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DYSLEXIA : A STUDY OF DEVELOPMENTAL AND MATURATIONAL FACTORS
ASSOCIATED WITH A SPECIFIC COGNITIVE PROFILE.

The general aim of the study was to investigate developmental
(cognitive) factors associated with dyslexia. More specifically
it attempted a critical examination of the maturational lag /
deficit hypotheses in the context of current thinking on
assessment procedures and definitions of special educational
needs.

A review of the literature pertaining to these issues
favoured a 'deficit' hypothesis of dyslexia involving a
deficiency in verbal mediation of symbolic material and
implicating short-term memory,serial processing,cross-modal
integration and lexical encoding problems.

Four studies were undertaken. A ten-year longitudinal
study, spanning the entire school careers of a sample of 102
children,employing the Aston Index screening test.The
predictive validity of the Aston Index was demonstrated by
means of correlational, multiple regression and Bayesian
probability analyses, The predictive power of the Index
over achievement tests was shown. Results suggested a high
degree of consistency in the relative performance of subjects
within the sample over time and identified auditory-verbal
variables as the best predictors of performance.

A series of experimental studies compared dyslexics with
chronological age~ and literacy-matched controls on visual
and auditory sequential memory tests.The results showed
functional differences between the dyslexics and both control
groups on the critical variables and on their WISC-R profiles.

The final study followed-up sixty adolescent dyslexics
with Low, Moderate and Severe degrees of retardation at
diagnosis. Five years later significant inter-group differences
and linear trends were observed in literacy attainments such
that the Severe group were inferior to the other groups and made
least progress. Further evidence supported the existence of
direct lexical access and phonological processing routes and
indicated that literacy attainment is but one manifestation of
a more general verbal and symbolic coding problem in dyslexics.

KEY WORDS: Dyslexia Developmental Deficit Screening Follow-up
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1. INTRODUCTION

After more than one hundred years of research there is little
doubt that there exists an intrinsic developmental anomaly which
manifests itself primarily in a constraint upon the effective
acquisition of literacy skills. The term most commonly used

to describe this constitutional constraint upon learning is

Dyslexia.

It is equally certain, however, that dyslexia has been the

subject of the most heated debate in education (eg Wheeler and
Watkins, 1978; Newton, Thomson & Richards, 1979) and is still

by no means universally accepted (eg Black, 1985). To an

extent, it is the definition and use of the term dyslexia which

has been the source of much of the controversy and this has
frequently diverted attention from the fundamental issue of written
language attainment, ig, the probabilities of transmitting a
uniform system to millions of children, each with their own indi-
vidual patterns of perceptual and cognitive development at the

age of five years.

The importance of terminology is recognized by Miles (1983)
and will be referred to in Section 1.6 but it is appropriate

to begin with some discussion of how dyslexia may be defined.



1.1 DEFINITIONS OF DYSLEXIA

As suggested above, the manifestations of dyslexia are most
obvious in the inhibition of the effective development of
reading, spelling and writing. This immediately presents a
problem of definition since there are, of course, many potential
causes and correlates of literacy difficulties ranging from
general intellectual deficits (eg Shakespeare, 1975) and phy-
sical disabilities to limited educational opportunities and
social background (eg Eisenberg, 1966; Wilson and Richards,
1979). .Vernon (1957). for example, cites fourteen possible causes

of reading failure.

Rabinovitch (1968) noted the need for "differential diagnosis in
relation to reading problems". He suggested three categories
of reading retardation "covering all cases in which there is a
significant discrepancy between the mental age on performance

tests and the level of reading achievement':

1. PRIMARY READING RETARDATION which reflects a disturbed
pattern of neurological organisation with no apparent brain
damage, and which accounts for the most severe backwardness
in reading (and writing and spelling) through a defect in

tha ability to deal with letters and words as symbols;



2. BRAIN INJURY WITH READING RETARDATION in which the capacity
to acquire written language skills is impaired by frank
brain damage manifested by clear-cut neurological deficits,
and commonly attributed to prenatal toxicity, birth trauma

or anoxia, encephalitis or head injury; and,

3. SECONDARY READING RETARDATION due to exogenous factors,
""the child having a normal reading potential that has been
impaired by negativism, anxiety, depression, emotional
blocking, psychosis, limited schooling opportunity, or other
external influence'". Rabinovitch (op cit) considered this
category to comprise minimal retardations and to be less

common than was once supposed.

These distinctions introduce the notion of differentiating
dyslexia from literacy difficulties resulting from intellectual
deficits and also from brain damage and exogenous or environ-
mental factors. 1In practice however, individual children may
present more than one predisposing factor and given the com-
plexity of the processes involved in literacy development a simple
diagnosis may often be difficult (see, for example, Thomson (1984)

for a review).

In view of the above, it is not surprising that most definitions
of dyslexia are exclusionary. The most frequently quoted exam-

ple is that of the World Federation of Neurology (1968):



"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'".

This definition has been supported by, for example, Mattis
(1978), and Vellutino (1979) but has been criticized by Rutter
(1978) for its exclusionary nature and lack of specificity.

The advantages of such definitions is that they provide rela-
tively pure subject populations for research purposes. Benton
(1978) argues that dyslexia must first be defined in negative

terms before providing more detailed (and positive) classifica-

tions.

Thomson (1984) definesdevelopmentaldyslexia as
"a severe difficﬁlty with the written form of language
independent of intellectual, cultural and emotional
causation. It is characterized by the individual's
reading, writing and spelling attainments béing well
below the level expected based on intelligence and chro-
nological age. The difficulty is a cognitive one,
affecting those language skills associated with the
written form, particularly visual to verbal coding,

short-term memory, order perception and sequencing".



&l

Wheeler and Watkins (1978) provide a review of definitions
and give their own definition:

"Dyslexia is experienced by children of adequate intel-
ligence, as a general language deficit which is a
specific manifestation of a wider limitation in processing
all forms of information in short-term memory, be they
visually, auditorally or tactilely presented. This

wider limitation exhibits itself in tasks requiring

the heaviest use and access to short-term memory such

as reading, but particularly spelling. This limitation
can have a multiplicity of causes (eg genetic, or birth
trauma) and observable effects (eg clumsiness, reversals
and bizarre spelling). It may make sense in a number

of circumstances to talk about subcategories of dyslexia,
eg genetic dyslexia, traumatic dyslexia, visual or
auditory dyslexia if it helps in the diagnosis, prognosis
and most importantly remediation of the symptoms of this
general limitation. The choice of these sub-categories does
not detract from the use of the term dyslexia to describe
this general language deficit, as dyslexia is a poly-

morphous concept'".

This definition is unusual in that it focusses attention on
spelling more than reading and on short-term memory. Both of the

above definitions are useful in operationalising the concept.
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1.2  CHARACTERISTICS AND SYMPTOMS

Davis and Cashdan (1963) argued that the justification for a
special category within the population of backward readers

is that it should be different with respect to aetiology, pro-
gnosis or the treatment indicated and not simply symptomology.
As we shall see, there is ample evidence to regard dyslexia

as a separate category but it is necessary to begin with a

brief review of characteristics and symptoms.

Miles (1970, 1978) notes the following symptoms, several of

which are incorporated in the Bangor Dyslexia Test (1982);

1. Discrepancy between intellectual performance and
literacy attainments.

2. Confusion over direction which can take several forms
(eg b/d, dna/and)

3. Bizarre spelling.

4. Poor graphomotor ability.

Ba Clumsiness in gross motor movements.

6. Speech difficulties.

7. Il1l-defined or mixed handedness.

8. Difficulty in repeating polysyllabic words

S. Difficulty in distinguishing left from right.



10. Short-term memory defects.
11. Problems in sequencing abilities (eg remembering mul-

tiplication tables, months of the year).

He points out that all of the above symptoms are unlikely

to be present in any single child. He states that if there is a
discrepancy between expected and observed attainments in lite-
racy and the child persistently exhibits two/three of the
symptoms then it may reasonably be assumed that he experiences
dyslexic problems. A similar point is made by Money (1962) who
writes that it is by no means uncommon in medicine that a
disorder "should have no unique identifying sign, that uniqueness
being in the pattern of signs that appear in contiguity". Thomson
(1984) also notes that several symptoms (eg b/d reversals) may

be present in normal readers/spellers but that the symptoms
"occur much more frequently in dyslexic children and that

they have theoretical and diagnostic significance".

Newton (1970, 1973) makes the same point as Miles (op cit)

and describes the following behavioural features:

1i Persistent reversal and disordering of letters
(eg b and d), syllables, words (saw/was) and word order
when reading, writing and occasionally speaking. Mirror

imaging of letters and words.



2 Inability to perceive, code and subsequently retain
a consistent meaningful symbolic image.
3. The consequent inability to retrieve and express

a relevant meaningful output of linguistic material

4. Severe spelling disorder.

5. Non-resolution of hand, ear, and eye dominance.

6. Late development of spoken language in early childhood.
7. Difficulties with sequencing, order and direction .

8. Occasional motor clumsiness, hyperactivity and superior

ability in spatial skills.

Wheeler and Watkins (1979) provide a systematic review of sym-

ptomology and list the following most commonly cited . features:

1. Directional confusion (Left-Right)

2. Spontaneous writing and spelling impairment.

3. Finger differentiation problems.

4. Visual perception deficiencies.

5. Handedness and cerebral dominance (Crossed dominance)
6. Weakness in memory storage.

T Maternal and natal factors.

8. Motor dysfunctions.

9, Delayed maturation.

10. Delayed speech development.

11. Neurological dysfunction.

12. Familial or inherited disability (Genetic factors)
13. Sex differences

14, Language delays



In addition to the symptoms noted above, Vellutino (1979)

describes the following '"correlated characteristics".

0 1 'Boys are observed to have reading problems more
frequently than girls, the ratio generally exceeding
4: 1 (Eisenberg, 1966; Benton, 1975).

2. The incidence of reading difficulties in the families
of dyslexics has been found to be statistically signi-
ficant (Hallgren, 1950; Hermann, 1959; Owen et al,

1971; Finucci et al, 1976).

3. Dyslexics have been observed to have difficulty in other
forms of representational learning, such as telling time,
naming éhe months and seasons of the year or the days
of the week, and distinguishing left from right or up
from down . A common inference is that such anomalies
are reflective of the tendency in such children to be
disoriented in perceiving temporal and spatial relations.

4. The appearance of neurological soft signs (abnormal re-
flexes, minor coordination problems, deviant EEG patterns
and so on) has been reported in both clinical and labo-
ratory study of dyslexics, reinforcing the suggestion
that reading problems in some children may be associated
with neurological disorder (Rabinovitch, 1959; Conners,
1970; Bryant, 1965; Owen et al, 1971; Preston, Guthrie

and Childs, 1974).



5. Some evidence suggests that dyslexia is signifi-
cantly correlated with a history of developmental
problems, particularly in one or more aspects of

language (Kawi and Pasamanick, 1958; Lyle, 1970) 2

Elaborating on 2 above, numerous studies have found a

higher incidence of literacy problems among the immediate
families of dyslexics (Naidoo, 1972; Yule & Rutter, 1976;
Doehring, 1968). Several studies (eg Hermann, 1959; Zerbin-Rudin,
1967; Bakwin, 1973) have found very high concordance rates in
monozygotic twins (ranging from 84% - 100%), but lower con-
cordance among dizogotic twins (12% - 33%), thereby implicating

genetic factors.

It has been suggested by Eisenberg (1966, 1978) Johnson & Myk-
lebust (1967) and Vellutino (1979) that the study of dyslexia

is best undertaken with children of average or above average
intellect, who have no sensory defects, severe brain damage,

or other debilitating physical problems; who have not been
hampered by serious emotional or social disorders or by cultural
disadvantage and who have had adequate opportunity to learn.

These criteria were adopted for the present study.



1:3 INCIDENCE OF DYSLEXIA

Studies of literacy attainment throughout the world suggest
that very considerable numbers of children and adults expe-

rience difficulties in reading, writing and spelling.

Kellmer-Pringle, Butler and Davie (1966) reported that 10% of
seven year olds were at the beginner stage of reading and

Clark (1970) found that 15% of the same age group (in Dumbarton-
shire) were still non-starters. Rutter, Tizard and Whitmore
(1970) in their study of the total school population on the

Isle of Wight found that 7.9%were more than 28 months below
chronological age on the Neale Analysis of Reading Ability.

The Adult Literacy Scheme has mentioned the figure of 2 million

illiterate adults in Great Britain.

Many studies relate to reading difficulties in general without
specifying causation. Estimates of the incidence of dyslexia
will also vary in part due to the operational definition adopted
(eg I.Q. levels, level of retardation in literacy). Further more
incidence will vary according to the age of the subject popu-—
lation. Owen et al (1971) report that of those children refer-
red for remedial education, 4% were six-year olds, 10% seven—
year olds, 57% eight to eleven year olds and around 18% were

eleven to sixteen years of age.



Klasen (1972) notes that estimates of dyslexia in the Western
World vary between 2% and 25% and makes the point that local
variations should be taken into account. Berger, Yule and Rutter
(1975) found some variation in incidence between lOyear olds

in London (6%) and on the Isle of Wight (3.7%). This empha-
sizes the point that although definitions of dyslexia must

aim for specificity, factors such socio-economic background

and cognitive abilities will necessarily interact in the

individual child.

Keeney and Keeney (1968) estimate thatof the 10% of children
retarded in reading at the seventh grade approximately one third
fall into the category of dyslexia. In Clark's (op cit)

study, 1.2% were two or more years behind their expected attain=-
ment level and a further 5% were between one and two years below
expectation. These children were designated 'specifically retarded’
in reading. Similarly, Rutter, Tizard and Whitmore (op cit)

found that 3.7%of their group of 'backward readers' were

"specifically retarded in reading".

Bannatyne (1971) basing his estimate on the large sample used
to standardise the Illinois Test of Psycholinguistic Abilities
(ITPA), suggested that at least 2% of the school population were
dyslexic. Critchley (1970) estimated the figure at 10% while
other studies (eg Satz et al, 1978; Kline, 1972; Gaddes, 1976
for France and Denmark) suggest 15%. The CELDIC report (1970

Canada) also suggests 15% and notes that the consistency



of more recent reports is more prominent than the varia-
bility. Tarnopol and Tarnopol (1976) in a review of the

world wide incidence of dyslexia, quote a median of 8%.

The most important points to emerge from this brief review
are that, even on the most conservative estimates, very subs-
tantial numbers of children experience severe literacy problems

and that these numbers do not appear to diminish over time.

1.4 HISTORICAL PERSPECTIVE

That very large numbers of children and adults would suffer
from literacy disabilities was clearly not envisaged in the
1870 Education Act, which optimistically hoped to
"train the children carefully ... and bring
them to some familiarity with the literature and
history of their own country; to give them power
over 1anguagehas an instrument of thought and
expression and to develop in them such a taste
for good reading and thoughtful study as will
enable them to increase that knowledge in after

years, by their own efforts",



However, as the provision for education expanded rapidly
throughout most of Europe in the late nineteenth century,

so early research into the causes of learning failure deve-

loped.

The earliest studies of literacy disability stemmed from the
neurological assessment of brain-damaged patients. Kussmaw) (1877)
reported the loss of literacy skills in patients whose speech
remained unimpaired and related this to lesions in the
occipito-parietal lobe of the left'hemisphere. This condition
was described as 'word blindness' and the alternative term,
'dyslexia' was coined by Berlin (1887). Dejerine (1892) found
that in the post mortem examination of dyslexic patients:

"... there always existed a lesion far back

into the posterior temporal region of the left

cerebral hemisphere where the parietal and

occipital lobes come into contiguity".

Moreover he demonstrated that a loss of reading comprehension
and literacy skills always depended upon a left unilateral lesion.
Fisher (1910) suggested that dyslexia resulted from cerebral
damage, possibly caused by birth trauma. Thus, the earliest

research on dyslexia focussed on neurological impairment.



At around the same time, however, physicians began to

report cases of children who appeared to suffer from a simi-
lar disorder in the absence of brain injury. From 1895 to 1917
Hinshelwood wrote extensively on the subject and described

the condition as a difficulty in interpreting and understanding
written symbolic texts which was not due to specific eye
defects. He suggested that the disorder resulted not from an
organic defect in the brain but from a failure to develop the
brain function associated with visual memory for words, letters
and figures, mentioning in particular the left angular gyrus
region. General intelligence and "the power of observation
and reasoning" were found to be normal or above normal and

the disability seemed to occur more frequently in boys than

in girls, was often hereditary and often improved as the child

matured.

Further reports of intelligent children who had failed to learn
to read were given by Pringle Morgan (1896) and Kerr (1897). The
former provided the following description of a 14 year old boy:

"He has always been a bright and intelligent

boy, quick at games and in no way'inferior to others

of his age. His great difficulty has been = and is

now = his inability to learn to read. This inability

is so remarkable, and so pronounced, that I have

no doubt it is due to some congenital defect .



He has been at school or under tutors since he

was seven year old, and the greatest efforts have

been made to teach him to read, but, in spite of

this laborious and persistent training, he can

only with difficulty spell out words of one syl-
lable. The following is the result of an examination
I made a short time since. He knows all his letters,
and can write them and read them ... In writing

his own name, he made a mistake, putting

'Precy' for 'Percy', and he did not notice the

mistake till his attention was called to it more

than once ... I then asked him to read me a sen-

te@nce out of an easy child's book ... The result was
curious. He did not read a single word correctly,
with the exception of 'and', 'the', ‘'of', 'that', etc.
The other words seemed to be quite unknown to him and
he could not even make an attempt to pronounce them ...
He seems to have no power of preserving and storing up
the visual impression produced by words - hence the
words, though seen, have no significance for him. His
visual memory for words is defective or absent; which
is equivalent to saying that he is what Kussmaul (1877)

has termed 'word blind' (Caecitas syllabaris et verbalis).

I may add that the boy is bright and of average

intelligence in conversation. His eyes are normal ...



... and his eyesight is good. The school-master
who had taught him for several years says that
he would be the smartest lad in the school if the

instruction were entirely oral'.

The next major contribution was that of Orton (1925, 1937).

His theory of dyslexia has generated more interest and

research than any other and will be reviewed in the next section.

1.5 THEORIES OF CAUSATION

Some of the research reported in this section does not in

faét relate to 'theory' at all, but simply to observed
differences between children with literacy problems and normal
readers, which may or may not have aetiological significance.
Doehring (1978), among others, makes the point that dyslexia
should not be viewed as a unitary disorder and does not therefore
have a unitary causation. Not surprisingly, few claims are made
for a general theory of dyslexia. The range of possible predis-
posing causes, behavioural features and the complexity of the
written language system argue for multifactoral approaches and

the gradual accumulation of evidence on all facets of the subject.

General theories of dyslexia are limited to that of 'Cerebral

Dominance' (Orton, ops cit) and, developing from this, the



'Maturational Lag' hypothesis (eg Satz and Sparrow, 1970;

Satz et al, 1971). Hermann's (1959) theory might also be inclu-
ded in this category. Further theories/explanations may be
grouped under the headings of either neurological impairment
focussing essentially on brain function or, cognitive approaches
examining the processing of information. It is the latter which

has received most recent attention.

CEREBRAL DOMINANCE

The Cerebral Dominance theory derives from the work of Orton
(1925, 1937). His view of dyslexia which he termed
'strephosymbolia' (literally, 'twisted symbols'), was that the
perception of letters and words established a series of memory
images or engrams in both cerebral hemispheres, those in the
right hemisphere being mirror images of the normally oriented
engrams in the left. The process of learning to read, he
thought, involved the elision from the focus of attention of,
the confusing mirror images in the non-dominant hemisphere, a
process normally achieved by the dominance of the left hemis-
phere in right-tateralised children. Orton supposed that
disabled readers lacked cerebral dominance and thus failed

to elide the mirror images in the right hemisphere. This led,

in turn, to a tendency to reversal in reading and writing which



disturbed the acquisition of series and resulted in the

child "looking at random'. This theory is now regarded

as 'over-simple' (Critchley, 1970; Thomson, 1984) but

is regarded as the most influential in that it has stimulated

a great deal of research (Vellutino, 1979).

One such area of research is the association between 'cerebral
dominance' and behavioural laterality. Early studies concen-
trated on the relationship between left-handedness and
cerebral dominance. Humphrey and Zangwill (1952) for example,
stated that left-handedness did not imply strict dominance of
the contralateral hemisphere but showed all the signs of less
advanced specialisation. In an extensive review of the
literature, however, Beaumont (1974) concluded that reading
difficulties would appear to be associated with indeterminate
manual preference but not with clearly established left

preference.

Several studies have found an association between indeterminate
laterality and dyslexia (eg Ettlinger & Jackson, 1955; Zangwill,
1962; Thomson, 1975) but many studies showing positive
correlations have been criticized on methodological grounds
(Benton, 1975). Furthermore, the same relationship has not
been found by other authors (eg Belmont & Birch, 1965; Lyle,

1969; Sabatino & Becker, 1971; Miles, 1983).



Three further areas of research which relate to hemispheric
specialization are Electroencephalographic (EEG) and related
studies, dichotic listening and divided visual field

experiments.
EEG AND RELATED STUDIES

As noted above, the earliest investigations of acquired dys-
lexia postulated a lesion in the angular gyrus region of the
left hemisphere of the brain as being responsible for the

loss of reading ability (eg Dejerine, op cit). Later authors
(eg Hinshelwpod) suggested some congenital defect in this area
to account for cases of developmental dyslexia. Geschwind
(1965) hypothesized that it was this area of the brain which
mediated associations between visual and auditory stimuli

necessary for literacy development.

Conners (1971) found that the amplitude of the visually

evoked response (VER) to flashing light is reduced in the left
parietal region for children with severe reading problems.
Prestén et al (1974) compared the VER's to light flashes

and a word stimulus of 9 'disabled readers' with those of two
matched control groups. The first was matched on chronological
age (CA) and I.Q., the second on reading age (RA) and I.Q.

The results showed that the 'reading disabled' group showed

a significantly smaller amplitude in the early components of

the VER for an electrode placed in the left angular gyrus region

than the two control groups.



Hughes (1978) in a comprehensive review of EEG studies

relating to dyslexia notes that results are often equivocal
because of imprecise definitions of dyslexia, "the presence
of questionable EEG findings in many of these children'" and
the relatively high incidence of "abnormal" EEG findings in

control groups of similar age.

One area in which there would appear to be some tentative
agreement relates to the organisation of alpha activity.

It is well-established that alpha rhythm usually decreases

in amplitude with arousal stimuli. Newton (1970) found a
greater asymmetry of function between the two cerebral hemis—
pheres in a control group than in dyslexics. There was greater
excitatory activity around the left angular gyrus region in controls
whereas the dyslexics showed an equivalence of alpha activity
across both hemispheres. Similarly Hughes (1971) found that
the incidence of poorly organised or non-rhythmic alpha acti-
vity was significantly higher in 'learning disabled' than in
normals and this was found to be the best EEG predictor of
underachievement. Hanley and Sklar (1976) reporting the results
of frequency analysis under various conditions, found that the
most discriminating feature between dyslexics and controls was
the activity from the left parieto-occipital area and that the
dyslexics did not have a well-developed alpha band. Hughes

(1978) also reports the work of Martinius and Hoovey (1972)



which provided evidence for a decrement in attention amongst
dyslexics even over a group with "special difficulty in

attention or concentration'".

Reviewing EEG studies, Denckla (1978) and Conners (1978)

are critical of much research inthis area, particularly on
methodological grounds. The latter comments that many studies
purporting to show EEG abnormalities in dyslexics can just

as easily be interpreted to show an absence of abnormalities.

He also notes that more recent and well-controlled studies

show significantly less abnormality than is reported for earlier

studies.

Duffy et al (1980 a and b) using topographical mapping of brain
activity found significant differences between dyslexics and
normals aged nine to eleven years in the left temporal and left
posterior quadrant regions but also over much of the cortical

region ordinarily involved in reading and speech.

Leisman and Ashkenazi (1980) using brain scan techniques found
that in controls the left parietal-occipital region was wider
compared to the right hemisphere. For dyslexics, however,

there was no difference between the hemispheres in six of the
eight cases studied and two of the subjects showed a larger right

parietal-occipital region.



There is some suggestion that left hemisphere specialization
for linguistic processing is present from birth (eg Eimas et al,
1971; Molfese et al, 1971) and that gross anatomical asymmetry
between the hemispheres in a language mediating area exists in
neonates (Witelson & Pallie, 1973) as it does in adults
(Geschwind & Levitsky, 1968). The relationship of such diffe-
rences to literacy development remains to be demonstrated

and as yet the concept of some neurological abnormality in

dyslexics requires further investigation.

DICHOTIC LISTENING

The rationale for the use of this technique derives from phy-
siological investigations of auditory pathways within the

brain. It has been found that pathways which pass from one ear
to the auditory association area in the contra-lateral hemis-
phere are better developed than those which connect to the ipsi-
lateral hemisphere (eg Kimura, 1961). Kimura (1967) and others
suggest that the right ear advantage (REA) typically found in
normal readers reflects left hemisphere specialization for the

processing of verbal material.

Research in relation to dyslexia is equivocal. Some studies have
suggested a left ear advantage (LEA) in dyslexics (eg Zurif and

Carson, 1970; Witelson and Rabinovitch, 1972).whereas others



have demonstrated 'normal' REA or no difference (eg Bakker

et al, 1973; Sparrow and Satz, 1970; Bryden, 1970; Thomson,
1976). Again, research on sex differences is equivocal

(eg Kimura, 1967; Knox and Kimura, 1970). Some studies have
shown that dyslexics exhibit a normal REA but are less accu-
rate than normal readers (eg Witelson, 1976; Keefe and Swinney,

1979; Newell and Rugel, 1981).

Thomson (1984) and Satz (1976) both make the point that results
from several studies are open to alternative interpretations

than those presented by their authors.

Other studies have shown differential age effects with older
dyslexics, younger and older normal readers exhibiting a REA

but younger dyslexics showing no ear advantage (Witelson, 1976) .
Bakker et al (1973) showed that a larger REA in nine to eleven year
olds was - significantly correlated with reading ability

Again, there is some evidence which contradicts these findings,

and there may be problems in establishing appropriate 'floors'

for younger children (Rourke, 1978; Bakker et al, 1976).

In summary, it would appear that the weight of evidence suggests
that younger and older normal readers and older dyslexics show

a REA but the main feature of research in this area is its
diversity and the relationship between ear advantage and cerebral

asymmetry in dyslexics and normal readers is by no means clear.



DIVIDED VISUAL FIELD STUDIES:

Related studies concerned with the visual modality have com-
pared normal and dyslexic readers using tachistoscopic pre-
sentations to the left and right visual fields. Typically,
verbal material is found to have a right visual field advan-
tage implying left hemisphere control for language and verbal
functions, whereas spatial or less verbally oriented material

shows a left visual field advantage.

Studies involving dyslexics have again produced equivocal
results (eg Yeni-Komshian et al, 1975; Marcel et al, 1974;
Witelson, 1976) and Rourke (1978) concludes that "the results
of investigations in this area are too inconsistent to allow

much confidence to be place in any generalization".

One further area of related research has used the technique

of dichotomous tactual stimulation in the haptic modality

(eg Witelson, 1974, 1976). This paradigm involves the bilateral
simultaneous presentation of different nonvisible stimuli
(nonsense shapes or letters) which the subject is allowed to
palpate for 10 seconds, before selecting the target stimuli

from a visual recognition display of six shapes. Witelson (1976)
argues that the nonsense shapes are not readily amenable to lin-

guistic encoding and would therefore assess right hemisphere

functioning. She goes on to note that "the response of pointing



to a visual match with the left hand also ensures that

verbal processing is not required in the cognitive process'.
However, this is no guarantee that subjects do not encode
verbally, Witelson (1974) found greater accuracy in normal
male readers (aged six to fourteen years) with the left

hand for nonsense shapes and interpreted these findings as
indicating right hemisphere specializétion for spatial proces-
sing. In a series of further studies, Witelson (1976)

found that although dyslexics did not differ from controls

in overall accuracy on the task described above they exhi-
bited a lack of behavioural asymmetry. Furthermore, when pre-
sented with two-dimensional letters instead of nonsense shapes
the dyslexics showed, at all but the youngest ages, a left
hand superiority in contrast to the clear right had superiority
shown by normal readers. Witelson (1976) concluded that
"dyslexic boys have an atypical pattern of hemisphere specia-
lization compared to normal boys, but only in respect to right
hemisphere specialization for spatial processing". She further
proposes that difficulties experienced by dyslexics result
from bilateral spatial representation which may interfere with
the left hemispheres processing of linguistic functions. The
inconsistencies over-complexicity and lack of further evidence
to support Witelson's work have been noted by Rourke (1978)

and Thomson (1984).
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"It postulates that reading disabilities
reflect a lag in the maturation of the brain
which differentially delays those skills which
are in primary ascendancy at different
chronological ages. Consequently those skills
which develop ontogenetically earlier during
childhood (eg visual-perceptual and cross-
modal sensory integration) are more likely to
be delayed in younger children who are
maturationally immature. Conversely, those
skills which have a slower rate of development
during childhood (eg language and formal
operations) are more likely to be delayed
in older children who are maturationally
immature."” (Satz et al, 1978)

This position is commonly contrasted with a 'deficit’'
model of dyslexia (eg Doehring, 1968; Rourke, 1976) which
implies a finite dysfunction or disorder defined in neuro-
psychological or cognitive terms (Vellutino, 1979b). In this
paradigm there is no expectation that a child will necessarily
'catch up' in literacy and related skills and the majority of
research would appear to support the latter position (see
Chapter 2).



GENETICS

Evidence for some form of genetic causality rests largely on
twin and family studies but the majority of work in this area
has been descriptive and with a few notable exceptions, has not

been related to or derived from theoretical models.

High concordance rates of dyslexia among twins were noted in
Sectioni.1.2. Hermannn (1959) found 100% concordance among
eleven pairs of monzygotic twins and a figure of 33% for
twenty-seven sets of dizogotic twins. Hermann concluded that
this showed "with all desirable clarity" that dyslexia was

an inherited disposition. He suggested further that dyslexia
was due to an inherited tendency towards directional confusion
and could therefore encompass confusions over left and right

reversals and sequencing errors in symbolic tasks.

Several studies have shown a familial tendency towards lite-

racy problems. Yule and Rutter (1976) found that a family history
of such problems was three times more likely among children who
were specifically retarded in reading. Doehring (1968) found

that 40% of parents with dyslexic children had reading diffi-
culties compared with only 10% of controls and Critchley

(1970) has also reported a high familial incidence of dyslexia.
Miles (1983) found that in over 50% of dyslexic cases there was

evidence of similar problems within the family. Owen et al (1971)
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found lower attainments in siblings and parents of poor

readers than in controls.

Hallgren (1950) carried out a Mendelian genetic analysis of

112 families with both parents (3%), one parent (80%) or

neither parent (17%) affected. He found that 88% of his

sample showed dyslexic difficulties and that these continued
through three successive generations, leading him to conclude
that there was a dominant mode of inheritance. Sladen (1971)
re-evaluated Hallgren's work and suggested that there is variable
dominance in males and that it is largely recessive in females.
Sladen also suggests that pairing might not have been random

although this appears to be a somewhat speculative notion.

Finucci et al (1976) studied the families of twenty disabled
readers (15 males and 5 females) and found that 45% of first-
degree relatives experienced reading difficulties. After further
investigation they concluded that there was no single mode

of genetic transmission and that the disorder is genetically

heterogenous.

Thomson (1984) reviewing this area, notes that 'the evidence
suggests a multi-factonmal genetic predisposition, and implies
some kind of genetic inheritance'. There would certainly appear
to be good evidence for this in many cases. However, as

Childs et al (1978) note:



",.. it is not possible at the moment to state
unequivocally whether specific reading disabi-

lity is genetically determined or not, or whether
some cases are and others are associated with some-
thing else,rwhether if there is some genetic
element in some cases it consists of genes at

one locus or at many".



NEUROCLOGICAL DYSFUNCTION

BIRTH HISTORY

Several studies have found that pre-and peri-natal compli-
cations are more frequent in :children with literacy disorders,
implying that some form of brain dysfunction may be an im-
portant factor in some cases of dyslexia. Kawi and Pasa-
manick (1959) compared the birth histories of 372 males with
reading disorders with a similar number of matched controls
and found that there was a significantly larger number of pre-
mature births and pre- and peri-natal abnormalities among the
former group. Supporting evidence is given by Galante et al
(1972), Smith et al (1972) and Silver and Hagin (1964).
Geschwind (1982) recently argued for anatomical asymmetries
in dyslexics and speculated that these may result from some

impairment in utero.

An abnormal birth history is neither a necessary nor sufficient
explanation of reading disability (Rourke, 1978) but it would

appear that it may predispose towards such problems.



GERSTMANN SYNDROME, FINGER AGNOSIA AND LEFT-RIGHT

DISCRIMINATION PROBLEMS.

A number of early investigators (eg Hermann, 1959) were struck
by the parallels between behavioural correlates of dyslexia
and Gerstmann syndrome. Later research has focussed princi-
pally on two features: finger agnosia and left-right discri-

mination problems.

Kinsbourne and Warrington (1963) found that finger agnosia

and other Gerstmann symptoms were related to literacy diffi-
culties. Croxen and Lytton (1971) found a significantly

greater incidence of finger localization and left-right
discrimination problems in 9-10 year old retarded readers than
in controls. Corroborative evidence has been provided by the
work of Satz and his colleagues (eg Satz & Friel, 1974; Satz

et al, 1978) who found that finger localization was the

best early predictor of literacy problems over a six year period.
However, other studies have found differences between retarded and
normal readers at older age levels (normally 10-14 years) but
not at younger ones (6-8 years) (eg Reed, 1967; Doehring, 1968;

Finlayson and Reitan, 1976).

The evidence presented above suggests that finger agnosia
may have diagnostic significance (see chapters 2 and 3).

