 5.33. Study 2 Regression Groups. Previously rated general behaviour
(Teacher Reports).

Dyslexic
n=21

Non-dyslexic
n=370

chi-sq. P^

G eneral B ehaviour 
No problem 
Mild problem 
Odd outbursts 
Constant problem

13 (62%) 
8 (38%)

250 (68%) 
86 (23%) 
10 (3%)
24 (7%)

3.84 0 .28

Teachers were asked about seven further aspects of more specific behaviour. As can 

be seen from Table 5.34, no significant differences were found on any of the 

measures of misbehaviour.

Table 5.34. Study 2 Regression Groups. Number of children previously showing 
particular behaviour characteristics (Teacher Reports).

Dyslexic Non-dyslexic chi-sq. P*
Tendency toward vandalism - 5(1%) 0.00 1.0

Disruptive 9 (43%) 103 (28%) 1.54 .21

Insolent - 20 (5%) 0.34 .56
Trouble maker 2 ( 10%) 19 (5%) 0.14 .71
Taking others property 1 (5%) 15 (4%) 0 .00 1.0

Verbally aggressive - 34 (9%) 1.11 .29
Physically aggressive 1 (5%) 42(11%) 0.34 .56

Figure 5.15 suggests that although the teachers found some pupils in both groups to 

have emotional problems, these tended to be more severe in the dyslexic group.
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Figure 5.15. Study 2 Regression Groups. Previous emotional problems (Teacher

Reports).
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EMOTIONAL DIFFICULTIES

Results of a Five point rating scale on five dimensions revealed no significant 

differences between the dyslexics and non-dyslexics on any of the 4 dimensions: 

aggressive-submissive, easygoing-anxious, extravert-introvert, or mature-immature 

dimension. Nor did the degree of motivation, as perceived by the teachers five years 

earlier, differentiate between the groups. (See Table 5.35).
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Table 5.35. Study 2 Regression Groups. Previous level of motivation (Teacher
Reports).

Dyslexic
n=21

Non-dyslexic
n=364

chi-sq. p^

M otivation level 1.13 0 .57
Highly motivated 11 (52%) 182 (50%)
Averagely 4(19%) 104 (29%)
Lazy 6 (29%) 78 (21%)

Similarly, neither the number and kind of friendships that a child formed in primary 

school, nor the peer relationships differed significantly between the two current 

groups.

Table 5.36. Study 2 Regression Groups. Previous friendships and peer relations 
(Teacher Reports).

Dyslexic Non-dyslexic chi-sq.
No. o f  F riends 

None
Few/one close 
Many

2 ( 10%)
8 (40%) 
10 (50%)

25 (7%) 
155 (42%) 
189 (51%)

0.31 . 8 6

P eer R elationsh ips 
Follower 
Negative leader 
Positive leader 
Disliked

10 (48%)

8 (38%) 
3(14%)

209 (57%) 
23 (6%)
92 (25%) 
46(12%)

3.0 .39
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5.3.1.6 Parent Questionnaire

For the dyslexic group, all the interviews were conducted with the mother. For the 

non-dyslexics, almost 90% were conducted with the mother, the remaining 10% with 

either the father (1%) or with adoptive parents (9%).

5.3.1.6.1 Parents age and education

There were no significant differences in the age of the mother or father when the 

subject was bom or in the number of years the parents of each group had spent in full

time education (see Table 5.37).

Table 5.37. Study 2 Regression Groups. Mean parental age (SD) when subject was 
bom and mean number of years (SD) spent bv parents in full-time education (Parent 
Reports).

Dyslexics
(n=17)

Non-dyslexics
(n=329)

t P*

Mother's age 23.5 (4.3) 25.6 (6.4) 1.30 0.20

Father's age 26.1 (4.3) 28.0 (7.1) 1.1 0.28
Years in Education (M) 11.0 ( 1. 1) 11.8 (6 .2) 0.51 0.61
Years in Education (F) 11.2 (2 .0 ) 11.1 (2 .6) -0.27 0.79

There were no significant differences in either father's or mother's occupation, the 

majority having occupations placing them in social classes II, IV or V. Nor were there 

significant differences in the number of children in the family. The average number of 

children in the families of the dyslexic subjects was 2.6 and in the non-dyslexics 2.3 

(t=-1.71 ,df 348, ns).
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5.3.1.6.2 Early and current reading skills

As can be seen from Table 5.38, there were no significant differences in early literacy 

skills between the dyslexics and non-dyslexics. The ability to read and/or write before 

the start of formal school did not differentiate the groups.

Table 5.38. Study 2 Regression Groups. Reading ability before the start of formal 
school (Parent Reports)

Dyslexics
n=17

Non-dyslexics chi-sq. p 
n=329

R eading ab ility 0 .86  .65
Not at all 11(65%) 198 (60%)
Odd words 5 (29%) 86 (26%)
Simple books 1 (6%) 45(14%)

Table 5.39. Study 2 Regression Groups. Writing ability before the start of formal 
school (Parent Reports).

Dyslexics
n=17

Non-dyslexics cbi-sq. p 
n=330

W riting ab ility 0 .26  . 8 8

Not at all 13 (76%) 250 (76%)
Odd words 4 (24%) 75 (24%)
Simple words - 5 (2%)

There were no significant differences in the amount the child was read to at home, 

either currently (i.e. five years ago) or in the past (as small children) or in the amount 

the child read to himself.
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Table 5.40. Study 2 Regression Groups. Frequency child was read to and read alone
(Parent Reports).

Dyslexic Non-dyslexic chi-sq. P
Read to w hen sm all 

Not at all 
Occasionally 
Often

(n=17)

2 ( 12%) 
15 (88%)

(n=331)
12 (4%)
49 (15%) 
270 (81%)

0.81 .67

Read to curren tly
Not at all
Occasionally
Often

(n=16)
6 (37.5%) 
6 (37.5%) 
4 (25%)

(n=329) 
172 (52%) 
119(36%) 
38 (12%)

2 .92 .23

Child reads alone 
Not at all 
In Phases 
Often

(n=16) 
2 ( 12%) 
7 (44%) 
7 (44%)

(n=331)
25 (8%)
78 (23%) 
228 (69%)

4 .4 4 . 1 1

As can be seen from Figure 5.16, five years ago, parents of 62% of the non-dyslexic 

group reported their child having no problems with work, whereas parents of 71% of 

the dyslexic group reported problems ranging from mild to severe (p<.001).
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Figure 5.16. Study 2 Regression Groups. Previous problems with schoolwork
(Parent Reports).
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5.3.1.6.3 Reading and/or Spelling Problems in the Family

No significant differences were found in reported incidence of reading and spelling 

problems in the close families of the dyslexics and non-dyslexics (see Table 5.41).

Table 5.41. Study 2 Regression Groups. Reading and Spelling problems in the family 
(Parent Reports).

Dyslexics Non-dyslexics chi-sq. p^
n=17 n=329

Reading 10(59%) 117(36%) 2.83 .09
Spelling 8 (48%) 136 (41%) 0.05 .83

5.3.1.6.4 Behavioural and Emotional characteristics

No significant differences were found between groups in items from the Rutter 

Children’s Behaviour Questionnaire answered by the parents. Nor were any
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significant differences found on the child’s initial reaction to school, whether he or 

she enjoyed school, the number of changes of school, or the number and ease with 

which he or she made friends.

5.3.2 Dyslexics identified bv Cluster Analysis

Thirty-three children fell into the dyslexic cluster in Study 2. The performance of this 

group was compared to that of the four other clusters also identified in Study 2 on 

measures from Study 1.

Table 5.42. Study 2 Cluster Groups. Means and (SD’s) for IQ. reading and spelling 
assessed in Study 1.

1
(n=116)

2
(n=19)

3

(n=67)

Dyslexic

(n=33)

5

(n=181)

P*

VIQ 102.1 (14.6) 100.7 (14.3) 105.1 (15.6) 99.7(10.1) 99.1 (13.1) .03

PIQ 106.8 (13.4) 96.2(13.0) 102.7 (12.4) 111.2(10.6) 109.3(12.1 .001
FIQ 104.5 (13.4) 98.3(13.3) 104.4(13.9) 105.4 (9.7) 104.1 (12.4) .36

SCHRA 117.3(15.3) 121.0(16.3) 99.0 (16.2) 88.9 (7.2) 99.0 (13.3) .001
SCHSA 111.4(17.5) 115.2(17.1) 91.4(17.5) 81.9 (9.2) 91.4(15.5) .001
NLAAR 118.6(15.4) 121.1 (15.3) 101.0(16.3) 91.4 (8.7) 100.7(13.5) .001
NLACR 113.7(18.4) 110.6(18.3) 105.2 (18.2) 95.0(13.4) 102.0(16.3) .001

Note: SCHRA, SCHSA=Schonell Reading and Spelling ages; NLAAR, NLACR, Neale Accuracy and 
Comprehension reading ages

The same pattern of performance found in Study 2 was found across all the reading 

related measures in Study 1; consistently superior performance by Groups 1 and 2, 

average performance by Groups 3 and 5 and poor performance by the dyslexic group. 

Post hoc test confirmed this pattern for reading and spelling: dyslexics < 5,3 < 1,2. 

Group 5 were significantly poorer on Verbal IQ than Group 3. For Performance IQ the 

pattern was: 2 < 3 < 1, 5, 4. In spite of significant differences on the subscales no
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significant differences were found on Full IQ. It appears that over the five year period, 

the discrepancy between Performance and Verbal IQ found in Study 1 increases in all 

the groups, except Group 2, resulting in differences in Full Scale IQ in Study 2 (see 

Table 5.13).

Significant differences between the cluster groups were found on the six ability- 

achievement discrepancies present at age eight (Table 5.43). Post hoc comparisons 

were made using Duncan’s Multiple Range Test. On the Performance IQ 

discrepancies, a clear pattern emerged. The pattern was: 2 <1 < dyslexic, 6 , < 5. On the 

Verbal discrepancies relative to Neale Accuracy and Schonell Spelling 2, 1 < 6 , < 

dyslexics, 5. Significant differences were found between all groups, except the 

dyslexics and Group 5 for the VIQ-Schonell Reading discrepancy.

Table 5.43. Study 2 Cluster Groups. Means and (SDVs for the six abilitv-achievement 
discrepancies derived in Study 1.

1

(n=101)
2
(n-17)

SOII
_ 

G

Dyslexic
(n=32)

5
(n=160)

Ps

VIQ- SCHRS 9.5 (.81) 9.1 (.96) 10.7 (.84) 11.0 (.48) 10.4 (.59) .001

VIQ- SCHSS 9.4 (.92) 9.1 (.94) 10.7 (.82) 10.9 (.58) 10.4 (.65) .001

VIQ- NLAAS 9.4 (.89) 9.1 (.90) 10.7 (.79) 11.0 (.48) 10.3 (.62) .001

PIQ-SCHRS 9.6 (.95) 8.9 (1.1) 10.6 (.96) 11.5 (.44) 10.9 (.74) .001

PIQ-SCHSS 9.7 (1.0) 8.9 (.96) 10.6 (.93) 11.4 (.50) 10.9 (.73) .001

PIQ-NLAAS 9.6 (.98) 8.8  (.91) 10.5 (.90) 11.5 (.45) 10.8 (.73) .001

Note: SCHRS, SCHSS=Schonell Reading and Spelling scores; NLAAS =Neale Accuracy

5.3.2.1 Cognitive factors

Mean scores on the six factors were compared between groups. Verbal and Performance 

IQ were used as covariates as the cluster groups differed significantly on these variables
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in Study 1, when the measures from which the factors were comprised were assessed. 

Means, standard deviations and F-values for the five groups are shown in Table 5.44.

Table 5.44. Study 2 Cluster Groups . Means and (SD’s) on the six factors from Study 1.

1 2 3 4 5 ANCOVA

(n=108) (n=17) (n=63) (n=29) (n=161) F
VPAM 0.06 (.37) 0.14 (.38) -0.18 (.47) -0.02 (.39) -0.08 (.44) 5.73 .001

HAND 0.11 (.89) 0.00 ( 1.0) -0.01 ( 1.0 ) -0.41 (1.4) 0.01 ( 1.0) 1.64 .16
FORM 0.11 (.82) -0.09 (.84) -0.32 ( 1.0 ) 0.36 (.90) 0.17 (.91) 3.0 .02

SEQ 0.29 (.83) 0.35 ( 1.0) -0.01 ( 1. 1) -0.49 ( 1. 1) -0.07 (.96) 4.24 .002

MEM -0.17 (.94) 0.04 ( 1. 1) 0.06 (.78) 0.15 (.92) 0.05 ( 1.0) 1.20 .31
ORIEN 0.14 (.82) -0.20 (.88) -0.10 ( 1. 1) -0.32 (1.3) 0.01 ( 1.0) 1.77 .14

The dyslexic group identified in Study 2 appear to be characterised by superior spatial 

ability as evidenced by a high loading on the FORM factor in Study 1. They were also 

characterised by markedly poorer performance on the sequencing factor. No significant 

differences were found on the audiometry for the left (F=.727; df=4,405 p=.574) or right 

ears, low pitch (F=.933; df=4,405; p=.445) or high pitch (F=.527; df=4, 405; p=.716). 

Differences compared using chi-square between groups for foot or ear preference or eye 

dominance did not approach significance.

5.3.2.2 Teacher Questionnaire

5.3.2.2.1 Family structure

Looking back at the family structure of the children in the different clusters as reported 

by their primary school teachers, Table 5.45 shows that the majority of children in all 

of the five groups were in families with two parents, this included remarriages. This 

was in contrast to Group 2 where almost a third of children were living in single
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parent families, either the mother only (26%) or the father only (5%). A proportion of 

children in each group were adopted or living with relatives, this was highest in Group 

1. These differences were significant.

Table 5.45. Study 2 Cluster Groups. Number of children from two parent families, 
single parent families or adopted (Teacher Reports).

1
(n=103)

2
(n=19)

3
(n=60)

4
(n=30)

5 chi-sq. p£ 
(n=166)

Fam ily 19.58 .01
Two parent 89 (86%) 12(63%) 50 (84%) 27 (90%) 149 (90%)
Single parent 6 (6%) 6 (32%) 8 (13%) 2(7%) 10 (6%)
Adopted 8 (8%) 1 (5%) 2 (3%) 1 (3%) 7 (4%)

No significant differences were found in terms of whether the parents had divorced or 

separated, but when a divorce did occur teachers reported higher levels of disruption 

for those in Group 2 (see Table 5.46).