However several authors have noted that left-right discri-
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mination may in fact be a labelling problem (eg Miles, 1983;
Belmont and Birch, 1965; Lyle, 1969). Given the associa-
tion with finger agnosia, conclusions as to aetiological

significance should be tentative.

MINIMAL BRAIN DYSFUNCTION

Although developmental dyslexia is clearly distinguished from
acquired dyslexia, some authors invoke the notion of 'minimal
brain dysfunction'. Spreen (1978) notes the range of opinion
from the view that minimal brain dysfunction should be present
in most cases of dyslexia (eg Lebendinskaia and Poliakova,
1967) to the position that most cases cannot be ascribed to
brain damage (eg Ingram et al, 1970; Becker, 1974).
"Intermediate to this is the view that brain function is

abnormal with no structural pathology" (Spreen, op cit).

Rutter et al (1966) and Edwards et al (1971) found that when
dyslexics were compared tocontrols, matched for age and I.Q.,
there was no correlation between academic achievement and

minimal brain dysfunction.

The major reason for invoking the notion of minimal brain dys-
function would appear to be the presence of neurological
'signs' in some cases of dyslexia. Rourke (1978) however con-

cludes that the concept accounts for very little of the variance



in reading retardation and that it is of little value

in the diagnosis and remediation of dyslexic problems.
Duane (1981) supports this view and notes the frequent
misuse of the term which, in light of the above review,

argues against its validity.

'VISUAL' PROBLEMS

Many hypotheses concerning dyslexia may be included under this
generic heading. It has been suggested, eg that literacy
difficulties may arise through faulty scanning, deficiencies in
binocular coordination and/or other oculomotor problems. However
Fox et al (1975) demonstrated that standard optometric exami-
nation is not contributory to the diagnosis of even fairly
severe reading disabilities. Goldberg and Schiffman (1972)
quoting the American Academy of Opthalmology suggest that there
is no relationship between eye disturbances and dyslexia.

Other studies have shown that peripheral eye defects are not
implicated (Flax, 1969) that neither muscle imbalance nor bino-
cular fusion are contributory factors (Critchley, 1970) and
that there is no abnormality in the visual fields of dyslexics

(Rubins, and Minden, 1973).

Stein and Fowler (1981, 1982, 1984) have proposed a 'visual' form
of dyslexia hypothesising that "many children are dyslexic

because they fail to achieve reliable associations of ocular



motor with retinal signals" (Stein & Fowler, 1984). Their
research is based on the Dunlop (1972) test and they argue
that reading difficulties may arise because of a failure

to develop a stable '"leading" (or dominant) eye.

A number of studies have demonstrated faulty eye movements

in dyslexics (eg Lefton et al, 1978;Festinger, 1972) including
short and quick saccadic movements (Leisman and Schwartz, ,1976),
a large number of fixations (Zangwill and Blakemore, 1972;
Pirozzolo and Rayner, 1978; Pavlidis, 1978), and regressions
(Elterman et al, 1980) and difficulties in the return sweep
(Pirozzolo and Rayner, op cit; Pavlidis, op cit). There seems
little doubt that dyslexics do exhibit abnormal eye movements
but many authors argue that this is a result and not a cause
of their reading failure (eg Goldberg and Arnott, 1970;
Critchley, 1970; Vernon, 1971; Festinger, 1972; and Thomson,

1984 for a review)

Pavlidis (1981) presented a series of studies which overcame

many of the methodological objections of earlier research. The
results showed that dyslexics made significantly more regressions
and longer fixations than backward, normal and advanced

readers when reading and when tracking a moving light. Pavlidis
argues that his results were evidence of a general sequential
deficit in dyslexics. However, it is clear that dyslexics
experience many difficulties which are independent of the visual

modality and, furthermore, Ellis and Miles (1981) note that



training of eye movements does not appear to improve reading
comprehension (Goldberg, 1968) and that the dyslexics'
information-processing deficiency is evident when no eye move-

ments are involved (Ellis and Miles, 1978).

Some of the earliest research in dyslexia (eg Orton, 1925,

1937) suggested that difficulties arose from visual perceptual
deficits and this area has been the subject of a good deal of
further study. There is some evidence from longitudinal studies
that visual perceptual, visual-motor and visual-spatial abilities
are more important at the earlier stages of reading and that
deficits in these areas are associated with dyslexia in the

5-8 year age range (eg Satz et al, 1978; Rourke, 1976).

However in another longitudinal study, Jansky and de Hirsch
(1972) found that letter naming and picture naming (ie an
oral language factor) were the most important predictors of
reading but that a visual motor factor was more closely asso-
ciated with spelling. Indeed, a number of authors (eg Ellis
and Miles, 1978; Hicks, 1980a, 1981; Vellutino, 1979) have
argued that apparent visual perceptual deficits may in fact

reflect verbal encoding difficulties.

Reversal errors in reading and spelling are commonly supposed
to be characteristic of visual difficulties but it has been
shown that these may in fact represent a failure of the verbal

mediation process, the dyslexic learner being unable to re-



member which label is associated with which symbol
(Vellutino, 1979; Hicks, 1980a). Ellis and Miles (1978) de-
monstrated that dyslexics only experienced difficulty in

the perception and processing of visual symbols.when a verbal

label was involved. They conclude by stating that:

""the visual information processing deficit

in dyslexic children lies neither in the

speed of production, capacity or speed of
decay of the visual code. Rather the dyslexic
children demonstrate problems at a name

coding level".

Several other studies have come to similar conclusions

(eg Vellutino et al, 1973; Vellutino et al, 1975). Furthermore
if there were a general visual perceptual deficiency in
dyslexics it would be predicted that this would be apparent

in many activities and not simply those involving the perception
of symbols. In fact, it has been shown that dyslexics often

demonstrate good visuo-spatial skills (eg Newton, 1974).

Vellutino (1979) in a comprehensive review of this area,
concludes that the evidence does not support a visual perceptual

deficit hypothesis.



TEMPORAL ORDER PERCEPTION AND SEQUENCING

It is commonly observed that dyslexics experience difficulty
in recalling common series, such as the months and seasons
of the year, in the correct order (eg Miles, 1983; Thomson
& Newton, 1979) and on visual and auditory sequential memory

tasks (eg Naidoo, 1972; Thomson & Wilsher, 1978).

One of the fundamental questions here is whether the dyslexic
child's difficulties are in respect of a pervasive 'sequencing'
problem or whether their difficulties in this area are one
aspect of a more general short-term memory problem. One theory
which attempts to provide an explanation of dyslexia in these
terms is that of Temporal Order Perception (TOP) (Bakker, 1967;
Bakker & Schroots, 1981). Bakker proposes that dyslexics

do not simply have a general difficulty in their memory for
items but specifically in their serial-order memory for verbal
stimuli, including letters, digits, colours and 'meaningful figures.
He argues that this results from a left-hemisphere deficit

and cites in support of this argument a study by Groenendaal

& Bakker, 1971. In this study they found that while good

and poor readers differed significantly in their memory for
the 'verbal' material, such as that noted above, there were no
differences between the groups in their recall of 'meaningless

figures' (by inference a right hemisphere task).
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A number of other studies might be taken as evidence of
difficulties in processing serial-order information (eg Corkin,

1974; Allen, 1975;, Senf, 1969; Zurif and Carson, 1970).

Young and Rourke (1975) however found that when good and poor
readers were presented with verbal stimuli through both audi-
tory and visual channels, both groups performed faster on the
auditory task. The results also showed little difference

in the performance of older good and poor readers.

Rourke (1978) makes a number of criticisms of studies which
argue for a general sequencing deficit, and specifically TOP.
Firstly, he notes the marked “individual differences in normal
as well as retarded readers (eg Groenendaal & Bakker, op cit).
Secondly, many of the studies involve a number of processes such
as short-term memory, and auditory-visual integration., making
their interpretation rather unclear. Vellutino (1978, 1979)
makes a similar point and cites Kastner & Rickards (1974)

as an example of a methodologically 'pure' study of serial-order
recall, the results of which were interpreted as evidence of verbal
coding deficiencies in dyslexics. However, Vellutino (1978)
also notes that the Kastner & Rickards study did not control for
intelligence, used a '""quite possibly unreliable' self-report
method to determine rehearsal strategy and did in fact find

that poor readers were worse than good readers at serial-order

recall.



Nevertheless, there is further evidence that such problems

may be related to verbal processing deficiencies, ie to

'item' rather than 'order' problems (eg Denckla & Rudel, 1976 a, b).
Furthermore, Shankweiler and Liberman (1978) have also argued

that phonetic coding difficulties produced serial order

problems. Conrad (1964, 1965) found that order errors in

the recall of auditorily presented letters were determined by

their degree of accoustic similarity.

Bakker and Schroct.s (1981) concluded that:
"temporal processing of verbal and verbally
codifiable information is a predictive and
explanatory factor in reading (in)ability.
Whether the factor is either primary or secon-
dary to other functions like linguistic and

acoustical analysis has still to be settledV.

In fact, several studies have indicated that dyslexics are
inferior to normal readers in terms of both order and items

(eg Senf, 1969; Senf&Freundl, 1972). Corkin (op cit)

suggested that their difficulties might lie in sequencing

or short-term memory or some interaction between the two.

This last possibility is supported by Thomson (1984) and it would
appear that, although Bakker's hypothesis is not proved, there

is a good deal of evidence for serial-order processing and se-

quencing difficulties in dyslexics.



INTERSENSORY (AUDITORY-VISUAL) INTEGRATION

Luria (1973) maintains that the integration of perceptual
information received via the sensory modalities is a
crucial stage in the brain's processing of higher-order
functions such as reading. In relation to dyslexia, Birch
(1962) hypothesized that poor readers may be disabled
because "they have nervous systems in which the development

of equivalences between the sensory systems is impaired".

In initial tests of this hypothesis Birch & Belmont (1964,

1965) found that normal readers were better than poor readers

in their ability to match auditory and visual patterns.

It was argued that this ability was particularly important

in the beginning stages of reading. These early studies

have stimulated a good deal of research , much of which supports
Birch's initial hypothesis (eg Beery, 1967; Sterritt &

Rudnick, 1966; Vande Voort et al, 1972; Muehl & Kremenak, 1966).
Further corrobative evidence may be inferred from neurological
studies. Preston et al (1974) and Preston et al (1977)

found differences between the Visual Evoked Response (VERS)

of dyslexic children and adults and those of normal readers

in the region of the left angular gyrus. Geschwind (1965)

and Butters and Brody (1968) have shown that this is the

locus of intersensory integration. Butters and Brody's
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(op cit) study of brain-damaged adults showed that lesions
in the left angular gyrus were associated with impairment
on cross-modal but not intra-modal tasks. Moreover,
patients with the most 'severe' signs were also impaired
in reading. Similarly, Duffy et al (1980a, b) using

the techniques of topographic mapping, found differences

between dyslexics and controls in the same cortical area.

Senf & Feshbach (1970) and Senf and Freundl (1971) compared
good and poor readers (aged 8-15 years) on their ability

to recall auditory and visual stimuli presented simulta-
neously under two conditions. In 'free' recall subjects were
required to remember as many test items as they could,
regardless of modality. Under 'directed' recall conditions,
they were instructed to remember auditory-visual pairs or
single modality items. Poor readers generally performed
worse than controls under both conditions, and there was also
an age effect. Younger retarded readers made more errors
than their age-matched controls on intra-modality recall
whereas older disabled readers were inferior to normal

older readers on inter-modality recall.

The above results were interpreted as evidence of a deficit
in intersensory integration among dyslexics but as Vellutino

(1978) has pointed out, the data not only show differences



on both inter- and intra-modal recall but also run contrary

to Birch's developmental hypothesis. Furthermore other studies
have suggested that the difficulties experienced by

poor readers were not in cross-modal matching but in

verbal labelling of stimuli (eg Blank & Bridger, 1966;

Kastner & Rickards, 1974; Blank et al, 1968). In a series

of experiments, Vellutino and his colleagues (Steger et al,
1972; Vellutino et al, 1975b; Vellutino et al, 1975c) compared
compared poor and normal readers on long-term memory
paired-associate learning tasks. Poor readers did not differ
from normal readers in learning to associate visual-visual,
auditory-auditory, and visual-auditory tasks involving
nonverbal stimuli and responses. However, a separate group

of dyslexics were worse than controls of visual-verbal
integration tasks simulating sight word learning and phonemic

generalization.

Bryden (1972) compared the performance of normal and
retarded readers under nine conditions (inter- and intra-
modality tasks using auditory and visual stimuli on temporal
and spatial matching). It was found that the reading
retardates were inferior on all measures, indicating general

rather than specifically inter-sensory deficits.

Finally, Friedes (1974) has argued against Birch's

(1962) theory of 'sensory hierarchical dominance', suggesting



that it is not an inherently developmental phenomenon
that is ordered invariantly but rather that dominance is

task-specific.

In conclusion, the theory of inter-sensory integration alone
does not appear to be a sufficient explanation of dyslexia
and many of the experiments reviewed above implicate verbal

coding and short-term memory factors.



VERBAL DYSFUNCTION

The final major theoretical position to be reviewed is that
which postulates a deficit in verbal processing skills. This
theory has received increasing support in recent years and
has forced a re-appraisal of many hypotheses about the nature
of dyslexic difficulties, some of which have been reviewed
above. Further work in this area, particularly in relation

to short-term memory, is reviewed in Chapter 5.

The main proponent of this theory has been Vellutino (1979)
although he notes that it originates in the work of
Rabinovitch (1968). Rabinovitch suggested that children

with reading disabilities may experience a number of minor
linguistic defects manifested in expressive language disorder,
word-finding difficulties and deficiencies in symbolic
learning. The relevant research may be grouped according to
phonological, syntactic, lexical and semantic deficiences

(Vellutino, 1979).

With respect to the first, one view is that poor regders

are impaired in auditory discrimination skills (Wepman, 1960,
1961; Johnson & Myklebust, 1967; Bannatyne, 1971). This
notion has been largely superseded by the view that dyslexics
are not sufficiently aware of the phonetic structure of

spoken languge and have difficulty in phonemic segmentation



and phoneme-grapheme correspondence (eg Mattingly, 1972;
Savin, 1972; Liberman et al, 1974). Legein and Bouma (1981)
argue that dyslexic children's visual information processing
and articulation are just as efficient as those of control
children but their phonological recoding is deficient.

More specifically they note that "dyslexic subjects' need
somewhat more time for recoding a visually recognized letter
into its letter-name than controls and even more time for
recoding a visual word into its sound (name)". Support for
this view comes from Perfetti & Hogaboam (1975) and

Vellutino et al (1975).

Fox and Routh (1980) found that first-graders with

'severe reading disability' had marked deficits in phonemic
analysis, being unable to segment spoken syllables into
individual speech sounds. In a follow-up study, (Fox and
Routh, 1983) they found that their disabled readers had all
become proficient in phonemic segmenting but showed '" a dyspho-
netic pattern" of reading difficulty, including bizarre
spelling errors. Snowling (1980) compared groups of
dyslexics and controls on a grapheme-phoneme task using
non-words. After the visual presentation, the non-word was
pronounced either correctly or incorrectly and the subjects
had to indicate whether this was right or wrong. Snowling
found that the use of grapheme-phoneme conversion rules
assessed by this task increased with age in normal readers

but not in dyslexics. It therefore appeared that the dyslexics



were increasing their reading skills as they got older

by increasing their sight-word vocabulary. Snowling argued
that dyslexics were adopting a grapheme-semantic (or

direct visual ) route in reading because of their difficulties

in phonological processing.

With regard to syntactic deficiencies, the relatively few
studies in this area suggest that dyslexics have more
difficulty than normal readers on tasks involving knowledge
of syntax, verbal fluency and morphological usage (Wiig et al,
1973; Vogel, 1974). Fry et al (1970) comparing above and
below-average readers, aged 7-8 years and matched on social
class and I.Q., found that .the former had larger speaking
vocabularies and were more 'verbally fluent'. Their use of
language was' also more syntactically complex and the below-
average readers used more simple, basic descriptions. Fry
et al suggested that their results might reflect a limited
number and variety of verbal labels, available for use by

the backward readers.

Finally, it would appear that dyslexics do not have a purely
'semantic deficiency' in reading. Waller (1976) for example
found that reading-disabled children were able to remember
and understand the content of sentences they had read as
well as controls but were inferior in their recall of

exact word strings. The difficulties experienced by



dyslexics have rather been attributed to poor coding
and problems in word retrieval (eg Perfetti and Goldman,
1976; Denckla and Rudel, 1976a and b; Hicks and Jackson, 1981;
Perfetti and Hogaboam, 1975). Ellis and Miles (198l1) and
Miles and Ellis (1981) outline a theory based on a logogen
(pattern recognizer) model which defines the problem in terms
of lexical access or lexical encoding. They argue that
dyslexics do not have difficulties in aspects of visual
coding (as noted above) and nor do the problems lie in art¢
culatory encoding:

"The functional deficiency which is regularly

found in dyslexia is at the level of access

to the lexicon and retrieval of internal lexical

representations" (Ellis and Miles, 1981).

Jorm (1979, 1983) agrees with this analysis and argues that
dyslexics have difficulty in assessing items in the lexicon
via a phonological route. Ellis and Miles (1981) however,
argue that dyslexics have a more general deficiency in the

lexical encoding of written words.

It would appear from the above review that dyslexics do
not have a general deficit in the recall and understanding
of information conveyed by words and sentences and this is

borne out by clinical experience. However, they do appear
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to have difficulty in verbal processing (ie the encoding
and recall of words and letters). At present there is
disagreement as to whether this reflects a deficiency in
short-term memory or whether there is a more pervasive
lexical encoding problem (see, for example Ellis and Miles,

1981; Vellutino, 1979; Thomson, 1984).



od

SUB-TYPES

Vellutino (1979) distinguishes between single and multi-
factor theories of causation. With the exception of the

work of Birch (eg Birch, 1962; Belmont and Birch, 1966)
Vellutino (op cit) makes the point that the latter 'gene-
rally emphasize intramodal deficiencies that theoretically
constitute qualitatively different types of process
dysfunction ... ".but which "do not qualify as well-integrated

theories".

Nevertheless, there has been considerable agreement in the
classification of sub-types of dyslexia. Johnson and
Myklebust (1967) describe two basic types; auditory and visual
dyslexia, the former comprising difficulties in discrimination
of speech sounds, sound blending, labelling and naming, audi-
tory sequencing and memory, while the latter is characterised
by deficiencies in visual perception and visual memory, with

problems in orientation and left-right scanning.

Boder's (1970, 1971) analysis of reading and spelling errors
suggested three sub-types; dysphonetic dyslexics (63%) are
described as having difficulty in letter-sound integration
and in learning phonetically; dyseidetic dyslexics (9%) can

read and spell phonetically but have difficulty in developing



a 'sight vocabulary' and perceiving whole words as gestalts.
There two categories are broadly similar to Johnson and
Myklebust's (op cit) auditory and visual groups, respec-
tively. Boder also describes a third group (22%) who have

both auditory and visual difficulties.

Other studies follow this broad dichotomy (eg Ingram et al,
1970) although Mattis et al (1975) also proposed a third
group characterized by problems in articulation and visuo-

motor skills.

Thomson (1982) divided dyslexics into three groups on the
basis of reading and spelling errors: 'auditory-linguistic',
'visuo-spatial' and 'mixed'. The former constituted the
largest group but Thomson also found an age factor. The
younger children (8 to 11 year olds) had relatively more
visuo-spatial problems than an older group (14-17 years) in
which there were proportionately more auditory-linguistic

problems.

Thus there would appear to be some agreement on 'auditory'
versus 'visual' problems. However, many studies have failed
to find differences between these sub-types on a number of
tasks (eg Van den Bos, 1984; Thomson, 1982). Moreover, doubt
has been cast on the validity of this distinction by Miles
(1983) and Hicks and Spurgeon (1982). The latter authors

in factor analytic studies of children drawn from a 'clinic'



and ordinary schools, established an 'auditory processing'
factor (including auditory discrimination, sound blending
and 'auditory' spelling errors). However, previously
ascribed 'visual' characteristics (eg left/right discri-
mination, visual sequential memory) were linked with 'verbal'
variables such as vocabulary. In a series of further
experiments, Hicks (1980a, 1981) demonstrated that this

second factor represented 'verbal mediation'.



SUMMARY

It was not the intention of the above review to evaluate
each theory or explanation in detail. However, a summary
of the present 'state of the art' is in order and this will
be followed by a consideration of how theory and research

have been related to educational practice.

The first and most obvious point is that, as yet, there is
no definitive explanation of dyslexia. Orton's (1925, 1937)
theory of 'Cerebral Dominance' has generated a great deal of
research but the neurological and neuropsychological assump-
tions on which his work is based have, not surprisingly,
been shown to be over-simplistic (eg Semmes, 1968). Friedes,
£1974) has arqued that Cerebral Dominance is task-related and
that right or left 'dominance' may be more or less important
at different stages in the acquisition of literacy skills
(see also Rourke, 1978). In consequence, the evidence
reviewed above does not, by and large, support the Cerebral

Dominance theory.

As noted in Section 4 of this chapter, the origins of
research in dyslexia lie in the neurological studies of
brain damaged patients in the late nineteenth century. It
was perhaps inevitable, therefore, that early theorizing

would focus on neurological and neuropsychological factors.



Similarly, the development of cognitive psychology in
the post-war period has been reflected in the more

recent theoretical formulations and research in dyslexia.

The present review suggests that there is a good deal of
evidence to support the view that dyslexics experience
difficulties in the 'verbal mediation' of symbolic material.
Short-term memory deficits and difficulties in serial
encoding, cross-modal integration and lexical access have

all been implicated in this conceptualization.

Theoretical approaches to dyslexia, as to any other subject
of scientific study, reflect not only the zeitgeist but

also the sophistication of measurement techniques. It is
therefore certain that very recent technological advances

in neuroanatomy, neuropsychology, neuropharmacology etc
will offer major insights into brain functions, as they

pertain to dyslexia.



As well as considering theoretical positions and research
the above review has also highlighted a number of metho-

dological issues which are related to the present study.

Although reading and spelling are generally recognized

as separate skills, the overwhelming majority of studies
of dyslexia focus on readingratherthan spelling. However,
it can be argued that spelling is an equally important
skill for the child (Thomson, 1984) and the present

study focusses on spelling to a greater extent than reading.

Secondly, a major criticism of many studies is that they
fail to take into account or to relate findinm to develop-
mental and maturational factors (eg Fletcher & Satz, 1979).
This aspect is central to the studies reported below
particularly in relation to the assessment and prognosis

of literacy difficulties.

Ironically, one of the features associated with dyslexia
which often appears to become submerged in the pursuit of
aetiological explanations is the necessary appreciation

of the nature and demands of the written language system

and how children interact with this system (Newton, Thomson
& Richards, 1979). One of the concerns of the present

study is to evaluate a screening procedure (The Aston Index
Newton & Thomson, 1976) which specifically addresses this
interaction and to keep practical implications for assessment

and remediation in mind.



This last point is most important. Although the

preceding review has highlighted the diversity of possible
aetiological factors, the existence of dyslexia as a distinct
learning pattern has been clearly demonstrated. The
following section examines how research in dyslexia has

been applied to educational practice.



1.6 DYSLEXIA AND EDUCATIONAL PRACTICE

Any review of the way in which the results of research in
dyslexia have been translated into educational practice would
find it hard to escape the conclusion that the relationship
has not been an easy one. This would appear to hold true

not only for the United Kingdom, but also for the U.S.A.
(Duane, 1981). Stated very crudely, it seems that research
intd dyslexia has attempted to describe and explain the
differences between dyslexics and normal readers, whereas
educational opinion and provision has emphasized the simila-
rities. The implications of this dichotomy are considered
below but first a brief overview of official attitudes towards

dyslexia in the United Kingdom is presented.

The 1944 Education Act established eleven categories of

handicap under which children were entitled to receive

special educational treatment. Dyslexia was not included amongst
them and thus there was no legal requirement for Local Edu-
cation Authorities (LEAs) to make special provision for
dyslexics. This was the position until the 1981 Education Act
came into force (in 1983) and substituted the concept of special
educational need for the eleven categories of handicap.

In the interim, however, the subject of dyslexia had been

addressed in a series of reports and in legislation.



The Chronically Sick and Disabled Persons Act (1970)
recognized the need for special educational provision for
children with "acute" (ie severe) dyslexia. Furthermore
the Department of Employment recognized dyslexia as a
category of the 'disabled school leaver' and the Kershaw
Report (1974) expressed great concern over the inadequacy

of provision for the identification of dyslexics.

In contrast, the attitude of the Department of Education and
Science (D.E.S.) was, to say the least, more circumspect.

The Tizard Report (1972) concluded that 'dyslexia' was not a
useful term and preferred 'specific reading difficulty'. Apart
from the fact that other difficulties (such as spelling and
writing) are ignored in this phrase, children with specific
reading difficulty were regarded as being at the lower end

of the continuum of reading (dis)ability and thus L.E.A.s

were absolved from making special provision. The Bullock
Report (1975) accepted that there were children with 'specific
reading retardation' whose difficulties could not be accounted
for by intellectual, cultural, emotional factors etc., but it
was not until the Warnock Report (1978) that the other
manifestations of dyslexia were considered fully. This report
regarded 'specific learning difficulties' as severe and
long-term problems in reading, writing and spelling and
stressed the importance of early identification. Many

of the recommendations of the Warnock Report were embodied



in the 1981 Education Act, noted above, and children
with dyslexic problems are, theoretically at least,

accommodated by this Act.

There are, however, problems of definition and consequently,
educational practice, which have important ramifications

for the remediation of dyslexic difficulties.* As Miles
(1983) points out, there would be little to choose between
the terms 'dyslexia' and 'specific learning difficulties' if
the learning problems connoted by each were identical.
However, there is good reason to suppose that a superficial
similarity masks some confusion and disagreement in education.
For example, Cornwall (1985) implies that the two terms are
virtually synonymous while Tansley and Panckhurst (1981)

clearly do not.

Cornwall (op cit) reports on the recent inquiry by the
Division of Educational and Child Psychology (D.E.C.P.) of the
British Psychological Society in which questionnaires were
sent to all L.E.A.s and principal educational psychologists

in England and Wales. He notes that:

* It should be made clear that in reviewing studies of dyslexia
in this thesis the terms used by their authors (eg "reading-
disabled'", "poor readers') have been adopted. Except where noted,
these can reasonably be assumed to be synonymous with dyslexia.
The present argument is of a different order.



"Over half of the authorities responding had formulated
a policy for pupils with SLD ..and "over half of the
(school psychological) services responding to the
questionnaire had formulated a policy on pupils with
SLD and had prepared written policy statements. Again,
these services had a policy consonant with the policy

for pupils with other kinds of educational problems'".

Taking into account those L.E.A.s and school Pychological
Services which did not respond, it would appear that fewer
than 50% of LEAs in England and Wales had a policy towards
"pupils with SLD" and it is by no means clear whether or not

these policies were appropriate.

Furthermore, Cornwall (op cit) reports that the evidence

to the Working Party of the D.E.C.P. from the Department of
Education and Science 'recognized the lack of an official
definition of specific learning difficulties" but considered
that "any uncertainty" could be accommodated because the

1981 Act embraced the needs of every child who "has a
significantly greater difficulty in learning that the majority

of children of his age'". Cornwall comments:



"This definition is based on symptoms rather than
conditions or causes, and its focus is on the

child as an individual rather than a member of a
group. This more individualized approach to the
learning difficulties experienced by children, irres-
pective of the nature of these difficulties, helps to
provide the best possible match between the child's

needs and the educational arrangements to meet

these needs".

However, it is not clear that such an approach would

produce the '"best possible match" since it requires teachers
and educators to assign remedial programmes to 'failing
children' without recourse to any definition or understanding
of the nature of the problem. For example the prognosis

and the nature of the difficulties experienced by 'slow
learners' and dyslexics have been shown to be quite

different (eg Yule, 1973; Yule et al, 1974).

Tansley and Panckhurst (198l1) do provide a definition of
specific learning difficulties. They note that dyslexia

and specific learning retardation as defined by Yule and
rutter (1976) are "essentially the same thing", but then
ignore the differences between dyslexia and general ''reading
backwardness" noted by Yule and Rutter (op cit) and in the

Warnock Report. Rather summarily, they comment that "it is
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difficult to accept the conclusion that there should be
'distinctive arrangements' made for these children"
(ie dyslexics) and dismiss dyslexia as a "mythical concept".
They then propose a definition of specific learning difficulties.
"Children with specific learning difficulties are
those who, in the absence of sensory defect or
overt organic damage, have an intractable learning
problem in one or more of reading, writing, spelling
and mathematics, and who do not respond to
normal teaching. For these children, early iden-
tification, sensitive encouragement, special
teaching and specific remedial arrangements are

necessary".

They comment that '"the definition is deliberately broad to
allow inclusion of serious difficulty regardless of aetiology

and level of ability".

The dangers inherent in such definitions and intentions are
manifold. Differences in the nature and prognoses of

'slow learning' and dyslexic disabilities have been noted;
specific features such as speed of assimilating verbal material
(Miles and Ellis, 1981) would be ignored; most importantly
teachers would be denied the means to differentiate between

types of learning disability and would be forced to rely

on 'experience'.
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Bearing on this last point, Satz and Friel (1978)

compared test predictions from their screening battery,
administered at the beginning of Kindergarten, with the
predictions of teachers at the end of Kindergarten about the
future performance of their children. They found that whereas
the overall accuracy of the teachers' predictions were as

high as the tests (around 80%) the teachers were able to
identify only 19% of severely 'at risk' children (compared
with 75% by testing). Satz and Friel (op cit) concluded

that the "overall teacher predictions were spuriously inflated
by '"good outcome" forecasts when the base rates favoured

such outcomes (by 4:1)". In other words, the teachers'
accuracy in predicting future performance was based largely
on their assumption that most children would succeed and they
found it very difficult to identify more than one child in

five who would experience future difficulties.

A further point relating to this issue is that clinical
evidence suggests many teachers assume that children with
literacy problems in the early stages of schooling will
eventually 'catch up'. Support for this view is provided by
Owen et al (1971) and Satz et al (1978) who note that referrals
to reading clinics etc, are much more common after eight

to nine years of age. The majority of the cvidence on this
issue suggests that dyslexics do not 'catch up' (eg Thomson,

1982; Yule, 1973).



Tansley and Panckhurst (op cit) advocate criterion oriented
screening and criticize the Aston Index (Newton & Thomson,
1976) as a normative screening battery which does not
"assess what a child can do". While criterion oriented
screering is clearly of value, a teacher faced with a normal
reader, slow-learning child and dyslexic pupil all reading
and spelling at, say, the seven to eight year level would
know what each could do but might be none the wiser as to
the likely outcomes or remedial approaches which might be
most successful. This point will be referred to again in

later sections.

In summary, it is argued that the use of the term 'specific
learning difficulties' as conceptualized above, does not

promote understanding of the reasons why children fail and

rather serves to obscure crucial information on the prognosis

and remediation of learning problems. In this light, the present
study aims to examine developmental factors associated with
dyslexia, to evaluate a screening test for literacy difficul-
ties and to provide information which is of direct and

practical use to teachers.

Tansley and Panckhurst (op cit) conclude that:
"Long term follow-up studies of children identified
as having specific learning difficulties are likely
to be seen as essential if informed judgements are

to be made as to their initial and long-term



characteristics and prospects. Studies will be
required which cover a wider age range than has
hitherto been dealt with, for example, comparing
seven—, nine-, 11—, 13-, and 15 year olds in
respect of their specific difficulties according to
age and , in particular investigating the main
differences between primary and secondary school-age

children in this area'.

These suggestions are incorporated into the research design.

Finally, the overall aim must still be that outlined albeit
rather colourfully, by Hinshelwood (1900, cited by Duane,

1981):

"It is a matter of the highest importance to reco-
gnize the cause and the true nature of this diffi-
culty in learning to read which is experienced by
these children, otherwise they may be harshly treated
as imbeciles or incorrigibles and either neglected
or flogged for a defect for which they are in

no wise responsible".
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2.1 INTRODUCTION.

It was noted in Section 1.5 that the Maturational Lag
hypothesis (eg Satz et al, 1971; Satz et al, 1978) is commonly
contrasted with a 'deficit' model of dyslexia (eg Rourke,
1976; Doehring, 1968) which implies a finite dysfunction
defined in neuropéychological or cognitive terms. The
educational implications of these two positions are most
important and form one of the central themes of the present
thesis. For example, the outcomes for a child are likely to
be quite different depending on whether his teachers regard
his behaviour as similar to that of younger children, teach
him accordingly and expect him to 'catch up' or whether they
perceive his difficulties as resulting from a specific
deficit which implies a qualitatively different learning
pattern. The present chapter presents a review of evidence
for these two 'models', delay versus deficit, and subsequent

chapters present experimental studies which address this

debate.

THE MATURATIONAL LAG THEORY:

As noted in Section 1.5, Satz and colleagues (Satz and
Sparrow, 1970; Satz and Van Nostrand, 1973) are not unique in
attributing dyslexia to a delay in the development of brain
function but their 'Maturational Lag' theory is the most
comprehensive (Spreen, 1970) and has received most attention.
The present chapter will review the empirical evidence and
theoretical issues involved, but first a fuller statement of

the theory is presented.



Satz and Sparrow (1970) conceptualize reading disability as :

"... a developmental lag in the lateralization
and differentiation of motor, somatosensory,
and language functions subserved by the dominant
left hemisphere. This ... presupposes, in
normal children, an orderly differentiation in
maturation beginning with motor, then
somatosensory and finally, speech lateralization
withinthe left cerebral hemisphere...A maturational
lag , therefore, is defined as slow or delayed
development of those brain areas (left hemisphere)
which mediate the acquisition of developmental
skills which are fundamentally age-linked. Thus
the pattern of deficits observed in dyslexic
children, rather than representing a unique
syndrome or disturbance, should resemble the
behavioural patterns of chronologically younger
children who have not yet developed acquisition
of certain skills. Moreover, the pattern of
deficits within dyslexic groups should vary as
a function of the "age at which certain skills
are undergoing primary development. Because
motor and somatosensory skills are established
ontogenetically earlier, one might expect to
find this pattern of difficulties in the younger
dyslexic child. Conversely, those functions which
develop ontogenetically later (eg language and
formal operations) might be expected to occur
in much older dyslexic children who are
maturationally delayed."

This statement contains the essential features of the
maturational lag theory, although later formulations include
apparently subtle changes which will be examined in Section
2.3. The above statement also provides the antecedents of

hypotheses examined by Sparrow and Satz (1970), Satz et al
(1971) and Satz and Van Nostrand (1973).



2.2 EXPERIMENTAL STUDIES.

Sparrow and Satz (1970) draw heavily, if selectively, on the
work of Semmes (1968) and also on stage theories of
development (eg Piaget and Inhelder, 1969; Bruner, 1968) in
support of their theory. Briefly, they note that Semmes (op
cit) suggested that cerebral lateralization of speech stems
from and is dependent upon lateralization of less complex
motor and somato-sensory functions. From this Sparrow and Satz
argue that " dyslexics, relative to normal readers, would show
increasingly greater deficits on laterality dimensions which

become stabilized at later developmental stages."

Sparrow and Satz (op cit) compared forty retarded
readers, aged 9 to 12 years, with 40 normal readers matched
on age, sex, race, social class and Performance I.Q. on a
variety of "laterality variables" (eg manual preference,
manual strength, visual preferences, finger differentiation,
ear asymmetry and Verbal I.Q.). These were hypothesized as
representing a range from earlier-' to 'later developing'
aspects of laterality. The results showed that none of the
earlier developing measures of laterality differentiated
between the groups, apart from visual preference, but the
"later developing laterality measures all differentiated
between the two groups to some degree". These measures were
ear asymmetry (dichotic listening), finger differentiation,
lateral awareness (knowledge of left and right) and verbal
intelligence (verbal I.Q., WISC-R, Wechsler, 1974).
Sparrow and Satz (op cit) interpreted these results as showing
support for their "developmental theory of laterality,as it
relates to dyslexia". However, in addition to some theoretical
objections addressed below, a number of criticisms can be made
about the conclusions drawn from this study. It has already
been noted (Section 1.5) that evidence from dichotic listening
experiments is equivocal with regard to dyslexia and finger

differentiation and lateral awareness tests may be measuring



'naming' or verbal labelling abilities. Furthermore it seems
rather dubious to regard verbal I.Q. as " a measure of
laterality" particularly when an abbreviated form of this
test was used. Finally, the age and group effects were by no

means clear on some of the tests.

Satz et al (1971) compared two groups of dyslexic
children aged 7 - 8 years and 11 - 12 years, with two
matched control groups on visual-motor integration,
auditory-visual integration and language integration skills.
The results showed that only one of the tests hypothesized as
measuring earlier developing skills (Bender-Gestalt)
differentiated between the younger groups and, as predicted,
none of these tests differentiated between the older groups.
However, all three of the'older developing' developing measures
distinguished :bétween the -older dyslexic-and control groups
(but not the younger groups). Again, Satz et al (op cit) took
these results as support for their theory but it is equally
clear from inspection of results that these could be regarded
as reflecting a deficit among dyslexics which becomes
increasingly apparent on the more complex tasks with age.
Satz and Van Nostrand (1973) elaborated on this study,
finding similar results but again there are objections, in
some cases relating to inadequate 'ceilings' for tests (see

below) .

In support of the Maturational Lag theory, the earliest
formulations by Satz and Sparrow (op cit),Satz and Van Nostrand
(op cit) draw on neurological evidence and parallels between
Gerstmann's Syndrome and dyslexia, much of which has been
reviewed in Section 1.5. However, there are several objections
to their notion of delayed hemispheric specialization. Rudel
(1978) arques that experience and maturation affect the
development of language in the left hemisphere, rather than
an inherent and invariant process of lateralization and a

similar position is taken by Friedes (1974). Friedes argues



that sensory hierarchical dominance is not an inherent
developmental phenomenon that is ordered invariantly; instead
it changes with the nature and demands of particular tasks.
Thus the 'dominant' modality is the one that is best-

equipped to deal with task-specific functions.

Satz and Sparrow (op cit), Satz and Van Nostrand (op cit)
also quote Semmes (1968) in support of their argument for

hierarchical levels in hemispheric specialization :

"Studies of sensory and motor capacities of
the hands in brain-injured subjects, indicate
that, contrary to the prevailing view, these
capacities are represented differently in the
two hemispheres, tending to be focally
represented in the left hemisphere but
diffusely represented in the right. This
difference between the hemispheres was found
not only for contralateral sensorimotor
function, but also for ipsilateral; moreover,
such a difference seemed to apply not only to
these relatively simple manual capacities,
but to more complex abilities as well. The
two contrasting modes of neural organization,
which appear to be linked to the hemisphere
rather than to the particular hand or level of
function involved, provide a possible clue
to the mechanism of hemisphere specialization.
More specifically, it is proposed that focal
representation of elementary functions in the
left hemisphere favors integration of similar
units and consequently specialization for
behaviors which demand fine sensorimotor
control, such as manual skills and speech."

However, Semmes (op cit) is actually critical of the concepts
of cerebral dominance and maturational lags as being too
simplistic. She argues that if the left hemisphere is
predisposed to develop as noted above there would not
necessarily be an overall delay but some failure to integrate
in the appropriate hemisphere. The greater symmetricality

of function found in dyslexics (eg Newton, 1971) would appear
to support this idea and if this were so there would be an
argument not for a delay in normal development but for a

developing difference in learning style.



Witelson (1976) interprets her data similarly in terms
of a deficit or dysfunction and suggests , in agreement with
Semmes (op cit), a degree of functional specialization in both
hemispheres from birth. Furthermore, Preston et al (1974),
Preston et al (1977) demonstrated, for adult and younger
dyslexics compared with chronological age- and literacy-
matched controls, reduced amplitudes in the Visual Evoked
Responses (VERs) over the left angular gyrus region,
suggesting differences which could not be accounted for by
a maturational lag hypothesis. McKeever and Van Deventer
(1975) showed that, on divided visual field and dichotic
listening experiments, dyslexics had left hemisphere
language dominance effects but were inferior to normal
readers. Wilsher (1979, 1980) in studies of pharmaceutical
intervention using a drug (Piracetam) which is reported
to facilitate left hemisphere processing (LH), demonstrated
improvement in LH abilities for both dyslexics and controls
but a greater improvement in verbal paired-associate

learning in dyslexics.

While some authors (eg Lyle and Goyen, 1975) have
suggested that reading disability may be related to a perceptual
deficit associated with a maturational lag, Vellutino (1979b)
is critical of the notion of perceptual deficits in younger
children in relation to the " timely development of unique

neurological structures and functions." He suggests that :

"the ability to discriminate and reliably
perceive visual symbols presented in varying
spatial arrays is dependent on the learner's
ability to assign to these symbols the
multiple interpretations, meanings and
valences that imbue them with functional
utility. In reading it is the various
components of language that invest graphic
stimuli with their functional attributes, which
is to say that the means by which the
beginning reader analyzes their structural
characteristics is in no sense arbitrary."



In other words, Vellutino (op cit) is arguing for the
necessity of simultaneous visual and verbal processing

in reading. Thus :

"Such processing implies that efficient
differentiation of the graphic features of
letters and words is reciprocally and
intrinsically related to the analysis of
their linguistic features and not
sequentially and hierarchically related to
these functions, as seems implied in Satz's

theory."
Vellutino cites his own study (Vellutino et al, 1975) in
support of this argument, which contradicted Satz and
Sparrow's (op cit) hypothesis that poor readers at the early
stages of reading suffered from perceptual deficits.
Vellutino's espousal of 'verbal mediation' problems in dyslexics
and the re-appraisal , in terms of such problems, of
apparently 'visual'deficits has been discussed earlier (Section
1.5). Fletcher and Satz (1979) counter Vellutino's argument
by reference to one of their own studies (Fletcher and Satz,
1978) and by pointing out that it is the relative
contribution of sensori-motor perceptual skills and higher-
order linguistic skills over time which is the critical

factor.

Vernon (1971) pointed out that while several of the
deficiencies associated with dyslexia such as poor left-
right discrimination, reversals in reading and writing and
poor auditory discrimination (see Section 1.2) improve with
age it is by no means certain that all of the characteristics
and behaviours of dyslexics are similar to those of
younger children. Thomson (1982), Richards and Thomson (1982)
using the British Ability Scales (Elliot et al, 1978) reported
that the level of retardation in reading and recall of digits
increased with age in dyslexics but that performance on the
Similarities test paralleled the norms for the age-groups

under study.Fisk and Rourke (1978) compared normal, learning
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disabled and mentally retarded subjects at different ages and
found that whilst the maturational lag paradigm was appropriate
for the mentally retarded group, the performance of the
learning disabled group was more compatible with a 'deficit'’
model. Yule (1973) in a follow-up study of "retarded" and
"backward" readers from the dsle of Wight study (Rutter,
Tizard and Whitmore, 1970) found that the former group were
better at arithmetic and had higher mean I.Q.s but had made

less progress in reading and spelling.

Satz et al (1978) are critical of studies which lack a
theoretical framework in which to conceptualize the nature of
reading disorders and by which to generate testable hypotheses.
However, Satz and Sparrow (op cit) claim that their theory
is purely "descriptive" and later state that "empirical data
deriving from longitudinal data stand independently of any

theory" (Flaetcher and Satz, 1979).

Spreen (1970) argues that one of the virtues of the
Maturational Lag theory is that it :

"allows for the integration of many behavioural
findings reported for poor readers. It also
provides an explanation for some of the
contradictory observations made with different
populations and at different age levels by
integrating them into a developmental
schedule.”

However this might also be a vice if it is so general as to
allow too much latitude in its explanatory power. This point
will be returned to later but, as suggested above, much of

Satz's work has been devoted to longitudinal studies and these

will now be examined.



2.3 LONGITUDINAL STUDIES

Satz and colleagues principal work in relation to the
Maturational Lag theory is a series of longitudinal studies
(Satz and Friel, 1973, 1974, 1978; Satz et al 1975, 1976,
1978; Fletcher and Satz, 1980; Fletcher et al,1981). The
major sample consisted of 497 white, male children who were
tested at the beginning of kindergarten and followed up over
several years. The screening battery consisted initially of
twenty variables (Satz and Friel, 1973) and the criterion
variable (reading) was based on teacher's ratings and a
standardized test. On the basis of these reading scores
subjects were divided into four reading groups (Severe, Mild,

Average and Superior).

Early studies identified, by Factor Analysis, four major
factors : Factor I accounted for 31% of the variance and was
described as a 'Sensory-perceptual-motor-mnemonic' factor;
Factor II (16%) related to teacher's ratings of maturity,
activity level and "likelihood of learning difficulty";

Factor III (13%) was designated a'conceptual-verbal' factor
relating to Similarities, Vocabulary and verbal fluency; and
Factor IV (8%) represented a 'motor' factor (handedness,

finger tapping tests). Stepwise discriminant analysis of the
data ranked in order, Finger Localization, Alphabet Recitation,
the Recognition-Discrimination Test (a visual-perceptual task)
and Day of Testing (an index of the length of time in school)
as the best predictors of future reading. The total variance

in reading accounted for by these tests was 78%.

Satz et al (1978) followed-up the same subjects after
six years, finding broadly similar results and further
corroborative evidence was obtained in a Cross-validation

study (Satz et al, 1976). Stepwise discriminant analysis



showed that Finger Localization, the Peabody Picture
Vocabulary Test, a test of visual-motor integration (Beery,
1967) and the Alphabet Recitation test were the best
predictors of future reading (Satz et al, 1978). In general,
the studies showed that the battery was able to correctly
identify 85% - 95% of the Severe and Superior readers but the
figures for the 'middle groups' (average and mildly disabled)

were as low as 20%.

In response to criticisms of these studies, reviewed
below, further longitudinal studies were conducted. One
criticism (eg Jansky, 1978) related to the unrepresentativeness
of the original sample.Satz and Friel (1978) followed-up a
sample of 132 children constituting the entire kindergarten
intake of one school and including black and white children,
boys and girls. In this study the results of a stepwise analysis
showed socio-economic status to be the best predictor of reading
two years later. Satz et al (1978) noted that " this particular
ranking undoubtedly reflects the more heterogenous nature of

the present sample."

Satz and colleagues have argued from the results of these
studies that measures of sensori-motor perceptual skill
obtained in the early stages of schooling are more important
than verbal-conceptual skills in predicting future reading
ability. However, as several authors (eg Vellutino, 1979b;
Jansky, 1978; silver, 1978; Thomson, 1984) have pointed out,
the test battery employed in these studies included very few
measures aof linguistic functioning. Vellutino (op cit) for
example notes that " of a total of 21 predictor variables,
only three (PPVT, Similarities and verbal fluency) could
remotely be considered measures of verbal ability, and none

assessed the components of language in any comprehensive way."

Furthermore, Vellutino (1979b) noted that the tests in the
initial screening battery (Satz and Friel, 1973) which
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evaluated visual discrimination and visuo-motor functions
accurately identified no more than 1% - 4% of the total

number of children tested (Satz et al, 1978)

Satz et al (1978) and Fletcher et al (1981) have
reported further studies involving psycho-linguistic
measures. In the former, five 'language tests' (Verbal
Fluency, Grammatic Closure (ITPA), Comprehension of
Grammar, Syntax test, PPVT) were administered to a group
of 114 children in kindergarten as well as the abbreviated
test battery (Satz et al, 1976). The subjects were re-tested
two years later and it was found that the two sets of
variables separately produced similar results in terms of
their predictive power, When the test results from the two
batteries were combined, there was no increase in predictive
power and the stepwise procedure revealed that Socio-economic
status, Alphabet Recitation and Finger Localization were
again the best predictors. Satz et al (1978) concluded that :

"the results suggest that cultural, linguistic,
conceptual, and perceptual skills all play an
important role in forecasting later reading
achievement. In terms of predictive power,
however, the contribution of psycholinguistic
variables may be secondary to those pre-
conceptual sensory-motor and perceptual skills

which have been shown to develop earlier
during the ages of five to seven.”

Jansky (1978) is critical of this interpretation and notes
that the language battery used by Satz et al "did not
include any measure of the naming function which has been shown
to be highly predictive of reading status’ (Jansky and de Hirsch,
1972) . She also speculates on the results of a hypothetical
factor analysis of a combined language /'abbreviated' battery :
"One wonders if, in the new configuration,
alphabet recitation would have remained in
its original cluster or would have shifted
to the side of the language sets. If it were

to do so, the implications of Satz's results
for the theory would change dramatically."



Indeed, the absence of appropriate language measures may have
contributed to the loading of over twice as many variables on
Factor I (Satz and Friel, 1973) noted above, as on other
factors and the inclusion of Finger Localization, Recognition-
Discrimination, Day of Testing, Alphabet Recitation and
Auditory Discrimination among others on the same 'sensory-

perceptual-motor-mnemonic'factor.

Jansky (1978) is also critical of Satz's view that the
kind of language abilities associated with higher-level

logical operations do not emerge until a child is eight years

of age. She comments :

"The question is whether the language ability
of kindergarten children is really static in
terms of maturation ( a prospect that would
seem most unlikely) or whether there are
aspects that are maturing and whether these
will predict later reading achievement."

Fletcher et al (1981) tested three groups of disabled and
non-disabled readers (mean ages : 5%, 8% and 11} years) on
similar measures to those described above. They found that
those measures of "earlier developing linguistic skills"
which they hypothesized would contribute more to the
variance in reading ability at younger as opposed to later
ages did in fact distinguish between the groups at all
ages, thus suggesting a deficit rather than supporting a
maturational lag hypothesis. Silver (1978) is particularly
critical of the longitudinal studies by Satz and colleagues,
and especially the numbers of 'false negatives' (children
'missed' in screening who later develop literacy problems)
and 'false positives' (those judged to be 'at risk' who do
not develop such problems). Noting the results of the six-
year follow-up by Satz et al (1978) Silver (op cit)

comments :

"It is recognized that a small percentage
of misclassification cannot be avoided.
It is suggested, however, that ... a test
which does not identify 42% of severely
retarded readers and misses 80% of the
mildly retarded readers cannot be used
as a basis for educational decisions.™



Silver and Hagin (1972), Silver (1978) in a study of First
Grade children identified, by factor analysis, five factors
which accounted for 61% variance in their sample : Factor I
(19%) , an auditory associative' factor; Factor II (18%), a
visual-neurological factor; Factor III (7%) psychiatric
impairment; Factor IV (6%), chronological age; and Factor

V (11%), general intelligence. While comparison with the Satz
et al studies noted above is not possible, it is interesting
to note the pre-eminence of the 'auditory associative' factor.
Tests which loaded on this factor and Factor II were included
in the SEARCH battery (Silver and Hagin, 1976) which it is
claimed produces 'false negative' rates of around 10% and

'false positive' rates of 0 - 1% over a period of one year.

Jansky (1978) is similarly critical of the 'success
rate' in predicting failing readers in the Satz et al

studies. However, she believes that :

"no kindergarten test battery, regardless

of its make-up, is going to predict

failing readers in prospective samples

at better than the 75% level.... The

reason, in part, is that reading seems

to be a complex, developmentally "new"

accomplishment that is more than and

different from the learning that

precedes it." (Jansky, 1973)
Based on screening procedures developed initially from work
with language-disordered children, and "heavily loaded with
language tests", de Hirsch et al(1966) and Jansky and de
Hirsch (1972) identified five factors based on 19
kindergarten tests : 'Visuo-Motor Ability', 'Oral Language A',
'Pattern Matching', 'Pattern Memory' and 'Oral Language B'.
These factors were related to performance in reading and
spelling at the end of Second Grade by stepwise regression
analysis. It was found that Oral Language contributed most
to reading while Visuo-Motor Ability contributed most to
spelling.
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Jansky (1978) also noted that neither the Pattern
Matching nor Pattern Memory factors were modality-specific
and nearly all of the tests which loaded on the two
factors involved verbal activities.Furthermore, many of
the tests in the Oral Language factors reflected naming

abilities.

Like Satz, Jansky espouses a developmental lag
position but, unlike the former, believes that "it is
delayed or irregular functioning in a variety of areas,
including the sensory-motor and the verbal, that makes the
difference for reading later on." However, it is interesting
to note the findings from other studies using factor
analytic or multiple regression techniques in this context.
Satz et al (1978) cite Gruen (1972) who showed that
perceptual-motor tests accounted for more of the explained
variance in reading achievement (vocabulary and comprehension)
than cognitive-intellectual tests for First Grade children.
The position was reversed, however, for Third Grade
children. Hicks and Spurgeon (1982) in two factor analytic
studies of children referred to the Language Development Unit,
University of Aston and a 'screening sample' of children in
ordinary schools, aged 7 - 11 years, identified factors of
literacy attainment, 'auditory disability' and 'verbal
abilities'. It was of particular interest that supposedly
'visual' variables (eg the Visual Sequential Memory Test,
ITPA) loaded on the verbal factor. What seems.-especially
noteworthy in the present context is that auditory/verbal
factors have been identified at five and eight years,
whereas visuo-motor and visuo-perceptual factors seem to

relate largely to the younger age-groups studied,



The evidence reviewed up to this point suggests that
the original test battery employed by Satz and colleagues
(Satz and Friel, 1973) achieved an unsatisfactory success
rate in predicting reading difficulties because the theory
from which it was derived was inadequate. It should be
noted, however, that in the six year follow-up study
reported by Satz et al (1978) the proportion of children
in the 'Severe' reading disability group had risen from
12% to 20%. Nevertheless, there are also grounds for
believing that spurious support may have been given to
the theory because of methodological faults. Rourke (1976)
compared the results of the Satz studies (Satz et al, 1974)
with his own longitudinal study in terms of seven different
maturational lag or deficit paradigms (Figure 2.1). Types
1 - 3 represent 'lag' models, Types 5 - 7 'deficit' models
and Type 4 could, according to Rourke, be interpreted in
terms of either position, the critical (and unknown)
feature being the performance after 11 years of age. He
noted that the age range covered by his own study was
somewhat older than that of the Satz studies and that
differences between dyslexics and normal readers on
some tests (including auditory perception and finger agnosia)
might have been evident at younger ages. However, he points
out that, in the case of the Finger Localization and
Alphabet: Recitation tests which Satz et al (1978) consistently
claim to be the best predictors of future literacy skills,
there is an obvious 'ceiling effect'.-"Az-Reurke "notes, these
low.'ceilings' virtually enstgethat a:developmental lag
hypothesis ‘would:be -supported. Similarly, he notes that :

"inadequate "floors" for measures of auditory-
verbal and concept-formation abilities or -
of even more concern - the absence or paucity
of such measures in the battery of tests
employed can have untoward results, viz.
spurious support may be afforded the position
that sensori-motor abilities are more crucial
during the early stages of learning to read,
whereas higher order conceptual and linguistic

abilities are more salient at more advanced
reading levels."



FIGURE 2.1 SEVEN DEVELOPMENTAL LAG-DEFICIENT
PARADIGMS. ABBREVIATIONS: DV,DEPENDENT VARIABLE;
NR, NORMAL READING; RR, RETARDED READING (FROM
ROURKE,1976)

' LhE TeRg 2
o / & (Y '
i |
e e T S, f D S R
'
Al TN

LR L ‘el & LI L

L .
D "

S

Att At ALt

Pipure b, Seven developmental Iag-delicnt paradigims, Abbreviations. DV, dependem
vaniable; NR, normal reading; RR, retarded wading,



Furthermore, Rourke (op cit) comments that the results in his
own and Satz et al's (op cit) studies which may be
interpreted in terms ofalag hypothesis (Types 1 and 2 in
Figure 2.1) do not, in general, involve abilities

primarily served by the left hemisphere:

"What this may mean is that those abilities
that "catch up" are not subserved primarily
by the left cerebral hemisphere, and that
those that either emerge as significant
differentiating variables or continue to be
significant differentiating variables are
those that are." (Rourke, op cit)

Rourke concludes that although the developmental lag position
is tenable in the case of fairly simple, early emerging

abilities, with the qualifications noted above :

"until it is shown that retarded readers,
either as a group or individually,
eventually "catch up" in those abilities
thought to subserve the reading function
- and, for that matter, until it is
actually shown that they "catch up" in
reading itself - the weight of the evidence
would appear to favour a deficit rather
than a developmental lag position."
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This raises a critical point in the evaluation of the
Maturational Lag theory, and one which often appears to be
circumvented : namely, the relationship to literacy
attainments. It is interesting to note that in Satz et al's

(1978) exposition of the theory, they write :
"...it is predicted that those preschool
children who are delayed developmentally
in skills which are in primary ascendancy
at this stage will eventually fail in
acquiring reading proficiency."

This is subtly but significantly different from Satz and
Friel's (1974) statement :

"...the theory postulates that those
developmental skills which are in primary
ascendancy during the preschool years are,
if delayed, more likely to forecast later
problems in reading and writing."

Satz and Friel (op cit) also note that their purpose is to

evaluate an 'early warning system',

"before the child begins formal reading - at
a time when his central nervous system may
be more plastic and responsive to change..."

Although not stated explicitly, there would appear to be
an implicit supposition that literacy problems may be
overcome in the earlier statements. The later position

is more pessimistic and Satz et al (1978) also note :
"At present the theory is unclear as to whether
the lag in coanitive-linguistic functions
which is postulated to develop in older reading-
disabled children (ages 11 - 14) reflects a
transitory or more permanent defect in
cognitive functioning. It is hypothesized
that if the language disorder persists after
maturation of the central nervous system is
completed, then a permanent defect in
function may occur. If true it would suggest
that the lag is associated primarily with
earlier stages of development."



This leads them to conclude that :

"Reading problems identified during childhood
continue to persist during adolescence. It is
unclear as to whether the persistence of the
reading disorder in these children is due to
secondary emotional problems or merely to a
failure of our educational system to help
them sooner."

In this Satz et al (1978) ignore a third possibility : that
the concept of a'delay' is semantically and operaticnally
inappropriate in explaining the literacy problems they
describe. Indeed, as noted earlier, the substitution of the
term 'developing deficit' in relation to skills associated
with literacy attainment, and literacy attainment itself,
might be more accurate. The argument cannot be resolved,
however, by observation of the numbers of children who 'fail'
in literacy but by investigation of the cognitive and
neuropsychological factors which underlie or are associated

with individual differences in learning styles. Chapters 4

and 5 in the present thesis address this issue.

Satz and Sparrow (1970) avoid the concept of 'minimal
brain damage' as "equivocal and pernicious", in part because
of the implication of a poor educational prognosis. However,
it could be argued that the concept of a developmental delay
is equally pernicious if it implies that children will 'catch
up' in more than elementary sensory motor functions. At the
simplest level, the concept of a ‘'delay' is dangerous if
extrapolated to literacy achievement since it might encourage
the misperception of many children as 'late starters'. Clinical

experience suggests that this is often the case.

As noted in Section 1.6 above (see also Chapter 3),
Tansley and Panckhurst (1981) are critical of screening
batteries which comprise 'second-order' tests, preferring

tests which "assess what a child can do rather than



predicting what he is likely to do on the basis of tests
once-removed from the actual tasks". Given the desirability
of early identification of children with literacy difficulties,
espoused by many authors including Tansley and Panckhurst
(op cit), the logic of their argument is clearly at fault.
Jorm (1983) makes the point quite simply :
" The basic problem with attempting to prevent
reading difficulties from developing... is
that we only know a child is having
problems when he or she has been undergoing
formal reading instruction for some time.
However, ... children with reading difficulties
are frequently characterised by certain
cognitive deficits. If these cognitive
deficits are present before the child begins
formal reading instruction, then we have a
means of predicting whether a child is
likely to have difficulties in learning to
read."
Jorm (op cit) recognizes that there are many intervening
variables which will affect the efficiency of such
predictions. Silver (1978) makes a similar point and also
notes the complexity of the reading process as well as our
lack of understanding of it. However, in revieging
'scanning' (or screening) tests, including SEARCH (Silver
and Hagin, 1976) he concludes :
"Scanning can offer educational administrators
a profile of the entire kindergarten (or
reception class) grade and, when combined
with diagnosis and appropriate intervention,
can make educational planning less intuitive
and more responsive to reality."
Such arguments are given added weight by studies which show
the persistence of dyslexic problems into adulthood (eg Wilsher,
1980; Silver and Hagin, 1964; Yule et al, 1974) and by studies
which have examined the effects of early identification. Muehl
and Forrell (1973), for example, found that early diagnosis
was associated with better reading performance at follow-up
five years later. Keeney and Keeney (1968) found that when

diagnosis of dyslexia was made in the first two grades of
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school 82% of pupils achieved normal classrodm performance,
while only 46% of dyslexic problems identified in the third
grade were remediated and only 10 - 15% of those diagnosed
in Grades 5 = 7 made significant progress. Spreen (1976) in
a review of follow-up studies concluded that :
"Findings for children identified at an early
age are somewhat contradictory and occasionally
hopeful, but findings on children identified at
a later age are fairly grim."
In summary, it would appear that the weight of the evidence
in relation to the maturational lag / deficit debate supports
the latter position.However, as Thomson (1984) notes, much
of the evidence interpreted as supporting either view is
equivocal, in part because of methodological problems and the
use of inappropriate control groups. With these considerations
in mind, as well as the aims noted earlier, four studies were
conducted : a longitudinal study of a stratified sample of
children from six primary schools over a ten-yesar period
(Chapter 3): two experimental studies of factors identified
as being significant in the early development of literacy
skills (Chapters 4 and 5) and a 5 year follow-up study of
sixty dyslexic children referred to the Language Development

Unit at the University of Aston.



CHAPTER 3

A LONGITUDINAL STUDY OF LITERACY DEVELOPMENT

3.1 INTRODUCTION
3.2 A TWO-YEAR FOLLOW-UP STUDY

3.3 A TEN-YEAR FOLLOW-UP STUDY



3.1 INTRODUCTION

As noted in Section 1.6, one of the aims of the present study
was to evaluate the use of a screening test, the Aston Index
(Newton & Thomson, 1976) as a predictor of written language
ability and to assess the performance of children on this

and related tests over a period of ten years. A brief des-
cription of the AstonIndex is therefore presented below.

For a further account of the rationale behind the construction
of the Index and of the test battery, see Newton (1974),

Newton, Thomson and Richards (1979).

THE ASTON INDEX

The principal function of the Aston Index is;
"... to give teachers and others concerned
with the education of young children a frame-

: . . N ' ]
work on which to base 'remediative diagnosis'

(Thomson & Newton, 1979).

It comprises tests which assess skills hypothesized as being
important to literacy development. These relationships are

summarized in Table 3.1.

The authors describe two levels at which the test may be

administered;



TAELE 3.1 THE INTERACTION BETWEEN CHILD AND WRITTEN

SYSTEM. (from Thomson, 1979).

Aston University

lustration removed for copyright restrictions




"l. As a 'first screening' measure to be
administered after the child has been in school
attendance for about six months or when the
teacher has noticed discrepancies between expected
attainment and apparent 'intelligence' and social

competence.

2 As a diagnostic instrument to be administered
at 7+ for puzzling cases of non-attainment. This
might include the 'slow learning' child who can
be equally affected by dyslexic-type confusions
in symbolic material as well as lesser all-round
intellectual functioning'".

(Newton & Thomson, 1979).

The tests used at these two levels are slightly different

and are divided into two sections: 'General Underlying Ability'
and 'Performance Items' relating to literacy skills

(See Table 3.2). These tests are described below but again,

fuller descriptions may be found in Newton, Thomson & Richards

(1979).
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TABLE 3.2 THE ASTON INDEX TEST BATTERY (From Newton &

Thomson, 19783)

Aston University

Nlustration removed for copyright restrictions




Level 1

General Underlying Ability (GUA)

The Picture Recognition (PR) task requires the child to

name pictures of eight common objects and is thus designed

to provide a measure of his ability to apply verbal labels.

The Vocupulary (V) scale is similar to (and was validated
against) the scale included in the Stanford-Binet Intelligence
Test (Terman & Merrill, 1960). The child is required to

define words orally and thus the test "looks at the ability

to extract meaning from words and identifies the receptive
understanding of the child" (Newton & Thomson, 1979).

The Draw a Man (DaM) test (Goodenough & Harris, 1963) has

been widely used and found to correlate highly with other indi-
vidual tests of intelligence. A mental age is derived from

the featuresand overall standard of the child's drawing of

a man or a woman. The authors note that '"it is necessary to
establish a 'readiness' level, as a child with slow learning
potential may be 'at risk' in his ability to acquire the neces-—
sary conceptual framework'" (Newton & Thomson, op cit). Copying

Geometric Designs (CD) requires the child to copy the

shape of a circle, square, triangle and diamond and scoring
is based on overall shape and motor control. This test is

designed to give a measure of perceptuo-motor development.



Performance Items

Grapheme/Phoneme Correspondence (G/P) assesses the child's

ability to give the sounds and names of upper and lower
case letters and has been shown to be an important indicator
of early literacy development (eg Satz et al, 1978). The

Visual Sequential Memory (Symbolic) (VSMS) task is broadly

similar to that included in the Illinois Test of Psycho-
linguistic Abilities (ITPA). The child is shown a series of
visual symbols for five seconds and is then required to
reproduce the series using the individual component symbols.
Low scores on this test are taken to indicate difficulties

in the visual retention of ordered symbols and are related

to the inability to recall phonetically irregular words

(eg Thomson, 1979; Lyle, 1969; Naidoo, 1972). Thomson (op cit)
argues that the ability to recall ordered visual series '"is par-
ticularly important as our alphabet systems consist of word
patterns containing arbitrary ordered symbols. Children
having poor skills on this test often confuse letter order

or miss out letters, have difficulty in retaining consistent

word patterns etc".

The administration of the Visual Sequential Memory (Pictorial)

(VSMP) is identical to the VSM(S) test but in this case the
stimuli are pictures which incorporate the element of

directionality (eg a picture of a church with a steeple
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at either the right or left end). The child obtains marks
for reproducing the series in the correct sequence and

with the individual items in the correct orientation. Low
scores on this test are taken to indicate problems with the
retention of order and/or direction. The authors note that
children performing poorly on this test often have general
difficulties in directional awareness as well as in scanning

and in correctly orientating letters and words.

Thomson (1979) notes that "in general, children scoring
poorly on the two above tests but average or above on other
tests (eg auditory) may have a problem of a visual nature and
will confuse directional symbols, order of letters in words,
reverse words etc'". However, as noted in Section 1.5 and in
Chapter 4, there is a good deal of evidence to suggest the VSM
tests may not be measuring visual memory per se (eg Vellutino

et al, 1972; Hicks, 1980a; Done & Miles, 1978).

The Auditorial Sequential Memory (ASM) task is a standard

digit span test in which the child repeats series of numbers
from memory in forwards and reverse directions Low scores on
this test are related to difficulties in the retention of the
order of sounds, resulting in bizarre spelling and confusion
of letter order in phonetically regular words (eg Thomson,

1979; Cabrini, 1963; Golden & Steiner, 1969; see also Chapter

5).



Sound Blending (SB) requires the child to retain and blend
sounds to form words (eg "¢ - a - t" = ?). Poor performance
on this test is thought to relate to poor auditory sequencing
and sound synthesis in spelling (Thomson, op cit; Golden

& Steiner, op cit). The authors note that children with
poor skills in this area may be able to sound out individual
letters, but cannot make the perceptual/conceptual leap to

a word, and often have greastdifficulty in phonic 'attack'

on reading and spelling.