Table 5.46. Study 2 Cluster Groups. Number of children experiencing divorce and 
associated disruption (Teacher Reports).

1
(n=104)

2
(n=18)

GROUPS 
3 4 
(n=59) (n=30) 9 II CT\

chi-sq. p s

Div/sepa ration 14 (14%) 4 (22%) 7(12%) 4(13%) 22(13%) 1.30 .86

(n=105) (n=19) (n=59) (n=30) (n=167)
Disruption 17 (17%) 9 (47%) 7(12%) 6(20%) 2 0 ( 12%) 17.38 .01
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5.3.2.2.2 Parental attitude

Parental attitude to school five years before did not differentiate the current groups. 

See Table 5.47.

Table 5.47. Study 2 Cluster Groups. Parents previous attitude to child’s schooling 
(Teacher Reports).

1
(n=103) SM

O
ii 00 'w
' 3

(n=60)
4
(n=29)

5 chi-sq. 
(n=167)

Parental a ttitude 11.32 0 .1 8
Uninterested 13(13%) 3(17%) 5 (8%) 4(14%) 10 (6%)
Supportive 86 (83%) 13 (72%) 47 (79%) 24 (83%) 145 (87%)
Over anxious 4 (4%) 2 ( 11%) 8 (13%) 1(3%) 12 (7%)

5.3.2.2.3 Child’s work

Attendance at primary school did not differentiate the groups. The average number 

absence days off a year was twelve, with means for the groups ranging from 10 for 

the dyslexic group to 16 for Group 2. The current cluster groups could, however, be 

separated on the basis of their general standard of work five years ago as assessed by 

their class teachers. As can be seen from Figure 5.17, the number of children with 

work reported to be ’below average* was greatest in the dyslexic group and lowest in 

Group 1, where over 50% of the children were reported as having ’above average’ 

standards of work.
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Figure 5.17. Study 2 Cluster Groups. Previous standard of schoolwork
(Teacher Reports).
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Judgements five years earlier made by teachers as to whether individual children had 

problems with specific areas revealed significant differences (Figure 5.18). A higher 

percentage of the dyslexic group was consistently shown to have problems with 

reading (chi sq.=70.4; df=4; p<.001), spelling (chi sq.=57.6; df=4; p<.001), writing 

(chi sq.=23.0; df=4; p<.001), maths (chi sq.= 10.7; df=4; p<.05) and following 

instructions (chi sq.= 12.6; df=4; p<.05 ). No differences were found for speech (chi 

sq.=7.64; df=4; ns), Language (chi sq.=7.28; df=4; ns), or following directions (chi 

sq.=6.57; df=4; ns).
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Figure 5.18. Study 2 Cluster Groups. Previous difficulties with schoolwork
(Teacher Reports).
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5.3.2.2.4 Coordination

Figure 5.19 indicates that levels of general coordination significantly differentiated the 

groups as did coordination for fine motor skills: writing, drawing and handiwork. No 

differences were found for gross motor skills: physical education (chi-sq=19.0; df=8; 

ns) and ball games (chi-sq=13.0; df=8; ns).
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Figure 5.19. Study 2 Cluster Groups. General coordination in Study 1 (Teacher

Reports).
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Figure 5.20. Study 2 Cluster Groups. Coordination in Study 1 - Writing & Drawing 
(Teacher Reports).

Below a ver ag e  A v e r a g e  Above  av era ge
WRITING & DRAWING
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Figure 5.21. Study 2 Cluster Groups. Coordination -sewing/woodwork in
Study 1 (Teacher Reports)
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5.3.2.2.5 Remedial help, speech therapy and psychological referral

Significant differences were found between the groups according to whether they had 

remedial help in the past (chi-sq.=40.1; df=4; p<.001). Almost 50% of the current 

dyslexic group had had remedial help. This was in contrast to around 30% of the 

children in Groups 3 and 5 and less than 6% in Groups 1 and 2. No significant 

differences were found in incidence of referral to a speech therapist (chi-sq.=6.02; 

df=4; ns) but a higher proportion of children in Group 3 had been referred to a 

psychologist (chi-sq.=15.0; df=4; p<.01). See Figure 5.22.
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Figure 5.22. Study 2 Cluster Groups. Percentage of children previously receiving
Remediation. Speech or Educational therapy (Teacher Reports).
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5.3.2.2.6 Behavioural and Emotional characteristics

Neither the total obtained on the Rutter Behaviour Questionnaire, nor performance on 

the antisocial or neurotic subscales differed significantly between groups. Significant 

differences were found, however, between the groups on the measure of attention. 

Groups 3 and 4 had higher scores on this measure suggesting that they had been 

perceived by the teachers five years previously as more easily distractible than their 

peers.
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Table 5.48. Study 2 Cluster Groups. Mean Rutter total. Neurotic. Antisocial and
attention scores in Study 1 (Teacher Reports).

1
(n=104)

GROUP 
2 3 
(n=18) (n=58)

Dyslexic
(n=30)

5
(n=173)

F P*

Total score 3.5 (4.1) 4.68 (6.4) 5.39 (5.1) 5.0 (5.8) 4.09 (5.3) 1.89 .11

Neurotic 0.73 (1.1) 0.74 (.66) 0.97 (1.2) 0.90(1.2) 1.02(1.4) .972 .42
Antisocial 0.48 (1.1) 0.63 (1.5) 0.88(1.6) 0.80(1.1) 0.64(1.6) .884 .47
Attention 0.73 (1.6) 1.06(1.8) 1.42(1.6) 1.47 (1.8) 1.08 (1.79) 2.63 .03

No significant differences were found on general behaviour, as perceived by the 

teachers in the classroom situation (see Table 5.49).

Table 5.49. Study 2 Cluster Groups. Previous behaviour problems 
(Teacher Reports).

00oII 2
n= 19

GROUP
3
n=62

Dyslexic
n=30

5 chi-sq. ps 
n=172

B ehaviour 15.75 .47
No problem 83 (76%) 12 (63%) 41 (66%) 18 (60%) 109 (63%)
Occasional 15 (14%) 3(16%) 12(19%) 4(13%) 29 (17%)
Mild 4 (4%) 1 (5%) 4 (7%) 5 (17%) 17(10%)
Odd outburst 2 (2%) 1 (5%) 3 (5%) 1 (3%) 3 (2%)
Constant 4 (4%) 2 ( 11%) 2(3%) 2 (7%) 14 (8%)

No significant differences were found on six of the measures of misbehaviour. 

However, more individuals in the dyslexic group than in the other four groups were 

rated as disruptive five years before (Table 5.50)
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Table 5.50. Study 2 Cluster Groups. Number and (%) of children previously showing
particular behaviour characteristics (Teacher Reports).

1
(n=109)

2
(n=19)

GROUP
3
(n=62)

Dyslexic
(n=30) II H-*

chi-sq.

Vandalism - - - - 5 (3%) 6.51 .16
Disruptive 22  (20%) 6(32%) 19(31%) 15 (50%) 50 (29%) 10.74 .03
Insolent 4 (4%) 1 (5%) 3 (5%) 3(10%) 9 (5%) 1.96 .74
Troublemaker 6 (6%) - 1 (2%) 3(10%) 1 1 (6%) 4.45 .35
Takes property 2 (2%) 2(11%) 2(3%) 1 (3%) 9 (5%) 4.18 .38
Verbally aggressive 1 1 ( 10%) 4(21%) 4(7%) 2(7%) 13 (8%) 4.72 .32
Physically aggressive 7 (6%) 2(11%) 9(15%) 4(13%) 2 1 ( 12%) 3.57 .47

As can be seen from Table 5.51 no significant differences were found between the 

groups in the emotional problems reported by teachers.

Table 5.51. Study 2 Cluster Groups. Number and (%) of children previously 
perceived as having no emotional problems (Teacher Reports).

1 2
GROUPS
3 Dyslexic 5 chi-sq. poooIIa n=19 n=59 n=30 n=170

No problems 74 (69%) 13 (68%) 41 (70%) 16 (53%) 112(62%) 2.81 .59

Levels of motivation at the time of the first assessment five years ago did not 

significantly differentiate the groups (see Table 5.52).
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Table 5.52. Study 2 Cluster Groups. Child’s previous levels of motivation (Teacher
Reports).

O
N

oII

2
n=18

GROUP
3
n=61

Dyslexic
n=30

5 chi-sq. p 
n-167

M otivation 9 .2 7  .32
Highly 62 (57%) 7 (39%) 24 (39%) 14(47%) 86(51%)
Average 31 (28%) 5 (28%) 18 (30%) 9 (30%) 45 (27%)
Lazy 16(15%) 6  (33%) 19(31%) 7 (23%) 36 (22%)

Concerning trait ratings in relation to the class, no differences were found on any of 

the four dimensions rated on a five point scale: aggressive-submissive, extravert- 

introvert, mature-immature and easy going - anxious.

Table 5.53. Study 2 Cluster Groups. Previous friendships and peer relations (Teacher 
Reports).

1
(n=109)

2
(n-19)

GROUP
3
(n=61)

Dyslexic
(n=29)

5
(n=171)

chi-sq. Ps

N o. o f  F riends 8 .93 .35
None 6 (6%) 3 (16%) 7 (12%) 2(7%) 9(5%)
Few/one close 39 (36%) 9 (47%) 25(41%) 12(41%) 78 (46%)
Many friends 64 (59%) 7 (37%) 29 (48%) 15 (52%) 84 (49%)

R elationsh ips (n=109) (n=19) (n=62) (n=30) (n=171) 10.39 .58
Follower 58 (53%) 8 (42%) 34 (55%) 16 (53%) 103 (60%)
Negative leader 6 (6%) 2 ( 11%) 1 (2%) 2(7%) 12 (7%)
Positive leader 29 (27%) 7 (37%) 15 (24%) 8 (27%) 41 (24%)
Disliked 16(15%) 2 ( 11%) 12(19%) 4(13%) 15 (9%)
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5.3.2.3 Parent Questionnaire

The mother was the principal interviewee in all groups: 90% of cases in group 1, 78% 

in group 2, 93% in group 3, 100% in group 4 and 88% in group 5. The differences in 

these proportions between groups did not approach significance (chi-square= 12.07, df 

16, p=.74).

5.3.2.3.1 Parents age and education

As can be seen from Table 5.54, group membership was not differentiated by 

differences in age of the mother or father when the child was bom, or in the number of 

years either parent had spent in full time education.

Table 5.54. Study 2 Cluster Groups. Mean parental age and (SD) when subject was 
bom and mean number of years (SD) spent bv parents in full-time education (Parent 
Reports).

1
(n=93)

2
(n=15)

GROUP
3
(n=60)

Dyslexic 5 
(n=28) (n=144)

F Ps

Age(M) 25.8 (6.5) 26.5 (5.5) 26.2 (7.5) 23.9(7.1) 25.1 (5.6) .944 .44
Age (F) 28.3 (7.8) 29.1 (6.7) 28.1 (7.4) 26.5 (7.7) 27.8 (6.1) .471 .76
Education (M) 12.0 (8 .2) 10.6 ( 1.0) 12.4 (9.2) 10.6 (.99) 11.6(2.9) .611 .66

Education (F) 11.0 (2.3) 12.1 (3.1) 11.1 (3.2) 11.1 (2.3) 11.0(2,4) .53 .72

No significant differences were found in either the occupation of the mother or father.
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Table 5.55. Study 2 Cluster Groups. Fathers & mothers occupation by group in Study
1 (Parent Reports).

1
(n=92) 11 u>

GROUPS
3
(n=58)

Dyslexics
(n=26)

5
(n= 140)

chi-sq. p s

Fathers 8 .40  .94
SESI&n 16(17%) 3 (23%) 16 (28%) 4(15%) 33 (23%)
sEsra,iv&v 65 (71%) 9 (69%) 34 (59%) 19 (73%) 92 (66%)
Armed Forces 2 (2%) - 3 (5%) - 4(3%)
Unemployed 6 (7%) 1 (8%) 2 (3%) 2 (8%) 8 (6%)
Does not apply 3 (3%) - 3(5%) 1 (4%) 3 (2%)

M others (n=96) (n=15) (n=60) (n=28) (n=146) 14.24 .08
SESI&n 11 ( 11%) - 13 (22%) 1 (4%) 12 (8%)
sEsm,rv&v 49(51%) 6 (40%) 26 (43%) 17(61%) 76 (52%)
Housewife 36 (38%) 9 (60%) 21 (35%) 10 (35%) 58 (40%)

5.3.2.3.2 Early and current reading skills

No significant differences were found between the current groups on early reading and 

writing skills. Similar proportions of children across all five groups had no reading 

and writing ability before the start of formal school.
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Table 5.56. Study 2 Cluster Groups. Reading and writing ability before the start of
formal school (Parent Reports).

1
(n=96) II

(N

GROUP
3
(n=60)

Dyslexic
(n=28)

5 chi-sq. 
(n=147)

Ps

R eading 10.18 .25
Not at all 54 (56%) 9 (60%) 31 (52%) 19 (68%) 96 (65%)
Odd words 25 (26%) 4 (26%) 16(27%) 7 (25%) 39 (27%)
Simple books 17(18%) 2(13%) 13(21%) 2(7%) 12 (8%)

W riting (n=148) 8 .34 .40
Not at all 74 (74%) 10(67%) 41 (68%) 21 (75%) 117(79%)
Odd words 22 (23%) 4 (27%) 18 (30%) 7 (25%) 28(19%)
Sentences - 1(7%) 1 (2%) - 3(2%)

Table 5.57 suggests that the dyslexics are less likely to read alone than children in the 

control groups. There is also no indication that they were read to more frequently than 

children in the other groups either pre-school or at age eight.
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Table 5.57. Study 2 Cluster Groups. Frequency child read to and read alone (Parent
Reports).