The Sound Discrimination (SD) test assesses the child's

ability to discriminate between similar-sounding words.,

The above two tests relate to the
ability to distinguish between phonemes and to blend these
in order to make symbolic sense (Bannatyne & Wichiarajote,
1969; Shankweiler & Liberman, 1972). Poor scores on the SD
test might indicate some hearing loss which could result in
bizarre spellings or the substitution of similar sounds in
spelling. The relationship between sound discrimination and
spelling ability has been demonstrated by many authors
(eg Wapman, 1960; Johnson & Myklebust, 1967; Bannatyne, 1971)

although recently this has been questioned (see Section 1.5).

The Laterality (L) test establishes the child's preferred
hand, ear, eye and foot on a series of tasks, low scores
indicating a pattern of inconsistent laterality. This has

been found to be related to reading disorders and directional



confusion (eg Thomson, 1975; Newton, 1970; Zangwill, 1962).
Thomson (1984) has shown that mixed handedness is much more
common in dyslexics than in the normal population but

notes that studies of dyslexia in children referred to
reading clinics, hospitals etc tend to find a higher
incidence of mixed handedness and cross-laterality (for

hand and eye) than those based on large population samples.
Inconsistent laterality has been taken as one indication

of a lack of appropriate cerebral organisation but the rela-
tionship between handedness and hemisphere function is by

no means clear (eg Dimond & Beaumont, 1974; see also

Section 1.5). The authors advocate caution on the interpre-
tation of laterality results but note that although the
relevant mechanisms are unclear "some form of mixed latera-

lity does appear to be associated with dyslexia'.

The child's ability to recite Common Sequences such as the

days of the week, months and seasons of the year is
recorded. Among others Naidoo(1970), Hermann (1959), Rugel
(1974), Bannatyne (1971) and Miles (1983) have all found
that dyslexics are poor at sequencing tasks such as this
and sequencing skills in general. Poor performance on this
task tends to be asspciated with other''sequencing' tests

(eg Digit Span).



The child's Knowledge of left and right (KLR) body parts

as they pertain to himself and to the tester is also

recorded. This may relate to directional confusion in reading
and spelling (eg Newton, 1971) or more generally to verbal
labelling (eg Miles & Ellis, 1981; See also Section 1.5).

A test of Finger Agnosia was originally included in the

Aston Index and this, again, may be measuring ''maming
ability". 1In view of the findings of Satz et al (1978)

the results of this test are included in the present analysis.

Level TI

General Underlying Ability

At seven years and above the Picture Recognition (PR) is not
administered and the authors recommend the use of other
measures of 'underlying ability' such as Raven's Matrices
(Raven, 1962) and the English Picture Vocabulary Test (EPVT)

(Brimer & Dunn, 1962).

Performance Items

In addition to the items administered at Level 1 (with some

adjustments for age) the Graphomotor Test (GM) is used.
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This derives from work on directional confusion in

skilled tasks (Gerhardt, 1959) and requires the child to
copy a directional looped pattern both unimanually in left-
right and right-left directions and bimanually under left-
right, right-left, centrifugal and centripetal conditions.
Equivalent fluency by both hands might reflect an under-
lying ambidexterity which may not be revealed by the
laterality test. Secondly, a lack of fluency with the
preferred hand may indicate poor graphic skills and be

related to handwriting and possibly visuomotor problems.

The Schonell Graded Word Reading and Spelling Tests (Schonell,

1942) are included at Level II and a sample of 'Free Writing'
is obtained. These give an approximate guide to the child's
level of functioning in acquired learning and are related to
his general underlying ability and chronological age to

provide an estimate of under (or over-) achievement.

The Schonell Reading Test is a simple word recognition test and
provides a minimum estimate of the child's decoding skills.

As well as assessing the degree of possible difficulty the test
may be used to examine reading errors and strategies. As such
it is preferred to silent reading tests which rely more
heavily on comprehension skills - an area in which dyslexics
have little difficulty and which would increase the likelihood

of 'false negatives' (Thomson, 1979; Vellutino,1973). The



authors recognize that the Neale Analysis of Reading
Ability (Neale, 1978) will provide more information on

reading comprehension and fluency in particular.

The Schonell Spelling Test is included since it provides
a comparable standard to the Reading test. Again, the nature
of the errors are considered to be an important source of

information as well as the overall level of attainment.

The authors stress the diagnostic value of the child's Free
Writing. As well as the nature of spelling errors , attention
is drawn to vocabulary usage, graphic style, syntax, fluency
of ideas, speed of writing, punctuation and use of capital
letters (Ravinovitch, 1968; Miles, 1970). In particular
attention is directed towards a discrepancy between the
child's written performance and his level of language usage

and 'intelligence' as manifested orally.

In addition to these tests of abilities and attainments,
attention is drawn to the child's family background, birth

and developmental history (see Thomson, 1979).
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CONCURRENT VALIDITY STUDY (Thomson & Newton, 1979).

The main body of this chapter is concerned with a longi-

tudinal study of children first assessed at 5% years of age.
This also served to evaluate the predictive validity of the
Aston Index and it is therefore important to review briefly

a study of its concurrent validity.

Thomson & Newton (1979) compared the performance of sixty
normal readers (mean chronological age = 9.05 years) with
that of sixty matched '"reading retardates" on the Index

items (Level II). The results showed that the reading retar-
dates scored significantly below the control group on all
items and total scores (ie General Underlying Ability and
Performance items) apart from the Draw a Man and Copying
Designs tests. There were significant positive correlations
between the same test scores and reading, spelling and free
writing for all subjects combined. Examination of the inter-
correlations betwemn test items showed particularly high
correlations between the General Underlying Ability items
(GUA Total, DaM and CD) and between the sequential memory
items (VSMP, VSMS, ASM). The latter group were also very

highly correlated with the Performance Total.

These results were taken to demonstrate the ability of the
Index to discriminate between good and poor readers in

skills relating to literacy. The fact that the DaM and CD
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tests did not discriminate between the groups and were

not significantly correlated with literacy attainments
suggested that the inter-group differences were not simply
reflecting differences in levels of 'intelligence'. The

high intercorrelations between sequential memory items

and with the Performance Total were interpreted as indicating
" a general or higher order skill of sequencing required

in the acquisition of written language'" (Thomson & Newton,

op cit).



3.2 A TWO-YEAR FOLLOW-UP STUDY

Introduction

This section presents the initial findings of a longitudinal

study on the use of the Aston Index in the classroom. This

served two purposes:

(a) as a straightforward validation study, and

(b) to provide some insights into the early skills
required by young children for the acquisition

of written language.

As the Index is designed as an 'early warning' screening test it
was necessary to demonstrate that the test items did, in fact,
isolate 'at risk' children, and provide meaningful profiles

of children's learning skills.

A pilot study involving 40 children from one school was
undertaken. The children constituting one year's infant
intake, were given the Aston Index (Level I), and a reading
test (Burt) one-and-a-half years later. The results were

encouraging and provided justification for the present study.

The aim of the study, then, was to see which test items (if

any), isolated 'at risk' children. Thus, if a child scored
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poorly on a particular test item, one would expect him

to do poorly at reading and /or spelling two years later
if that item was a useful predictor of written language
difficulties. Conversely, children performing well on the

Index items might be expected to do well in written language.

Method

102 children from six schools, representing a stratified
sample of different socio-economic areas within a local autho-
rity, were given the Aston Index (Level I). All children

between the ages of 5y 6 m and 5y 9 m in each school were

tested.

Re-testing, using the Aston Index (Level II ; i.e. incorpora-

ting the Schonell Reading and Spelling Tests) took place two

years later. During this period, the children had followed

their normal school programme (i.e. no action had been taken on

the basis of the initial test results). They were re-tested
'blind', the research team having no information about the previous

SCOores.

There was a 'drop-out' rate of 13% over the two years, due to

families moving out of the area, illness etc ...



Table 3.3 Correlations between Index scores at 5% vyears,

and reading, spelling and free writing

Reading

at 7% years

Spelhng Free

writing
Goodenough Draw-a-Man 20" 16 19
Vocabulary 347 23 34"
Copying geometric designs 25" 30" 25"
Picture recognition .05 13 .06
Lawerality 25" 18 19
Visual sequential memory (pictonal) 28" 27 o
Visual sequential memory (symbolc) oo i 29° 23t
Auditory sequential memary 62 B4 49"
Sound ble;ading 63" 58+ a5
Sound discrimination o br 31 L
General underlying ability total 31 32" a1
Performance total 63" 61" 48"
Overall total .60*"" 89 47"
Knowledge of left and nght 36" 300 25"
Finger agnosia 30° .34 33t
Copying/wrniting name 44°* 44 A8
significan;:;; (3;-;;;[ o o
° significant at p .01 level
*** significant at p 001 level
Table 3.4 The mean Index scores for 'at risk' and

groups at 5% years

‘Norma! group

Test items ‘At risk’ group
Draw-a-Man 525
Vocabulary 6.67
Laterality 462
V.S.M.P. 4.5
V.SM.S. 53

AS M. 3.2

S.B. 1.5

5.0 88
Performance total 25.3

60
712
§ 45
5.76
645
55
47

9.7

‘normal’
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Figure 3,1 General underlying ability and attainment
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Results

(a) Validity study

Table 3.3 shows the correlations between the Index items

and later reading and spelling performance(Pearson Product-Moment
Correlations).

The children were then divided into two groups ; those who
'scored' at or above chronological age in reading and spelling
(73%), and those who scored below CA, i.e. a post-hoc 'at risk!'
group. Table 3.4 shows the mean scores for these two groups

and Figs. 3.1 and 3.2 present the profiles derived from these.

(b) Longitudinal study
Table 3.5 represents the improvements of the research sample
in the skills measured by the Index, as compared with the impro-
vement in these skills by the 'at risk' and 'control' (i.e. ave-
rage + reading) groups respectively. Figure 3.3. illustrates
the relative improvements of the 'at risk' (below CA reading

and 'control

and spelling at 74 yrsa(groups for the overall totals of

performance items.

Table 3.5 shows that there are significant main effects for the
differences between groups and in P.T.s at 5} and 7} years.

However, the interaction is not significant.
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Table 3.5 Developmental improvement on the Index subtests

Total sample
C.Ao 51/£ 71/2
Test items
Draw-a-Man 5.89 8.05

Vocabulary 7.02 8.73

Laterality 5.88 5.74

V.5.M.P. 5.24 6.38
V.S.M.S. 6.39 7.01
A.5.M. 4.9 5.9

S.B. 3.76 7.22
S.D. 9.49 9.70

Performance 31.61 41.96
total

'At risk' group

5%

5.25
6.67

4,62

5.3

3.2

1.5

25.3

7%

34.1

'Control' group

5%

6.0

7.12
6.45
5.75
6.45

5.5

33.8

7%

7.4
6.5

7.5

44.3

2x2 ANALYSIS OF VARTANCE SUMMARY TABLE (P.T.)

SOURCE

A

Subj. w. gps.

B

AB

B x Subj. w. gps.

SS
2236.278
1210.75
2593.070
28.441
2286.78

DF MS

1 2236.278
70 17.296
1 2593.070
1 28.441
70 32.668

F
129.295

79.376
0.871

hY

.01

<.01

ns



Figure 3.3 Developmental improvement on performance totals

for 'At risk' and 'Control' groups

Tested at Tested at
5.
45 1 years 71 years
‘Control’ group
Total
Performance
Items
35

‘Atrisk’ group

25




Discussion

Section(a) presents the predictive validity results for the
Aston Index and indicates that many of the Index items are
correlated with future reading and spelling performance
(Table 3.3.) Thus children with low scores on these items
would constitute an 'at risk' group and be in need of special
'first teaching' programmes. The results from this section
also illustrate the typical profile one might expect from

an 'at risk' child of this age (Figs 3.1 & 3.2), although it
should be pointed out that this is an 'average' profile and
that the object of the screening instrument is to provide a

measure of individual patterns of skills.

The results from section (b) examine the way in which these
skills develop in children and how they relate to written lan-
guage. Although both the 'at risk' and 'control' groups exhibit
a developmental improvement on the performance items over the
two-year period, there is a marked difference in their relative
levels of attainment. Figure 3.3 shows a lower initial score
for the 'at risk' group, and at 7% they have only reached the
performance level achieved by the controls at 54. The control
group maintain their higher level of functioning and indeed
inspection of the gradients on Figure 3.3 suggests that they
have a slight superiority in relative improvement. These

findings are supported by Satz and Friel (1973) who found



similar trends in their follow-up studies.

On the basis of the control group's success in reading,
writing and spelling during the two-year period, one might
hypothesise their level of skills obtained at 5% to be a
prerequisite for written language acquisition. If this were
so one would expect that, given appropriate teaching, some or
all of the 'at risk' group would show similar improvement

and eventually 'catch up' once this level of performance had
been attained (in this case at 7%). This would lend support

to the 'maturational lag' hypothesis of written language

difficulties.

An alternative hypothesis would be that the 'at risk' group
would continue to show an impaired level of functioning in
written language, despite adequate teaching, and this would
suggest a finite individual difference in learning styles.
Thus, a further follow-up study is required to examine these

aetiological possibilities.

In either case, however, the educational implications are
already clear: a policy of early identification of 'at risk'’
children as advocated in many studies and reports (eg Newton
Thomson, and Richarq; 1979 ; Tansley & Panckhurst, 1981;
Satz et al, 1978;.Warnock Report, 1978).is fully supported

It follows of course, that identification must be accompanied
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by intervention in the form of appropriate teaching
programmes. This raises a number of important issues, not
least of which is the accuracy of screening instruments

in identifying individual 'at risk' children. This issue
has already been addressed in Chapter 2 and will be further

examined in Section 3.3.

Perhaps more important is the question of appropriate teaching
While it is not the purpose of the present study to evaluate
remedial techniques, it is one of the stated aims to evaluate
the use of the Aston Index in relation to diagnosis and impli-

cations for remediation.

Research on remediation is fraught with difficulties

(eg Tarver & Dawson, 1978) but several general points may

be made. This first is that research on the value of perceptual
training programmes is at best equivocal (eg Thomson, 1984).

The second is that although inter-modality and strength-oriented
approaches have been shown to be more effective than 'deficit'
approaches (eg Hicks, 1980b).research on modality preference

has generally been equivocal (Zigmond, 1978; Tarver & Dawson,

op cit). One of the problems here may be thatchildren assumed
to have 'visual' problems may have been misclassified (see
Section 1.5). An interesting point is made by Zigmond (op cit)

who notes:
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"... Wwe must consider the possibility that, in
concentrating on modality strengths and weaknesses,

we have been looking at the wrong variables.

Stalings (1970) for example, found a significant
interaction between performance on the sequencing
subtests of the ITPA and type of initial reading
instruction. Low scorers were better with a whole-
word method while high scorers were better with a
linguistic (ie structured phonics) method.

This finding suggests arelationshipbetween sequencing
ability and appropriate reading approach, and deserves

to be investigated further ...'".

It is interesting to note, in this light, the high correlations
between ASM and SB and literacy attainments in the present study.
The correlations between VSMP and VSMS and literacy measures were
somewhat lower although it will be remembered that the same

tests were highly correlated with reading, spelling and ASM

in the concurrent validity study (Thomson & Newton, 1979)

noted above.

Like the concurrent validity study, the correlations between
literacy attainments and Performance items (and total scores)
are generally somewhat higher than those for General Underlying
Ability items (and GUA total). These results again suggest
that the variation in reading spelling and free writing

is not simply due to differences in intelligence.



In summary, the present study demonstrates the value of the
Aston Index as a predictor of future literacy attainment
and the results suggest some possibilities for research

in remediation of literacy difficulties. The results

also support the need for early identification of 'at risk!'
children and call for a further follow-up study to

examine the progress of 'at risk' and normal readers.
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3.3 A TEN-YEAR FOLLOW-UP STUDY

The results of the initial two-year follow-up study
indicated that many of the items from the Aston Index

were correlated with future performance in literacy and

that they discriminated between good and poor readers/spellers.
The aim of the present study was to examine whether these
differences at 54 years and 7)% years were still apparent

at secondary school , since the need for such data has been
recognized by several authors (eg Tansley & Panckhurst,
1981). The second re-testing took place when the majority
of subjects were about to complete their secondary education.
This was taken to be the final point at which the education

of these subjects would be broadly comparable.

METHOD

Subjects

All of the subjects from the study reported above who were still
receiving state education within the same L.E.A. were re-tested
at 15y6m=15y9m. In the eight years between the two re-tests
there was a natural reductimin the sample due to families
moving out of the area etc. Three children had transferred

to private schools within the area but to maintain compara-

bility of education they were excluded from the second re-testing.
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The sample thus consisted of forty-nine subjects
(twenty-seven males and twenty-two females) from six

comprehensive schools,

Test Materials

The test battery is described below. Tests were selected
which assessed the same broad areas of skills, and parti-
cularly those identified as having high potential diagnostic
significance, as those measured by the Aston Index at 5% years
and 7% years. The upper age limit for the use of the Index

is described by the authors as fourteen years. Furthermore

it was considered desirable to assess the performance of
children on commonly-used alternative standardised measures

of ability and attainments at this stage.

For each subject , the following tests were administered:
Standard Progressive Matrices (Raven, 1962)
Vocabulary Scale (WISC-R: Wechsler, 1949, 1974)

Digit Span (WISC-R)

Visual Sequential Memory (I.T.P.A.: Kirk et al, 1968)
Vernon Graded Word Reading Test

Vernon Graded word Spelling Test

Free Writing.

In 'Free Writing' the subjects were allowed to write on a
topic of their own choice. This was strictly timed (5 minutes)
to obtain a rough measure of 'writing fluency'. Testing (both
individual and group) took place within the schools attended

by the subjects.
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RESULTS

VALIDITY STUDY

Tables 3.6 to 3.8 show the correlations of Index scores at

two ages with future literacy attainments.

Table 3.6 is presented to allow comparison of the present reduced
sample with earlier results (Table 3.3). In general, the
correlations are somewhat lower for the reduced sample but
there:is no evidence of any differential effect for test

items. Many of the Index items are correlated with future
performance in literacy and in particular the tests of audi-

tory sequential memory and sound blending, Performance and

Overall Totals show highly significant correlations.

A crucial question, to which this chapter is largely addressed,
is whether skills assessed by the Aston Index are tapping

an important source of variation between individuals in lite-
racy development. It is to be expected that environmental
developmental, educational and experiential factors would

all exert major uncontrolled (and uncontrollable) influences
during the ten year period between initial and final testing.
However, if skills assessed at 5% years were to remain an
important source of variation between children at 15% years

then this would provide a strong argument for individual
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Table 3.6

Correlations between Aston Index Scores at 5% years and
Reading, Spelling and Free Writing at 7% years (Reduced Sample)

Test Items Reading Spelling Free

Writing
Draw a man .16 .19 - 26*
Vocabulary .22 .18 . 34*
Copying designs .24% . 30% 21
Picture recognition .00 .12 .00
Laterality .21 .10 11
Visual Sequential Memory (Pictorial) .19 .23 .14
Visual Sequential Memory (Symbolic) .20 .15 .16
Auditory Sequential Memory J56*** LBo*ER L41%*
Sound blending L BO*** JE7RER .30%
Sound discrimination .06 .19 .18
Copying/writing name JBTHE AN .30*
Knowledge of left and right A3 J40%* «20%
Finger agnosia .14 «19 .18
General underlying ability total(GUAT) .23 «33* «29*%
Performance total (PT) oo 1o i o] JA2%%
Overall total s DINER «D2HE% Q4rx¥
* significant at 0.05 level

** significant at 0,01 level
¥*%  significant at 0.001 level



Table 3.7

Correlations between Aston Index Scores at 5% years and
Reading, Spelling and Free Writing at 15) years.

Test items Reading  Spelling
Draw a Man PG 12 b .28*
Vocabulary . 34%* .16
Copying designs . 38%* L27*
Picture recognition .03 .14
Laterality .03 .04
Visual Sequential Memory (Pictorial) .14 .06
Visual Sequential Memory (Symbolic) .31% .20
Auditory Sequential Memory sDaeRE cA4%*
Sound blending «35* .21
Sound discrimination .22 .09
Copying/Writing name W31* .25%
Knowledge of left and right <19 .29%*
Finger agnosia -.11 .00
General underlying ability total 1 O ffta = 36M%
Performance total 40%% e
Overall total JAQR XX S
* significant at .05 level

% significant at .0l level

L significant at .00l level

Free
Writing

.02
.06
.24
.12

.09
.03
.20
.24
WS 7EXR
.13
.22
»16
-.15

.23
- 28*
« 330



differences in learning style. Of course, correlations
between variables do not, in themselves, explain causation
but they can indicate important associations, particularly

over time and in conjunction with other results.

Table 3.7 shows the correlations between Index scores at

5% years and literacy skills at 15% years. Again, several

of the Index items are significantly correlated with literacy
attainments and there are moderately high correlations for
Auditory Sequential Memory and all of the Total Scores.

An important point is that a similar pattern of correlations
exists between Performance Items and reading and spelling
both at 7% and 15% years. This would suggest the skills
assessed by the Index are indeed tapping a significant source

of individual variation between children.

Two further points should be noted. Firstly, and as predicted
the majority of correlations were lower at 15% than at 7%.
However, the notable exceptions were between Draw a Man,
Vocabulary and Capying Designs scores (ie General Underlying
Ability items) and reading. This might suggest that
'intellectual' differences (at 5%) become relatively more
important with age. However, as noted above, no such conclu-
sions should be drawn from correlations alone and, furthermore,

it would not be possible to differentiate 'intellectual' from
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verbal or visuo-motor factors on this basis. It is also

worth noting that the same pattern is not obtained with

spelling.

A second point refers to the results of the Satz et al

(1978) studies. Finger localization was found to be a con-
sistently high predictor of future reading ability over

six years and loaded on the major (sensorimotor-perceptual)
factor. Satz et al (op cit) took this as support for the
relativeimportance of such abilities as precursors of reading
development in kindergarten. In the present study, the Finger
Agnosia test was the only one to show a (low) negative
correlation with reading and free writing at 154 years, and this
could be interpreted as support for Satz's argument in that
reading disabled children should 'catch up' in this skill.
However, the correlations between Finger Agnosia and

literacy attainment at 7)% were also low (Table 3.6) in contra-

diction to the maturational lag hypothesis.

Table 3.8 shows the correlations between index scores at
7% and literacy attainments at 15%. Again, there are signi-
ficant correlations for many of the Performance items and
particularly for Auditory Sequential Memory (ASM) and the

Performance Total (PT).

There are a number of points to note there. Whereas the
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Table 3.8

Correlations between Aston Index Scores at 7% years and

Reading, Spelling and Free Writing at 15)4 years.

Test item

Draw a man
Vocabulary

Laterality

Visual Sequential Memory (Pictorial)
Visual Sequential Memory (Symbolic)
Auditory Sequential Memory

Sound blending

Sound discrimination

Knowledge of left and right
Graphomotor test

Performance total

Reading
Spelling
Free writing

= significant at .05 level
*x significant at .01 level
*%¥% gignificant at .00l level

Reading

DOS

.06
+20%
o2 f ¥
J52% R
. 34%%
» 15
.17
.07

A 68***

2 66***
" 55***
LBL**¥

Spelling

.08
L] 26*

.14
»13
.20
O] ¥R
.13
.33%
.11
.07

. 62***

L7B*R¥
- 51***
.65***

Free
Writing

-.14
.20

.09
«34%
-.03
2 25%
.16

.22
21

. 36%*

29X
.01
.19
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Draw a Man scores at 5% were significantly correlated with
reading and spelling at 15% (albeit at a low level) the
same test scores at 7% showed no relationship with future
literacy attainment. In view of the relatively consistent
pattern of correlations between the Performance Items

and literacy attainments this suggests that these items
(and PT) might be assessing relatively stable and signi-

ficant individual differences of rather prenter importance.

The most interesting features of Table 3.8 are the high
correlations between reading, spelling and free writing

at 7/ and reading and spelling at 15%. That the same

high correlations do not obtain with free writing at

15% may be explained to some extent by the differences

in scoring. At 7)4 free writing was assessed on a

rating scale whereas, at 154, the number of words written

in five minutes, was taken as a crude measure of writing
fluency. Nevertheless, the high correlations between reading
and spelling over an eight year period suggest that early
attainments in literacy skills are closely related to future
performance. The implications of these results are that
'late starters' in reading and spelling may not 'catch up'
and that, for some children at least, reading and spelling

difficulties may represent a persisting problem.
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It should be stressed again that correlations do not imply
causal relationships and further analysis of the above

data is warranted.

The most appropriate statistical technique for further exa-
mination of these data would appear to be Multiple regression
analysis. However, a number of caveats must be stated in
relation to the use of this technique with the present data.
Firstly, the sample size is small and conclusions must
therefore be tentative. Secondly, it should be noted that
the aim of the Aston Index is to provide an individual
'profile' of abilities and not necessarily to describe the
relative importance of the variables nor to find the best
predictors of future literacy attainments. Related to this
are questions about the interpretation of multiple regression
analyses. A number of researchers present sample correlation
coefficients (cumulative R) for the results of stepwise analysis
whereas Pedhazur (1982) notes that R2, the proportion of the
variation in the dependent variable explained by the indepen-
dent variable(s), is the '"meaningful" term in multiple
regression analysis. Furthermore, while Kim and Kohout
(1975) state that a forward (stepwise) inclusion procedure
may be used to obtain the best predictors of the dependent

variable, Chatterjee & Price (1977) note that:



"Stepwise procedures for the selection of

variables in a regregssion problem should be used
with caution. These procedures should not be used
mechanically to determine the "best' variables.

The order in which the variables enter or leave the
equation in stepwise procedures should not be inter-
preted as reflecting the relative importance of the

variables".

The results of the following analysis must therefore be

interpreted cautiously.

Tables 3.9 to 3.11 present summary tables for the multiple

regression analyses. The main points to note would appear

to be as follows:

1.

The Index Scores at 5% years account for around

60% of the variance in reading and spelling at 7) years
and around 60% and 45% respectively at 15% years.

The Index scores at 7% years account for around 70%
and 75% of the variance in reading and spelling,
respectively at 15% years. These results suggest that
the Index scores at 7% years provide a greater amount
of information about future literacy performance than
do those at 5% years. This in itself is not surprising

since performance at 5% years may reflect relatively
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more unstable developmental patterns as well as

the greater influence of factors such as home
background. Furthermore, the inclusion

in the analysis of literacy attainments (and especially
reading) at 7% years clearly has an important influence
Nevertheless, the fact that Index scores at 54 years
account for 60% of the variance in reading at 154 years
suggests that the Index items are tapping relevant

literacy skills.

The results emphasize the relative importance of

auditory factors in the early stages of literacy deve-
lopment (ASM and Sound Blending) The significance of

these factors was noted in the previous analyses

(Tables 3.6 to 3.8). Table 3.9 shows that apart from SB
and ASM, Knowledge of Left and Right and Laterality
contribute significant increments to the amount of variation
in spelling at 7)% years accounted for by the Index items.
The regression coefficient for FingerAgnosia was also
significant within the analysis before the remaining

variables were included. The associations between these

variables and in relation to literacy have been noted
(eg Kinsbourne & Warrington, 1963; Satz et al, 1978;
Croxen & Lytton, 1971 ; See also Section l.Sl However,

it has also been suggested that difficulties with KLR

and FA may in fact reflect verbal labelling problems



(eg Miles, 1984; Belmont & Birch, 1965; Vellutino,

1979). 1In view of the SB and ASM results it is

therefore possible that a more general auditory-linguistic
/verbal mediation factor is involved. The fact that
other visual and visuo-motor tests did not contribute
significantly within the regression analyses might
support this view. These suggestions cannot be examined
within the framework of the present study but further

research is clearly warranted.

3i With reservations, noted above, it is possible to derive
regression equations from the foregoing analyses. They
should obviously be used with caution but can fulfill
the stated obligation to provide direct information to
educators, in this case to predict. literacy attainments

These equations are shown in Table 3.12.

One of the inherent problems in any longitudinal research
programme in education is the loss of subjects over time.

It is possible, for example, that some of the subjects who
were 'lost' between 7% and 15)% years were withdrawn because
of learning difficulties. One of the features of the results
reviewed below is the generally high proportimof subjects
who achieved 'adequate' levels of attainment in reading and

spelling, and this is reflected in the predicted scores

obtained from the equations. Nevertheless, the value of the
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Table 3.12 REGRESSION EQUATION§ FOR THE PREDICTION OF LITERACY
ATTAINMENTS FROM ASTON INDEX SCORES AT 7) YEARS.

1. VERNON GRADED WORD READING TEST SCORES AT 15)% YEARS
STANDARD ERROR

a. VGWRT = 34.34 + (0.74 x RA) 11.12
b. VGWRT = 31.08 + (0.56 x RA) + (2.49 x ASM) 9.47
NB RA = Reading in months (Schonell) at 7% years.

ASM

Index score at 7)4 years. Other tests quoted below

are, similarly, scores obtained at 7)% years

2. VERNON GRADED WORD SPELLING TEST SCORES AT 15)% YEARS

STANDARD ERROR

a. VGWST

1]

-4.37 + (0.66 x RA) 6.93

b. VGWST = -5.72 + (0.58 x RA) + (1.02 x ASM) 6.55

3. SPELLING AGE IN MONTHS (SCHONELL) AT 7% YEARS

STANDARD ERROR

a, SA = -65.99 + (8.83 x SD) + (0.76 x RA) 7.63
b. SA = -64.27 + (7.00 x SD) + (0.72 x RA) + (2.61 x SB) 6.70
c. SA =-59.74 + (6.41 x SD) + (0.66 x RA)+ (2.08x SB)

+{1.23 x ASM) 6.42
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present study is that the results may therefore reasonably
be generalized to ordinary secondary school populations

of 'normal' socio-economic distributions (see Section 3.2).

Analysis of results also showed that scores obtained at

7% years accounted for 95% of the variance in spelling at
that age (see Table 3.13) and since the focus of the present
thesis is on spelling, equations for predicting spelling age
at 7)% years are also shown. An additional caveat is warranted
here, however, since the SD scores typically show less

variation than those for other items.

In summary, the above results suggest that the Aston Index is
of value in predicting future performance in literacy skills.
Further analysis will focus on the performance of sub-groups

and individuals over a ten-year period.
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TABLE 3.13 SUMMARY TABLE OF MULTIPLE REGRESSION
ANALYSIS : SPELLING AGE AND INDEX SCORES AT 7% YEARS.

Test Item Cum. R Cum. R?
Sound Discrimination .85 A2
Reading Age .95 .89
Sound Blending .96 .92
ASM .96 .93

Residual .97 .25
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PROBABILITY ANALYSIS

Thomson (1979) demonstrated the use of Bayesian probability
statistics (see, eg., Hays, 1973) in predicting success and
failure in reading and this approach has received scme
support (eg. Tansley and Panckhurst, 1981). The advantage of
such an approach is that it provides the educator with
information about individual children rather than relying
on group data.It is particularly useful in the prediction

and screening of learning difficulties in children.

Hays (1973) gives the following Bayesian formulae
for determining the probability of succeeding (p A/B) and

failing (p A/B)in attainments, in this case reading and

spelling :

p A/B = p(B/A) x p(A)
[p(B/A) x p(A)] + [p(B/A) x p(A)]
p A/B = p(B/A) x p(A)

[p(B/A) x p(A)] + [p(B/A) x p(A)]

Where A is the event 'passing reading' (an established level
of attainment such as 'at or above chronological age'), A is
the event 'failing reading' (say, below chronological age),

B is the event 'passed test criteria' and B is 'failed test

criteria’'.

As suggested, it is necessary to establish criteria or

cut off points for passing and failing the predicted variable

as well as for the test items.
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Thomson (1979b,1984) suggests the following procedure:

1. The establishment of a 'base rate' of reading (or
spelling, arithmetic etc.) failure in the school
or area population. This involves monitoring
attainments over at least two years if early
identification is required;

2. The administration of an appropriate screening
test at the age required for identification;

3. A follow-up period to establish criterion and test
allocation categories;

4., The establishment of cut-off points on the screening
test that give the highest conditional probabilities
for 'success' or 'failure' in the areas being
considered;

5. Application of statistical procedures using the
Bayesian formulae (noted above) to produce conditional
probabilities, for subtests or total test scores
as required;

6. Comparison of probabilities with previously established
base rates;

7. Consequent use of the screening test where probabilities

add increased information for local situations.

As part of their longitudinal study of children first
assessed in Kindergarten, Satz and Friel (1974) presented
conditional probabilities for "High" and "Low-Risk"
children based on reading scores two years later. The
probability of a child failing at reading given a High Risk
allocation at 5% was 72 and the probability of success

for a Low Risk score was .94. Thomson (1979b) found similar
results (with slightly higher probabilities :.77 and .95,
respectively) using data from the study reported in

Section 3.2. Thomson (op cit) extended this analysis to
individual index items and found that most of them provided
"more information about the likelihood of an individual
child succeeding or failing in reading tham would otherwise
be known" (i.e. on the basis of children being above or

below chronological age in reading).



s

ic.i;}

The exceptions were the Draw a Man and Sound Discrimination
tests. He noted that the best items for predicting
success in reading were the Performance Total (P.T.),
Laterality, VSMS, ASM and Sound Blending (SB). The best
items for predicting failure were P.T., VSMS, ASM, SB and
Free Writing.

Since the present study spans the entire school careers
of the sample, it was felt that data derived from a
Bayesian approach would be particularly relevant to educators.
Consequently conditional probabilities for 'success'
(p A/B) and ‘'failure' (p A/B ) based on test scores at
5% and 7% years and reading and spelling at 15% years are
presented below (Tables 3.14 to 3.19). The figures in
parentheses refer to the additional information given by
each probability over and above the general probabilities
of 'success' and 'failure'. Thus, in Table 3.14 for example,
the probability of doing well in reading (p A/B) given a
Performance Total (P.T) score above the cut-off point is
.89. The general probability of ‘'success' in reading,
p (A) (i.e. the percentage of the sample at or above CA
in reading at 15% years) is 71% or .71. Thus, the additional
information about the likelihood of success equals .18,
Similarly, the probability of 'failure' in reading at
15% given a P.T. score below 28 at 5% years is .62 which
provides more information than that given by the general
probability of failure (.29 or 29% of the sample).

The value of the Bayesian approach, as noted above,
is that it provides information about individual children.
Reference to Table 3.14 again illustrates this point.
The correlation between P.T, at 5% years and reading at 15%
is .40, which provides information about the test itself and
the sample as a whole. However, it does not allow a teacher
to make any direct assumptions about an individual child's
future performance in reading. Conversely, a P.T. score of
28 or above gives a .89 probability of success in reading
and a score of below 28, a .62 probability of failure.
Furthermore, many of the probabilities presented in Tables

3.14 to 3.19 are higher than this example, often considerably

SO.
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Given the above examples, the data presented in
Tables 3.14 to 3.19 require no further explanation but a
number of points can be made.

l. In the case of low, non-significant correlations
between test scores and future literacy attainment,
the conditional probabilities are particularly
useful. For example, in Table 3.15, the correlation
between Draw a Man scores at 5% years and reading at
15% years is .03. A low score on this item gives less
information than the general probability of reading
failure but a score above the cut-off point gives
more information (.17) about future success.

In general, the conditional probabilities give more

information about likely success in literacy than

they do about failure. Given the time-scale involved
this is, perhaps, not surprising, and the computation
of probabilities also reflects the size of the groups.

Furthermore, as Silver (1978) and Satz et al (1978) have

noted, the prediction of future success by screening

batteries has generally been found to be easier than
the prediction of failure. These results also suggest
that the correlations between test items and future
performance may also be relatively more important

for predicting reading success than reading failure.

2. The best items for predicting success in literacy
would appear to be ASM.,SB, and SD, spelling age
(at 7%) , and Performance and General Underlying
Ability totals. The best items for predicting failure
are ASM, VSMP, VSMS, as well as P,.T and GUAT and
literacy attainments (at 7% years). The results for
the individual tests are interesting. In general,
they confirm the importance of ASM and SB but, for
literacy failure , all of the sequential memory
items are 'significant' predictors. This reinforces

the points made about sequencing factors earlier.
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TABLE 3.14 CORRELATIONS AND PROBABILITIES FOR TEST SCORES
AT 5% YEARS AND READING ATTAINMENT AT 15% YEARS.

Test Item Correlation Cut-off point p A/B p A/B
Coefficient on test scores+
DA M . 30%% 9mths or more .91(.20) .38(.09)
below CA
Vocabulary . 34%* less than 5 .89(.18) .28(-.01)

mths above CA

CD <3B%* 1 92(.21) «31(.02)
Laterality .03 5 .91(.20) .23(-.06)
VSMP .14 6 .86(.15) .14(-.15)
VSMS «31% 5 .89(.18) .44(.15)
ASM soaNER 6 .89(,18) .44(.15)
SB o 35% 1 +90(.19) .32(.03)

4 .95(.24) .25(-.04)
SD 22 9 .90(.19) .40(.11)
Free Writing .31% 4 .90(.19) .40(.11)
GUA Total Q7 H Kk 12 .94(.23) .57(.28)
PT LA0** 28 .89(.18) .62(.33)
* significant at 0.05 level

e significant at 0.01 level
i significant at 0.001 level

+ eg. for CD the cut-off = less than 4/8 or higher.

NB p(A), probability of being at or above CA in reading =.71.
p(iﬁ, probability of being below CA in reading= .29.

(i.e the percentage of subjects at or above CA/below CA in reading
at 15% years).



TABLE 3.15 CORRELATIONS AND PROBABILITIES FOR TEST SCORES

AT 7% YEARS AND READING ATTAINMENT AT 15% YEARS.

Test Item

DaM

Vocabulary

Laterality
VSMP

VSMS

ASM

SB

SD

Free Writing

PT

- i ufj

Correlation
Coefficient

.03

L 49*

«206%*
27%
L52% k%
o 34 ¥
«15
B xS
L68***

L55***

#significant at 0.05 level

x* significant at 0.0l level

*** gsignificant at 0.001 level

Cut=-off point

3m or more
below CA

less than 8mths
above CA

43.5

5m or more
below CA

9m or more

below CA

.88(.17)

.92(.21)

.89(,18)
.90(.19)
«92(.21)
«93(.22)
.90(.19)
.93(.22)
.92(.21)
.92(.21)
.95(.24)
.98(.27)

.90(.19)

.92(.21)

«11(-.18)

.43(.14)

.28(-.01)
.28(-.01)
.22(-.07)
.64(.35)
.43(.14)
.28(-.01)
.54(.25)
1.00(.71)
.76(.47)
.32(.03)

.67(.38)

.66(.37)



TABLE 3,16 CORRELATIONS AND PROBABILITIES FOR TEST SCORES

AT 5% YEARS AND SPELLING ATTAINMENT AT 15% YEARS,

Test Item Correlation Cut-off point p A/B
Coefficient

Da M .28% below CA .86(.23)
Vocabulary .16 less than 4m

above CA .80(.17)
CD 27* 5 .83(.20)
Laterality .04 5 .87(.24)
VSMP .06 3.5 .80(.17)
VSMS .20 5 .80(.17)
ASM LA4x* 9 .95(.32)
SB .21 1 .81(.18)
SD .09 9 .77(.14)
Free Writing .25% 4 .82(,.19)
GUA Total .36** 12 .84(.21)
P.T C3T7FF 29 .82(.19)
* significant at 0.05 level
** significant at 0.0l level

o4l(o04)

.49(.12)
-33(—.04)

.50(.13)
.74(.37)
.74(.37)
.46 (,09)
.50(.13)
.37(.00)
.80(.43)
.66(.29)
.67(.30)



TABLE 3.17 CORRELATIONS AND PROBABILITIES FOR TEST SCORES

i.9

AT 7% YEARS AND SPELLING ATTAINMENT AT 15% YEARS.

Test Item

Vocabulary

Laterality
VSMP

SD

Graphomotor Test

P.T.

S.Al

Free Writing

Correlation
Coefficient

.08

.26%

A 78***

NSETE

.65***

* significant at 0.05 level

** significant at 0.0l level

*** significant at 0.001 level

Cut-off point p A/B
4m or more

below CA «78(.15)
less than 1llm

above CA .85(.22)
4 .83(.20)
6 «79(.16)
7 .77(.14)
8 .83(.20)
8 .85(.22)
95 .79(.16)
1 .85(.22)
38.5 .81(.18)
39,5 .83(.20)
43 .93(.30)
Sm or more

below CA +82(.19)
below CA .84(.21)
9m or more

below CA .83(.20)
3m or more

below CA .85(,22)
2 .83(.20)

I29 (_.08}

+50(.13)
.57(.20)
.36(-.01)
.30(-.07)
. 713 (4 36)
.33(-.04)
.53(.16)
.51(.14)
1.00(.63)
.81(.44)
.61(.24)

1.00(.63)
.82(.45)

l.m(.63)

.82(.45)
IBO( .43}
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TABLE 3.18 PROBABILITIES FOR TEST SCORES AT 5% YEARS
AND READING AND SPELLING AT 15% YEARS.

Test Item

Da M
Vocabulary
C.D.
Laterality
VsSMpP

VSMS

ASM

SB

SD

Free Writing
GUA Total
P.T.

Overall Total

Cut-off point p A/B
on test scores

8m or more below CA .88(.27)
less than 5m above CA .88(.27)
5 .92(.31)
4 .88(.27)
2.5 .87(.26)
5 .88(.27)
6 .87(.26)
1 .91(.30)
3.5 .95(.34)
9 .88(.27)
4 .89(.28)
12 .90(.29)
28 .89(.28)
29 .90(.29)

42.5 .91(.30)

.40(.01)
.29(-.10)
.27(-.12)
.31(-.08)
.64(.25)
.69(.30)
.47(.08)
.54(.15)
.35(-.04)
.42(.03)
.57(.18)
.45(.06)
1.00(.61)
.61(.22)
«71(.32)
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TABLE 3.19 PROBABILITIES FOR TEST SCORES AT 7% YEARS

AND READING AND SPELLING AT 15% YEARS.

Test Item

Da M

Vocabulary

Laterality
VSMP

VSMS

ASM

SB

SD

P,T,

S.A-

Free Writing

Cut-off point
on test scores

4dm,. or more below CA

less than 11 mths.
above CA

O O N OO OO W

38.5
40

5m, or more below CA
below CA

9m, or more below CA

3m. or more below CA

2

p A/B

.86(.25}
.89(.28)

.88(.27)
.88(.27)
.86(.26)
.90(.29)
.88(.27)
.89(.28)
«90(.29)
.92(.31)
.90(.29)
.91(.30)
.91(.30)
.93(.32)
+91(.30)

p A/B

.14(-.25)
. 30(-.09)

.46 (.07)
«30(-.09)
.47(.08)
.54(.15)
.56(.17)
.45(.06)
1.00(.61)
.60(.21)
1.00(.61)
.78(.39)
1.00(.61)
.77(.38)
+75(4+36)
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Some form of High or Low Risk allocation on the
basis of scores obtained from screening batteries
is typically used to identify Type I and Type II
errors, i.e. the misclassified 'false positives'
and 'false negatives' (eg. Satz and Friel, 1974;
Satz et al, 1978) as an indicator of the predictive
value of the screening test. These data, for Performance
Totals, are presented in Tables 3.20 to 3.22.
There is some debate as to whether 'false positives'
(children predicted to be 'at risk' who subsequently
experienced no literacy problems) or 'false negatives'
(children thought not to be 'at risk' who did in
fact subsequently 'fail') are more important.
Silver (1978)and Benton (1978) argue that any
screening test is likely to 'miss' some children
and that false positives are potentially more dangerous
since they could result in a self fulfilling
prophecy and negativism. However, Thomson (1984)
argues that:
"it seems more important to identify a greater
number of children who are truly 'at risk' and

require teaching help, even if it means

providing this help for a few who do not need
itll

The writer is more inclined to agree with Thomson (op
cit) on this point but since the weight of opinion
favours the former position the data presented in
Tables 3,20 to 3.22 generally reflect lower false
positive rates,

Of course, the aim must be to try and reduce both
types of error to a minimum and it can be seen that
predictions at 7% years generally result in fewer
misclassifications than at 5% years. What is manifestly
clear, however, is that the use of the index (P.T.s)
particularly at 7% years is a considerably better
predictor of future performance than assumptions
made on general probabilities. Tables 3.20 and 3,21
for example, show that the total percentage of
misclassifications based on Performance Totals at 7%
years are 11.5% and 18.6% for reading and spelling,

respectively.



TABLE 3.20 CLASSIFICATION OF SAMPLE BY INDEX AND CRITERION
ALLOCATION (READING) EXPRESSED AS PERCENTAGES.

INDEX ALLOCATION (P.T.) AT 54.
At Risk Not at Risk Total

At Risk 8.2 20,4%*% 28.6
CRITERION
ALLOCATION Not at Risk 2.0% 69.4 71.4
(ABOVE/BELOW
CA IN READING) Total 10.2 89.8 100
AT 15%
INDEX ALLOCATION (P.T.: cut-off = 40) AT 7%.
At Risk Not at Risk Total
At Risk 18.6 9. 3%* 27.9
CRITERION
ALLOCATION Not at Risk 2.3% 69.8 72.1
(ABOVE/BELOW
CA IN READING) Total 20.9 79.1 100
AT 15%

* Type I Error : false positives

** Type II Error : false negatives



TABLE 3.21 CLASSIFICATION OF SAMPLE BY INDEX AND CRITERION

ALLOCATION (SPELLING) EXPRESSED AS PERCENTAGES.

CRITERION
ALLOCATION
(ABOVE /BELOW
IN SPELLING)
AT 15%.

CRITERION
ALLOCATION
(ABOVE/BELOW
CA IN SPELLING)
AT 154,

* Type I Error

** Type II Error

INDEX ALLOCATION (P.T.) AT 5.
At Risk Not at Risk Total

At Risk 14.3 22,4%* 36.7
Not at Risk 4,1* 59.2 6343
Total 18.4 8l.6 100

INDEX ALLOCATION (P.T.:cut-off =43) AT 7%.
At Risk Not at Risk Total

At Risk 30.2 T7.0** 37.2
Not at Risk 11.6%* 51,2 62.8
Total 41.8 58,2 100

: false positives

: false negatives

s abaasmed o
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TABLE 3.22 CLASSIFICATION OF SAMPLE BY INDEX AND CRITERION

ALLOCATION (READING AND SPELLING) EXPRESSED AS PERCENTAGES.

CRITERION
ALLOCATION

(ABOVE /BELOW

CA IN READING

& SPELLING) AT 15%,

CRITERION
ALLOCATION

(ABOVE /BELOW

CA IN READING

& SPELLING) AT 15%,

* Type I Error :
** Type II Error :

INDEX ALLOCATION (P.T.: cut-off =29) AT 5%
At Risk Not at Risk Total

At Risk 14.3 16.3%* 30.6
Not at Risk 4.1* 65.3 69.4
Total 18.4 8l.6 100

INDEX ALLOCATION (P.T.: cut-off =40) AT 7.

At Risk Not at Risk Total

At Risk 16.3 14,0** 30.3
Not at Risk 4.6% 65.1 69.7
Total 20.9 79.1 100

false positives

false negatives



The base rates of failure in reading and spelling at
15% years are 27.9% and 37.2%. Thus the use of the
index is considerably better than assuming that all
children would eventually succeed or 'catch up' in
literacy skills, (misclassifications = 27.9% and 37.2%).
Moreover, the figures in brackets in Tables 3.14 to
3.19 show that the use of conditional probabilities
for certain individual items noted above, can provide
even more information about a child's future chances
of success or failure.
In summary, the use of Bayesian probability statistics
has been shown to be most useful in providing the
educator with direct information about individual

children's future performance.



LONGITUDINAL STUDY

One of the central questions in the present study and one

which is of great importance to educators is to what extent

early abilities are related to future performance and how

they change over time. This question has already been addressed
to some degree in the foregoing analysis, but further examination
of performance is warranted.

Table 3.23 shows the degree of concordance within the sample
over three test periods (Kendall's (corrected) Coefficient of
Concordance, 'W'). The advantage of this test is that subjects
can be ranked on a particular criterion (eg visual sequential
memory, vocabulary etc.) when the scoring or tests used are
slightly different. Thus what the correlation coefficients
shown in Table 3.23 represent is the degree to which subjects
have retained their position relative to the rest of the sample
over a ten year period. It can be seen that the degree of
concordance is significant, with moderately high correlations,
for ASM, VSMS, Vocabulary and Free Writing (but not for
non-verbal measures of underlying ability).

It might be argued that as a measure of 'General Underlying
Ability' DaM and Matrices tests are less 'compatible' (i.e. that
they rely on different skills to a greater extent) than the other
criteria. However, as noted earlier, the Free Writing measures
are also quite different in terms of scoring and furthermore it
should be stressed again that the correlations are based on rankings.
Given that the present data cover the entire school careers of
the subjects, the concordance between all of the measures apart
from 'G.U.A.' is regarded as demonstrating a high degree of
consistency in performance which argues for relatively stable

individual differences in the skills measured.

Furthermore, the degree of concordance on the same criteria
is interesting in relation to the maturational lag/deficit debate.
Satz and Sparrow (1970) Satz et al (1978) predict that children
with literacy problems would show early deficits in visuo-motor

tasks but would then 'catch up' in these skills. At a later stage



su

100°0>

520°0>

100°0>

lk{:"j

10°0>

8%

8v

8V

8v

5374

Ip

69¢”

269°

€87°

S09°

£vs”

S9OTIJeW S,uUaary

(9-DSIM) AaeTngedsop

(VdLI) WSA

(¥-0sIM) ueds 31bHTIQ

butyTtam saxg

sak {51

Uel e mMeIiqg uep e mMmeag

(xopur) AxeTngeoop (xopur) XaBTNgEOOA
(X°puI) SWSA (X2pur) SWSA
(XapuI) Wsv X9pUuI) WSY
(X9puI) WS SWALT
butaytam =013 sueu butztam/butido) s
*sak 3L *s1k §g

qoIddd LSHL

SHOV HIYHI IV SWHLI LSHIL ¥04 (.M,

S TIYANTY) HONYAHOONOD J0 SINHIDIAJIAOD £7°€ TTIAVL



19

they would demonstrate relative deficiencies in 'verbal' skills.
The present data, however, show a moderately high degree of
concordance between scores on VSM and Vocabulary at 5%, 7% and
15% years, suggesting that a 'deficit' model might be more
appropriate. Furthermore, it is interesting to note that the
highest correlation is obtained for Vocabulary (.70). Given the
correlations between vocabulary and reading in particular, noted

earlier, this might again suggest the relative importance of

verbal abilities.
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'At Risk' and 'Normal' Groups

At 7% years, the sample were divided into those subjects
.performing at or above chronological age in reading and
spelling (73%) and those who were below CA (i.e. a post-hoc,
'at risk' group, comprising 27% of the sample : see

Section 3.2). The data already presented have provided
convincing evidence that individual patterns of ability and
disability in literacy and related skills remain relatively
stable over time. However, one might also wish to ascertain
how groups of 'At Risk' and 'Normal' children progress over
time using more conventional statistical analyses and this
will be the facus of the present section.

An examination of the present reduced sample showed
that 14 subjects (29%) had been classified 'At Risk' on the
basis of reading and spelling performance at 7% years and that
35 (71%) were previously performing at or above chronological
age. Thus, although numbers are small the proportions of 'At
Risk' and 'Normal' subjects allow comparison with the earlier
study, Tables 3.24 to 3.26 show the mean Aston Index
scores of the 'At Risk' and 'Normal' groups at 5%, 7% and
15% years, respectively. It can be seen that at 7}% years the
groups differed not only on reading and spelling (the criteria
on which they were assigned to either category) but also on
Free Writing and several of the Performance Items (Laterality,
VSMP, ASM and SD) as well as the Performance Total.

At 5% years (Table 3.24) the two groups also differed
significantly on the Overall and Performance Totals and on the
individual tests of ASM and SB, thus reinforcing points
made earlier.

At 15% years there were differences between the groups
on all of the tests apart from VSMS.

The first point to note is that children designated
'At Risk' on the basis of reading and spelling at 7% years

were still performing significantly below the normal group



TABLE 3,24 THE MEAN ASTON INDEX SCORES OF THE

'AT RISK' GROUPS AT 5% YEARS.

Test Items

Da M(yrs.)
Vocabulary
CDh
PR

Laterality
VSMP

VSMS

ASM

SB

SD

Free Writing
KLR

F.A.

GUA Total
P.T.

'Normal' Group

mean

5.90
7.30
5.09
7.74

6.23
5.19
6.49
8.54
4.82
9.56
5.49
2.56
1.28

13.63
39.74

Overall Total 53.37

S.D.

0.95
1.23
1.50
0.44

2.47
1,39
1.62
1.42
2.24
0.87
1.34
1.01
0.46

1.68
6.05
6.80

'At Risk'Group

mean

5.61
7.00
4.62
7.64

5.00
4.36
5.71
5.93
2.56
9.39
4.62
2.10
1.10

12.92
29.24
44.96

S.D-

1.29
1.32
2.02
0.50

3.21
2.19
1.86
2.30
2.27
0.84
1.80
0.74
0.32

2.90
10.28
7.67

'NORMAL'

0.775
0.514
0.767
0.475

1,981
2.516
2.094
23,342
6.498
0.363
3.309
1.773
1.359

1,101
19,811
13.539

AND

ns
ns
ns

ns

ns
ns
ns
<.001
<.025
ns
ns
ns

ns

ns
<.001
<.001
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1.4

TABLE 3.25 THE MEAN ASTON INDEX SCORES FOR 'NORMAL' AND
'AT RISK' GROUPS AT 7% YEARS.

Test Items 'Normal 'Group 'At Risk'Group

mean S.D. mean S.De. F P
Da M 7.98 1.02 8.54 1.62 1.943 ns
Vocabulary 8.91 1.29 8.42 1.29 1.345 ns
CD 6.20 1.14 6.00 0.71 0.127 ns
Laterality 6.70 2.30 4.85 3.31 4.675 <0.05
VSMP 6.94 1.15 6.00 1.41 5.563 <0.05
VSMS 7.06 1.32 6.54 0.97 1.667 ns
ASM 9.26 1.21 8.17 1.64 6.011 <0.02
SB 7.74 1.19 6.92 1.73 3.382 ns
SD 9.87 0.28 9.31 0.78 13.371 <0.001
KLR 3.03 0.95 2.62 0.77 1.960 ns
GMT 1.32 0.48 1.13 0.35 1.085 ns
P.T, 45.61 3.92 39.04 5.21 20,137 <0.,0002
R.A. (months): 103.60 10.50 83.57 5.46  45.564 <0.0001
S.A.(months) 100.03 10.59 78.77 6.10 46.144 <0.0001

FRW 3.76 1.41 1.75 0.97 20.523 <0.0001



TABLE 3.26 THE MEAN ASTON INDEX SCORES FOR 'NORMAL' AND

'AT RISK' GROUPS AT 15% YEARS.

Test Item

Matrices
(Score)

Vocabulary
(WISC-R)

ASM-

'Normal'Group

mean

51.09

49.60

Digits Forwards 6.77

Digits Reverse

Digits Total
VSMS (ITPA)

R.A. (VGWRT
Score)

S.A. (VGWST
Score)

FRW

5.00
11.77
24.66

110,54

64.37

105.94

S.D.

3.91

7.67

1.35

1.57

2.46
4,46

10.38

7.85

23.85

'At Risk'Group

mean

44.00

44.07

5.86

4.57

10.43
24.43

95.93

48,50

86.93

S-Dﬂ

6.16

8.19

1.35

1.34

2.41
3.92

18.46

9.41

19.28

F

23.255

5.003

4.574

0.804

3.010
0.028

12.406

36.455

7.028

<0.0001

<0.05

<0.05

ns

ns

ns

<0.002

<0.0001

<0- 02



in literacy skills at 15% years. These data are represented
in Figure 3.4. It is interesting to note the similarity
between this and Rourke's (1976) hypothetical paradigm 4
(Figure 2.1) which he states could be interpreted as support
for both the maturational lag and deficit hypotheses.
However, in Rourke's model, the age limit is eleven years
and, as he notes, the ambivalence rests on the fact that
there may be two different outcomes (i.e. convergence or
divergence of the slopes) in later years. The present data
show that there is a divergence in spelling while the
improvement in reading for the two groups is similar. On
the whole, these results would therefore lend more support
to a deficit model. (see,also, Figure 3.5)

The second point is that although there are no significant
inter-group differences on any of the G.U.A measures at 5%
and 7% years, there are differences on the Vocabulary and
Matrices tests at 15%. Given the foregoing analysis, the
former may be explained to some extent by the interaction
between reading ability and vocabulary development and by the
relative importance of other factors (eg home background)
at earlier stages. The results of the Matrices test (non-
verbal reasoning) cannot, however, be explained in these terms.
Given the data for Vocabulary and Matrices presented in Table
3.23 it is unlikely that a maturational lag explanation
would be sufficient. Perhaps more significant is the fact that,
with the exception of VSMS , all of the tests differentiated
between the groups at 15}% years. Thus there may be a complex
developmental interaction between a child's perception of
his teacher's expectations, based on his literacy attainments,
and his general performance (Rosenthal & Jacobson, 1968).

The results show that ASM differentiates between the
groups at all three ages. At 15% the difference is only
significant for the recall of digits in a forwards direction.

There may be a 'ceiling' effect operating in this case
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(i.e. that the normal readers have already reached an average
adult level by 15} or earlier - see Figure 5.1) but the

'At Risk' group still perform below the level of the normal
readers. There are no significant differences between the
groups on VSM at any of the three age-levels, although the

'At Risk' group are worse than the normal readers on VSMP

at 7% years. This may therefore reflect the relative importance
of 'visual' factors at an earlier stage although it will be
recalled that the correlations between VSMS and VSMP and
literacy attainment were lower than those for ASM and SB at

5% and 7% years. The correlations between Aston Index scores

at 7% years and later literacy attainments for the two groups
separately (Table 3.27) reinforce this point. Caution must be
exercised in interpreting these correlations since the numbers
involved, particularly in the 'At Risk' group are small. In
relation to reading, there is support for the suggestion that
some of the items may be more important for predicting

success than for failure. For the 'Normal' group the highest
correlations are obtained for Vocabulary, ASM, P.T. and
literacy attainments; for the 'At Risk' group, SB and KLR also
show moderate correlations. Most interestingly, a similar
pattern is observed in relation to spelling for the 'Normal'
group but not for the 'At Risk' group. For the latter, the

DaM and graphomotor tests and Free Writing assume relatively
greater importance while the Vocabulary test is insignificant,
implicating a visuo-motor as well as an auditory sequencing
factor. Thus the suggestion here may be that the development of
reading and spelling may reflect different and possibly more
specific areas of deficit in 'At Risk' than in 'Normal' children.
Further research with a larger sample size would be necessary
to examine this possibility and the present results must

necessarily remain suggestive only.



TABLE 3.27 CORRELATIONS BETWEEN ASTON INDEX SCORES AT 7% YEARS

AND READING AND SPELLING AT 153% YEARS FOR NORMAL AND 'AT RISK'
GROUPS.

Test Items Reading Spelling
Normal At Risk Normal At Risk
Da M oil -.02 .04 .65
Vocabulary +53 .42 .29 -.02
Laterality -.23 05 -.17 .08
VSMP .19 -.25 =19 .01
VSMS 27 .07 .20 —«18
ASM .42 .34 . 34 «53
SB -.04 .38 -.15 .09
SD 25 -.24 .26 -.15
KLR -.06 «35 -.16 .30
Graphomotor -.19 .22 -.21 .36
Test
P.Ts .57 .47 .38 57
R.A. .65 .42 .64 .56
S.A. .40 .38 «23 o

Free Writing .48 -l .42 .74
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'Above CA' and 'Below CA' groups at 15% years

The previous section examined the progress of children
designated 'At Risk' or 'Normal' on the basis of reading
and spelling performance at 7% years. The present and final
section compares the progress of those who eventually
'succeeded' and 'failed' in reading and spelling.

At 15% years, 30 subjects (61%) were performing at or
above chronological age in reading and spelling and 19 (39%)
below CA. Reading and spelling ages are of course less
meaningful at this age (eg Mittler, 1976; Thomson, 1984) in
that a year's retardation in spelling at 15% is not equivalent
to nor as important as a year's retardation at 8% years.
However, for comparability with the previous section and because
of the simplicity of the designation for practical purposes
the allocation of 'Above CA' in reading and spelling and 'Below
CA' is adopted.

Tables 3.28 to 3.30 show the mean Aston Index scores for
these groups at 53 years, 7} years and 15% years, respectively,
and Figure 3.5 shows the improvement in reading and spelling
over eight years. As expected, the divergence between the groups
is more marked than in Figure 3.4 but the similarity between
them reinforces the argument for a developmental deficit rather
than delay.

The results of this analysis are broadly similar to that
for the 'At Risk' and 'Control' groups, so designated at 73} years.
The principal differences are that the Vocabulary, Laterality
and VSMS subtests and GUA Total also distinguish between the
groups at 5% years and the Vocabulary and VSMS tests at 7} years.
The difference between the groups on GUA total is accounted for
to a large extent by the Vocabulary test at 5% years and the

importance of Vocabulary is reinforced. Both Rourke (1976) and

Reed (1968) found that :

"those variables which serve to differentiate between
NR (normal reading) and RR (retarded reading) groups
at the initial phases of learning to read (age 6) are,
by and large, those variables that differentiate the
groups at much more advanced levels of reading
requirements (at ages 10-14)."



TABLE 3.28 THE MEAN ASTON INDEX SCORES OF

iin

*
'BELOW CA' GROUPS AT 5% YEARS.

Test Items Above CA
mean SD
Da M (yrs.) 6.04 0.97
Vocabulary 7.51 1.20
CD 5.20 1.54
P.R. 7.73 0.45
Laterality 6.50 2.45
VSMP 5.30 1.39
VSMS 6.83 1.49
ASM 8.53 1.70
SB 4.77 2.30
SD 9.63 0.71
Free Writing 5.53 1.38
KLR 2.62 0.98
F.A. 1.19 0.40
GUA Total 13.90 1.69
P.T. 40.20 5.76

Overall Total 54,10

*see page 162a for Analysis of Variance Summary Table.

6.26

Below CA
mean SD
5.46 1.11
6.76 1.21
4,56 1.79
7.68 0.48
4.89 2.91
4.39 1.97
5.37 1.67
6.63 2.11
3.54 2.46
9.32 1.04
4,78 1.63
2.19 0.91
1.33 0.49

12.67 2.45
31.28 10.10
46.08 8.00

'ABOVE CA'

3.70
4.27
1.74
0.13

4.23
3.57
10.24
12.07
2.42
1.62
2.94
1.98
1.14

4.26
15.56
14.95

AND

ns
<.05
ns

ns

<.05
ns
<.005
<.005
ns

ns

ns

ns

ns

<.05
<.001
<.001



TABLE 3.29 THE MEAN ASTON INDEX SCORES OF

10d

*
'BELOW CA' GROUPS AT 7% YEARS.

Test Item

Da M (yrs.)

Vocabulary

Laterality
VSMP

VSMS

ASM

SB

SD

KLR

Graphomotox
Test

P.T.

R.A.
SIA.

Free Writing

(mths.)
(mths.)

Above CA
mean SD
8.19 .23
9.14 1.21
6.54 2.27
6.88 1.17
125 1.24
9.45 102
7.64 1.16
9.83 0.49
3.07 0.98
1.30 0.47

46.25 375
104.40 11.31
99.97 11.92

3.96 1.43

"ABOVE CA'
Below CA
mean SD F
8.03 1,21 0.18
8.19 1.25 6.59
5.61 3.29 1.28
6.36 1.42 1.85
6.39 1.09 5.81
8.18 1.63 10.65
7.31 B | 0.63
9.53 0.56 3.78
2.67 0.77 2.20
1.14 0.38 0.68
40.00 4,88 22.47
87.58 7.99 31.85
84.78 10.45 19.76
2.00 0.94 25.45

AND

ns

<.05

ns
ns
<.05
<.005
ns

ns

ns

ns

<,001

<.001
<.001
<.001

*see page 162a for Analysis of Variance Summary Table.
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TABLE 3.30 THE MEAN ASTON INDEX SCORES OF
*
'BELOW CA' GROUPS AT 15% YEARS.

Test Item Above CA
mean SD

Matrices 51.97 3.35

(Score)

Vocabulary 51.50 6.63

(WISC-R)

Digit Span 6.80 1.30

- Forwards

- Reverse 5.33 1.47

- Total 12.13 2.36

VSMS 25.37 4,48

R.A. (VGWRT 115.07
Score)

S.A. (VGWST 66.53
Score)

Free Writing 106.40

*see page l62a for Analysis of Variance Summary Table.

24.20

Below CA
mean SD
44,47 5.47
42.53 7.32
6.05 1.47
4,16 1.30
10.21 2.30
23.37 3.70
92.63 14.37
49,26 8.96
91.21 21.25

'ABOVE CA'

35.54

19.65

3.48

8.11
7.88
2.63

62,94

70.99

5.02

AND

<.001

<.001

ns

<.01
<.01

ns

<.001

<.001

<.05



ibZa

0°s

6670L

%6°29

$S°SE

F

TTTYES
68°EB9T
8878y
¥ST69YE
€0°E6
[15841:19

€9°L1
sh9y
9%°s
10°€Y
86°1
L0791
L8*1
05°9
99°LY
§L°9E6
BE'BI
11°€59

9E°BOIST LY on
68°€89Z | b
Si*L6TT Ly oM
7S°69%E 1 b
6T°TLEY LY oM
01°ss8s 1 o8
6E°6Z8 LY o
£y oy 1 o
T9°9sT LY b
10°EY 1 o8
61°€E6 Ly oM
L0°91 1 o
LUl Ly o
0s°9 1 o
YT oIz LY o
yL*9e6 1 o
0L°c98 LY om
11°€s9 1 o

§§ 20 Founos

Burarapn @aay

*¥°S

A

SHSA

17303-°5°Q

9BIPAI-"5°(

8pIwAl0f-*5°Q

Lawyngedop

S22TIIFY

TTAVINVA

*STTAVL AEVHRNS ZONVIEVA 40 SISATVNY ! INIWA14dAS OE°E€ FT1EVL

9,761

S8°I1E

Ly Tz

89°0

0z°z

sy°sT

8Le

£9°0

$9°01

18°5

5871

8T I

597621
8871957
YETE0L
€Y7 162¢C
8" L1
£sTioy
0z°o
%10
18°0
08°1
09°1
18°0%
9z°0
00°1
¥6°1
€z°1
€9°1
vETLL
oyt
zi'g
91
86°2C
SETL
Le'e

os*1
68°6
0s°1
9z°0

SH

80°%E8S
8871952
€9°LS8Y
£V 162¢C
€9°ZEL
ES"10Y
EL°s
y1°0
98°S¢
08°1
96°89
18 oy
[4:01
001
z5°L8
£zl
¥9°1L
yeE~ Ll
£ES°19
(40}
eLrTL
86°Z
yI"ETE
Le*6

5°L9
68°6
95" %9
9z°0

sY

Ly

1y

RERBRBRIRRBBRLL888R32888¢%

BEBRS

T

Surytay saag

as

WSV

SHSA

dHSA

L1e1a3w]

KLaenqeaoyp

Heq

TIEVIEVA

"SATEVI AEVHHAS HINVINVA 40 SISKTVNY * INIMIIJNS 62°€ 274VI

9z°y

LA

86°1

¥6°T

z9°1

ire

L0°Z1

yzeol

LS'E

ET°Y

14 ]

wLol

'y

oLt

Bl

BE"8BY
00°€TL
5765
6L°5T6
o'y
L
61°0
1z'o
16°0
[§:08 |
61°2
9
Lo
L
vs°sS
r°El
6%°E
Lozy
b 4 it 4
96" %Z
L9’z
ES°6
06°9
0z 67

1z°0
€00
89°7
L9y
LA
919
L1 |
68°E

SH

£E°STTT 97
oo"EzL 1
1€°L6L2 LY
6L°5T6 |
0L"%81 9%
Lt 1
1%L oY
1zZ'0 I
6S°9E 0%
18°1 1
85700t 9%
w9 1
LO°%E LY
[A 0 | 1
L6°S1T 6E
Iv°el I
687 €91 LY
Lo*zy 1
6S°wIll LYy
96" %2 I
6S°SZ1 LY
ES°6 1
gz L1e 9%
0z 62 1
L6°6 Ly
£0°0 I
vz ezl 9%
L9°y I
66°%9 SY
919 I
5°6Y LY
68°E 1

s ad

RERERS

(o) S4N0Y¥9 RIELIA
(29)SanoEs NIAMLFW

aJEnos

ZE323BRIRBRRRIRLIRYIVRLIRRE

18301 11®12A0

*1°d

18301 VN2

va

b-ye |

Suratay @913

as

as

SHSA

dHSA

L3peaaiwy

¥d

o

Aawvyngedop

HEQ

T1GVIEVA

STIAVL ZYVHHNS FONVIHVA 40 SISITYNY ¢ INIWILIANS §Z°€ FTAVL



JOV¥ TYOIDOTONOYHD
T T A 3! A 3 o1 6 g

ONITTHAS e e s e

ONIQVId

SdNo¥D (¥¥) ,¥2 MOIZ", ONV¥ (N} VD TAQHY.:

¥Od ONITTEdS ANY ONIAYIY NI INIWIAOHYAWI TVINAWJOTIAIA S ¢ TANDIA .