1
(n=96)

2
(n=15)

GROUP
3
(n=60)

Dyslexics
(n=28)

5 chi-sq 
(n=149)

Ps

W hen sm all 12.45 .13
Not at all 2 (2%) - 1 (2%) 2(7%) 7 (5%)
Occasionally 1 1 ( 11%) 6 (40%) 7 (12%) 4(14%) 23 (15%)
Often 83 (87%) 9 (60%) 52(86%) 22 (79%) 119(80%)

F ive years ago (n=96) (n=15) (n=59) (n=27) (n=148) 15.63 .05
Not at all 55 (57%) 12 (80%) 22 (37%) 16 (60%) 73 (49%)
Occasionally 35 (37%) 2(13%) 27 (46%) 9 (33%) 52 (35%)
Often 6 (6%) 1 (7%) 10(17%) 2 (7%) 23(16%)

Reads alone (n=96) (n=15) (n=60) (n=26) (n=148) 30 .42 .0 1

Not at all 1 ( 1%) 1 (7%) 5 (8%) 6 (22%) 14 (9%)
In phases 17(19%) 4 (26%) 20 (34%) 10(37%) 36 (24%)
Often 78 (81%) 10 (66%) 35 (59%) 11 (41%) 99 (67%)

Figure 5.23 suggests that a significantly greater proportion of children in the dyslexic 

group have persisting severe problems with their work.
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Figure 5.23. Study 2 Cluster Groups. Previous problems with Schoolwork (Parent
Reports).
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5.3.2.3.3 Reading and/or Spelling Problems in the Family

As can be seen from Figure 5.24, parents of children in the dyslexic group tended to 

report a higher incidence of reading (chi-sq.= 7.33; df=4; ns) and spelling problems in 

immediate family members (chi-sq.= 10.4; df=4; p<.05). A high incidence was also 

found in groups 3 and 5.
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.Figure 5.24. Study 2 Cluster Groups. Incidence of reading and/or spelling problems
in close family members reported in Study 1 (Parent Reports).
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5.3.2.3.4 Behavioural and Emotional characteristics

No significant differences were found between groups in items from the Rutter 

Children’s Behaviour Questionnaire answered by the parents.

5 .3 .3  R egression  and c lu ste r com pared

The relationship between the method of identification as dyslexic in Study 2 and 

performance in Study 1 was examined by comparing the means on the IQ reading and 

spelling tests from Study 1 for those identified as dyslexic by both methods, by 

regression only and by cluster only. With the exception of a significant difference on 

Performance IQ, the regression only group having a significantly lower mean, no 

further significant differences were found between the groups (Table 5.58). This
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provides further evidence that the methods are identifying the same kind of children 

whose reading and spelling develop at a similar rate.

Table 5.58. Study 2 Groups. Means and (SD’s) of the reading, spelling and IQ 
measures for those defined as dyslexic bv both methods (BM). bv regression only (R) 
or by cluster only (C).

Measures Both methods Regression Cluster F
(n=19) (n=14) (n=14)

Age 100.6 (8.4) 104.7 (8 .6) 106.7(11.2) 1.81 .17
Verbal IQ 99.9 (11.2) 99.9(16.4) 99.3 (8 .8) .01 .99
Perf. IQ 112.6(9.3) 101.0 (8.3) 109.3 (12.2) 5.5 .01

Full IQ 106.3 (10.1) 100.4(12.1) 104.1 (9.3) 1.29 .28
Reading age 86.9 (6.5) 87.6(12.1) 91.4 (7.5) 1.11 .34
Spelling age 79.8 (8.9) 79.2(15.7) 84.7 (9.2) 1.0 .37
Neale Reading age 88.8  (7.4) 89.4 (13.0) 94.9 (9.4) 1.75 .19
Neale Comp, age 93.3 (13.8) 97.8 (17.2) 97.2(12.9) .47 .63

Once differences in Performance IQ had been taken into account, the only factor score 

which differentiated the groups was the visual and auditory memory and motor skills 

factor. The children identified uniquely by regression had a high negative loading on this 

factor indicative of poor performance on the tests of which it was comprised: memory, 

auditory discrimination, perceptual-motor skill and sequencing. These group was also 

characterised by a non-significant trend towards poorer performance on the sequencing 

factor (see Table 5.59).
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Table 5.59. Study 2 Groups. Means and (SD’s) on the factor scores for those defined as
dyslexic bv both methods (BM). bv regression only (R) and bv cluster only (C).

FACTORS Both methods 
(n=16)

Regression
(n=13)

Cluster
(n=13)

ANCOVA

F

VPAM -.08 (.36) -.46 (.44) .06 (.43) 3.70 .03
HAND -.41(1.1) .16 (.96) -.41 (1.4) 1.26 .29
FORM .24 (.96) -.23 (.73) .51 (.82) 2.08 .14
SEQ -.54 (1.2) -.98(1.1) -.43 (.98) .28 .76
MEM .02 (.86) .14 (.71) .30(1.0) .63 .54
ORIEN -.47(1.4) -.28 (1.3) - .1 2 ( 1.2) .31 .82

In view of the similarity between these three groups on the cognitive variables it was 

felt unnecessary to explore group differences further on the parent and teacher 

questionnaire data.
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5.3.4 Predictive Validity of Study 1 Measures

In order to determine whether the follow-up status of the sample i.e. dyslexic or non- 

dyslexic could be reliably determined from the set of measures in Study 1, which had 

significantly differentiated the Study 2 dyslexic groups, a series of step-wise 

discriminant analyses was performed.

5.3.4.1 Dvslexics identified bv Regression

The predictors used in the discriminant function analysis were: sex of the child, the six 

ability-achievement discrepancies and the scores on the visual and auditory memory and 

motor skills and sequencing factors. These were the variables on which the dyslexics 

and the controls differed in Study 1. The two groups to be discriminated were dyslexic 

and non-dyslexic in Study 2. In order to minimise the exclusion of cases due to missing 

data, variables from the parent and teacher questionnaires were not used. These 

included: standard of the child's school work, whether or not the child had difficulties 

with reading and spelling, the amount of remedial help or speech therapy received, the 

presence of emotional problems, and whether parents reported difficulties with school 

work. Their use would have resulted in too small a dyslexic group relative to the 

number of predictors.

O f the original 416 cases, sixty-five had at at least one factor score missing so were 

excluded from the analysis. The resulting sample was comprised of 351 cases of which 

18 were in the dyslexic group. Prior probabilities for membership in the dyslexic and 

non-dyslexic groups were .05 and .95 respectively.

Two of the variables included contributed significantly to correct prediction of Study 2 

outcome status: the discrepancy between a measure of prose reading and Verbal IQ and 

performance on the sequencing factor. One discriminant function was derived with chi-
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square (2) = 37.16 indicating that it is statistically unlikely that dyslexics and non- 

dyslexics have the same mean on the discriminant function (p<.001). The loading 

matrix of correlations between predictors and discriminant functions, seen in Table 

5.60 suggests that the best predictors for distinguishing between dyslexics and non- 

dyslexics are underachievement relative to Verbal IQ in prose and single word reading. 

In addition the dyslexics had a high negative loading on the sequencing factor 

(mean = -0.83) compared to the non-dyslexics (mean = .07) indicating poorer 

sequencing ability. The dyslexic group also had a higher boy:girl ratio. Loadings less 

than .30 were not interpreted (Tabachnick & Fidell, 1989).

Table 5.60. Study 2 Regression Groups. Results of Discriminant function analysis

Correlations of 
predictor variables
with discrim function

Univariate P*
PREDICTOR VARIABLE 1 F( 1,349)

VIQ- Neale Accuracy 0.91 32.36 .001

VIQ- Schonell Reading 0.86 31.39 .001

VIQ-Schonell Spelling 0.78 22.70 .001

PIQ- Neale Accuracy 0.78 20.96 .001

PIQ- Schonell Reading 0.72 19.80 .001

PIQ- Schonell Spelling 0.69 15.13 .001

SEQ -0.60 14.29 .001

SEX 0.30 2.47 .12

VPAM -0.26 4.2 .04

On the basis of this discriminant function, 95% of cases were correctly classified. This 

high classification rate was achieved by classifying the majority of cases as non- 

dyslexic. Although 95% of the cases were actually not dyslexic, the classification 

scheme using sample proportions as prior probabilities classified almost 100% in this
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group. Only one case was correctly classified as dyslexic. Furthermore, based on the 

prior probabilities for this sample (.95 and .05 for the non-dyslexics and dyslexics 

respectively) 91% would be correctly classified by chance alone. In summary this 

suggests that although group membership at time 2 was characterised by significant 

differences on a number of variables at time 1, these could not be reliably combined to 

predict group membership.

5.3.4.2 Dyslexics identified bv cluster analysis in Study 2

The dyslexic and non-dyslexic clusters differed significantly on a number of variables 

from Study 1: sex, the six ability achievement discrepancies, the visual and auditory 

memory and motor skills, spatial ability and sequencing factors, the measure of 

attention, Verbal and Performance IQ. A step-wise discriminant analysis was 

performed in order to determine whether group membership five years later could be 

reliably predicted. The groups were the dyslexic cluster and the four non-dyslexic 

clusters formed in Study 2. Eighty-six cases were excluded due to missing data. 

Twenty-seven of the original thirty-three dyslexics were included.
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Table 5.61. Pooled within-group correlations between predictors and discriminant
functions ordered bv the size of the correlation within a function and Univariate F- 
values for the individual predictors.

Correlations of 
predictor variables
with discrim function____________________________

Univariate
PREDICTOR VARIABLE 1 2 3 4 F( 1,349)

PIQ- Schonell Reading 0.91 0.28 0.17 0.08 62.7 .001

PIQ- Schonell Spelling 0.86 0.31 0.05 0.06 57.6 .001

PIQ- Neale Accuracy 0.85 0.27 0.13 0.04 59.6 .001

VIQ- Schonell Reading 0.86 -0.34 -0.02 0.17 55.3 .001

VIQ- Neale Accuracy 0.79 -0.35 -0.07 0.11 51.1 .001

VIQ- Schonell Spelling 0.77 -0.28 -0.15 0.14 43.9 .001

Attention 0.21 -0.30 0.17 -0.13 4.9 .001

VPAM -0.20 0.14 0.56 0.12 4.0 .01

FORM 0.04 0.34 0.44 0.12 3.1 .05
SEX 0.11 -0.42 0.50 0.41 5.2 .001

PIQ 0.16 0.48 0.02 0.71 6.2 .001

VIQ -0.10 -0.25 -0.23 0.66 2.1 .08
ORIEN -0.08 0.18 -0.34 0.30 1.4 .23

Four discriminant functions were calculated with a combined chi sq.=306.6, p<.001. 

The first two discriminant functions separated the groups, the first accounted for 78% 

of the between-group variability and the second 17%. The remaining two functions did 

not account for a significant percentage of the variance following the removal of the 

first two. Sixty-one percent of cases were correctly classified, compared to 30% which 

would be expected by chance based on the prior probabilities. The stepwise 

combination of variables which best predicted group membership were: the 

discrepancies between Performance and Verbal IQ and Schonell Reading, the measure 

of attention, the spatial ability factor, sex, Verbal IQ-Spelling, left-right discrimination 

ability, the visual and auditory and motor skills factor and Verbal IQ.
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Classification was poorest for the dyslexic group with only three cases being correctly 

classified (see Table 5.62).

Table 5.62. Study 2 Cluster Groups. Classification Results. Step-wise Discriminant 
Analysis.

PREDICTED GROUP MEMBERSHIP 

ACTUAL GROUP No.of cases J_______ 2_______3________ 4_______ 5

1 91 60 (66%) 5(5%) 1(1%) 0 25(28%)

2 16 10(63%) 4 (25%) 0 0 2(13%)

3 53 9(17%) 0 15 (28%) 2(4%) 27(51%)

Dyslexics 27 0 0 3(11%) 3 (11%) 21(78%)

5 143 11(8%) 0 12(8%) 1(1%) 119(83%)

Overall correct classification= 60.11%

These results, and the results from Study 1 and Study 2 will be summarised and 

discussed in full in the next chapter.
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CHAPTER 6 SUMMARY AND DISCUSSION

Before discussing the full implications of the results, an overall summary of the results 

from Study 1, Study 2 and the longitudinal analyses from Study 3 will be given.

6.1 OVERALL SUMMARY OF THE RESULTS

The majority of definitions of dyslexia assume that an individual should be reading and 

spelling at a level predicted by either his or her measured intelligence, chronological age 

or grade placement. A developmental dyslexic is typically defined as one who fails to 

reach this predicted level of achievement for no apparent reason. A large number of 

methods and formulae have been devised for measuring this discrepancy, but there is 

little agreement on the most accurate measure to predict reading achievement or on the 

manner in which underachievement should be quantified. There has also been little 

attempt to compare different methods of defining dyslexia. Consequently, a primary 

aim of the present study was to explore two different ways of statistically 

operationalising the concept of a discrepancy between expected and obtained 

achievement and to determine whether these two methods identified the same children 

as dyslexic.

Four hundred and sixteen children were followed from age eight to age thirteen. At age 

eight the children were assessed on a series of measures including cognitive, 

neuropsychological and behavioural domains. These assessments formed the basis for 

the analysis in Study 1. At age thirteen the children were assessed on reading, spelling, 

comprehension and intellectual ability. These reassessments formed the basis of the 

analysis in Study 2.

Children were classified as dyslexic or non-dyslexic in Study 1 and then in Study 2 by 

two different statistical approaches: (1) regression and (2) cluster analysis. The
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regression classification was based on the demonstration of an ability (Veibal IQ) 

achievement (Reading) discrepancy. Children with residual reading scores which fell in 

the bottom 5% of the distribution were classified by regression as dyslexics. The 

cluster classification was based on a series of discrepancies, obtained by comparing a 

child’s Verbal and Performance IQ standard scores with those obtained on reading and 

spelling measures. The children classified by cluster as dyslexics were those who fell 

into the cluster with the most severe ability-achievement discrepancies. In addition to 

the comparisons made between those identified as dyslexic by the two methods, a 

further comparison was made in Study 1 and Study 2. Children were grouped 

according to whether they had been identified as dyslexic by both methods: regression 

and cluster, or identified as dyslexic by only by one method: regression or cluster.

6 .1.1 Study 1 Identification of the dyslexic groups.

Criteria for exclusion from the project were limited to the following: no child with a 

Performance and Verbal IQ score of less than eighty. No child had significant sensory 

impairment e.g. blind or deaf, or serious behavioural or emotional problems. Twenty- 

two children, all males, representing 5% of the Study 1 sample was identified by 

regression as dyslexics and 52,48 males and four females, representing 11% of the 

sample, were identified by cluster as dyslexics. A high degree of concordance was 

found between the two approaches. With one exception, the 5% of individuals 

identified by regression as dyslexic were a subset of the 11% identified by cluster 

analysis. To determine whether the ’extra* 6% identified by cluster analysis as dyslexic 

would also be identified as dyslexic by regression if, instead of the bottom 5%, the 

bottom 11% were designated as dyslexic, the criterion for inclusion was moved 

accordingly. This resulted in a combined dyslexic group of ;64 children (i.e. 14 % of 

the sample). Thirty eight of these children were in both the regression and cluster 

dyslexic groups, thirteen were identified uniquely by regression and fourteen uniquely 

by cluster.
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A one way analysis of variance was computed to determine whether there were any 

discernible differences between the three groups: those identified by both methods, 

those by regression only and those by cluster only. The dyslexics identified by 

regression only had significantly larger ability-achievement discrepancies when ability 

was measured by Verbal IQ, although the two groups did not differ significantly on 

absolute reading ability. The cluster dyslexics had significantly larger ability- 

achievement discrepancies based on Performance IQ and were significantly poorer at 

spelling. They were also the youngest group.