O
e

o~
-

T

| @9¥ ONITTAAS / ONIavHy

EAIEs

ET—



The data presented in these sections as well as those shown in
Table 3.23 would generally support this view. As well as
literacy attainments, ASM, P.T. and to a slightly lesser
extent SB, Vocabulary and VSM consistently show differences
between groups of good and poor readers and spellers. Of these,
the VSM results are the least consistent and Table 3.31 shows
that the highest correlations between Index scores at 7% and
reading attainment at 15% are again obtained for the tests
mentioned above, with the exception of VSMS (but not VSMP).

It is also worth noting the negative correlation between VSMS
and spelling shown in Table 3.31.

The most plausible explanation of the apparent inconsistency
in the VSM results lies in the uncertainty over what this test
might actually measure. Thus the relationship with spelling
could reflect different spelling strategies (broadly, a 'visual'
whole-word or phonemic analysis approach) and teaching methods
(Look and Say versus phonics). Furthermore, while data have been
presented which suggests a 'clustering' of auditory and visual

sequencing skills and which would be supported by McLeod (1966)
thereis a good deal of evidence to suggest that visual (sequential)
memory tasks may in fact be measuring verbal ccding skills
(Hicks, 1980a; Done & Miles, 1978; see also Chapter 1.5).

Thus the 'inconsistency' in the present data may reflect these
differences and these will be further explored in Chapter 4.

Finally, it might be supposed that the similarity in the
profiles obtained for 'At Risk'/'Normal' and 'Below CA'/'Above CA'
groups simply reflected the performance of very similar
groupings of children (ie that to a large extent the same
children who were below CA in reading at 7% years were also
below CA at 15% years)., Whilst this is true in the majority
of cases Table 3.32 shows that there is some variation in the
groupings.

Comparison of the data in this Table with Tables 3.20
and 3.21 show that on the basis of reading and spelling at
7% years, which Tansley & Panckhurst (1981) regard as



TABLE 3.31 CORRELATIONS BETWEEN ASTON INDEX SCORES AT 7% YEARS

AND READING AND SPELLING AT 15% YEARS FOR 'ABOVE CA' AND
'BELOW CA' GROUPS.

Test Item Reading Spelling
Above CA Below CA Above CA Below CA

Da M .02 =.07 -0.01 o -
Vocabulary 3D .45 .18 -.22
Laterality =-.10 -.12 -.09 .10
VSMP .19 .20 -.08 .00
VSMS -.07 .08 .14 -.37
ASM «25 .36 .18 .38
SB =15 .50 —.12 .20
SD -.11 -.11 P +11
KLR -.20 #13 -219 .00
GMT ~-.15 .01 ~-.06 -.21
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TABLE 3.32 CLASSIFICATION OF READING AND SPELLING GROUPS

AT 7% YEARS AND 15% YEARS : NUMBERS AND PERCENTAGES (IN

BRACKETS) .
a) READING:
'Normals' (7%)
'Above CA' (15%) 27 (56)
'Below CA' (15%) 8 (16)
Total 35 (72)
b) SPELLING:
'Normals' (7%)
'Above CA' (15%) 28 (57)
'Below CA' (15%) 7 (14)
Tatal 35 (71)

'At Risk' (73%)

8 (16)

6 (12)

14 (28)

'At Risk' (73%)

3 ()

11 (23)

14 (29)

Total

35 (72)

14 (28)

49 (100)

Total

31 (63)

18 (37)

49 (100)



appropriate achievement tests, 6 of the 14 children (43%)
who were below CA in reading at 153} years were correctly
identified. The Aston Index (P.T.), administered at 7%
years, correctly predicted 67%. In spelling, 61% of
children who subsequently 'failed' were identified by
spelling tests but 81% were correctly identified by the
Index. The implications of these results would seem to be
that, on the basis of reading and spelling tests alone,
an educator would have little better than chance
expectation (and in the case of reading, slightly worse)
of picking out children who would continue to experience
problems. The use of the Aston Index, however, while
missing 3 and 2 children in 10 in reading and spelling,
respectively, would seem to offer a better basis for

prediction.
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DISCUSSION AND CONCLUSIONS

The aims of the studies reported in this chapter

were twofold: to evaluate the use of the Aston Index

as a predictor of future literacy attainments and to

children

examine the progress of a sample ofxthroughout their school
careers, Because of the complexity of the data and
analyses, the results have largely been discussed in the
main body of the chapter. However, some conclusions

and directions for futher research are presented below.

Firstly, the use of the Aston Index as a predictor
of future literacy attainments has been adequately demonstrated.
At the individual test level, the Picture Recognition item
would not appear to be particularly useful, possibly because
of its low ‘'ceiling' (i.e. the majority of children found
this test rather easy). It was also found that some tests
(eg ASM, SB and to a lesser extent, vocabulary and VSMP/
VSMS) were consistently better predictors than others. Two
points should be stressed, here, however. The first is
that tests which did not consistentlydiscriminate between
gocod and poor readers nor correiate highly with future
performance (eg. S.D., VSMP) are included in the Performance
Total, which was a good predictor. Secondly, the authors
stress the individual 'profile' approach of the Index which
is not weighted to obtain optimum scores but designed
to provide some systematic assessment of literacy and
"underlying skills". Nevertheless, in the light of the
present analysis, the predictivevalidity might be enhanced
by 'weighting' and further research could explore this
possibility with larger samples. 1In its present form,
however, the results of correlational, multiple regression
and Bayesian analyses all confirm the value of the Aston
Index in predicting literacy skills (Richards, 1985c).
Jansky (1978) believes that prediction rates above 75% are
very difficult to obtain but the present study has demonstrated
that this figure can be exceeded for spelling over an

eight year period,
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One of the principal aims of the present study was
to provide information of practical use to teachers and
educators. The results of the Bayesian analysis, and
perhaps to: a lesser extent, the multiple regression
analysis have produced such information , although it
should be stressed that these will be of maximum value
when related to a theoretical understanding of the
likely patterns of literacy development. More specifically,
such data should be viewed in relation to appropriate

'base rates' within the school / locality Thomson (1984).

The results of the longitudinal analysis provided
more support for a 'deficit' than a maturational lag
hypothesis as conceived by Satz and colleagues. It
should be stressed that both Satz et al's (1978)
longitudinal studies and the present study do not relate
specifically to dyslexia but to more general (dis)abilities
within ordinary school populations, i.e. to "specific
learning difficulties" (Tansley and Panckhurst, op cit).

As such, the concepts of a maturational lag or deficit
are being used quite broadly. Bearing this in mind, the

results are more consistent with a deficit hypothesis.

The data shown in Table 3.23 produced a significant
degree of concordance in the rankings of subjects on all
criteria apart from Draw a Man / Matrices over a ten year
period. Secondly, the tests of auditory sequential memory
and, to a lesser extent, Sound Blending,VSM and Vocabulary,
discriminated between groups and correlated with literacy
attainment fairly consistently over time and to a much

greater extent than sensory-motor tests at the youngest age.
Evidence was reviewed suggesting that the critical
feature in the VSM tasks could be either sequencing ability

or verbal coding ability. In this context, Hicks and



Spurgeon (1982) reported two factor analytic studies which
identified an ‘'auditory difficulty' factor and a 'verbal'
factor. The VSMS (ITPA) and other supposedly 'visual'
characteristics (eg reversals) loaded on this factor. Thus,
the present data could be interpreted as indicating the
relative importance over time of tests measuring auditory-
verbal coding abilities., It has already been noted that
test items identified by Satz et al (1978) as suggesting
sensory motor delays (eg Finger Localization) are open to

another interpretation, viz. verbal labelling.

In the light of the above findings, the next two
chapters report studies of auditory and visual sequential
memory. In both cases, however, comparisons are made
between dyslexics (as opposed to children with specific
learning difficulties) and chronological-age- and
literacy-matched controls and both are related to specific

hypotheses derived from the maturational lag theory.



CHAPTER 4

A COMPARISON OF DYSLEXICS AND NORMAL SPELLERS ON A

VISUAL SEQUENTIAL MEMORY TASK

4.1 INTRODUCTION
4.2 METHOD
4.3 RESULTS

4.4 DISCUSSION



In examining the 'maturational lag' versus 'deficit' issue
one of the most critical areas of research derives from the
following statement:

"... the pattern of deficits in dyslexic

children, rather than representing a unique

syndrome or disturbance, should resemble the

behavioural patterns of chronologically younger

children who have not yet developed acquisition

of certain skills " (Satz and Sparrow, 1970)

the

Accordingly, the studies reported in this and‘following chapter
address this postulate by comparirg the performance of dyslexics
with literacy(spelling)-matched controls. However, this type
of experimental paradigm alone is not satisfactory since
children differ in many developmental respects, independently
of reading and spelling experience. In the present studies,
the experimental group (dyslexics) were contrasted with two
control groups matched on spelling age and chronological age.
The first concerns visual sequential memory and the second

auditory sequential memory.
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INTRODUCTION

The data presented in Chapter 3 showed differences between
dyslexics and normal readers on visual sequential memory

(VSM) tasks and also significant correlations between VSM and
literacy attainments. Many other studies have found differences
between good and poor readers in the amount of information they
can extract from a visual display (eg Vernon, 1971; Lyle and
Goyen, 1968; Guthrie and Goldberg, 1972) and several have

found a relationship between VSM and literacy attainment

(eg Kass, 1966; Hirshoren, 1969; Goldberg and Schiffman, 1972).

However, more recent research suggests that tests which purport
to measure VSM may instead be assessing the ability to code
information verbally. Hicks (1980) in a series of experiments
using the VSM test from the Illinois Test of Psycholinguistic
Abilities (ITPA) demonstrated thatsubjects who used a visual
recall strategy performed significantly worse than those who
adopted a verbal labelling strategy. Moreover, when verbal
encoding was suppressed, Hicks found no significant difference
between the groups, the performance of 'verbal coders' dete-
riorating to the level of 'visualisers'. The majority of
dyslexics were 'visualisers' while the majority of normal

readers adopted a verbal labelling strategy.



Other studies (eg Done &Miles, 1978; Ellis & Miles, 1978) have
shown that dyslexics experience difficulty in the perception
and processing of visual information only when verbal label-
ling is involved. Vellutino et al (1973, 1975) found that
good and poor readers did not differ in the number of Hebrew
letters they could recall from a visual display. However,
there were significant differences between the groups in the

recall of English words.

The results presented in Chapter 3 were interpreted as giving
more support for a 'deficit' than a maturational lag in deve-
lopment. Since the principal aim of the present study was to
further examine these alternative hypotheses (and specifically
the - hypothesis that dyslexics were not behaving in the same
way as younger normal spellers on a VSM task) it was necessary
to exclude as far as possible factors which have been shown to
discriminate between the groups. Accordingly, the VSM task
was administered under conditions of verbal suppression using

non-linguistic material.

One method of preventing sub-vocalization of labelling responses
is to introduce an incompatible competing verbal activity. It is
hypothesized that the introduction of a concurrent and competing
verbal response will suppress the tendency to name visual
symbols, thereby eliminating the use of a verbal memory store.
The process has been used by Murray (1967, 1968), Levy (1971)

and Hicks (1980). It has also been used by Done & Miles (1978)

to prevent rehearsal.



1.4

In the present experiment subjects were required to repeat

the word 'the' as quickly as possible throughout the expe-
rimental procedure. This method was chosen because it does

not introduce elements of sequencing as in say, counting for-
wards or backwards, at which dyslexics may be at a disadvantage.
The results of the Hicks (1980) study supported the view that
acoustic encoding could be eliminated from a VSM task using
this method. Furthermore, it was shown that, since the per-
formance of 'visual coders' did not deteriorate under verbal

suppression conditions, this does not serve as a distractor

Vellutino et al (1972) compared the performance of dyslexics

and normal readers in the immediate copying from memory of
brief visual presentations of scrambled letters, words of
varying length (three, four or five letters) simple designs and
three-digit numerals. The only differences to emerge were on
"those configurations that taxed short-term visual memory (the
five-letter items)". Commenting on these results, Thomsan (1984)
notes that they suggest '"some kind of interaction between memory
and sequential difficulties'" and cites his own work (Thomson

& Wilsher, 1979) in support of this. Accordingly, series of

3, 4, 5 and 6 visual symbols were used in the present experiment
since it was hypothesized that this would provide adequate

'floors' and 'ceilings' for all groups (see eg, Rourke, 1976).

Spring and Capps (1974) found that good readers tend to scan

from left to right and showed a recency effect (ie latter parts



of the item were recalled better than earlier parts), whereas
only half of their dyslexic group showed recency effects and
these were the same subjects who did not have a left-right
scanning technique. Conversely, Wing and Baddeley (1980) have
argued that in spelling there is no simple short-term memory
buffer decay and that in many cases errors occur in the middle
of words and appear to be due to interference effects. Clinical
observation by the author of dyslexics' performance on VSM

tasks also suggests interference effects, although interestingly
these appear to relate more to the subject's previous response
than to the actual presentations. These aspects were also

examined in the present study.

Reversal errors have long been associated with dyslexic
problems. Many authors have noted the tendency for both dys-
lexics and beginning readers to reverse letter orientation and
order (eg Orton, 1925, 1937; Liberman et al, 1971). Money
(1966) notes that while the dyslexic child is not unique in
making reversal errors, he is unique in making so many of them.
This has been challenged by Fischer et al (1978) who found that
dyslexics and other poor readers made similar numbers of
reversal errors although the dyslexics tended to show a more
consistent pattern of reversing with respect to both letter

orientation and sequence.

Early theorists attributed reversal errors to predominantly

visual deficits and Satz & Sparrow (1970) have argued that poor
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readers resemble younger normal readers in this respect.
However, as noted in Chapter 2, Hicks (1981 ) showed that

the underlying cause of reversal errors varied according

to the nature of the subject population, and that dyslexics
made more errors than other groups on inter-modal tasks
(visual-auditory, auditory-visual) only. Accordingly, it was
predicted that under the present conditions, dyslexics would

not make more reversal errors.

Although different sub-types of dyslexia (eg visual/auditory)
might be considered an important source of variation the evi-
dence reviewed in Chapter 1, Section 5 and more specifically

the findings of Hicks {1980&) casts doubt upon such classifi-
cations. Furthermore, since verbal mediation was found to be

an important variable in this context and since verbal encoding
was eliminated from the present study, examination of 'sub-types'

would have introduced a potentially misleading factor.

To summarise, if the 'maturational lag' is appropriate the
general prediction would be that the performance of dyslexics
would be inferior to that of chronological age (CA) controls
and would resemble that of the spelling age (SA) controls.
Conversely, if the deficit hypothesis is more applicable, the
performance of the dyslexic group will be different to that of

both control groups.



4.2 METHOD

4.2.1  SUBJECTS

In accordance with the experimental paradigm noted above,
the subjects consisted of three groups of children: the
dyslexics (Group 3) and two control groups matched for

spelling age (Group 1) and chronological age (Group 2).

The dyslexics (15 boys and 4 girls) had all been referred to
the Language Development Unit at the University of Aston and
all fulfilled the criteria for inclusion in a dyslexic group
(see Sectionsl.l and 1.2). The control group children were
all spelling at or above their chronological age, as measured
by the Vernon Graded Word Spelling Test. There were 9 boys
and 8 girls in Group 1 and 8 boys and 7 girls in Group 2.

All subjects were of at least average intelligence, had expe-
rienced conventional classroom teaching and all had normal

eyesight and hearingf

Table 4.1 gives details of the I.Q., chronological and spelling
ages of the three groups. Comparison of the variance estimates
shows no significant difference between Groups 2 and 3 for
chronological age (F1g8,14=1.45, p n.s.). The difference between

the mean chronological age of the three groups is highly signi-

*In cases where tests had not already been completed, audiometric

assessment was performed at the time of testing.
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*
ficant (F=144.50, d.f.=2,48, p £ 0.001) and this is largely

accounted for by the difference between Group 1 and Groups
2 & 3. There is no significant difference between the mean

ages of Groups 2 and 3 (F=0.86, df=1,48, p n.s.).

Comparison of the variance estimates for spelling shows no
difference between Groups 1 and 3 (f18,16=2.69, p n.s.). The
difference between the three group means is again highly
significant (F=286.95, d.f.=2,48, p £ 0.001) but there is no
significant difference between the mean spelling age of Groups

1 and 3 (F=0.29, df=1,48, p n.s.).

All three groups were matched on intelligence. A test for homo-
geneity of variance revealed no significant difference between
the groups (Fp,4=2.77, d.f.=17, p n.s.). A one-way analysis

of variance showed no significant difference between the group
means (F=0.81, d.f.=2,48 pn.s.) and nor were there significant

differences between individual pairs of group means.

*All of the data in this section were analysed by one-way
analysis of variance.
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4.2.2  MATERIALS

13 symbols (10 figure Chips from the Visual! Sequential

Memory VSM Test of the Illinois Test of Psycholinguistic
Abilities (ITPA) plus 3 chips of similar design for the

practice trials).

Test Booklet

Stopwatch

4,2.3. PROCEDURE

Each subject was tested individually. The administration was
broadly similar to the instructions given in the ITPA manual for
the VSM test. The subjects were first allowed to see all 13
symbols for one minute and these were then placed out of their
reach. After the instructions had been given, the appropriate
symbols for each trial were selected and placed randomly in front
of the subjects. The relevant sequence card in the test booklet
was then exposed for 5 seconds in such a way as to cover the
symbols. After 5 seconds, the sequence card was removed and

the subject was required to replicate the sequence.

The administration differed from that of the ITPA VSM Test in

the following ways:

g EX Only one exposure of the sequence card was given for

each trial.
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There were two practice trials. On the second the
subject was required to repeat the word 'the' aloud! and
as quickly as possible. Subjects were instructed to do

this on all subsequent trials.

There were twenty trials in all (see Appendix 1). These
were divided into four blocks of five trials, the number
of symbols per trial in each block being 3, 4, 5 and 6

respectively. The trials were so arranged that no symbol
was in the same position as on the previous trial and no

two symbols were adjacent on consecutive trials.

Each subject completed all twenty trials. To counter

the effects of learning half of the subjects in each
group began with the 3 symbol sequences and half with the
6 symbol sequences. A rest of one minute was allowed

between each block of trials.

The subjects' responses (ie the order of symbols) was noted for

each trial.



4.2.4 SCORING

) e

For each subject, the following were computed:

4.2.4.1 VSM SCORES

(1) 'TRIALS' - the number of totally correct replications

(ii) 'SCORE'

of a sequence by block (max = 5) and in total

(max = 20).

the number of symbols in the correct
place by block (max = 15, 20, 25, 30)

and in total (max = 90).

(iii) 'POSITIONAL SCORE'

within each block, the number of correctly
placed symbols by position (max = 5)

i.e. the 'Positional Scores' show the distri-
bution of correct responses (scores) for each

subject by position (LEFT =% RIGHT = 1 -%»n).

Example VSM scores for a subject with the following response

pattern on the 3 symbol sequence: (see next page)



. . k
,l o ed

TRIAL POSITION (LEFT - RIGHT = 1 - 3)
1 2 3
1 v v v
2 X v »
3 v 4 v
a v x P
5 v’ v v

POSITIONAL SCORE: 4 4 3
'TRIALS' = 3
'SCORE' = 11

4.2.4.2 VSM ERRORS

These were classified according to the rationale given in

Section 4.1

PAIR ERRORS: (i) REVERSALS - the number of transposed pairs
of symbols by block and in total.
(ii) 'PRO-ACTIVE INTERFERENCE' - DISPLAY ('D PAIR')
the number of pairs in the same juxta-

position for the previous display.

(iii) 'PRO-ACTIVE INTERFERENCE' - RESPONSE ('R PAIR')
the number of pairs in the same juxtapo-

sition as on the subject's previous response




POSITIONAL ERRORS: (i) 'PRO-ACTIVE INTERFERENCE' - DISPLAY
('D POS') ; the number of symbols in the
same position as on the previous display.
(ii) 'PRO-ACTIVE INTERFERENCE' - RESPONSE
('R POS') ; the number of symbols in the
same position as on the subject's previous

response.

Since the groups varied in VSM scores, the number of each type

of error for each group were examined in relation to their total
number of pair and positional errors. The results showed that
Reversals, 'DPAIR' and 'RPAIR' each accounted for approximately
20% of the total pair errors for each group. 'DPOS' and 'RPOS'
accounted for 20%-25% of the total positional errors for each
group. Inspection of the data suggested no further types

of systematic error. Overall, the above classification accounted
for 56%, 55% and 57% of the total errors for the three groups,

respectively, and therefore suggested no systematic bias.

In Section 4.3 below comparisons between the groups are made
on 'Reversals', 'Pro-Active InterferencelDisplay' (ie DPAIR plus
DPOS) and 'Pro-Active Interference-Response' (ie RPAIR plus

RPOS).
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4.3 RESULTS

In comparing the three groups the principal statistic used

is a one-way analysis of variance. Because of the research design,
the comparison of individual pairs of group means is of par-
ticular importance. The method used is taken from Winer

(1962) pp.210-218, for unequal sample sizes. To avoid repe-
tition, the degrees of freedom associated with analysis of
variance are 2, 48 and for comparison of individual pairs

of means, 1, 48.

4.3.1 VSM Scores

4.3.1.1. 'TRIALS'

Table 4.2 shows the mean number of correct trials for each
group for the 3, 4, 5 and 6 symbol sequences and in total.
Figure 4.1 shows the mean number of correct trials for each

group for each length of sequence.

There is a significant difference between the groups for

the total number of correct trials (F = 3.86, p& 0.03) with Group
2, achieving significantly more correct trials than Group 1

(F = 6.08, p € 0.05) and Group 3 (F = 5.85, p £ 0.05). There

is no . significant difference between Groups 1 and 3 in the



number of correct trials (F = 0.01, p n.s.).

TABLE 4.2. (please see separate page)

Group 2 consistently achieve more correct trials than

Groups 1 and 3 until the 6 symbol sequence when there are

very few correct trials. There was a significant difference
between the Groups on the 5 symbol sequence (F = 3.56, p&£ 0.05).
Comparisons of individual pairs of means show that Group 3
score significantly fewer correct trials than Group 2 on the

4 symbol sequence (F = 5.18, p£0.05) and Group 2 score signi-
ficantly more correct trials on the 5 symbol sequence than both

Group 1 (F = 6.01, p&£0.05) and Group 3 (F = 4.92, p & 0.05).
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4.3.1.2 'SCORE'

Table 4.3 shows the mean score for each group for the 3, 4
5 and 6 symbol sequences and in total. Figure 4.2 shows the

mean scores for each length of sequence.

The difference between the total score of the three groups is
highly significant (F=7.77, p £ 0.002). Again Group 2 score
significantly higher than Group 1 (F = 10.93, p<£ 0.005) and
Group 3 (F = 12.97, p<£ 0.001) and there is no difference between

the mean total scores of Groups 1 and 3 (F = 0.05, p n.s.).

Group 2 consistently achieve higher scores than Groups 1 and

3 for each length of sequence. However, Figure 4.2 shows that
whereas both of the control groups improve their scores from

the 3 to the 4 symbol sequences, the score of the dyslexic
group consistently decreases as the length of sequence increases.
There is a significant difference between the group means

on the 4 symbol sequence (F = 3.79, p<£0.03) with the

dyslexics scoring significantly lower than the CA- controls

(F = 6.80, pg0.05).

On the 5 symbol sequence there is a significant difference
between the groups (F = 3.28, p¢& 0.05) with group 2 scoring
significantly higher than Group 1 (F = 4.89, p€ 0.05) and Group 3

(F = 5.23, p&0.05). The same pattern emerges on the 6 symbol
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sequence. The difference between the group means is signi-
ficant (F = 3.56, p€0.05) and Group 2 score significantly
higher than Group 1 (F = 6.36, p& 0.05) and Group 3

(F = 4.42, p <& 0.05)(see footnote,page 193).

4.3.1.3. SUMMARY

Taking the VSM 'Trials' and 'Scores' together, the results
suggest that the CA-controls consistently perform better than the
younger SA-controls and the dyslexics. The latter achieved

their highest 'score' when the least amount of information

was presented whereas the SA-controls resembled the CA-controls
in improving their score from the 3 to 4 symbol sequences.

This result apart, there were no significant differences in

the performances of the SA-controls and dyslexics.

4.3.1.4 RELATIONSHIP BETWEEN VSM ‘SCORE' and SPELLING ABILITY

Table 4.4. shows the results of computing Pearson product-moment
correlations of VSM 'score' with spelling ability for each group.
It can be seen that whereas there is no significant correlation
for either of the two control groups, there is a significant

positive correlation for the dyslexic group.
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TABLE 4.4

PEARSON PRODUCT-MOMENT CORRELATIONS OF VSM 'SCORE' WITH

SPELLING FOR SA-CONTROLS (GROUP 1) CA-CONTROLS (GROUP 2)

AND DYSLEXICS (GROUP 3).

GROUP o

p
1 0.08 NS
2 -0.04 NS
3 0.54 £0.01

FOOTNOTE :

A two way analysis of variance with repeated measures on one factor
was performed on these data (see Table 4.3). As expected, there are
significant main effects between groups and for length of symbol
sequence., However, the interaction is not significant.

Comparison of means (Scheffe) shows that there are significant
differences between the groups at the 5% level for the 4,5,and 6
symbol sequences. Group 2 perform significantly better than the SA
Controls and dyslexics on the 5 and 6 symbol sequences. On the 4

symbol sequence both control groups perform significantly better
than the dyslexics.
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4.3.1.5 'POSITIONAL SCORE'

Figures 4.3 to 4.6 show the distributions of mean 'Scores'

by position for each group and for each symbol sequence and it
can be seen that the distributions are similar for all symbol
sequences. Comparisons of the group means in each position

for each sequence reveals only one significant result: on
position 2 (i.e. second from left) on the 6 symbol

sequence (F = 4.97, p40.02), with the SA controls scoring signi-
ficantly lower than the dyslexics (F = 9.89, p£0.005). The most
striking feature of these results , therefore, is the similarity

between groups.

4.3.2 VSM ERRORS

4.3.2.1 REVERSALS

Table 4.5 shows the mean number of reversed pair errors for each
group at each length of sequence and in total. These data are
displayed in Figure 4.7 and it can be seen that for each group
the number of reversed pair errors increases as a functipn of the
length of symbol sequence. There are no significant differences
between the group means and, comparing individual pairs of means,
only one significant difference emerges: Group 1 make more
reversed pair errors than Group 2 on the 3 symbol sequence

{F = 4.20, p < 0;05)-
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FIGURE 4.3 MEAN SCORE BY POSITION
FOR THE 3 SYMBOL SEQUENCE
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FIGURE 4.4 MEAN SCORE BY POSITION
FOR THE 4 SYMBOL SEQUENCE
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FIGURE 4.5 MEAN SCORE BY POSITION
FOR THE 5 SYMBOL SEQUENCE
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FIGURE 4.6 MEAN SCORE BY POSITION
FOR THE 6 SYMBOL SEQUENCE
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Overall, these results indicate that the dyslexics are not
making more reversed pair errors than the control groups on

a visual sequencing task under verbal suppression conditions.

4.3.2.2. INTERFERENCE

Tables 4.6 and 4.7 show the 'Display' and 'Response' Interference

scores, respectively for the three groups.

TABLE 4.6 TOTAL 'PRO-ACTIVE INTERFERENCE DISPLAY' ('DPAIR' plus

'DPOS') ERRORS FOR SA CONTROLS (GROUP 1) CA CONTROLS (GROUP 2)

AND DYSLEXICS (GROUP 3)

Group n mean s.d. F P
1 17 18.94 6.15 4,119 £0,025
2 15 14.27 4.38
3 19 17.05 2.86

TOTAL 51 16.86 4,89

The difference between Groups 1 and 2 (SA and CA controls) is

significant (F = 8.188, p ¢ 0.01).
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TABLE 4.7 'PRO-ACTIVE INTERFERENCE-RESPONSE' ('RPAIR' plus
'RPOS') ERRORS FOR SA CONTROLS (GROUP 1) CA CONTROLS (GROUP 2)

AND DYSLEXICS (GROUP 3)

GROUP n mean sSD F P
1 17 16.47 5.40 3.697 £0.05
2 15 14.00 5.24
3 19 19.00 5.36

TOTAL 51 16.69 5.62

The difference between Group 2 (CA Controls) and Group 3

(Dyslexics) is significant (F = 7.352, p¢0.01).

Significant differences between individual pairs of group

means following the same pattern were found on the 4 and 5 symbol
sequences. These results therefore, suggest a difference between
the SA Controls and Dyslexics in the source of Interference

errors, compared with CA controls.
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4.4 DISCUSSION

The results of this experiment suggest that dyslexics behave
differently to both age- and literacy-matched normal spellers

on a visual sequential memory test.

In terms of the overall level of performance (ie the number
of correct trials and VSM score) the dyslexics were inferior
to normal spellers of the same age. This difference was not
apparent on the 3 symbol sequence but there was a marked diffe-

rence on the 4, 5 and 6 symbol arrays (Fig. 4.2).

It has been convincingly demonstrated that VSM tasks such as that
in the ITPA may in fact be measuring verbal encoding ability
rather than visual memory per se and that it is in the former
respect that dyslexics are deficient (eg Hicks, 1980; Vellutino
et al, 1975). However, the present results show that when verbal
coding is suppressed dyslexics still perform at a lower level

than normal spellers. Fig. 4.2 shows also that, unlike both control

groups, the dyslexics achieved their highest score when the least amount
of information was presented. These results therefore support

the view that dyslexics experience difficulties when the amount

of sequential information begins to tax the limits of their

short-term memory (eg Vellutino, 1979; Thomson, 1984; Thomson

& Wilsher, 1978) and that their capacity might be lower than younger

and older normal spellers.
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Comparison of the dyslexics and spelling-age controls revealed
no differences in their overall level of performance.
However, there was a difference between these groups in
relation to the length of sequence as noted above. More
importantly, there was a significant positive correlation
between VSM score and spelling ability for the dyslexic group

but not for either the CA nor SA Controls. Thiswould

suggest that the dyslexics are using the same (visual) stra-
tegy in spelling as they are under verbal suppression conditions
in the present experiment. Conversely, it would appear that
neither group of normal spellers adopt such a strategy in the
'free' condition of spelling and by definition, would appear

to be using a more efficient (and presumably verbal encoding)

strategy.

Comparison of the positional scores (Figs 4.3 to 4.6) show

that all three groups typically scored highest on the extreme
left positions and lowest on the middle order items for each
length of sequence. As noted in 4.1, Wing and Baddeley (1980)
argued that there is no simple short-term memory buffer decay

in letter order errors and that in many cases errors occur in
the middle of words and appear to be due to interference effects.
It is most interesting to note, in this context, the differences
between the groups in the present study in their 'interference'
errors. Whereas the SA controls made significantly more errors

than the CA controls based on the previous display, the dyslexic



group made more errors which related to their previous response.

Stanley (1975) Stanley and Hall (1973) suggested that
dyslexics may have more difficulty than normal readers at the
initial stage of visual processing. More specifically, they
proposed that the duration of the visual trace is greater
in poor readers than in normals and that reading disability may
be caused by visual interference resulting form the overlap
of old and new visual material:
"If VIS (Visual Information Store) duration is not
intrinsically related to eye movements, in
dyslexics, then many of their confusions may result
from eye movements feeding new information into
the visual system before the old information has
been processed or masked. Thus there may be
some overlay of visual information in storage."

(Stanley, 1975).

However, the series of studies by Stanley have been criticized
by Vellutino (1979) in part for poor selection of subject groups,
and further studies, including one by Stanley (1976), have failed

to support the above proposition (eg Fisher & Frankfurter, 1977).

Witelson (1976) showed that the stimulus exposure time needed
for the visual discrimination of non verbal material was signi-

ficantly greater for dyslexics than controls. However, Ellis
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and Miles (198la) have convincingly argued that not only is there
insufficient evidence for a disorder at the level of the

VIS, but also that "there are no essential differences between

dyslexic and control children in respect of speed of visual

coding, visual code capacity or rate of decay of visual code".