An examination of cognitive and behavioural characteristics associated with a 

regression based definition of dyslexia and a cluster based definition suggested that the 

measures which distinguish dyslexics from controls are highly similar, regardless of 

how the dyslexic group was defined. The 5% of children identified by regression 

appeared to have the same difficulties as the 11% identified by cluster analysis. In 

comparison to the control groups, the dyslexics determined by both techniques 

displayed poorer performance on recall of auditorily presented words, visual sequential 

memory and memory for common sequences (SEQ factor) and left-right discrimination 

(ORIEN factor). Teachers also reported a lower standard of class work for the dyslexic 

groups, a greater incidence of acknowledged difficulties with reading, spelling, 

writing, speech and following either directions or instructions, poorer coordination, 

more immaturity and a higher referral rate for remediation and the services of an 

educational psychologist. Parents also reported more extreme difficulties with 

schoolwork for the dyslexic group.

6.1.2 Study 1 Prediction

The ability of the measures assessed in Study 1 to predict concurrent reading ability and 

reading disability was examined using stepwise multiple regression and stepwise
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discriminant analysis, respectively. Stepwise multiple regression indicated that a set of 

five variables: sequencing ability (SEQ), Verbal IQ, age, left-right discrimination ability 

(ORIEN), and visual and auditory memory and motor skill (VPAM), could account for 

53% of the variance in Neale Comprehension, 44% of the variance in Schonell 

Reading, 41% of the variance in Neale Accuracy and 39% of the variance in Schonell 

Spelling. Discriminant function analysis was employed to determine the extent to which 

group membership (dyslexic or not dyslexic) could be predicted on the basis of a linear 

combination of the variables on which the dyslexics and controls had been found to 

differ. Nine (43%) of the dyslexics identified by regression and thirty-six (78%) of the 

dyslexics identified by cluster in Study 1 were correctly classified.

6.1.3 Study 2 Aims

One aim of Study 2 was to follow up as many as was possible of the sample from 

Study 1 in order to examine the stability of the classification as dyslexic: would the 

same children be identified as dyslexic using the same two statistical methods five years 

later? A related aim was to determine the prognosis of those identified as dyslexic in 

Study 1 by comparing the relative rates of development of reading related skills over the 

five year period in the dyslexic and control groups. It was intended to determine 

whether the differences between the dyslexics and controls would increase, remain 

constant, or decrease over the five year period of this study.

6 .1.4 Study 2 Identification of a dyslexic group.

Four hundred and sixteen of the original sample were followed up, which represented a 

trace rate of 82%. Twenty-one subjects, seventeen boys and four girls, representing 

5% of the Study 2 sample, were identified as dyslexic using the regression equation. 

Thirty-three children, 29 boys and four girls, representing 8% of the sample, were 

identified as dyslexic using cluster analysis. A direct comparison of the concordance of

336



the two methods indicated that the 5% identified by regression was not simply a subset 

of the larger number of children identified by cluster. While 67% of the former were in 

the dyslexic cluster group, 33% were not included. A comparison between the children 

identified by both methods and those identified by either cluster or regression only, 

once the cut-off was extended in the latter to include 8% of the sample, revealed 

significant differences between groups in the sizes of the various discrepancies. The 

group identified as dyslexic by regression only had larger Verbal discrepancies than the 

group identified by cluster only. The opposite pattern was found for Performance IQ 

discrepancies; the cluster only dyslexics had larger Performance IQ based discrepancies 

than the regression only dyslexics. No differences were found in absolute reading and 

spelling abilities.

6.1.5 Stability of classification

The overlap between classification as dyslexic in Study 1 and Study 2 was examined 

for regression and cluster. The children who were classified as dyslexic in both Study 1 

and Study 2 were referred to as the ’stable* dyslexics; those classified in Study 1 only 

as ’transient’ dyslexics; and those classified only in Study 2 as *late emerging 

dyslexics. When regression analysis was used as the means of identification of the 

dyslexic group and adjustment made for children whose residual reading scores fell 

close to the boundaries in either Study 1 or Study 2, the respective proportions of 

stable, transient and late emerging dyslexics were as follows: 14 (67%) were stable 

dyslexics, seven (33%) were transient dyslexics and 11 (33%) were late emerging 

dyslexics. When cluster analysis was the means of identification of the dyslexic group 

the respective proportions of stable, transient and late emerging dyslexics were: 

fourteen (31%) were stable dyslexics, 31 (69%) were transient dyslexics and 19 (58%) 

were late emerging dyslexics.
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Agreement between the two methods on the relative numbers of children demonstrating 

stable, transient and late emerging dyslexia in Study 2 was low. Six of the twenty-eight 

children (21%) seen as ’stable* by either regression or cluster were seen as stable by 

both methods. Similarly, only six of the thirty-eight children (16%) seen as ’transient* 

by either method, were seen as ’transient’ by both methods, and six of the thirty (20%) 

seen as *late emerging dyslexics’ by either method were seen as ’late emerging* by both 

regression and cluster.

6.1.6 Prognosis

Dyslexics and non-dyslexics were both found to improve significantly on reading and 

spelling between the two testing sessions. The lack of a significant GROUP X TIME 

interaction for spelling achievement indicated that, although spelling ability was poorer 

in the dyslexic group, the rate of development was similar for the two groups. There 

was, however, a significant GROUP X TIME interaction for reading achievement, 

indicating that the differences between dyslexics and non-dyslexics decreased with age. 

Although the dyslexics were still significantly poorer at reading at age thirteen, they had 

improved at a faster rate than the non-dyslexics. These findings were independent of 

the manner in which the child was classified as dyslexic.

Although no significant change in Verbal IQ in the five years covered by the present 

study was found for the dyslexics or non-dyslexics, both groups, dyslexic and non- 

dyslexic, regardless of how they were defined, showed similar rates of change. 

Significant GROUP X TIME interactions on the Performance and Full Scale IQ 

measures indicated that the rate of change for these variables differed in the two groups. 

In the dyslexic groups Performance IQ was found to decrease with age, whereas in the 

non-dyslexic groups Performance IQ increased significantly. A similar pattern was 

found for Full Scale IQ, the non-dyslexics improved significantly with age whereas the 

dyslexics apparently deteriorated, the latter did not reach not significance. These two
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measures are of course not independent and the changes in Full Scale IQ reflect the 

changes in Performance IQ.

6.1.7 Study 2 Prediction

The measures in Study 1 were used to predict reading ability in Study 2. Stepwise 

multiple regressions indicated that the subset of variables which had accounted for the 

largest amount of variance in concurrent reading ability in Study 1 accounted for 

similar, or in some cases increased amounts, of the variance in Study 2. Forty four 

percent of the variance in Schonell reading and Spelling, 42% of the variance in 

WRAT Reading, 40% of the variance in the WSRT and 34% of the variance in WRAT 

spelling could be accounted for by six variables from Study 1: Verbal IQ, the 

sequencing, visual and auditory memory and motor skills and left-right discrimination 

factors, age and a measure of attention. The addition of the reading and spelling scores 

from Study 1 as predictors, increased the proportions of accounted variance in Study 2 

dramatically: 77% of Schonell Spelling ability; 77% of WRAT Reading, 76% of 

WRAT spelling and 72% of Schonell Reading. Factors, in addition to reading and 

spelling scores from Study 1, accounted for between seven (Schonell Spelling) and 

fourteen percent of the variance (WRAT reading). The only exception to this pattern 

was performance on the Wide Span Reading Test. Inclusion of reading and spelling 

measures from Study 1 did not increase the prediction of this measure markedly, 

increasing accounted variance from 40% to 49%.

Discriminant function analyses to predict group membership in Study 2 on the basis of 

Study 1 measures were found to be highly inaccurate. Although the dyslexics and non- 

dyslexics identified in Study 2 by regression and by cluster differed significantly on a 

number of measures from Study 1, when these same variables were used to predict 

group membership they did not result in reliable predictions. Misclassification rates for 

both kinds of dyslexics were high and hit rates for the dyslexic group close to chance.
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Only one dyslexic (6%) identified by regression in Study 2 was correctly classified by 

the discriminant function, the remaining dyslexics were classified in the ’not dyslexic’ 

group. Three dyslexics (11%) identified by cluster in Study 2 were classified correctly 

on the basis of Study 1 measures.

6.2 D ISC U SSIO N  OF THE RESULTS

6.2.1 Definition of dyslexia

One of the primary issues in the field of dyslexia is that of definition, with debate 

continuing about the differentiation of those with dyslexia from those with more 

generalised learning deficits. It could be argued that variations in criteria for subject 

selection are unavoidable, given the extensive range of diagnostic measures employed, 

and the wide variety of uses to which definitions are put in education and research. 

Within this framework, it is possible that the search for a universal definition is overly 

optimistic. However, what is possible is to determine the influence of the variations in 

definitional criteria on the kind of children identified as dyslexic. Indeed this task has 

been regarded as a ’’prerequisite for an adequate understanding of the cognitive and 

biological correlates of reading disabilities” (Fletcher etal..y 1989, p.338).

The influence of different definitions on the kind of children identified has seldom been 

directly investigated, in spite of an awareness of the problems concerning definition and 

of the definitional confusion that exists (e.g. Famham-Diggory, 1986; Rutter, 1978). 

Many researchers prefer not to define dyslexia in quantitative terms and rely instead on 

clinic or referred populations (e.g. Annett & Kilshaw, 1984; Thomson, 1982).

Dyslexic subjects have been as loosely defined as those who display ”persistent and 

chronic difficulties with reading and other language skills ” (McKay & Neale, 1988, 

p.217), or those who meet definition ’’according to common criteria” (Stanley et al., 

1982). Selection criteria such as these are impossible to replicate and may result in
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different samples being identified as dyslexic. Even when procedures for identification 

are relatively clearly stated, detailed specification of the tests used to define ’reading 

achievement’ may be omitted (e.g. Baker e ta l ., 1984), or vary appreciably from study 

to study (e.g. Brack, 1988; Jorm et al., 1986; Scarborough, 1984; Seidenberg et al.y 

1985).

In the present study two different statistical techniques were used to define a dyslexic 

group and the subject selection criteria were clearly specified. The major differences 

between the two methods employed, regression and cluster analysis, are: (1) whether 

the effects of regression to the mean are taken into account and; (2) the number of 

variables considered for each child. Much has been written concerning the *best* 

statistical technique to identify a dyslexic group, with preferences repeatedly stated for 

the regression approach (Evans, 1990; Hooper & Willis, 1989; Reynolds, 1981; 

Reynolds, 1984; Rutter & Yule, 1975; Shepard, 1980; Thomson, 1990). These 

preferences are based on the ability of regression procedures to define IQ-achievement 

discrepancies which correct for regression artefacts by incorporating into the equation 

the actual correlation between IQ and reading. If scores on an IQ test and an 

achievement test are not corrected for the intercorrelation between these two measures 

and a perfect correlation is assumed, the observed tendency is for scores on one test 

e.g. a reading test, to be less extreme than scores on another e.g. IQ. One effect of 

this, in terms of defining a dyslexic group, is that extremely intelligent children are 

more likely than less intelligent children to be identified as underachievers and hence 

dyslexics (Yule, 1978). This was the rationale for the selection of regression as one of 

the means of identifying a dyslexic group.

Regression has, however, also been criticised as this approach only allows 

underachievement, and hence dyslexia, to be defined on the basis of a single measure 

of IQ and a single measure of achievement. This is because the high correlations 

between measures of Verbal and Performance IQ, or between measures of reading and

341



spelling, would adversely affect the resulting regression coefficients if  considered in the 

same regression (Pedhazer, 1982). This effectively prohibits the simultaneous 

consideration of a number of IQ -achievement discrepancies. Some researchers have 

partially circumvented this problem by combining a number of tests, thereby creating a 

combined reading, spelling and comprehension ability score (e.g.Jorm etal., 1986; 

Scarborough, 1984), by using Full IQ (e.g. Yule etal., 1982) or by using a ’selected 

IQ* based on a subset of IQ tests (e.g. Yule etal., 1974). Such techniques will, 

however, result in the loss of information if  two dissimilar scores e.g. Verbal and 

Performance IQ, or reading and spelling, are combined to form a single index (Mattis 

et al., 1975). Another approach is the use of cluster analysis which enables a number of 

discrepancies with reading and spelling in relation to both Verbal and Performance IQ 

to be examined. It also avoids the use of a predetermined cut-off such as is applied in 

regression analysis. For this reason cluster analysis was selected as an additional means 

of defining the discrepancy between ability and achievement.

Results from this study show that variations in definition, i.e. regression based or 

cluster based, do lead to differences in which children are identified as dyslexic. If 

children identified uniquely bv either regression or cluster are compared, certain 

consistent differences emerge, both in Study 1 and Study 2. Children identified by the 

cluster procedure tend to have higher Performance than Verbal IQ, with 

correspondingly larger reading discrepancies in relation to the former, and smaller 

discrepancies in relation to the latter, than the dyslexics identified by regression. In 

Study 1, the dyslexics identified only by the cluster procedure were also significantly 

younger and were poorer at spelling than the children identified only by regression as 

dyslexic. In Study 2, although the dyslexics identified by the cluster procedure were 

characterised by poorer spelling than the dyslexics identified by regression, this 

difference did not reach significance. Nor were any differences found in age between 

these two groups.
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The differences between the two methods in the kinds of children they identify as 

dyslexic, undoubtedly in part reflect the inclusion of a wider range of discrepancy 

scores in the cluster procedure. Children defined as dyslexic on the basis of the 

regression equation have been selected because they demonstrate a significant 

discrepancy between Verbal IQ and reading. Consequently, children who are 

underachieving relative to their Performance IQ, or who have poor spelling in the 

absence of concomitant reading problems (e.g.Fields etal., 1989) will not be identified 

as dyslexic by the regression equation but would be likely to be identified by the cluster 

procedure in which these variables are included.

It is also possible that the observed differences between those selected as dyslexic by 

the regression procedure and those selected as dyslexic by the cluster procedure reflect 

statistical differences in the selection of the groups. In other words, failing to adjust for 

the intercorrelation between IQ and reading, or between IQ and spelling, in the cluster 

procedure may have had the effect of identifying children as dyslexic who would not 

have been selected had this correlation been taken into account. The actual correlation 

between Verbal IQ and reading (r=.47 Study 1 and r=.62 Study 2) is significantly 

higher than the correlation between Performance IQ and reading (r=. 12 Study 1 and 

r=.38 Study 2), thus one could argue that the effects of regression to the mean will be 

more marked when comparisons are made between measures of Performance IQ and 

either reading or spelling. However, the fact that the dyslexics identified by regression 

and those identified by the cluster procedure did not differ significantly in reading 

ability and that the latter group were significantly poorer at spelling, strongly suggests 

that in spite of the higher Performance IQ of the cluster group, the differences between 

the children selected as dyslexic reflect the variables used in the selection of the groups 

rather than regression effects.

The method by which a child was identified as dyslexic had less impact on the 

characteristics of the resulting groups in Study 2 than Study 1. In Study 1 children
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identified by cluster only were younger and significantly poorer at spelling than the 

children identified by regression. In Study 2 no differences were found on any of the 

reading related measures. One possible explanation for the greater concordance between 

the methods of identification in Study 2, in terms of the characteristics of the children 

they identified, is that differences between reading and spelling abilities have decreased 

with age, with the result that the regression equation no longer excludes a number of 

children underachieving in relation to spelling. If  this were the case, the correlations 

between reading and spelling in the dyslexic groups might be expected to be higher in 

Study 1 than Study 2. This hypothesis was supported by the present data. The 

correlation between Schonell Reading and Schonell Spelling in Study 1 was .84 , the 

correlation between the same variables in Study 2 was .92 which implies that spelling 

ability catches up with reading ability over the five year period.

Variations in the selection criteria used to define the dyslexic groups in Study 1, appear 

to have had little impact on the performance of the dyslexics, relative to the controls, on 

the cognitive test battery. If  the differences found between the controls, and the 5% 

identified as dyslexic by regression, are compared to the differences found between the 

controls, and the 11% identified as dyslexic by cluster, a high degree of agreement is 

found. Regardless of how the dyslexic groups were defined the same associated 

difficulties relative to controls were observed, e.g. poor sequencing ability and left- 

right discrimination difficulties. Similarly, in Study 2, the variables which reliably 

separated dyslexics from controls tended to be the same for both the dyslexics identified 

by regression and those identified by cluster. This findings are in line with those of 

Fletcher etal., (1989) who found that although children identified as dyslexic varied 

according to the definition employed, they did not differ greatly on variables external to 

the definition, e.g. auditory discrimination, performance on the pegboard, verbal 

fluency. They conclude that there is "little evidence suggesting any specificity of 

reading disability according to definition" (p.334).
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The small differences between the the dyslexics identified by regression and those 

identified by cluster which were found in this study appeared to reflect the nature of the 

control groups to which the dyslexics were being compared rather than differences in 

the kinds of children identified as dyslexic by the two methods. The dyslexics identified 

by regression were compared to the remainder of the sample. In contrast, the dyslexics 

identified by cluster analysis were compared to four other groups, two of which were 

comprised o f ’superior readers’ and two o f’average readers*. The different control 

groups make the variation in the significant differences which arise between the 

dyslexics identified by regression and their control group, and between the dyslexics 

identified by cluster and their control groups, difficult to interpret. A series of 

comparisons between control groups would have to be carried out to remove this 

source of ambiguity.

These findings highlight a further source of definitional confusion in the dyslexia field. 

Not only is there enormous variability in the diagnostic criteria for dyslexia, similar 

variability exists in the criteria for defining the control groups. Thus, dyslexics have 

been compared to backward readers, unmatched, age-matched, IQ-matched and reading 

level-matched controls (Pavlidis, 1990). Recent research has been simultaneously 

strengthened and complicated by a more explicit awareness of the importance of the 

control group in pinpointing causal factors in dyslexia. Strengthened, as 

the questions that can be validly asked are determined by the choice of control group. 

For example, if  a group of dyslexics perform significantly more poorly in a given task 

than a group of younger reading-age matched children, it is highly likely that the 

variable being measured has a causal role to play in reading development given that the 

two groups do not differ significantly on reading. This issue is complicated, as 

evidenced by the debate concerning the interpretation of the positive and negative 

findings when different control groups are employed, and disagreement about whether 

a single control group is able to distinguish successfully between the specific deficit and 

the developmental delay inteipretations of dyslexia ( Backman, Mamen & Ferguson,
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1984; Bryant & Goswami, 1986; Goswami & Bryant, 1989; Pavlidis, 1990; Vellutino 

& Scanlon, 1989).

In the present study dyslexic and control groups identified by regression did not differ 

on age or IQ. Predicting reading on the basis of age and Verbal IQ effectively covaries 

for the influence of these two measures. It is thus possible to conclude that differences 

between the dyslexics and non-dyslexics are not due to differences in intelligence or 

age. However, conclusions concerning causality are limited within the design of this 

study. The fact that differences in reading ability are not controlled for means that 

differences on tests of sequencing, left-right discrimination or memory could be 

attributed to the differences in reading ability between the two groups. In order to be 

able to conclude that a given variable is causal to reading disability, the dyslexic

group would have to be matched to a younger reading age-matched control group in 

order to control for differences in reading ability. This latter comparison was especially 

difficult with the present sample. Very few children of a similar reading level and 

similar IQ to the dyslexic group could be found. Children with a similar reading level 

tended to be older and/or of lower intelligence than the dyslexics. It is possible that if 

the dyslexic group is defined when reading is regressed on age and IQ, that a larger age 

range is needed if a reading-age match is to be employed.

The situation is more complicated with the cluster procedure. One advantage of this 

technique is that the application of a priori cut-offs in the selection of the dyslexic and 

comparison groups is avoided. A concomitant disadvantage is that the researcher 

cannot, using this method, define the resulting control groups according to set criteria. 

One result is that the dyslexic and the non dyslexic clusters differed significantly on age 

and IQ in both Study 1 and Study 2. Although these can be covaried for in the analyses 

of variance, the impact of these differences remains undetermined in the large number 

of comparisons where non-parametric statistics (chi-square) were employed.
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In view of the nature of the control groups employed in the present study, the strongest 

statements concerning causality that can be made are those resulting from the finding of 

’no significant difference’ between the dyslexics and the controls. I f  the dyslexics and 

the controls perform equally well on a task, in spite of the differences in reading ability, 

it provides strong evidence to suggest that this task is not related to reading, once age 

and IQ are taken into account (Goswami & Biyant, 1989; Vellutino & Scanlon, 1989). 

More careful statements have to be made concerning the differences that have been 

found in the present study between dyslexics and controls. These differences are 

probably more accurately termed ’correlates’ of reading disability than causal factors. 

The cognitive and behavioural correlates of dyslexia found in this study will be 

discussed in the next section.

6 .2 .2  C ognitive & B ehavioural corre la tes o f  dyslex ia

Research on dyslexia over the last century has provided a large number of possible 

explanations for the difficulties experienced by the dyslexic child. Dyslexia has been 

investigated from a number of different perspectives: anatomical, genetic, cognitive, 

behavioural and social. There is evidence to suggest that dyslexics exhibit a 

significantly higher incidence of symmetry in the plana temporale (e.g. Galburda et al., 

1985; Lundbeig & Hoien, 1989), that dyslexia may be due, at least in part, to heritable 

influences (e.g. Decker & Vandenberg, 1985; Finucci etal., 1976; Pennington, 1989, 

1990; Volger etal.., 1985) and that dyslexics differ from non-dyslexics in their relative 

abilities in the areas of: visual processing (e.g. Lovegrove & Brown, 1978; Pavlidis, 

1981; Stein & Fowler, 1982), memory (e.g. Nelson & Warrington, 1980), 

phonological coding (e.g. Katz etal., 1983; Liberman et al., 1977), orthographic 

coding (e.g. Rack, 1985; Snowling, 1981), behaviour and personality (McGee etal., 

1984; Rutter etal., 1970). The results from different studies are, however, often 

contradictory and few have attempted to examine a number of these theories in the same 

group of dyslexics.
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6.2.2.1 Study 1

Twenty-two of the cognitive tests administered in Study 1 were subjected to a factor 

analysis. Six factors emerged which together accounted for 63% of the variance. These 

were: a visual and auditory memory and motor skills factor which loaded highly on 

tests of memory, fine motor skill, pitch and rhythm discrimination. A handedness 

factor, a spatial ability factor, a memory factor and a left-right discrimination factor. 

The performances of the dyslexics and controls on these six factors are discussed 

below.

In common with most clinical observations and descriptions of dyslexia (e.g. Miles, 

1983; Wheeler & Watkins, 1979), the performance of the dyslexics in this study, both 

the regression and cluster defined groups, was poorer on the sequencing factor. The 

test on which this factor loaded most highly was one in which the child was required to 

recite the months of the year in order. This task has been found to be a powerful 

diagnostic tool and one which has been incorporated into a number of diagnostic tests 

(e.g. Aston Index, Newton eta l., 1979; The Bangor Dyslexic Test, Miles, 1974) or 

cited as an important diagnostic sign (e.g. Pavlidis, 1990; Vellutino, 1979). The 

sequencing factor also loaded highly on other tasks, such as those involving short-term 

memory. These required the subject to remember items in order, tasks with which 

dyslexic subjects have also been found to have greater difficulty than controls 

(Ackerman eta l., 1976; Bakker, 1972; Bakker & Schroots, 1981; Katz, 1986; 

Koppitz, 1975; Naidoo, 1972; Nelson & Warrington, 1980; Rugel, 1974; Spring, 

1976; Thomson, 1982; Torgesen, 1978).

The finding that dyslexics tend to suffer from weak sequencing skills relative to 

controls has been variously interpreted. Some have suggested that it represents a 

specific sequential deficit associated with dyslexia, (e.g. Bakker, 1972, Bakker &
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Schroots, 1981) while others argue that the observed difficulties are not due to 

differences in the actual ability to perceive the order of stimuli or in the capacity of 

memory perse but are due to differences in the manner in which information is coded 

(Liberman eta l., 1982; Mann& Liberman, 1984; Rack, 1985; Snowling, 1980, 1981; 

Vellutino, 1979). Studies in which the opportunities for coding information have been 

reduced, and differences in reading experience equated for, by comparing dyslexics 

with younger reading age matched controls, have provided considerable evidence to 

suggest that differences in the way information is coded may underlie the differences in 

sequencing ability and short-term memory found between dyslexics and controls (e.g. 

Done & Miles, 1978; Hicks, 1980). There is growing evidence to suggest that 

dyslexics are delayed in their acquisition and use of the phonological code in memory. 

This gives rise to problem in decoding novel words, difficulty in retrieving names and 

patterns of phonemes as well as difficulties with sequencing tasks if the latter involve 

phonetic coding (Baddeley etal.., 1982; Beech & Harding, 1984; Hall etal., 1981; 

Johnson, 1982; Katz etal.., 1983; Katz, Shankweiler & Liberman, 1981; Kochnower 

etal, 1983; Liberman etal., 1982; Olson, 1985; Olson etal., 1984; Mann, 1986; Mann 

& Liberman, 1984; Mann etal., 1989; Snowling, 1980, 1981).

In contrast to the differences on the sequencing factor, failure to find significant 

differences between dyslexics and controls on the MEM factor appeared inconsistent. 

This factor was comprised of two tests from the BAS : Immediate and Delayed Visual 

Recall, which involve the child recalling a number of items presented and named by the 

experimenter, the latter arguably an invitation for the child to give them verbal labels 

and likely to place a dyslexic child at a disadvantage. Furthermore, Visual Recall is a 

test on which dyslexics have been found to do poorly (e.g.McKay & Neale, 1988; 

Thomson, 1982). However, a recent study by Tyler & Elliot (1988), in which a cluster 

of dyslexics was identified (n=39), the members of which scored comparatively highly 

on Visual Recall and Recall of Digits, suggests that poor performance on this type of 

test in not a universal characteristics of dyslexic individuals. Following a closer
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examination of the samples on which these findings were based, it can be argued that 

contradictory findings may be due to the population from which the dyslexics were 

drawn. Thomson (1982) and McKay & Neale (1988) both used populations which had 

been referred for severe and persistent reading and spelling problems. In contrast the 

present study and that of Tyler & Elliot (1988) selected children from a school 

population.

No significant differences was found on the factor measuring spatial ability, although in 

common with a number of other studies (e.g. Bannatyne, 1971; Fischer & Dean, 1987; 

Newton, 1974; Thomson, 1982), the dyslexics, both those identified by regression and 

those identified by cluster had a tendency to score more highly on the tests measuring 

spatial ability. This provided further evidence to suggest that dyslexics are not deficient 

in visual perception or discrimination if  verbal labelling or naming is not involved.

A higher incidence of left-right discrimination problems were found for the dyslexics 

relative to the controls on the ORIEN factor. ’Directional confusion* repeatedly 

reappears as a clinical symptom of dyslexia (e.g. The Bangor Dyslexia Test. Miles, 

1982; Pavlidis, 1990; Aston Teaching Portfolio. Aubrey, Eaves, Hicks & Newton, 

1982; Vellutino, 1979; Wheeler & Watkins). The left-right discrimination test (Benton, 

1959), of which this factor was largely comprised, relies heavily on verbal labelling. 

Half the time the child is required to point to specific parts of his or her body following 

such directions as **touch your right ear with your left hand” or ”touch the right 

shoulder of the boy in the picture with your right hand” and for half the time child is 

presented with the picture and required to make verbal left-right discriminations. In 

view of the studies which implicate verbal naming deficits as causal in dyslexia (e.g. 

Ellis & Miles, 1981; Hicks, 1980; Vellutino, 1979) an alternative explanation is that 

apparent difficulties in left-right judgements are further evidence for a coding difficulty, 

i.e: the child is able to discriminate between left and right direction but is uncertain what
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side to call left and which to call right. In view of the average or above average spatial 

abilities found for this group, this would appear to be a more likely interpretation.