Although the present paradigm does not allow comparison with
the work of Stanley and Hall (1973) on the VIS it is inte-
resting to note the reference to eye movement above

(see also 1.5).

Pavlidis (1981) has argued that dyslexics abnormal eye movements
may be responsible for their difficulties. However the present
data, in respect of differences in the source of interference
appear to offer more support for the view that the problem is

one of coding.

One plausible explanation may lie in the response condition.
Subjects were required to place the figure chips in the appro-
priate positions immediately following each trial. Since dyslexics
may experience less difficulty in visuo-spatialtasks (eg Block
Design ) and since it has been suggested (eg Howe, 1972) that less
effective learners are more predisposed to learn from their own

mistakes, this could explain the present results.



o
:
<-

In summary, the present data suggest that, contrary to
Satz and Sparrow's(1970) postulate, dyslexics do not behave
like younger normal spellers but exhibit a qualitatively

different learning pattern.

The implications for assessment and remediation are most
important. Firstly, it woud be erroneous to assume that a child
exhibiting dyslexic problems was a 'late starter' and would
eventually 'catch up'. Secondly, it is suggested that, unlike
normal younger spellers, dyslexics may 'learn their own mistakes'
rather than 'learning from their mistakes'. The present results
also suggest that they may be using an inefficient visual
strategy in spelling and that training in the use of a more
efficient verbal coding strategy, combined with visuo-motor
skills, might be the most effective form of remediation.
Finally, if dyslexics do 'learn their own mistakes' early iden-

tification is of paramount importance.



CHAPTER 5

A COMPARISON OF DYSLEXICS AND NORMAL SPELLERS ON
AN ASM TASK

5.1 INTRODUCTION
5.2 EXPERIMENT 1
5.3 EXPERIMENT 2



5.1 INTRODUCTION

The earliest research on memory span, towards the end of the
nineteenth century, focused on developmental and individual
differences and on the relationship between memory span

and other mental abilities. Tests of memory span soon
assumed a formal place in the assessment of intellectual
abilities (eg Binet & Henri, 1895) and similar tests are
included in the most commonly used intelligence tests today
(eg Digit Span in the Wechsler Intelligence Scale for Children-
Revised(WISC*R) (Wechsler, 1949) and Recall of Digits in the
British Ability Scles (B.A.S.), Elliott et al, 1978). Corre-
lations between Digit Span (DS) and Full Scale I.Q. (WISC-R)
range from .34 to .54. A great deal of research has also
been directed towards the relationship between DS and

other skills, notably written language development.

Digit Span tests are included in many screening and diagnostic
batteries (eg The Aston Index, Newton & Thomson, 1976; the
Bangor Dyslexia Test, Miles; 1982). Such tests are frequently
described as assessing 'auditory sequential memory' (ASM);
“the ability to reproduce from memory sequences of digits

of increasing length" (Kirk & Kirk, 1971). Essentially, the
tests involve forwards and backwards repetition of series

of numbers read aloud to the subject. As used in diagnostic
and screening tests , their function is conceived of as

assessing a child's ability to perceive, retain and reproduce



sounds in correct sequence. Such skills are hypothesized as
being important in the development of reading and spelling
through the processes of phoneme-grapheme correspondence,
retention and recognition of phoneme sequences etc

(Newton & Thomson, 1979).

The data presented in Chapter 3 showed that a test of

auditory sequential memory for digits discriminated between
good and poor readers and was significantly correlated with
future literacy abilities as well as concurrent performance

in reading and spelling (Thomson & Newton, 1979).

Not all studies are consistent in finding a relationship
between ASM and literacy attainment (eg Dornbush and Basow,
1970; Bannatyne and Wichiarajote, 1969). However the majority
do show that dyslexics are inferior to normal readers on
Digit Span tests (eg Nelson & Warrington, 1980; Golden &
Steiner, 1969; Cabrini, 1963; Miles and Ellis, 1981;

Corkin, 1974; McLeod, 1965; Rugel, 1974; Huelsman, 1970;
Thomson, 1982), and that ASM is significantly correlated

with literacy attainments (eg Naidoo, 1972; Bakker &

Schroots, 1981).

Comparisons have also been made between good and poor readers
on memory span tests using non-numeric material such as

letters and words. One of the earliest studies was that of



Rizzio (1939) who found a significant correlation between
reading and ASM using nine alphabet letters. Good readers
were also better than poor readers on this task. However,
Bannatyne & Wichiarajote (op cit) found no significant
relationship between spelling and a test of letter span
(consonants). More recently, Lesiak et al (1979) compared
3rd and 6th Grade good and poor readers on their auditory
memory for words. The good readers obtained higher scores
at both age levels but the differences between the groups

were not significant.

It might be considered, at least intuitively, that the use of
language material would be more appropriate than digits

in memory span tests, particularly those included in
diagnostic batteries of literacy skills. However, Digit Span
tests are far more commonly used and this invites discussion
of what memory span tests measure and their significance

for developmental and individual differences. Given their
ability to discriminate between subject groups and the
relationships with measured intelligence and literacy attai-

nments, this is an important issue.

It might be noted, for example, that in a Digit Span test a
subject can select from only ten possible numbers instead of,
say, 26 items in a letter span test. Neisser (1967) noted

that "the memory span is about the same size whether the



subject is tested with strings of digits, letters or
monosyllabic words",but the data presented in Figures

5.1 to 5.3 cast some doubt upon this. They suggest
different rates of development of span and overall capacity
depending on the stimuli. Furthermore, the marked indi-

vidual differences should be noted.

A second apparently simple point again reveals a complex
issue. It might be argued that the use of language material
in span tests specifically addressed to literacy (dis)ability
would provide little useful information, i.e. only that dysl-
exics had difficulty in remembering sequences of letters.
However, many dyslexics also have difficulty with numbers,

as in remembering multiplication tables (MIles, 1983;

Joffe, 1981). Bannatyne & Wichiarajote (op cit) found a
slightly lower (non-significant) correlation between letter
span and spelling than between digit span and spelling.
Moreover, their two memory span measures were significantly
correlated. Both language material and digits require some
kind of 'naming' but there is some argument as to whether
the items or the order of the elements is more important

(eg Vellutino, 1979; Bakker and Schroots, 1981;

see also Chapter 1.5 on Temporal Order Perception and
Sequencing). The issues raised here will now be examined

in relation to research on dyslexia.



FIGURE 5.1 DEVELOPMENTAL DIFFERENCES (SOLID LINE) AND
INDIVIDUAL DIFFERENCES, EXPRESSED AS RANGES (DASHED LINES),
IN DIGIT spAN (Adapted from Dempster, 1981)

Aston University

Hustration removed for copyright restrictions

FIGURE 5.2 DEVELOPMENTAL DIFFERENCES (SOLID LINE)} AND
INDIVIDUAL DIFFERENCES, EXPRESSED AS RANGES (DASHED LINES),
IN WORD SPAN (Adapted from Dempster, 1981)

Aston University

Nlustration removed for copyright restrictions
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FIGURE 5.3 DEVELOPMENTAL DIFFERENCES (SOLID LINE)} AND
INDIVIDUAL DIFFERENCES, EXPRESSED AS RANGES (DASHED LINES) '
IN LETTER SPAN (Adapted from Dempster, 1981)

Aston University

ustration removed for copyright restrictions




Firstly, it should be noted that the loci of span diffe-
rences are generally accepted as being short-term memory
and long-term memory (Dempster, 198l1). As Dempster notes,
"Short-term memory is identified as the
system that stores information for current
attention and in which actual information
processing is carried out. The amount of
attentional energy or capacity available to
short-term memory is severely limited, thus only
a few storage and processing activities can
be carried out simultaneously. By contrast,
long-term memory represents the products of the
individual's experience. These products range
from the particular, such as individual letter
and word codes, to the general including strategies

for processing and maintaining information'.

A number of studies have suggested that dyslexics have
general short-term memory problems (eg Senf & Freundl, 1971;.
Kornev, 1982; Koppitz, 1973; Wiig and Roach, 1975). Thomson
and Wilsher (1979) showed that not conly was the performance
of dyslexics on auditory and visual sequential memory tasks
inferior to that of controls but also slower (as measured

by an indicator of 'Information Absorption') and more erratic



(assessed by a measure of 'Immediate forgetting'). They
argued that there was a limited information capacity or
lower 'threshold' in dyslexics. Furthermore they found that
adult dyslexics showed similar difficulties, "suggesting a
finite difference in "cognition'" rather than a maturational

lag in perceptual skills".

Cohen & Netley (1981) presented 'reading-disabled (RD)
children and controls with a serial running memory task

at high rates of presentation (lists of 16+26 digits presented
auditorily at between 2.3 digits/second to 13.2 digits/sec)
such that rehearsal was eliminated. The RD groups were
inferior to the good readers on this task and Cohen

& Netley concluded that '"the short-term memory deficits
exhibited by the RD children should not be attributed to an
inability to rehearse, nor an inability to encode (recognize)
items, but rather to an inability to encode serial items in
the form of serial phonological patterns". Dempster (1981)
also argues against rehearsal as being an important factor in
individual differences in span and other researchers have
stressed the significance of item order (eg Bakker & Schroots,

1981; Ensslen & Bormann-Kischkel, 1983).
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Brady et al (1983) found that poor readers made more
transposition errors in the recall of non-rhyming word
strings than good readers, again arguing for some difficulty
in short-term memory for order. They also found that poor
readers were inferior to controls in the recall of random
word strings and were less affected than controls when the
words rhymed. This finding is similar to that of other
studies (eg Shankweiler et al, 1979; Mann et al, 1980) and has
been interpreted as indicating that good readers encode
phonetically (and are therefore more susceptible to phonetic
interference as with rhyming words and letters), whereas

dyslexics cannot.

Conrad (1964, 1965) also found that order errors in the recall
of auditorily presented letters were determined by their

degree of acoustic similarity.

Mann et al (op cit) presented rhyming and non-rhyming stimuli
in meaningful and non-meaningful ways and used sentences
varying in syntactic complexity. There were no significant
differences between dyslexics and controls on these dimen-
sions, and it was argued that the former group experienced
difficulty in phonetic coding but not in semantic nor
syntactic coding and that there were no long-term memory

difficulties.
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Jorm (1979a, b; Jorm & Share, 1983) suggest that access
to written words has two broad routes: a phonological
~-phoneme
route based on graphemq‘porrespondence rules, and a
semantic route passing directly from visual input to
meaning. This hypothesis has similarities to the model
proposed by Smith (1971). Jorm & Share (op cit) argue that
phonological (phono-) recoding is important as a back=-up
mechanism when word identification via the visual pathway
fails and, secondly, as a self-teaching mechanism by
which the child learns to identify words visually. It is
further argued that in dyslexics there is a short-term memory
deficit which results in their inability to use an auditory-
verbal short-term store. In support of this argument,
Thomson (1984) quotes his own (unpublished) work in which
children were given a visual search task with varying back-
grounds (auditory or visual similarity). He found that dyslexics
made significantly greater use of a visual code, implying
that they were having difficulty in using an auditory or
verbal code. Similarly, Brady et al (op cit) compared dyslexics
and normal readers on two auditory perception tasks, one
employing words and the other '"non-speech environmental
sounds", with and without noise masking. The dyslexics made
more errors than the controls only when listening to masked
speech. Thomson (1984) also notes that differences have

been found between good and poor readers in long-term memory
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when verbal coding is involved and suggests that these
differences relate to initial coding strategies, rather

than in long-term memory per se. It is interesting to
recall in this context the study by Hicks (1980a) using

the ITPA VSM task. 1In this study, she showed that when
good readers who coded information visually were directed

to label stimuli, their recall capacity increased. The same
pattern of improvement was found for dyslexics (visual
coders) but their performance still did not match that of
competent readers. This might suggest that dyslexics do
not use a more efficient verbal coding strategy because there

is some antecedent deficit in short-term memory capacity.

Other studies have argued for the importance of item iden-
tification and some form of 'naming' problem (eg Vellutino,
1979). Lyle and Goyen (1968, 1975) found that differences
between good and poor readers in their memory for letters,
lines, word shapes and matching non-word shapes related to
speed of processing rather than short-term memory except
when verbalization was required. Klicpera (1983) found that
dyslexics were poorer than normal readers on naming tasks
but not on all verbal fluency tasks. Denckla & Rudel (1976 a, b)
found that dyslexics took significantly longer and made

more errors than normal readers in naming drawings, common

objects, colours, letters, words and numerals presented



visually. Spring & Capps (1974) and Spring (1976) also
compared dyslexic and normal readers on rapid naming tasks
and on various digit span tests. Again, they found that
dyslexics were slower than normal readers in naming digits
as well as having lower digit span scores. It was argued
that slow item identification preempts time that would
otherwise be available for rehearsal. In this, Spring

& Capps (op cit) are arguing that naming difficulties are
articulatory and relate to the articulatory rehearsal
loop. However, Ellis and Miles (1981) in a review of

this area, including their own studies, offer a persuasive
argument that the difficulties are lexical rather than arti-
culatory. Dempster (1981) notes that the results of the
Spring and Capps study can be interpreted in terms of

a 'trade-off' between the capacity necessary for the iden-

tification process and the capacity remaining for storage.



The research noted above (and in Section 1.5) highlights

the complexity of the issues involved in an apparently

simple test of memory span. In particular, there is evidence
to support the views that dyslexics may experience greater
difficulty than normal readers in aspects of serial recall,
short-term memory capacity and verbal encoding. All of these
functions are necessarily interrelated and there is no
consensus on the relative importance of each. Furthermore,

all of the above have been shown to be related to reading

ability.

The present experiments aim to examine some of the issues
raised by comparing dyslexics and normal readers on memory
span tests for digits and a variety of language material:
specifically, letter names, letter sounds, consonant blends,
low and high imagery words. 1In the light of work by Conrad
(ops cit) Brady et al (op cit) and others,acoustically

dissimilar language material was used.

It was hypothesized that dyslexics would be inferior to

normal readers on all measures of memory span.

Furthermore, following the review by Dempster (op cit)
of the development of digit, word and letter span (see Figs

5.1 to 5.3) it was hypothesized that for normal readers



the results would show a relative superiority in the recall
of digits over language material. A similar pattern of

results in the dyslexic group would suggest problems predo-
minantly in short-term memory capacity, whereas a different

pattern might indicate verbal and possibly semantic problems.

Dempster (op cit), Vellutino (1979) and others have argued

that item identification is a more important factor than

item ordering in short-term memory whereas Bakker (1970),
Bakker & Schroots (198l1), Cohen & Netley (1981) suggest

that serial order is more significant. This issue was examined

by means of an error analysis.

No attempt was made to control for sub-types of dyslexia

for reasons outlined in Section 4.1. Furthermore, while
Aaron (1978) suggested that dysphonetic dyslexics were inferior
to dyseidetics on a Digit Span task, Thomson (1982) found no
differences in DS between auditory and visual dyslexics,
classified on the basis of their reading and spelling errors.
Moreover, Van den Bos (1984) found no differences between
dysphonetic and dyseidetic dyslexics in their recall of
auditorily presented letter strings and nor were there any
modality or presentation -specific recall differences between
subgroups. Van den Bos concluded that there was a greater
homogeneity among dyslexics in letter processing than is

suggested by Boder (1970, 1971).



5.2 EXPERIMENT 1

5.2.1 METHOD

Subjects

The subjects consisted of two groups of 12 children: the
experimental group comprised 12 dyslexics (10 boys and two girls)
referred to the Language Development Unit at the University of
Aston and fulfilling the criteria for selection noted in

Chapter 1, Sections 1 & 2. Their mean chronological age was

9 y 7 m and their mean reading age 7 y 10 m. The matched control
group comprised 6 boys and 6 girls who: had received conventional
education and who were reading at or above chronological age.

The mean chronological age of the control group was 9 y 8 m

and their mean reading age, 9y 9 m.

Test design

Six measures of auditory sequential memory were designed;
a traditional digit span task and five similar tasks using a
variety of phonemic material, hypothesised as representing the

range encountered in developing literacy skills, These were as

follows:
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Test A a traditional Digit Span task using the numbers 1-9.

Test B Nine letter names, selected on the basis of acoustic

dissimilarity, viz: 2, R, Q, L, ¥, F, X, J, C.

Test C Nine letter sounds , again selected for acoustic dissi-

milarity viz: S, P,T, U, W, M, H, K, D.

Test D Nine consonant blends: Ch, Bl, Cr, Sm, St, Th, GL,

Tw, Fr.

Test E Nine acoustically dissimilar monosyllabic low-imagery
words: fate, fact, hint, deed, dell, gist, mind, mocod,

pact.

Test F Nine acoustically dissimilar monosyllabic high-imagery
words: chin, kiss, star, tree, doll, fork, hall, girl,
nail.

Since the imagery content of words has been shown to be
an important factor in recall (see for example, Herriott,
1974) the stimulus material for Tests E and F were

derived from Paivio et al (1967).



The format and administration of each test was based on that of
the Digit Span task in the Wechsler Intelligence Scale

for Children-Revised (Wechsler, 1949). Briefly, each test

is divided into two parts: forwards and backwards recall of
strings of digits etc, of increasing length and with two trials
for each length of sequence. In the Forwards condition sequences
increased in length from three to nine items, except in the

case of Test D. A pilot study indicated several failures on
both trials of the first sequence (ie three consonant blends).
To avoid this 'floor' effect, (Rourke, 1976) a two-item sequence
was introduced. In the Backwards condition sequences ranged

from two to eight items .

The sequences were generated randomly but were modified so that
no item appeared more than once in the same sequence since a
pilot study had indicated that sequences in which items were
repeated were easier to recall than those in which no item

appeared more than once. The tests are shown in Appendix 2.

Procedure

The administration followed the standard instructions in the
Wechsler Intelligence Scale for Children-Revised (Wechsler, op
cit) with appopriate modifications for the different test

materials. The administration was arranged so that two subjects
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in each group, were first presented with Test A, two with
Test B and so on. Subjects were familiarised with the items

(letter names, letter sounds, etc) before the relevant Test.

For all tests, the Forwards Sequences were presented first,
followed by the Backwards sequences. Testing was discontinued
after failure on both trials of each length of sequence.

After the administration of Tests A-F in Experiment 1, subjects
were asked to report the nature of any recall stratey.

None of the subjects reported using a particular strategy.

Scoring
For the reasons outlined in 5.1, six scores were obtained for
each test: the length of longest sequence recalled and the number

of correct trials in a forwards direction, reverse direction

and in total.
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22 RESULTS

Table 5.1 shows the mean number of correct trials, for the two
groups on Tests A-F., Table 5.2 shows the mean lengths of longest
sequence recalled by the dyslexics and controls. It can be seen
that the mean scores of the dyslexic group are lower than those
of the control group for all tests. Analysis of variance
revealed significant main effects for differences between the
groups on all six scores (ie mean number of correct trials

and mean length of longest sequence forwards, backwards and in
total) and differences between experimental treatments ie (tests)
for all but the mean length of longest sequences recalled in
reverse order. There were significant Group by Test interactions
for 'Forwards' recall on the two types of score (see Tables

5.3 and 5.4).

Table 5.1 shows that the dyslexic group perform significantly
worse than the control group on all tests apart from Tests C
(letter sounds) and D (Consonant Blends) ('t' tests).

Table 5.2 shows that there are fewer significant
differences between the groups when the criterion is the

length of longest sequence recalled.

These results suggest that not only are dyslexics worse than
controls in recalling series of phonemic and non-phonemic
material but that they are also less consistent. They also
indicate differences depending on the type of stimulus

material and this
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TABLE 5.4 ANALYSIS OF VARIANCE SUMMARY TABLES FOR THE MEAN NUMBER

OF CORRECT TRIALS ON THE ASM TESTS

MEAN NUMBER OF CORRECT TRIALS - FORWARDS
SUMMARY TABLE OF 2 X 2 FACTORIAL ANALYSIS OF VARIANCE

(A = SUBJECT GROUP; B = EXPERIMENTAL TREATMENT)

SOURCE DF 5SS MS F p
A 1 10.56 10.56 5.14 <0.05
B 5 59.90 11.98 30.03 <0.01
AxB 5 5.40 1.08 2.71 <0.05

MEAN NUMBER OF CORRECT TRIALS- BACKWARDS
SUMMARY TABLE OF 2 X 2 FACTORIAL ANALYSIS OF VARIANCE

(A = SUBJECT GROUP; B = EXPERIMENTAL TREATMENT)

SOURCE DF SS MS F P
A 1 7.56 7.56 10.23 < 0,01
B 5 16.62 3.32 10.30 < 0.01
AxB 5 2.40 0.48 1.49 N.S.

MEAN NUMBER OF CORRECT TRIALS ; TOTAL
SUMMARY TABLE OF 2 X 2 FACTORIAL ANALYSIS OF VARIANCE

(A = SUBJECT GROUP; B = EXPERIMENTAL TREATMENT)

SOURCE DF SS MS F p
A 1 8.75 8.75 7.89 <0.05
B 5 32.11 6.42 31.14 <0.01

AxB 5] 2.15 0.43 2.09 n.s.
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TABLE 5.3  ANALYSIS OF VARIANCE SUMMARY TABLES FOR THE MEAN

LENGTHS OF LONGEST SEQUENCE ON THE ASM TESTS

MEAN LENGTHS OF LONGEST SEQUENCE - FORWARDS
SUMMARY TABLE OF 2 X 2 FACTORIAL ANALYSIS OF VARIANCE

(A = SUBJECT GROUP; B = EXPERIMENTAL TREATMENT)

SOURCE DF SS MS F
A 1 62.67 62.67 12.97
B 5 121.70 24,34 24,62
AxB 5 16.37 3.27 3.31

MEAN LENGTHS OF LONGEST SEQUENCE - BACKWARDS
SUMMARY TABLE OF 2 X 2 FACTORIAL ANALYSIS OF VARIANCE

(A = SUBJECT GROUP; B = EXPERIMENTAL TREATMENT)

SOURCE DF SS MS F
A 1 25.00 25.00 11.39
B 5 44.22 8.84 12.74
AxB 5 4.08 0.82 1.18

COMBINED MEAN LENGTHS OF LONGEST SEQUENCE
SUMMARY TABLE OF 2 X 2 FACTORIAL ANALYSIS OF VARIANCE

(A = SUBJECT GROUP; B = EXPERIMENTAL TREATMENT)

SOURCE DF SS MS F
A 1 166.84 166.84 15.62
B 5 277.20 55.44 28.91
AxB 5 19.70 3.95 2.05

<0.01
<0.01
£0.01

<0.01
n.s.
n.s.

<0.01
<0.01
nlsl
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will be explored further in relation to spelling ability
below. It can be seen from Tables 5.1 and 5.2 that both
groups obtain their highest scores for Digits (Test A)

followed by High Imagery Words (Test F) ad Letter names

(Test B), suggesting that familiarity with stimulus material

*
affects recall.

ERROR ANALYSIS

For each incorrect sequence, the number of incorrect items
and the number of the items in the incorrect position were noted.
The numbers of both of these types of error for Tests A-F

combined was calculated.

There is some justification for combining the errors in this

way since the dyslexic group's performance was inferior on all
tests. A comparison was made between the groups on their mean
number of errors in forwards and reverse directions and in total
A series of 't' tests revealed no significant differences
suggesting that the differences between the groups did not lie

in item order recall but in overall capacity.

* The data shown in Tables 5.1 and 5.2 suggest that the recall

-.of Digits, Letter Names, Low and High Imagery Words is
differentially more difficult for the Dyslexics than the
gontrols. Tables 5.3 and 5.4 show that there is a significant
interaction between groups and stimulus material in a
forwards direction only. Comparison of group means for the
number of.correct trials (Table 5.4) shows the Dyslexics
perform significantly worse than Controls on Tests A

(F=27.855, p<0.001) Test F (F=7.392, p<0.01) and Test B
(F=5.014, p<0.05).



Spelling ability and auditory sequential memory

The difference between the mean spelling ages of the dyslexic
group (7.62 years) and controls (9.20 years) was significant
at the 1% level. The correlations between ASM measures and
spelling are shown in Table 5.5 for the dyslexic group

and Table 5.6 for the controls.

Multiple regression analysis was considered unsuitable in
these experiments because of the effects of multicollinearity.
The correlations between the test variables were, as expected,
very high (up to .93) suggesting extreme multicollinearity.

As Nie et al (1975) note, '"when multicollinearity exists there
is no acceptable way to perform regression analysis using

the given set of independent variables".

It can be seen from Tables 5.5 and 5.6 that mean scores on

all of the tests apart from Test A (Digits) are significantly
correlated with spelling ability in the dyslexic group but

that only scores on Tests E and F (Low and High Imagery Words)
are positively correlated with spelling in the Control group.
All of the significant correlations between ASM total scores
and spelling are higher for 'Trials' than for length of longest

sequence.
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5.2.3 DISCUSSION

The results of this experiment confirm the initial hypo-
thesis that dyslexics would be inferior to normal readers

on all measures of auditory sequential memory. There was

a significant difference between the groups and a signi-
ficant interaction between groups and the type of material
for forwards recall. Tables 5.1 and 5.2 show that, in common
with most studies and clinical experience, both groups
achieved higher scores on forwards than backwards recall

for the majority of tasks. This presumably reflects the
greater complexity of processing required in backwards recall
and may explain the significant interaction for forwards

recall only.

The common finding that digits are recalled better than words
or letters (Figs 5.1 to 5.3) is supported by the present data
and there was a significant difference between the mean scores
on Tests A-F for both groups. More interesting, however,

is the pattern of scores. Both groups achieved their highest
scores for digits, followed by High Imagery Words and Letter
Names. the suggestion here is that the difference between
dyslexics and controls is not in the type of material per se.
Familiarity with the material in all probability affects
recall but the significant differences between the groups on

these measures suggests that greater importance should be



attached to the relationship between the type of material
and short-term memory capacity, the latter being rela-

tively more important.

The results of the error analysis did not suggest any
significant difference between the groups in serial order
processing. It is possible, however, that differential
effects were 'masked' by combining data from all tests.
Furthermore, clinical experience suggests that dyslexics
commonly 'mis-order' items in a sequence of numbers and
that this is particularly common when 'adjacent' numbergare
involved (eg '84329' in response to '84239). Welford (1976)
suggests that when dealing with an unfamiliar subset drawn
from a larger familiar set, it is "difficult to rid the
mind of the unwanted members of the larger set". Clearly there
are many aspects involved in an error analysis of the type

adopted in the present study and further research in this area

is warranted.

The present results may now be interpreted in the light of the
arguments raised in the introduction to this chapter. In an
extensive review of research on memory span Dempster (op cit)
argues that of ten strategic and non-strategic variables
considered only the speed of item identification emerged as a
crucial factor. Spring & Capps (1974) came to a similar

conclusion but attributed the difficulties in dyslexics
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to a consequent lack of time for rehearsal. However,
Dempster (op cit) and Cohen & Netley (198l1) found rehearsal
not to be a significant factor. The latter authors argued
that the problem was not in encoding generally but in the
inability of dyslexics to encode serial items in the form
of serial phonological patterns. The results of the error
analysis in the present study do not support this hypothesis

although, as noted, these results should be regarded cautiously.

Although no direct evidence on the speed of processing was
obtained in the present experiment many studies have shown
that dyslexics are slower in naming tasks (eg Denckla & Rudel,
1976a and b) and have slower information absorption rates
(Thomson & Wilsher, 1979). The present data might

therefore be interpreted in terms of the argument noted in
Section 5.1, namely that slower identification results in
reduced capacity for storage and further processing. Spring
& Perry (1983) would appear to agree with this argument and
it might further be hypothesized that thislower 'threshold'’

in dyslexics results in = '‘overload' which may produce various
types of error. It is also possible to speculate that, because
of this lower threshold in short-term memory for phonological
material, dyslexics adopt a different (and less efficient)
visual coding strategy where possible. The results of the

experiment in Chapter 4 would support this argument.
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The relationship between spelling and ASM for different
test materials is most interesting. Table 5.5 shows signi-
ficant positive correlations for the dyslexic group on all

measures apart from digits. Inspection of Figs 5.1 to

5.3 shows that the average memory span and the associated

rate of development, particularly in the present age range

is greater for digits than for either letters or words.

The use of digits in memory span tests would therefore be
expected to maximize individual differences in a normal
population and presumably justifies their use in intelligence
tests. However, the correlations reported in Table 5.5
strongly suggest that other material such as High Imagery Words
or Letter Names might be more valid in screening and diagnostic
tests of literacy (dis)ability. This point is reinforced

in relation to screening tests by further reference to

Figs 5.2 and 5.3. They show that the most rapid development
in word and letter span occurs up to seven years. The use of
language-based memory span tests in screening instruments
might therefore be of great predictive significance (Richards

& Thomson, 1982). The relative importance of the 'auditory'
tests in early screening (reported in Chapter 3) would support
this argument and further research in this area might

prove most useful.

Turning to the correlations between ASM and spelling in the

control group (Table 5.6) it can be seen that, again, Digit



Span was not significantly correlated with spelling ability.
The only positive correlations to emerge were for the
Low and High Imagery words, with a significant negative

correlation for recall of Consonnant Blends backwards.

With respect to the Digit Span results in both groups, ASM

for digits has commonly, but nctalways been found to corre-
late with literacy attainments. It is unlikely that any
interference from previous tests in the series would have
selectively affected performance on this one task and
furthermore the order of Test presentation was varied

to account for the possibly confounding effects of interference

and/or learning.

The results might rather be interpreted as indicating that,
for competent readers, the Low and High Imagery words conveyed
a greater 'meaning' in relation to spelling performance

than did the letters, blends and digits.

That is to say, at higher levels of competence in spelling,
whole words rather than part words may be more relevant to
performance and therefore easier to code and recall. Support
for this argument may be drawn from skill research (eg Welford,

op cit) in relation to the effects of practice and familiarity.
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Welford notes that :

"the span of apprehension and the unit of reading
aloud increase as words and phrases come to be
recognized as wholes ... Such improved coding
would tend to shorten the time it takes to process
data, and would thus cut down interference effects
when signals arrive in rapid succession or when two
tasks have to be performed simultaneously. Improved
coding would also tend to improve accuracy, so that
less time would be spent correcting errors. The
effects would qe especially marked if translations
from perception to action for highly familiar

material came to be "built in".

By this Welford means that :

"the connections between various identifications

and their corresponding responses have become

somehow "built into" the operations of the translation
mechanisms, and are thus ready for immediate use
instead of having to be recalculated with each trial.
It is reasonable to imagine these connections as
recorded in the store feeding into the translation

mechanisms" (ie the short-term memory store).



To summarise , the results of the present experiment have
shown the dyslexic group to be inferior to normal readers

in the recall of a variety of phonemic material. The
results might also be interpreted as suggesting an increasing
efficiency in processing associated with developing compe-—
tence in spelling. The question remains as to whether the
dyslexic group are behaving in these respects.like younger
normal readers or whether their performance is qualitatively
different. In order to explore this question a further
study was undertaken using chronological age- and language-
matched controls. The age range of the subject groups was

also extended.



5.3 EXPERIMENT 2

5,3.1 INTRODUCTION

The present study was primarily designed to compare the
performance of dyslexics with that of both chronological age
and language matched.controls on the tests used in the previous
study. However, there were two modifications to the experi-

mental design.

All subjects completed the Schonell Regular and Irregular
Word spelling lists. Since it has been pointed out (eg Thom-
son, 1984) that traditional spelling tests do not necessarily
sample all relevant aspects of spelling, it was felt that the
inclusim of these tests would counter this objection to some
extent. Furthermore, their inclusion was justified by

the reported finding that ASM is related to the spelling

of phonetically regular words (eg Naidoo, 1972; Thomson,

1979).

A second departure from the previous experimentat was that

the Wechsler Intelligence Scale for Children-Revised

(WISC-R, Wechsler, 1949, 1974) was administered to all subjects.
This served two purposes. Sparrow and Satz (1970) found a
significantly lower verbal I.Q. in dyslexics than controls

when the groups were matched on Performance I.Q. (WISC-R)
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Somewhat tenwously, they argued that verbal intelligence

(as measured by verbal I.Q.) "was considered to be a

measure of laterality, due to the fact that it has been
well-documented that verbal behaviour is represented
asymmetrically in the brain'. They considered verbal intel-
ligence to be one of their "later developing laterality measures"
and found that all of these differentiated between 9-12 year old
dyslexic and normal readers, whereas the 'earlier develo-

ping laterality measures" did not. They argued that these
results supported a maturational lag interpretation.
Accordingly, subjects in the present experiment were

matched on Performance I.Q. Caution must be exercised in

the interpretation of results when groups are matched in

this way (Miles and Ellis, 1981; Thomson and Grant, 1979).

but the procedure was justified in the light of the foregoing
argument. It was predicted thatif the maturational lag
hypothesis was correct dyslexics should have a lower Verbal

I.Q. than chronological age matched controls and resemble

the younger normal spellers.

A second purpose in administering the WISC-R was to control
for the effects of differences in measured intelligence.

It was noted in Section 5.1 that moderate positive corre-
lations between Digit Span and Full Scale I.Q. were reported

for the WISC-R. Since the intercorrelations of Test A
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(Digits) with the other ASM measures in the previous
experiment were high it was considered necessary to take
account of the possibly confounding effects of measured
intelligence upon the relationship between ASM and spelling
ability. In line with earlier experiments, it was predicted
that if a maturational lag hypothesis was appropriate the
performance of dyslexics would be inferior to that of CA
controls and resemble that of the SA controls. Conversely

if a 'deficit' hypothesis were more applicable the perfor-
mance of dyslexics would be expected to be different to

both groups.

Before examining the results of the present experiment, it
is necessary to describe in more detail research using the

WISC-R, particularly in relation to dyslexia.