Performance on the VP AM factor did not reliably separate dyslexics from non- 

dyslexics. This was the least specific of the six factors and the one that accounted for 

the most variance in the cognitive battery. It was comprised of a range of cognitive 

tests: recall of auditorily and visually presented letter pairs, memory for faces, visual 

sequential memory for symbols, fine motor skill and the accurate detection of pitch and 

rhythm. The absence of significant differences between the dyslexics and controls was 

perhaps surprising given the high correlations in this study of this factor with reading 

(r=.36) and spelling (r=.34). In addition a number of other studies have found 

significant differences between dyslexics and controls on the individual tests of which 

this factor was comprised e.g. poorer memory for faces (e.g.Nelson & Warrington, 

1980); poor auditory discrimination (e.g. Goldberg & Schiffman, 1972); poorer fine 

motor skill (e.g. Korhonen, 1988). Data from the teacher questionnaires in the present 

study suggested that the dyslexic groups were reported to have significantly more 

difficulty with motor skills such as writing, drawing, handiwork, and physical 

education. One possible explanation is that as this factor had a higher correlation with 

Verbal IQ than the other factors, and the dyslexics and controls were either matched on 

Verbal IQ, in the case of the regression identified dyslexics, or Verbal IQ was 

controlled for, in the case of the cluster identified dyslexics, between group differences 

were minimised.

No association between laterality as measured by preference for a particular hand or 

foot was found in the present study. Loadings on the handedness factor did not 

differentiate the dyslexics and controls. Although a few studies provide evidence for an 

increased incidence of left handedness in dyslexia, these tend to be in samples based on 

clinic populations (e.g. Annett & Kilshaw, 1984). Whereas, those that failed to find a 

higher incidence of left-handedness amongst dyslexics have tended to be based, as is
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this study, on large non-clinic samples (e.g. Badian, 1990; Belmont & Birch, 1966; 

McManus & Mascie-Taylor, 1983).

Results of the teacher ratings of the cognitive abilities and classroom behaviour of the 

children in this study, indicate that the children identified as dyslexic in this study, both 

by regression and by cluster, were perceived as having more reading related problems 

than their non-dyslexic peers. They were reported to have difficulties with school work 

and ’acknowledged difficulties’ with reading, spelling, writing and following directions 

or instructions. They had had more remedial help and had been referred more 

frequently to an educational psychologist. This implies that the children identified as 

dyslexic by the empirical methods used in this study had also been identified within the 

school system, by the class teachers, as having marked problems with reading and 

spelling.

The measure of attention, which was derived by summing four items from the Rutter 

Children’s Behaviour Questionnaire: ’restless’, ’fidgety*, ’cannot settle to anything* 

and ’unresponsive’ significantly differentiated between the dyslexics, identified by 

cluster analysis and the controls, with the dyslexics reported as being more inattentive. 

This measure of attention is highly similar to a ’hyperactivity’ factor isolated by both 

Schachar, Rutter & Smith, (1981) and McGee et al.} (1985) following a factor analysis 

of the Rutter questionnaire. This factor was made up of three of the same items: 

’restless*, ’fidgety* and ’cannot settle to anything*. McGee et a l . found that this factor 

was significantly associated with poorer cognitive abilities, i.e. IQ and reading, in 

contrast with the other two main factors: ’aggressiveness’ and ’anxiety-fearfulness’ 

which had no associations. The finding that inattention, or hyperactivity, has an 

association with poor reading suggests that this variable may be of some predictive 

significance. Indeed similar measures have been found to contribute significantly to the 

prediction of reading achievement (Horn & Packhard, 1985; Tramontana et al., 1988).
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Few significant differences were found in teacher reports between the dyslexics and 

controls on any other of the non-academic variables. The two variables on which 

teachers did report significant differences were in levels of coordination, which were 

reported to be poorer for the dyslexics, and the dimension of maturity-immaturity, on 

which the dyslexics were rated as more immature. The pattern of the findings in this 

study are in line with those of another longitudinal study which compared ’research 

identified dyslexics’ i.e. those who had been defined as dyslexic on the basis of an 

ability-achievement discrepancy using a regression equation, and ’school-identified 

dyslexics’ i.e. those referred for reading problems (Shaywitz etal., 1990). They found 

that compared with non-research identified children, the research identified dyslexics 

were rated by teachers as having more problems in attention, fine-motor skills, 

language and academic skills. Whereas the group who had been referred for reading 

problems differed from their controls in the ways detailed above but they also 

demonstrated a higher incidence of behaviour problems. In another longitudinal study, 

Jorm etal., (1986) also found no evidence of higher rates of teacher-reported behaviour 

problems in the dyslexic population in their study, which had beep selected from a large 

school population. As Bruck (1986) points out, it appears that ’’the proportion of 

subjects with problems of clinical significance is probably quite low” (p.375).

The only significant difference to emerge between parental perception of the dyslexics, 

both the regression identified and cluster identified, and the controls, was a greater 

incidence of reported problems with school work in the dyslexic groups. The parents of 

the children identified as dyslexic by cluster also reported a higher incidence of reading 

and spelling problems in the family, and that the dyslexics read less at home than their 

peers. The failure to find a stronger relationship between dyslexia and a family history 

of reading problems was surprising in view of the large number of studies which report 

increased incidence in family members (e.g. DeFries & Decker, 1982; Foch etal.,

1977). One possible reason is that rates of incidence rely on self-report data rather than 

more objective assessments. However, reported data are not always associated with
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negative findings concerning family history as Volger etal., (1985) demonstrated.

They found evidence for an increased risk for a child to develop reading problems if a 

parent also reported difficulty. The incidence figure may also be connected with 

whether the child has been diagnosed as dyslexic. The parents of a child diagnosed as 

dyslexic are more likely to have considered, as one attempt to explain the difficulties 

their child is facing, whether there are reading problems in the family. Thus the weak 

relationship between dyslexia and family history in the present study may reflect the 

fact that a large number of the dyslexics identified in this study had not been officially 

diagnosed as dyslexic. The extent to which the children identified as dyslexic, by either 

regression or cluster analysis in this study, had also been diagnosed as dyslexic within 

the school system represents an interesting area for further inquiry.

A large number of the items from the Rutter Scale for parents were reported too 

infrequently to be included in an analysis, e.g. ’often destroys own or other's 

property’; ’not much liked by other children’; ’often tells lies’; ’bullies other children’.

It emerged that the parents were much less likely to say anything negative about the 

child than the teachers. In view of the reported low correlations between parent and 

teacher perceptions of the same child (Rutter etal., 1970) a direction for future 

research with this data would be to examine the correlation between parental and teacher 

perceptions in more detail in an attempt to determine whether the perceptions of the 

raters differ, i.e. teachers and parents, or whether the behaviour of the child differs in 

the two contexts, i.e. school and home.

6.2.2.2 Study 2

In order to determine whether any of the measures from Study 1 would predict outcome 

five years later, the performance of the dyslexics and non dyslexics identified in Study 

2 was examined on Study 1 measures. In common with the Study 1 dyslexics, the
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dyslexics identified in Study 2 (regression & cluster) differed from the controls on the 

sequencing factor with the dyslexics characterised by significantly poorer performance. 

The dyslexic groups were also reported to have had more problems with school work, 

difficulties with writing and spelling, more remedial help, a higher incidence of reading 

related problems in the family (regression identified only), and difficulties with fine 

motor tasks (cluster identified only). There was also some evidence to suggest that they 

had attentional problems (significant only for cluster dyslexics), more emotional 

difficulties (regression identified) and were found to be more disruptive (cluster 

identified). These results suggest that although, 44% of the dyslexics identified in 

Study 2 by regression and 58% of those identified by cluster in Study 2, had not been 

identified as dyslexic in Study 1, nevertheless they had many of the characteristics in 

common with the children who were identified in Study 1.

A number of the variables which differentiated the dyslexics and the controls in Study 

1, did not separate the dyslexics and controls identified in Study 2. Left-right 

discrimination ability distinguished dyslexics from controls in Stiidy 1, but failed to do 

so in Study 2. It appears that while younger dyslexics do show difficulty with this task, 

it has little predictive significance. A reverse pattern was found for performance on the 

visual and auditory memory and motor skills factor. The dyslexic groups identified in 

Study 1 were not characterised by significantly poorer performance on this variable 

relative to controls. However, the dyslexics identified by regression in Study 2 had 

significantly lower scores than the controls on this measure in Study 1. At neither time 

was there a significant difference in IQ between the groups which could have explained 

these findings. These findings are difficult to interpret. It is possible to speculate that 

sequencing ability and a firm knowledge of left and right are important in the early 

stages of reading acquisition and may even be strengthened and developed as a result of 

reading practice. However, it is not so plausible that areas of skill measured by the 

visual and auditory memory and motor skills factor e.g. auditory discrimination, 

recognition memory, visual memory are specific to later reading development.
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Particularly as a number of theorists believe that children begin reading by making a 

series of visual-verbal paired associations (Frith, 1985) which suggests that measures 

of visual memory would be important.

A significantly higher proportion of the dyslexics identified by regression in Study 2, 

showed a left eye preference in Study 1. In ten out of twelve cases (83%) left eye 

preference was associated with clear right-handedness. Such cross-laterality has been 

associated with reading difficulties (e.g. Critchley, 1970; Dunlop, Dunlop & Fenelon, 

1973). However, these findings must be considered in the light of the large percentage 

of non-dyslexic children (85%) who also exhibited left eye preference and right 

handedness in this study but who had no apparent reading difficulties. Thus, it would 

appear that cross-laterality is not uniquely associated with dyslexia nor does it have 

predictive significance for the later development of reading problems.

6.2.3 Subtypes of Dyslexia

A related problem of definition comes from the growing realisation that dyslexia, even 

when it is narrowly and clearly defined, may not represent a single disorder but may 

consist instead of a number of subtypes, each possibly having different etiological 

correlates. This may explain the range of deficits on a large number of cognitive tasks 

which have been found when dyslexics have been compared to controls. Deficits, 

which as Stanovich (1986) has argued, ”are indirectly threatening to the assumption of 

specificity because they suggest widespread cognitive deficits rather than a highly 

localised dysfunction that selectively impairs reading” (p.233). Whilst consensus 

amongst the majority of researchers might exist regarding the variability in the dyslexic 

population, the extent to which this can be neatly partitioned into discrete subtypes 

remains undetermined. Indeed, Seymour (1990) concluded that it is doubtful whether 

the heterogeneity in the dyslexic population can be "reduced to a categorical scheme of 

subtypes” (p.58). Even interpreting the results from the studies which have described
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discrete subtypes is problematic given the differences in definitional criteria used to 

select the dyslexic population. For example, in view of the findings reported above, 

which suggest that the characteristics of clinic and non-clinic samples differ, subtyping 

studies based on these different populations may also been expected to differ.

The majority of subtyping studies suggest that three separate subtypes can be found; 

with the most common subtypes to emerge being a language deficient subtype, a 

visually deficient subtype and a ’mixed* subtype characterised by a combination of 

deficits (see Tables 2.3 to 2.7). A smaller number of studies conclude that the evidence 

for distinct subtypes is weak and the repeated emergence of a ’mixed* subtype provides 

evidence of the homogeneity of the dyslexic population (Ellis, 1985; Frith, 1982; 

Scarborough, 1984; Stanovich, 1988; Vogler etal., 1989). In line with the latter 

theorists no evidence for qualitatively different subtypes was found in this study. The 

two subtypes which were found in Study 1 differed quantitatively on both the reading, 

spelling and cognitive measures with neither subtype characterised by a specific domain 

of poor performance.

One explanation for the failure of the present study to find qualitatively different 

subgroups relates to the small size of the dyslexic sample. Classification was attempted 

in a relatively small group (n=46) and quantitative differences may have masked smaller 

qualitative differences. In addition, the study did not include many measures of 

linguistic ability. The most commonly reported subtype is a language deficient group 

the members of which tend to be characterised by poor oral word reading skills, 

difficulties in verbal expression and poor sound blending and naming. The absence of 

more detailed measures of language ability in the present study means that a language 

based subtype may go undetected in this sample. The quantitative differences which 

were found between the two subtypes were stable from Study 1 to Study 2. In view of 

the change in membership of the dyslexic group over the five years considered in this 

study, the subgroup classification showed more stability than expected as several
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longitudinal studies which have found evidence for considerable instability (Meacham 

& Fisher, 1984; Spreen & Haaf, 1986).

6 .2.4 Sex Differences

Dyslexia appears to affect more boys than girls, although reported male:female ratios 

vary considerably (e.g. Finucci & Childs, 1981). For this reason investigations of 

possible biological, cognitive and behavioural correlates of dyslexia have often been 

restricted to boys, either deliberately (e.g. Satz & Morris, 1981; Van der Vlugt, 1985) 

or incidently as referrals from reading clinics tend to have a greater proportion of males 

(Thomson, 1990). In the present study, definition as dyslexic using the regression 

equation, resulted in an entirely male group in Study 1, and 81% males in Study 2. In 

the dyslexic groups identified by cluster analysis in Study 1 and Study 2, the 

percentages were of a similar magnitude; 92% males and 88% males, respectively, by 

the two methods. These figures provide further evidence for the significantly higher 

incidence of dyslexia in boys.

Sex differences in the abilities of non-dyslexic children have been extensively 

researched and keenly debated, with claims made for superior mathematical and spatial 

ability in boys and superior language processing ability in females (e.g. Maccoby & 

Jacklin, 1975; Satz & Zaide, 1983). The present study partly supports these 

generalisations; significant sex differences were found for spatial ability in favour of 

superior ability for boys; for reading and spelling in favour of superior performance by 

the girls. These sex differences were present in the unselected sample (n=976) and the 

reduced sample (Study 1) indicating that they were not the result of the application of 

any selection criteria. In the follow-up sample (Study 3), marked sex differences were 

also found in favour of superior spelling for the girls, and some evidence for superior 

reading.
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There was no evidence for superior verbal abilities, as measured by Verbal IQ, for the 

girls. Boys had significantly higher Verbal IQ’s at all stages in the project, i.e. in the 

unselected, selected and the follow-up samples. This was somewhat unusual in view of 

their significantly poorer reading and the correlation of the latter with verbal skill. One 

consequence of this disparity between Verbal IQ and reading ability for the boys, as a 

group, is an increased probability that individual boys will demonstrate a discrepancy 

between IQ and reading. Girls, on the other hand, with a smaller mismatch between the 

two skills will have a correspondingly smaller chance o f being identified as dyslexic, if 

they are compared to their male peers and a fixed cut-off to determine membership of 

the dyslexic group employed. Share et al., (1987) argue for the inclusion of sex as an 

additional independent variable in the regression equation, or for the computation of 

separate regression equations for male and female. In this way girls, who may be 

underachieving relative to peers of the same age, IQ, and sex, but not under-achieving 

relative to the boys, can be identified.

The incorporation of sex as an independent variable in the regression equation in Study 

1 altered the percentage of boys identified, if the same 5% cut-off was applied. It 

resulted in the identification of six girls and sixteen boys, a male: female ratio of 2.7:1. 

As expected, the six girls had a significantly higher mean reading and spelling score, 

but were nevertheless still significant underachievers relative to the performance of the 

girls as a whole. One disadvantage of this approach, however, is that the inclusion of 

six girls results in the exclusion of six boys who previously had been defined as 

dyslexic. Moving the cut-off to 6% includes these boys and results in a total group of 

22 boys and six girls. A higher male:female ratio, 3.7: 1, is also re-established. This 

latter group had correspondingly higher reading and spelling mean scores than the 

dyslexic group without girls.

This data indicates that although incorporating sex as an independent variable means 

that underachievement in girls is considered relative to same age, IQ and sex peers, it
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also raises new problems relating to the relative numbers of boys and girls identified. 

Any cut-off which is applied to determine membership of the dyslexic group once sex 

is included will result in the exclusion of some boys who would have been selected had 

sex not been a variable. A different approach was adopted by Scarborough (1984), an 

approach which avoided the possibility of boys being excluded as a result of the 

inclusion of girls. Separate regression equations were run for male and females adults 

and a two standard error cut-off was applied in both instances to define the dyslexic 

group. This, not surprisingly, resulted in the virtual elimination of the traditional sex 

ratios; eight males and seven females were identified as dyslexic using a two standard 

error cut-off in both instances. Data for male and female dyslexics was not analysed 

separately, nor were mean reading and spelling scores detailed by sex, so it was not 

possible to determine whether the mean for girls was significantly higher.

One argument against deriving separate regression equations by sex is, that although 

there is evidence that existing male: female ratios can to some extent reflect the way 

dyslexia has been defined (Shaywitz etal., 1990), there is nevertheless considerable 

research and clinical evidence which suggests that dyslexia is more common in boys. In 

the face of this, defining equal numbers of girls and boys as dyslexic appears to run 

contrary to existing knowledge about the disorder. Until more is known about the sex 

differences within the dyslexic population and the extent to which these affect the 

resulting conclusions concerning the biological, cognitive and behavioural correlates of 

dyslexia, the relative effects of excluding girls or boys are difficult to assess. Few 

studies have examined sex differences within the dyslexic population and those that 

have have reached contradictory conclusions; some have found no differences (e.g. 

Canning etal., 1980; Gilger etal., 1989), and others that dyslexic girls are verbally 

inferior and more impulsive than dyslexic boys (e.g. Rykman, 1981). A more detailed 

analysis of the sex differences within the dyslexic sample, as defined in this study, was 

not possible, given the small number of girls identified even when sex was added to the 

regression equation.
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6.2.5 Prognosis

The persistence of reading and spelling problems is well documented (Heijanic & 

Penick, 1972; Horn etal., 1983; Watson etal., 1982; Schonhaut & Satz, 1983) and 

there is evidence which suggests that although dyslexic individuals improve their 

reading skills over time, they do not entirely catch up or outgrow their disability (Baker 

etal., 1984; Decker, 1989; Spreen, 1982). In the present study, not all those identified 

as dyslexic in Study 1 were identified as dyslexic in Study 2, nor were those identified 

as dyslexic in Study 2 necessarily dyslexic in Study 1. Three distinct dyslexic groups 

emerged using each method: ’stable’, ’transient’ and late emerging’ . The first group 

was those identified as dyslexic in Study 1 and Study 2, the second those identified in 

Study 1 and not in Study 2 and the third, those identified in Study 2 and not in Study 1.

The data from this study suggests the existence of a stable group of dyslexics 

characterised by severe underachievement in reading and spelling between the ages of 

eight and thirteen. However, the size of this ’stable* group depends on the method by 

which the child is classified as dyslexic. Sixty-seven (n= 14) percent of the dyslexics 

identified in Study 1 were classified as ’stable’ when regression was used, compared to 

only 31% when cluster was used. In contrast to Share etal., (1986), who found that 

children classified at more than one age were more severely disabled in reading and 

spelling than children classified at one age only, the indication from this study was that 

the children in the ’stable’ dyslexic group were not necessarily the poorest readers and 

spellers.

I f  stability were determined on the basis of regression, then the ’stable’ dyslexics were 

found to be significantly poorer than the ’late emerging* dyslexics on measures from 

Study 1, and poorer than the ’transient dyslexics’ on measures from Study 2. The 

exceptions to this pattern were on the WRAT reading and spelling subtests. On the
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WRAT reading, the ’stable* dyslexics did not differ from the ’transient’ dyslexics and 

on the WRAT spelling no differences were found between the ’stable*, ’transient* and 

’late emerging* groups. None of the groups differed on IQ in either Study 1 or Study 2. 

If, on the other hand, stability was determined on the basis of the groupings emerging 

from the cluster analysis, there was no evidence to suggest that the ’stable* dyslexics* 

were significantly poorer readers or spellers in either Study 1 or Study 2. The only 

variables which differentiated the ’stable’, transient’ and ’late emerging groups were 

Performance and Full Scale IQ in Study 2. The ’stable’ and late emerging* groups had 

significantly higher means than the ’transient group* on both these measures. 

Furthermore, the agreement between the two methods as to who was a ’stable’, 

transient’ or *late emerging* dyslexic was low. Only six children were perceived as 

’stable*, six as ’transient* and six as ’late emerging* by both methods.

It could be argued that to assess stability using such a volatile technique as cluster 

analysis is problematic. Some have claimed that cluster procedures are more 

exploratory than many other statistical techniques (Bender & Golden, 1990). The 

addition or subtraction of cases can result in different solutions and no firm rules exist 

for deciding whether a given solution is optimal (Morris etal.., 1981). Ninety-four 

children were not followed up and it is possible that their exclusion may have affected 

the groups which emerged in Study 2. Furthermore, although the dyslexic clusters in 

both Study 1 and Study 2 were typified by severe underachievement on all the reading 

related discrepancies, the nature of the clustering algorithm is such that one cannot be 

certain that children who may be as severely underachieving as those in the dyslexic 

cluster, are not being placed in other clusters. In the present study, there was evidence 

that in a few cases this may have occurred. For example, the reading and spelling 

means of seven children, who were perceived as ’stable’ dyslexics by regression and 

’transient* by cluster, were examined in Study 2 and were found to be highly similar to 

the mean reading and spelling scores of the group identified as ’stable’ dyslexics by 

cluster. In contrast, the method by which the dyslexics are selected using regression,
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i.e. the bottom 5% of the distribution of residual reading scores, means that one can be 

certain that each child selected as dyslexic is more significantly underachieving than a 

child not selected. One can be sure that those not included in the dyslexic group are not 

more significantly underachieving than those who are. This makes it a better technique 

of assessing stability of classification and for determining prognosis for the individual 

child.

In view of the debate concerning the identification o f ’real’ dyslexics and whether 

dyslexia can be separated from more general underachievement (Jorm etal., 1986; 

McGee etal., 1986; Pavlidis, 1990; Rutter etal., 1970; Siegel, 1988; Yule, 1973), this 

raises the question of who are the ’true* dyslexics in this study. Are they the children 

whose reading problem persists over the five years of the study? Those whose problem 

appears to resolve? Those who become dyslexic in the period covered by this research? 

Some have suggested that it is the persistence over time, in spite of remediation, that 

provides the strictest criterion for distinguishing dyslexics from those with less specific 

reading failure (Frith, 1981). By this criteria the ’true* dyslexics would be those who 

are dyslexic at the start and the end of the project. However, the data from this study 

suggests that this would result in the exclusion of a group of children who at age 

thirteen are reading and spelling significantly below the levels expected on the basis of 

age and IQ.

The reasons why some children shift in and out of the dyslexic group are important to 

determine if remedial efforts are to be successfully directed at those children whose 

reading problem persists and those who, although initially are not underachievers, 

become so in the course of this study. The latter, the "late emerging* dyslexics, are an 

important group and may be missed if eligibility for remedial help is ascertained before 

the reading problems of this group become apparent. Share etal.., (1986) argue that 

part of the movement is due to measurement error. Even when regression is adopted as 

the means of defining a dyslexic group, the necessity of employing a cut-off means that

363



small changes in actual scores can move children across category boundaries, i.e. 

dyslexic vs. non-dyslexic. In this study, when regression was used as the means of 

identification, it was apparent that a number of children (n=8) had residual reading 

scores close to the cut-off in Study 1 and Study 2 and small changes in the cut-off 

resulted in their inclusion in the dyslexic group. However movement in and out o f the 

dyslexic group is also, undoubtedly, due to the large number of variables which can 

potentially effect reading development: family background, behavioural and cognitive 

variables (Finucci etal., 1985; Spreen, 1988). In the present study, behavioural 

functioning or changes in family background were not assessed after Study 1. Thus, 

the effect of these variables on change in membership of the dyslexic group remains to 

be investigated.

Developmental changes in reading, spelling and intelligence over the five years and the 

effect these may have had on perceived stability can, however, be assessed. Results of 

longitudinal studies assessing the development of cognitive abilities in dyslexics and 

non-dyslexics are mixed. Several have suggested that the discrepancy between 

dyslexics and controls shows an increase on measures of reading, spelling and 

arithmetic (e.g. Frauenheim & Heckerl, 1983; Trites & Fiedorowicz, 1976; Rutter,

1978), and others that the rate of change in the two groups is remarkably similar for 

reading related measures, but that the dyslexics show a slower rate of development for 

tests which measure speed of processing, e.g. the Coding subtest from the WISC-R 

(e.g. Baker eta l., 1984; DeFries & Baker, 1983).

Results from the present data indicate that relative rates of change differ depending on 

the measure being assessed. For spelling, although performance levels were lower for 

the dyslexics in both Study 1 and Study 2, the rate of change over the five year period 

for dyslexics and controls defined by both the methods was similar. In contrast, 

although both groups of dyslexics continued to lag behind their peers, they made more 

progress in reading and the difference between the dyslexics and controls decreased.
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Concerning Verbal IQ, the dyslexics and the controls, again independently of how they 

were defined, showed similar rates of change. The rate of change in Performance IQ, 

however, differed significantly between dyslexics and controls. In the dyslexic groups 

Performance IQ decreased with age, whereas in the control groups the tendency was 

for an increase. These results provide some evidence to suggest that had dyslexia been 

defined by a regression of spelling on Verbal IQ and age, skills in which the rate of 

change across the five-year interval was similar, more overlap between those classified 

as dyslexic in the two studies might have been observed. This is supported by the 

findings that the ’stable*, ’transient* and ’late emerging* dyslexics, defined by 

regression or cluster, did not differ significantly on WRAT Spelling on Verbal IQ in 

Study 2. The different developmental rates may also explain why perceived stability 

was lower for the dyslexics identified by cluster when discrepancies based on 

Performance IQ and spelling were used for group selection.

Deterioration in Performance IQ in the dyslexic groups in comparison to the stability of 

the measure of Verbal IQ over the same period was unexpected. In the dyslexic group 

identified by regression, a five point difference was found between Performance IQ in 

Study 1 and Study 2 (p<.05) and in the dyslexics identified by cluster a two point 

difference (ns). This was contrary to a number of studies which indicate that, with the 

exception of Coding, dyslexics do not tend to do poorly on the Performance items of 

the WISC-R (Thomson, 1990). Instead, three of the tests on which dyslexics have 

commonly been found to do less well than controls are all items from the Verbal scale: 

Information, Arithmetic and Digit-span. One could speculate that the exclusion of 

Object Assembly, on which dyslexics have been found to do as well, or better than 

controls (e.g. Miles & Ellis, 1981; Thomson & Grant, 1979), at the second assessment 

may have been partly or wholly responsible for the decline in Performance IQ. Its 

exclusion in Study 2 meant that the scores from the four other Performance items: 

Picture Completion, Picture Arrangement, Block Design and Coding were pro-rated, 

thereby attaching more weight to performance on the Coding subtest, on which
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dyslexics have repeatedly been shown to do poorly. There is also some evidence that 

performance on the Coding subtest deteriorates over time (Baker etal1., 1984). A 

comparison of the mean of the four Performance tests, excluding Object Assembly, and 

the mean of Object Assembly for the dyslexics in Study 1 supported this speculation. 

The mean for Object Assembly (mean= 12.2;SD=2.7) was significantly higher than the 

mean for the other four tests (mean=l 1.1;SD=1.9; t=-2.44; p<.05), thus its exclusion 

in Study 2 could account for the decline in Performance IQ.

Satz etal., (1981) have formulated a theoretical framework to explain, amongst other 

concepts, the rate of progress of reading related skills in dyslexic children. The 

developmental patterns observed for spelling, for the age range 8-13 years, appear to fit 

their model of deficit-delay. In this model, ability to spell, for example, develops later 

for the dyslexic groups but then proceeds at a similar rate to the non-dyslexics reaching 

a lower maximum point. In contrast the pattern for reading is more in accordance with 

the lag model in which, despite a later onset of reading in the dyslexic group, the latter 

then proceed at a faster rate than the control group. The difference between this finding 

and the model proposed by Satz etal.. is that the expectation of this model is that the 

dyslexics will eventually catch-up. An additional follow-up of the same children at 

several more points would be needed before the pattern could be reliably determined.

6 .2.6 Accounting for the variance in Reading ability

These investigations addressed two questions: (1) concurrent prediction of reading on 

the basis of variables obtained at the time of the reading assessment and ; (2) the ability 

of these tests to predict reading achievement five years later. These will be discussed 

separately below.
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6.2.6.1 Concurrent Prediction

In each of the regression analyses, five variables repeatedly emerged as the most 

powerful predictors of reading and spelling ability. These were performance on the 

sequencing factor, Verbal IQ, performance on the visual and auditory memory and 

motor skills and left-right discrimination factors and age. These five variables 

accounted for 45%, 41%, 53% and 39% respectively, in Schonell Reading, Neale 

Accuracy, Neale Comprehension and Schonell Spelling scores. With the exception of 

Comprehension, to which Verbal IQ made the largest unique contribution, more than 

half of the variance in reading and spelling was accounted for by the sequencing factor. 

This factor was comprised o f four tests: reciting the months of the year, recall of 

abstract and concrete words and visual sequential memory.

In the light of studies which suggest that residing and spelling are best viewed as 

separate functions (Batchelor etal.., 1990; Frith, 1980, 1983) it was perhaps 

surprising that no differences were found in the variables which made significant 

contributions to reading and spelling in this study. Very few studies have compared 

whether the same variables maximally predict reading and spelling. One might speculate 

in view of studies which have suggested that reading and spelling are independent 

functions (e.g. Frith 1980, 1983) that this would be reflected in differing sets of 

predictive measures for the two skills. Batchelor etal., (1990) found that some 

evidence to support this speculation. They found that while the majority of salient 

predictors were common to both reading and spelling, others were found to be 

orthogonal predictors; e.g. visual tracking, short-term visual memory, psychomotor 

speed, spatial integration and oiganisation were all found to be significant predictors of 

reading ability (p<.05). Whereas for spelling, visual sequencing was the only unique 

predictor. In the present study, the sequencing factor, which included a measure of 

visual sequencing, was found to be an important predictor of both reading and spelling. 

One interpretation for these findings and the findings of the present study is that they
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reflect differences in the two samples. In the present study a far greater spread of 

reading and spelling ability was assessed as the sample consisted of dyslexic and non- 

dyslexic children. In the Batchelor et al., (1990) study reading and spelling scores 

were considered for a large sample of only learning disabled children. Thus, it appears 

that whether reading and spelling are differentially predicted may depend on whether 

ability of disability is the criterion variable.

6.2.6.2 Future Prediction

The most powerful longitudinal predictors of reading and spelling ability were, not 

unexpectedly, reading and spelling ability in Study 1. Large proportions of the 

variance in Schonell reading, Schonell spelling, WRAT reading and WRAT spelling, 

72%, 77%, 77%, 76%, respectively, were accounted for by reading ability in Study 1. 

Prose reading in Study 1 was found to be a better predictor of Performance on the 

WRAT reading and spelling subtests than were tests of word-recognition, with Neale 

Accuracy making the laigest single contribution to WRAT reading and spelling. The 

one exception to this pattern was the Wide Span Reading Test. Reading ability in Study 

1, either accuracy or comprehension, was found to be relatively poor predictors of this 

measure. Neale Accuracy accounted for only 10% of the variance not already 

accounted for by Verbal IQ and overall prediction of this measure (49%) was also 

considerably poorer than that of the other reading related measures. It would appear that 

the Wide Span Reading Test assesses a different aspect of reading from the other tests 

included in the study.

The measure of attention derived in Study 1 from the Rutter Questionnaire emerged as a 

significant predictor of reading and spelling ability in Study 2. It made a significant 

unique contribution to each of the Study 2 measures of between 13% and 8% and, with 

the exception of the WSRT, contributed significantly to stepwise prediction even when 

measures of reading and spelling from Study 1 were included. The unique contribution
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of this variable was significantly higher in Study 2 than Study 1. Concurrently, its 

contribution ranged from 4% to 5% and it made no contribution to the stepwise 

prediction. This suggests that the child’s ability to focus and maintain his or her 

attention has little impact on reading or spelling ability, at the time the measure is 

assessed, but that this variable makes a large contribution to the prediction of the same 

skills assessed five years later. It could be that poor levels of attention have little impact 

in the early stages of reading, which arguably demands less sustained attention as the 

words are smaller and the sentences short. When, however, reading becomes more 

difficult and earlier leamt skills are consolidated, the lower attentional levels of five 

years previously appear to have adverse effects.

The weaker association between level of attention and reading in Study 1, than between 

the same measure and reading in Study 2, is not consistent with results from studies 

investigating the prediction of reading from measures assessed in kindergarten. In a 

review of almost sixty of these studies Horn & Packhard (1985) found that teacher 

ratings of attention or distractability were the best single predictors of reading 

achievement between the ages of six and seven years. They found no evidence that the 

correlation between these two measures increased with age. One possible explanation is 

that the significance of the ability to focus ones attention depends to a large extent on 

the developmental stage, in terms of reading, that a child has reached when this 

measure is rated. Thus, levels of attention measured before reading is acquired have an 

important impact on reading development. This is perhaps not surprising, for as Horn 

& Packhard point out, ’’the ability to focus and maintain one’s attention for extended 

periods of time is a necessary prerequisite for success in school” (p.603). However, 

measures of attention assessed in the early stages of reading acquisition, i.e. age eight 

years, have a far smaller impact on current reading skills. They do, however, appear to 

have an impact on the development of reading after this age as evidenced by the higher 

correlations found with reading and spelling in Study 2.
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In view of the large number of factors which could potentially influence a child’s 

reading in the intervening five years, e.g., emotional, social and educational factors, the 

amount of variance accounted for in this study is impressive. The contribution made by 

reading was large, which suggests that if  reading skills are successfully acquired by the 

time the child is eight, other variables, e.g. Verbal IQ, or levels of attention have little 

influence, and it is likely that the child will continue to read successfully. These 

findings are consistent with those of Williams & Silva (1985) who found that seven- 

year old reading score was a powerful predictor of nine-year old reading score and that 

family background variables e.g. SES, maternal intelligence and reading skill added 

relatively little to accurate prediction. The results from the two studies together suggest 

that early reading achievement may be a substantially more accurate predictor of reading 

achievement than measures assessed prior to the commencement of reading, which at 

best have been found to account for less than half the variance in reading achievement 

(Horn & Packhard, 1985).

A number of studies have found that reading achievement becomes more predictable 

and that the amount of variance that can be accounted for by a set of predictors 

increases with time (Butler etal., 1982, 1986; Clark etal., 1978; Satz etal.., 1978; 

Stevenson etal., 1986). This has been attributed to the Matthew Effect (Walberg & 

Tsai, 1983) in which the spread of scores, in this case, reading achievement, increases 

with time. The increase in spread, or variance, in reading achievement has the effect of 

increasing the multiple correlation, which explains why prediction is apparently 

enhanced. The implication, following from these findings, is that predictive accuracy 

will improve when examined over a longer period of time.

In the present study no evidence of a Matthew Effect was found for reading 

achievement as measured by the Schonell. The spread of reading scores was actually 

greater in Study 1 than in Study 2 and the predictors accounted for 45% and 44% of the 

variance at ages eight and thirteen, respectively. The contribution of the small ceiling
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effect which was found for Schonell Reading (See Table 4.7) may have contributed to 

the slight reduction in variance in Study 2. For Schonell Spelling only a slight increase 

in the dispersion of scores was found from Study 1 to Study 2 and the same set of 

predictors accounted for 39% and 44% of the variance at ages eight and thirteen, 

respectively.

Of greater importance is whether predictive accuracy actually improves, as measured by 

the standard error of the regression equation. The amount of accounted variance as 

measured by R2 is not necessarily a good indicator of how well the regression equation 

is able to predict reading for an individual child. The R2 in two samples, at two times, 

could be identical but the standard errors, which arguably are a better measure of the 

’goodness of fit’ of the regression equation, may differ substantially. In the current 

study the increase in predictability of reading and spelling in Study 2, as measured by 

R2 * was accompanied by an increase in the standard error. This indicates that prediction 

in Study 2 was actually associated with more error than in Study 1, i.e. a greater 

difference between observed and predicted scores. Thus, using R2 as a summary 

indicator of the efficacy of a prediction may in some instances be misleading.

6 .2 .7  P red ic ting  R eading D isab ility

The very large proportion of variance in reading and spelling ability in Study 2, 

accounted for by the subset of variables from Study 1, raises the question of whether 

one can predict which children are likely to fail. The prediction of reading failure is 

arguably a more important goal than the prediction of reading achievement, given that it 

is the dyslexic group at whom intervention efforts are to be directed. However, a 

number of predictive studies suggest that it is easier to predict who is not dyslexic than 

who is (Badian, 1990; Feshbach e ta l ., 1977; Jorgenson etal., 1985).
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Discriminant function analyses in the present study indicated that membership of the 

non-dyslexic groups was predicted more accurately than was membership of the 

dyslexic groups. This was most marked when regression was the method by which the 

groups were selected. In Study 1, nine of the dyslexics (43%) and 415 (99%) of the 

non-dyslexics were accurately classified. In contrast a large percentage of the dyslexics 

identified by cluster analysis (85%) were correctly classified and smaller differences 

between the accuracy of prediction of group membership for dyslexics and non- 

dyslexics were observed. The superior accuracy of the discriminant function in the 

latter analysis no doubt reflects the closer association of the variables used to define the 

clusters and those used to predict membership. In addition to the Verbal and 

Performance IQ discrepancies, the variables which had which contributed most 

significantly to the separation of dyslexics and non-dyslexics, defined both by cluster 

and regression were sequencing ability and the sex of the child.

A marked decline in the accuracy of prediction of the dyslexic group and hit rates close 

to chance were found in Study 2. Only one child (5%) was correctly classified on the 

basis of Study 1 ability-achievement discrepancies and cognitive factors using 

regression and only 3(11%) when cluster was used. These findings are in line with 

those of Lewis (1980), who found a screening battery administered to a group of five 

year olds (n=86) to be a poor predictor of outcome two years later and those of Meisels 

et al., (1984) who found that the error rate increased the more time there was between 

the predictor and outcome measures. Lewis (1980) argued that prediction of those at 

risk for reading problems is severely hampered if the ” range and interaction of the 

compensatory factors available to the individual child” (p. 107) are not taken into 

account For example intelligence, motivational factors, the nature and success of any 

remedial help the child may have received, will all influence the extent to which a child 

is able to compensate for the difficulties he or she has with reading (Snowling, 1987). 

Teacher effectiveness may also be an important variable but one which is difficult to 

measure and similarly difficult to control. Furthermore, the development of reading
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itself, which in this study was found to be faster in the dyslexic group, will also result 

in an appreciable loss of predictive power over time, unless this is taken into account.
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6.2.8 Conclusions and Suggestions for Future Research

The comparison between two methods of identifying a dyslexic group was a major 

focus of the present study. Results revealed differences in the number of children 

identified as dyslexic by both techniques and in the characteristics of the two groups. A 

cut-off of 5% was applied to the regression equation. Cluster analysis, which places no 

upper limit on the number defined, identified 11% of subjects as dyslexic. Children 

identified by the cluster procedure as dyslexic tended to be younger, poorer at spelling 

and have a higher Performance IQ than those identified by regression. All children 

identified demonstrated large ability-achievement discrepancies. The comparison of the 

two methods indicated that the regression method appeared to be biased against the 

inclusion of children who were underachieving in relation to their Performance IQ. One 

way of overcoming this problem would be to derive an additional regression equation 

in which underachievement was considered relative to Performance IQ.

The results showed that although the number and kind of children identified as dyslexic 

varied according to the technique by which they were defined, there was little evidence 

to suggest that the dyslexic groups differ significantly on other cognitive, 

neuropsychological and behavioural variables. The differences that were found were 

small, and depended on the control groups to which the dyslexics were compared. This 

suggests that independent of whether an individual is classified as dyslexic on the basis 

of a single ability-achievement discrepancy or on the basis of multiple discrepancy 

scores, the performance of the two dyslexic groups is similar.

Each technique identified a ’stable’ dyslexic group and two groups who were 

characterised by underachievement at only one testing session. These two groups were 

too large to be attributed to measurement error but rather suggested individuals whose 

reading problems represent a transitory difficulty which is subsequently overcome, and 

a group whose reading problem becomes apparent later in the school career. From an
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educational perspective, if remedial help is to be targeted efficiently the distinction 

between stable, transient and late emerging dyslexics is an important one. For example, 

the problems of the late emerging group will not be detected if assessment is carried out 

in primary school. There were also more girls in the ’late emerging’ groups, identified 

by both techniques, than in the ’stable’ or ’transient’ groups which suggests, albeit 

tentatively that dyslexia may manifest itself at a later age in girls than the boys. Thus, 

the age at which the dyslexic sample is identified may also influence the boy-girl ratio 

found in any studies. This represents an interesting area for further research.

Possible subgroups of dyslexia were investigated in the larger sample of dyslexics 

identified by cluster analysis in Study 1, and two further clusters were identified. 

Despite considerable change in membership of the dyslexic group, the differences 

between the two groups remained remarkably stable over the five year period, with the 

more impaired of the two subgroups still performing significantly more poorly on all 

reading related measures in Study 2. The persistence of the original differences was 

unexpected in view of the fact that 69% of those in the poorer subgroup and 71% of 

the more able subgroup were not reclassified as dyslexic in Study 2 but were in the 

’transient* dyslexic group as identified by cluster analysis. The absence of a more 

marked relationship between membership of the poorer subgroup, both in terms of 

cognitive and neuropsychological performance, and outcome five years later, indicates 

that membership of a particular subgroup has little prognostic significance.

Prediction of later achievement was extremely accurate and suggests that most 

children’s reading and spelling at age thirteen can be reliably predicted from his or her 

reading or spelling ability five years earlier. Other cognitive variables assessed at age 

eight accounted for relatively small amounts of additional variance. Teacher ratings of 

attention made small but significant additional contributions to future prediction. This 

finding underlines the importance of attention in the early stages of reading 

development to later development. In contrast prediction of reading difficulty was

375



highly inaccurate, less than 5% of those identified as dyslexic by regression and 11% 

of those by cluster were correctly classified on the basis of Study 1 measures using 

stepwise discriminant analysis. In view of the high degree of inaccuracy associated 

with the multivariate approach to prediction, it would be interesting to determine 

whether the teachers were more accurate at predicting children who were, or would 

become, dyslexic.

Recent findings, which have had an impact on dyslexia research, are those which have 

demonstrated the importance of linguistic factors to reading success. In particular, a 

deficit in phonological processing has been proposed as a basis for reading disability 

(Liberman & Shankweiler, 1985; Mann e t a l 1989). In retrospect it appears that the 

inclusion in the present project of a number of variables which explicitly tested 

phonological awareness or phoneme segmentation skills may have significantly 

enhanced prediction of later reading disability.

Substantially more boys were identified as dyslexic than girls, this was true even when 

sex was included as an additional independent variable in the regression equation in an 

attempt to redress any biases that may have been operating against girls. The ratio of 

boys to girls identified was still consistently above 7: 3 in favour of male. The evidence 

from this study suggested that the increased prevalence of reading disability often 

reported for boys does not reflect a bias in subject selection. Even when cluster analysis 

was used to select subjects, a technique which places no upper limit on the number who 

can be identified as dyslexic, only four girls (8%) in Study 1 and four girls (12%) in 

Study 2 were so classified.

The small number of girls identified as dyslexic restricted any comparisons which 

might have been made between male female differences within the dyslexic population. 

Although much attention had been given to sex differences in cognition in the non- 

dyslexic population, relatively little research has been directed towards determining
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whether cognitive differences between the sexes are found in the dyslexic population. A 

more detailed knowledge of the differences between the sexes within the dyslexic 

population may lead to a better understanding of the effect of the sex distribution on the 

perceived correlates of dyslexia.
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