The WISC-R was chosen for the present study because it is

the most widely-used 'closed'test of intelligence in

both clinical assessment and research. As such it has been
the subject of more experimental investigation with dyslexics
than more recent tests such as the British Ability Scales
(B.A.S.). The particular advantages of an intelligence test
such as the WISC-R in the assessment of dyslexia may be

described as follows :



1. It enables the researcher or 'clinician' to obtain
a general estimate of intellectual functioning and
thus to identify cases in which there is a general
intellectual deficit. This is important since low
intelligence may be a predisposing factor in cases

of underachievement.

2. In conjunction with tests of reading and spelling
the WISC-R enables the researcher or clinician
to make an estimate of the discrepancy between

observed and predicted levels of attainment .

e The WISC-R comprises eleven subtests and in
addition to the computation of Verbal,Performance
and Full Scale I.Q.s, the 'subtest profile' can be

used as an aid in diagnosis and in planning remedia-

tion.

It was noted above that Sparrow and Satz (1970) found a
significantly lower verbal I.Q. among dyslexics than in normal
readers and a number of other studies have obtained similar
results (eg Berger et al, 1975; McLeod, 1965; Huelsman, 1970;
Clark, 1970; Warrington, 1967). However, other studies have
found no differences between Verbal and Performance I1.Q.s

(eg Kallos et al, 1961; Kinsbourne & Warrington, 1963; Lyle

& Goyen, 1969). Klasen (1972) suggested that the lack of



significant results in mean verbal/performance scores was
due to the fact that, among individual subjects, higher
verbal and higher performance scores tended to cancel
each other out. Analysis of her results showed that
18.9% of her sample had significantly higher Performance
than Verbal I.Q.s while for 22% the position was reversed.
Vellutino (1979) in a review of these studies, commented
that the results were "conflicting and therefore incon-

clusive", a conclusion endorsed by Vernon (1971).

The above arguments notwithstanding, there are two important
reasons why lower Verbal I.Q.s may be observed among dyslexics.
The first relates to the high correlation normally obtained
between Verbal I.Q. and reading attainment. Because of the
nature of their problems, there will be an automatic bias in

favour of higher Performance I1.Q.s in dyslexics.

The second reason relates to the subtest profile mentioned
above and this requires a brief description of the individual

tests:



& i ks

VERBAL TESTS

Information (I) general knowledge
Similarities (S) verbal concepts: abstracting common
features from two related instances

(eg apple and banana)

Arithmetic (A) basic mental arithmetic operations.
Vocabulary (V) word definitions
Comprehension (C) verbal understanding of events

(eg what are some reasons why we need
policemen?)

Digit Span (DS) auditory sequential memory

PERFORMANCE TESTS

Picture Completion (PC) identifying missing parts in pictures.

Picture Arrangement (PA) rearranging cartoon pictures to form
a story

Block Design (BD) arranging cubes to form patterns
represented in two-dimensional drawings

Object Assembly (OA) a jigsaw-type test requiring the
formation of pictures from consti-
tuent parts.

Coding (Co) a timed test requiring the matching of

symbols to numbers from a 'key'

These tests are described in more detail in Wechsler (1949,

1974) Savage (1968) and Mittler (1976)



There is a considerable degree of concordance among
researchers on the subtest profile obtained by dyslexics.

This is best illustrated in the following table:

WISC subtest profiles of specifically retarded readers from
thirteen studies between 1952 and 1981 (adapted from Thomson,
1984).

Direction of difference in intra-group
or inter-group (vs controls) compa-
risons (n = 13)

TEST LOWER EQUAL HIGHER
Information (I) 11 2 0
Similarities (S) 0 10 3
Arithmetic (A) 13 0 0
Vocabulary (V) 2
Comprehension (C) 0 11 2
Digit Span (DS) 11 1 0

Picture Completion (PC)
Picture Arrangment (PA)
Block Design (BD)

Object Assembly (OA) 10
Coding (Co) 12 1

10

O = = O
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C W b MM O
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It can readily be seen that there is considerable
consistency in reports of dyslexics having difficulty
with four subtests: Arithmetic, €&ding, Information and
Digit Span, the so-called 'ACID' profile. Thus, studies
which find a relatively lower verbal I.Q. in groups of
dyslexics, either in comparison with other groups or

with their own Performance I.Q., may be explained to some
extent by the fact that three of the four 'deficit' tests
Arithmetic, Information and Digit Span, are included

in the Verbal Scale. Computation of a Verbal I.Q.

using these tests will clearly predispose towards a lower
Verbal than Performance I.Q. since the latter contains
only one deficit subtest, namely Coding. It should also
been noted that dyslexics have not been found to perform
consistently better or worse than normal readers on tests
of verbal reasoning (eg Similarities and Comprehension)

suggesting that there is no general linguistic deficit.

The above table also shows that there is less agreement
about individual subtests on which dyslexics show above
average ability. However, some evidence for relatively
superior skills does exist from research on 'clusters'

of subtests. Bannatyne (1971) proposed a categorization

of WISC subtests based on the content analysis of each

item made by Maxwell (1959). Four clusters emerged:

Spatial Ability (Picture Completion, Block Design,

and Object Assembly); Conceptualising Ability (Comprehension

Similarities and Vocabulary); Acquired Knowledge (Information,
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Arithemetic and Vocabulary) and Sequencing Ability

(Digit Span, Picture Arrangement and Coding). Bannatyne
found that dyslexics achieved relatively high scores on
Spatial Ability, moderately good scores on Conceptualizing
Ability and poor scores on Acquired KNowledge and

Sequencing ABility. Rugel (1974) reanalysed the results

of several WISC studies and found that, of the four clusters,
Spatial Ability ranked highest on eighteen out of twenty-
two studies and Sequencing Ability lowest on eighteen

occasions.

Vance and Singer (1979) note that, of all the studies
carried out, Bannatyne's (op cit) classification is the

most popular. Vance et al (1978) showed that dyslexics
could display a variety of subtest profiles and Vance &
Singer (op cit) proposed a 'Distractibility' cluster
(Arithmetic, Coding, Digit Span and Mazes). Mazes is an
optional, and seldom administered, Performance test in which
the subject is required to draw a path out of a series

of mazes under timed conditions). However, Vance et al

{op cit) concluded, like Bannatyne, that dyslexics perform
well on 'spatial' tasks, moderately well on 'conceptualizing'
tests but poorly on tasks requiring 'sequencing' skills

and sustained attention.
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Thus, there is aconsiderable body of evidence to support
the view that there is a characteristic WISC profile

among dyslexics, especially with regard to the 'deficit'
(ACID) subtests. It is difficult to reconcile this
evidence with Tansley and Panckhurst's (1981) opinion that
"to peréist in the search for sub-test patterns, in the
hope that a definitive dyslexic profile will emerge,

is to persist in the pursuit of a chimera".

On the basis of this review, it would be hypothesized

that the dyxlexic group would perform worse than the
control groups on Arithmetic, Information and Coding

as well as Test A (Digits). Secondly, it would be predicted
that the dyslexics would obtain lower scores for the

ACID and Acquired Knowledge clusters. Differences might
also be observed in relation to the Sequencing Ability

and Spatial Ability clusters although, since these are
largely composed of Performance Scale tests and since

the groups were initially matched on Performance I1.Q.,

these differences might not be so marked.



5.3 2 METHOD

SUBJECTS

Tables 5.7 to 5.9 give details of the chronological ages,
spelling ages and Performance 1.Q.s, respectively for the
three groups. The data presented in these tables satisfy

the criteria for matching of the groups. Tests for homo-
geneity of variances and for differences between individual
pairs of group means reveal no significant differences on the
critical variables for ‘the relevant groups. There were nine
boys and three girls in the dyslexic group. The spelling-

age controls comprised 7 girls and 5 boys, the chronological age

controls, 6 boys and 6 girls.

PROCEDURE

As in Experiment 1 with the addition of the Regular and

Irregular Words spelling test and the WISC-R.

SCORING

Tests A-F were scored as in Experiment 1.

Both the Regular and Irregular Word Lists comprise 60 words.

The tests were scored as follows:
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Correct spelling = 2 points
Phonetic error = 1 point
Non-phonetic error = O points.

The maximum score on both tests was thus 120.



5.3 3 RESULTS

WISC-R

Tables 5.10 and 5.11 show the mean Verbal and Full Scale
I.Q.s of the three groups. It can be seen that the mean
verbal I.Q. of the dyslexic group is lower than those of
both control groups but the differences are not significant.
These results do not therefore support the maturational lag

hypothesis.

Comparison of individual subtest scores (Table 5.12) reveals
significant differences between the groups on Information,
Arithmetic and Coding, with the dyslexics scoring lowest on

all three tests. Their performance is significantly worse than
the SA controls on Arithmetic (p & 0.025), the CA controls

on Coding (p € 0.05), and worse than both control groups

on Information (p¢ 0.05). There are no significant differences

between the two control groups.

Table 5.13 gives details of the mean cluster scores and analyses
of variance for the three groups. Once again, there are no
significant differences between the control groups but the
dyslexics achieve significantly lower socres for Sequencing
Ability, Acquired Knowledge, and 'ACID'. For these analyses

the results of Test A (Digits) were included.
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ASM TESTS

Table 5.14 shows the total mean number of correct trials

for each group. It can be seen that the dyslexics

obtain the lowest scores on all tests and the differences
between the groups are significant for each type of material.
Comparisons of individual pairs of group means show that the
dyslexics perform significantly worse than the CA Controls
on all tests apart from High Imagery Words and significantly
worse than the SA Controls on Tests A, C and D. The SA
controls are significantly worse than the CA Controls on

Tests A, D and E.

Table 5.15 shows the mean lengths of longest sequences
recalled (in forward and reverse directions combined).
Again, the dyslexics achieve lower scores than both of the
control groups on each test but by this scoring method

the inter-group differences are only significant for Digits,
Low and High Imagery Words. Both the dyslexics and the SA
Controls score significantly lower than the CA Controls on

these three tests.

The above results suggest that the dyslexics have a more
limited capacity and less consistency in recall of auditory
stimuli than both the older and younger normal spellers.
However, the order in which the material was best recalled

was similar for all three groups..
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For the dyslexic group there were significant
correlations between spelling age and Sequencing Ability
(.61) Conceptualising Ability (.52) and Spatial Ability
(-.56) and between Regular Word scores and Acquired
Knowledge (.56) and 'ACID' (.56). There was also a

significant correlation between Regular Word score and
'ACID' for the CA controls. All of these correlations were

obtained with the effects of Full Scale I.Q. partialled out.
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SPELLING ABILITY AND ASM

Table 5.16 shows the mean Regular and Irregular Word scores
for the three groups. There is little difference between
these measures within groups but the between group differences
are highly significant (p < 0.0001). Comparison of

individual pairs of group means shows significant differences
for all pairs (p <0.001). The dyslexics achieve significan-
tly lower 'phonetic spelling' scores than the SA Controls

who in turn perform significantly worse than the CA Controls.

In view of the large number of correlations to be examined
(forwards, backwards and total scores on Tests A-F with
Reqular and Irregular Word Scores for three groups) and in the
light of the findings from the previous study a more

stringent criterion was adopted in examining relationships
between spelling and ASM. Table 5.17 shows the significant

correlations between these measures at the 1% level.

Since there was no significant difference between Full Scale

IQs of the three groups and since correlations between Full
Scale I.Q. and Digit Span are generally higher than those

for Performance I1.Q., all correlations were computed controlling
for the effects of Full Scale I,Q. It can be seen that the
only significant correlations to emerge are for the dyslexic
group and between ASM measures and Regular Word scores.

The highest correlations are obtained for Letter Names,

Low and High Imagery Words.
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Table 5.16 REGULAR AND IRREGULAR WORD SCORES (MAX = 120)
FOR THE SA CONTROLS, CA CONTROLS AND DYSLEXICS

GROUP REGULAR WORDS IRREGULAR WORDS
mean S.D. mean S.D.
SA CONTROLS 91.58 15.11 89.17 11.15
CA CONTROLS 113.58 5.07 111.58 4.58
DYSLEXICS 52.75 15.32 48.92 12.47
TOTAL 85.97 28.36 83.22 28.03
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5.3.4 DISCUSSION

In general the results of the present study indicate that the
dyslexic group are not behaving like either the younger or
older normal spellers and the present findings do not support

the Maturational Lag hypothesis.

The WISC-R results show that the Verbal I.Q. of the dyslexic
group is not significantly lower than that of the CA Controls
nor the SA Controls. However, the dyslexics obtained signi-
ficantly lower scores on the individual subtests of Information,
Arithmetic and Coding, as predicted. Miles & Ellis (1981) argue
that any poor reader, whether dyslexic or not, would be
expected to obtain a lower score than a good reader on the
Information subtest because much of the relevant knowledge

will be acquired from books. This view is supported by

Thomson & Grant (1979) and it should also be noted that the
Information test contains questions which are loaded against
dyslexics (eg "Name the month that comes after March";

"In what direction does the sun set?"; Miles & Ellis, 1981).

Low scores on the Arithmetic test have been attributed to
lexical encoding problems: "rapid verbalization of the number -
words which form part of the auditory stimulus" (Miles & Ellis,
1981). Less specifically, Thomson (1984) regards the main
source of difficulty as relating to short-term memory capacity.

He notes that the child "has to remember the problem and
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manipulate the numbers in his head, i.e. perform arithmetical
operations, including storing the partial results and
addends in STM". In support of this argument, Thomson

(op cit) cites Baddeley & Hitch (1974) who showed that the
STM load was markedly increased when mental arithmetic tasks

were presented auditorily rather than visually.

Clinical observation certainly suggests that dyslexics
frequently request ARithmetic questions to be repeated.
Finally, it has been noted that problems with arithmetic

can be associated with dyslexia (Joffe, 1981) and both Miles
& Ellis (op cit) and Thomson (op cit) note the dyslexics'
difficulties with multiplication tbles on which many of the

Arithmetic items are based.

Thomson & Grant {1979) note that the Coding subtest embodies

a number of skills which "underlie verbal and linguistic
processes: the ability to recognize and memorise arbitrary
assocations (symbols) at speed, visual and motor co-ordination,
the capacity to sustain a concentrated attentional effort on a
routine task, left-right scanning and graphic skills. Further-
more, of the nine symbols involved, there are 3 pairs of
mirror images or inversions. Miles & Ellis (1981) arque

that visual to verbal encoding is involved in this task and
thus "the relatively low scores of the dyslexic subjects

occur because their slowness at lexical encoding results in

less being done in the time available". Whitehouse (1983)
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compared eleven-twelve year old dyslexic and normal

readers on a series of tests including Coding, writing speed,
copying speed and recall of the associated number-symbol
pairs in the Coding test. It was found that dyslexics

were inferior to Controls on the Coding subtest and writing

not
speed but were‘impaired on the association test.

It is clear from the above that the difficulties experienced
by dyslexics on the Information, Arithmetic and Coding tests,
are readily explained. The implications for assessment would
appear to be twofold: firstly, Full Scale I.Q.s computed

on the basis of all subtests are likely to underestimate a
dyslexic child's ability. A similar argument applies to the
B.A.S. in relation to tests which are found to be specifically
difficult for dyslexics (Thomson, 1982; Richards & Thomson,
1982). Secondly, the value of the 'ACID' tests whether indi-
vidually or, more dramatically in combination are confirmed
as useful diagnostic aids. Furthermore, the implication of the
significant correlations between 'ACID' and Regular Word

score for both dyslexics and CA Controls is that scores on

this 'cluster' are associated both with literacy failure and

success.,

The cluster scores of 'Sequencing Ability' and 'Acquired
Knowledge' also differentiate between the three groups in the
predicted direction and these clusters are also significantly

correlated with spelling ability. It was noted in the intro-
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duction to this study that dyslexics have been found to
perform well on 'Spatial Ability' tests and moderately

well on 'Conceptualising Ability'. The present results show
that the former is negatively correlated with spelling

ability while the latter is positively related. Since their
performance is so low on the spelling tests, the results would
support the view that dyslexics abilities on spatial tasks

are comparatively discrete and robust (Newton, 1970, 1973).

By contrast, the correlation between 'Conceptualising

Ability and Spelling suggests that, at this ége, either verbal
reasoning ability may be an important factor or that it is
affected by the dyslexic group's generally poor performance

in spelling (Thomson, 1984). Obviously the notion of hemis-
pheric specialization and developmental factors may be
involved here (Satz et al, 1978) but it would be unwise to
infer too much from these data. What is clear from the above
discussion is that pattern%ﬁgcores on the WISC-R can have

very important diagnostic value and thus the results would

not support the opinion of Tansley & Panckhurst (1981) noted

above.



The results of the ASM tests show that the dyslexics are

worse than both younger and older normal spellers on all
measures, thus confirming their difficulty in short-term

memory tasks. Furthermore, the pattern of scores within the
three groups (ie the rank ordering of highest scores for

the different types of material) is very similar for the three
groups, suggesting that the differences in recall are not

due to any differential effects of type of material. The only
inter-group differences are that for the number of correct trials,
the dyslexics achieve slightly higher scores on High Imagery
Words than Digits. However, the mean lengths of longest

sequences are identical for the two measures. The CA Controls
recall Low Imagery Words relatively better than do the dyslexics,
who in turn find them comparatively easier to recall than

the SA Controls. This might therefore reflect the older

children's wider vocabulary.

Overall, the similarity in the pattern of scores for all three
groups would not lend any support to a Maturational lag hypothesis.
and rather suggest a specific deficit in short-term memory

capacity among dyslexics

The highly significant differences between the groups on
Regular and Irregular Word Scores (Table 5.16) are most
interesting. It would be predicted that the dyslexics would
be worse than the CA Controls on these measures but they were

also significantly worse than the SA Controls, even though
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they were matched on spelling age. The differences are
accounted for at least to some extent by the scoring method
which was designed to maximise possible inter-group diffe-
rences in phonetic spelling ability.The observed differences
therefore reflect a greater tendency indyslexics to make
non-phonetic errors. Moreover, these results suggest that
the use of graded word spelling tests alone are inadequate
in the assessment of literacy problems. Once again, the
results reflect qualitative and quantitative differences
between dyslexics and younger normal spellers in their

performance on literacy tasks.

The correlations between ASM tests and the Regular and

Irregular Word scores are broadly similar to those of the previous
study and, in particular, show that the differences between
dyslexics and CA matched Controls in that experiment are

repeated with SA matched controls, thus arguing against

the maturational lag hypothesis.

In the present study, there were low positive correlations
between Low and High Imagery Words and spelling ability among
CA controls but these were not significant. A possible explan-
ation of this result is that whereas the CA Controls in the
second experiment were slightly older and scored higher on
most asks, their performance improved less markedly on the

critical tests of Low and High Imagery Words.
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In contrast. to the previous study there was a significant
correlation between Digit Span (Test A) and Regular Word Score
for the dyslexics. However, there were higher correlations
between spelling ability and Letter Names, Low and High
Imagery Words and thus, although further research in this area
is warranted, the suggestion that these stimuli might be

more useful than digits in diagnostic tests iy supported.

The relationship between ASM for digits and the ability to
spell phonetically regular words has also been noted by
Naidoo (1972) and Thomson (1979). More importantly the
present results show that this relationship extends to
various types of linguistic material. It is interesting to
note here that Fox & Routh (1980) found that First Graders with
reading disability had marked deficits in phonemic analysis,
being unable to segment spoken syllables into individual
speech sounds. In a follow-up study three years later (Fox
and Routh, 1983) they found that, in comparison with normal
readers, the reading disabled group had become proficient

at phonemic segmenting but made more '"dysphonetic" and bizarre

errors.

In conclusion, the studies reported in.the present chapter have
demonstrated the importance of ASM in relationship to spelling
ability among dyslexics. In this they support much previous

research on the significance of ASM and auditory factors
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in literacy development (Bannatyne, 1971; Butter et al,

1982; see also Chapter 3). Parallels have been drawn

petween developmental and deep (acquired) dyslexia

(eg Jorm, 1979). Patterson (1981) for example noted thaz

the ability of deep dyslexics to recognize lettsrs is normal
but that they show a severe disability in letter naming and

and have a greatly reduced capacitf for short-term auditory
memory. Such parallels are interesting but may be limited

(eg Thomson, 1984; Baddeley et al, 1982). The latter study

for example, found that the abilities of dyslexics and literacy
matched controls on a task involving low- and high-imageability
words were broadly similar and different from that of chrono-
logical-age matched controls. Baddeley et al argued that the
ability to read high imageability words was related to level

of reading attainment and did not necessarily signify a specific

deficit. Some support for this view is provided by the present

study.

Baddeley et al (op cit) concluded that the characteristic feature
of developmental dyslexia in their study was a slowness of
information processing. This is in accord with the discussion
presented earlier, viz that a unifying feature of many studies

in this area is the speed of item identification. Thus, Ellis
and Miles (1981), Miles and Ellis (1981) attribute this to
difficulties in lexical access. Thcm%on & Wilsher (1978)

argue that the problems experienced by dyslexics lie in short-

term memory capacity although they also found that dyslexics
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were slow in 'information absorption'. If dyslexics

are slower in processing information verbally then this

would automatically result in a more limited capacity to
process new information (Dempster, 198l1) and thus these views
would not appear to be incompatible. Similarly, problems

in verbal serial order processing which by definition takes

place in time, might be explained in the same way.

The results of the studies reported in this Chapter are not
incompatible with the above thesis although they do not of
course allow for direct comparison on speed of processing.
However, the results of the study presented in Chapter 4 showed
that, under verbal suppression conditions, the dyslexics were
worse at recallingseries of visual symbols than chronological
age matched controls. These results might therefore be
interpreted as lending more weight to a limited short-term
memory capacity or sequential memory disorder and data from

the longitudinal study reported in Section 3.3 would also

support this view.

A resolution of this apparent discrepancy might lie in the
role of interference in short-term memory. Farnham-Diggory

& Gregg (1975) argued that if dyslexics are slower in proces-
sing information verbally they may be processing the next
piece of visual information before the first piece,has been

associated with its auditory equivalent. In essence, this is
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similar to a 'disconnection' between visual pattern

recognition and the internal lexicon/semantic system

(eg Ellis and Miles, 198l1). In the study reported in

Chapter 4 dyslexics made more errors based on their previous
performance whereas the younger normal spellers made more

errors based on the previous display. This might suggest that
the' dyslexics in some way attempt to retain visual information
longer so as to allow time for verbal processing and hence there
is greater interference from past performance even on an

intra-modality task.
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CONCLUSIONS & IMPLICATIONS OF VSM & ASM STUDIES FOR
ASSESSMENT ,REMEDIATION AND FURTHER RESEARCH,

The principal aim of the studies presented in Chapters 4

and 5 was to examine the hypothesis, derived from the
'maturational lag' theory (Satz and Sparrow, 1970) that

"the pattern of deficits in dyslexic children ....

should resemble the behavioural patterns of chronologically
younger children". The results of the VSM study (Chapter 4)
showed that although the dyslexics resembled the younger
normal spellers in overall level of ability their performance
was qualitatively different in respect of the relationship
between VSM and spelling ability and in the type of

errors committed.

The studies reported in Chapter 5 showed that
dyslexics were inferior to chronological age- and literacy-
matched normal spellers in the recall of digits and a variety
of linguistic material, presented auditorily. Furthermore,
differences were observed between dyslexics and both control
groups in their performance on the Wechsler Intelligence
Scale for Children - Revised and in the relationship
between ASM and spelling. It was concluded, that the
results did not support a maturational lag hypothesis but
rather an individual difference in learning style
which differentiates dyslexics from mormal readers
and spellers and which, in relation to literacy

development, may be regarded as a 'deficit'.

A second aim of these studies was to provide
direct and 'useful' information for educators. The

implications for assessment and remediation my be

considered separately.

Assessment :

1. The results of the VSM errors analysis were

interpreted as suggesting that dyslexics may 'learn their
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mistakes'. If so, the need for early identification and

appropriate remediation is strongly supported.

2. Hicks (1980a) argqued that the use of verbal
suppression tasks could circumvent to an extent the problems
of verbal coding and codability of stimulus items in VSM
tasks. In view of the results of the VSM study, and
particularly the relationship between VSM and spelling in
dyslexics under verbal suppression conditions, this

technique might prove useful in the assessment of literacy

problems.

3. The results of both ASM studies suggest that
the use of linguistic material rather than digits in the
assessment of literacy (dis)abilities may provide more

meaningful information for the educator (Richards,1985b)

4. The results of the second ASM study indicated
that the use of regular and irregular word spelling lists
can provide more information than commonly-used spelling
tests alone. Results suggested that children matched on

'spelling age' performed quite differently on the Regular

and Irregular Word lists.

5. The value of the WISC-R in identifying
specific 'profiles' associated with dyslexia was supported.
In addition to their diagnostic use, account should be
taken of these profiles in computing I.Q.s and in selecting

subtests for abbreviated assessments.

6. The final point on assessment is more general.
Tansley and Panckhurst (1981) are critical of diagnostic

measures "based largely on second-order tests rather than
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on tests of actual achievements". They ask :

"Why not assess what a child can do rather than
predict what he is likely to be able to do

on the basis of tests once-removed from the
actual tasks?"

Aside from the dangers of this approach noted in Section

1.6 and the lack of any theoretical framework in which to
place such observations of "what a child can do", the data
presented in Chapters 3, 4 and 5 suggest that a great deal
of valuable information would be missed by such an approach.
In particular, informed predictions of likely success or
failure are valuable to the educator and secondly the
underlying associations between various skills and literacy
attainment may be most helpful in designing remedial
programmes. In concluding their critique of the Aston Index,
Tansley and Panckhurst (op cit) ask

"would much be lost if we didn't know that
auditory sequential memory and visual
sequential memory were at the seven- and
eight-year levels respectively?"

The present evidence demands an answer in the affirmative.

Remediation:

1. A number of points havk emerged which relate
to general considerations for teaching and remediation.
Firstly, children with dyslexic learning problems should not
be assumed to behave like younger normal readers/spellers
and remedial programmes should, therefore, take this into
account. There is also a suggestion that dyslexics "learn
their mistakes" and this would argue for early identification
and corrective programmes rather than assuming a child with

such problems would 'catch up'.

2. One possible explanation of the Interference
effects noted in Chapter 4 was that the motor component of

the response condition might have differentially affected
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the dyslexics to a greater extent than the control subjects.
This would argue for the use of a kinaesthetic component

(as part of a multi-sensory approach) in remediation.

Further Research:

Two areas in particular seem worthy of further
research : the use of linguistic material in ASM tasks,
especially in relation to diagnosis of literacy (dis)abilities
and, secondly, the role of Interference in short-term
memory tasks (Richards, 1985a). The study reported in Chapter 4,
for example, should be repeated under 'normal' conditions
(allowing verbal encoding) and with verbal labels for visual
stimuli provided to examine the relative effects of

Interference in dyslexic and normal readers/spellers.



CHAPTER 6

A FOLLOW-UP STUDY OF ADOLESCENT DYSLEXICS

6.1 INTRODUCTION
6.2 METHOD
6.3 RESULTS AND DISCUSSION

6.4 SUMMARY AND CONCLUSIONS
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6.1 INTRODUCTION

The present study 'follows—-up' into adolescence,
children diagnosed as dyslexics and assesses their
progress and performance in the light of the foregoing
studies. Particular emphasis is placed on aspects of
cognitive functioning which are generally under-

represented in follow-up studies.

Some of the relevant research has been reviewed
earlier (Chapter 2) and it has been shown, for example,
that adult dyslexics are much slower at 'information
absorbtion' than normal readers (Thomson and Wilsher,1978).
Similarly, Miles (1984) found that adolescent and
adult dyslexics were slower and experienced more
difficulty than normal readers on a variety of symbolic
tasks. Miles concluded that :

"On the basis of these three experiments there
can be no doubt at all that dyslexic
difficulties sometimes persist into
adulthood."

He further comments, in line with earlier studies
(Miles and Ellis, 1981) that :

"...developmental dyslexia should not
be thought of simply as difficulty
with reading or even as difficulty with
spelling, but that the reading and
spelling problems of a dyslexic person
are part of a wider disability which
shows itself whenever symbolic material
has to be identified and named."

(Miles, 1984 )

Many of the earliest follow-up studies of adolescents and
adults with literacy difficulties can be criticized on
methodological grounds, In addition to poor definition of
subject populations, studies have relied on small samples
(Balow and Bloomquist, 1965) and inadequate methods of data
collection (Robinson and Smith, 1962;
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Preston and Yarrington, 1967). Other studies have included
subjects with well below average I.Q.s (Frauenheim,1978;
Preston and Yarrington, op cit) or have been biased towards
children with high I.Q.s and/or high socio-economic

status (Rawson, 1968; Robinson and Smith, op cit).

While some of these studies have suggested a
favourable outcome for 'dyslexic' pupils in terms of
educational progress, academic achievement and vocational
success, the majority of better-controlled reports
indicate persisting literacy problems and unfavourable
outcomes. Several studies have shown that despite
remedial help,many children and adults with 'dyslexic’
problems continue to experience severe literacy difficulties
(Rasmussen and Dunne, 1962;, Koppitz, 1971; Zangwill, 1982;
Frauenheim and Heckerl, 1983; Gottesman, 1979; Ackermann et
al, 1977). Furthermore, other studies have reported
limited job opportunities (eg Gottfredson et al, 1983)
and emotional problems, including delinquency (Saunders

and Barker, 1972: Kline, 1972; Yule, 1969; Critchley,1970;
Rosenthal, 1973).

Given the paucity of well-controlled studies in this
area only a limited review of the literature will be

presented.

Silver and Hagin(1964) compared the progress of
24 individuals with 'specific reading disability' with
that of a control group of eleven subjects over a
twelve year period, Some caution must be exercised in
interpreting the results of this study since the WAIS
Full Scale I.Q.s in the experimental group ranged from
78 to 115 at follow-up. However, the difference between the

mean I.Q.s of the two groups was significant at follow-
up but not at diagnosis.



Silver and Hagin divided the 'specific reading
disability' adolescents into three groups with respect
to aetiology: a "developmental" group, an "organic"
and a group who showed no perceptual defects nor organic
signs. They found that of those who had become 'adequate
readers' at follow up (15 subjects) significantly more
came from the developmental than the organic group.
Adequate readers were also more likely to have been less
severely retarded at diagnosis and showed an increase in
I.Q. as adults. Less adequate readers showed a greater

incidence of perceptual problems as adults.

Fravenheim (1978) examined the progress of 40 male
'dyslexics' ten years after initial assessment. The mean
age of the group at diagnosis was 111 years and, at
follow-up, 22 years. However, the verbal I.Q.s of this
group ranged from 66 to 103 with a mean of 86 and, even
allowing for the points made in Section 5.32, the results
of this study must also be interpreted cautiously.

Frauenheim reported that relatively little progress
had been made by the group in reading, spelling and arithmetic
between diagnosis and follow-up. Furthermore, the amount
of remedial help received was not significantly related
to adult reading level and, in fact, those receiving the
least help obtained the highest reading ages. In contrast
to studies noted earlier (eg Keeney & Keeney, 1968)
Frauenheim found that the age at which remediation began was
not significantly related to future performance. Spelling
was found to be the most seriously impaired area of academic
functioning and all forty subjects still reported difficulties
with multiplication tables as well as occasional incidence
of subtraction problems. A further study of a limited
sample seventeen years after diagnosis (Frauenheim and
Heckerl, 1983) similarly reported relatively little progress

or change in basic academic skills.
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Trites and Fiedorowicz (1976) examined the progress of
27 boys and 10 girls diagnosed as having a 'primary
reading disability' after three years of remedial help.
There were moderate positive correlations between reading,
spelling and arithmetic and the WISC Verbal IQs but not the
Performance nor Full Scale IQs. At follow=-up, both boys
(mean age: 14.1 years) and girls (mean age: 11.5 years) had
made progress in reading, spelling and arithmetic but the
discrepancies between attainments and grade placements
increased with age. The authors make the point that:

"the maturational lag hypothesis ..... viewed
simply, would not provide an adequate explanation
for the persistence of the deficits into
adulthood., 1If the origin of the reading disability
was simply a delayed maturation, the subjects
should eventually develop reading skills more
in keeping with their general abilities. However,
if one also considers a "critical stage" for
the acquisition of reading skills, then one
could consider that the subject with delayed
maturation is not ready to acquire reading skills
at the critical time."

It is worth noting here that although Spreen (1978)
comments that the maturational lag "may or may not promise
a happy outcome, depending on whether or not the concept
of critical periods is considered decisive" Satz et al (1978)
make no more than passing reference to this concept.
Furthermore, Semmes (1968) considers that 'critical periods'
could be important for the development of hemispheric
specialization but her research is more compatible with a

'deficit' hypothesis,

Trites and Fiedorowicz (op cit) also found a typical
profile of below average 'ACID' subtest scores on the
WISC-R for the group of dyslexic boys. Similar results
were obtained for the girls with the exception of the
Coding subtest.
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Hunter and Lewis (1973) compared the progress of
eighteen male 'reading disabled (RD)' children (mean age:
11 years 7 months, with a reading deficit of at least one
year) with a control group of twenty normal readers (mean
age: 11 years 8 months). At initial testing the mean
Verbal IQ (WISC) of the RD group was significantly lower
than the controls but there were no difference between

the Performance nor Full Scale IQs.

After two years, during which time all but one of the
RD group have received some remedial help, Hunter and Lewis
noted that "not one of the 18 children had overcome his
reading disability. All RDs continued to demonstrate
reading deficits equal to one year or more below expected
age-grade reading level." The mean reading deficits had
increased slightly from 2.5 years to 2.9 years. The control

group were still "significantly better readers" at follow-up.

For non-readers, the WISC Arithmetic and Coding scores
were significantly correlated with 'reading gain' over
two years while the WISC Vocabulary, Coding and Full Scale
IQ0s were significantly related to reading deficit. None
of the physiological measures recorded at the initial testing

were correlated with future reading performance.

Initially, children were only selected if they
showed no apparent emotional nor behavioural problems on
the basis of parental and teacher reports and personal
interviews. The RD group were rated as less self-confident
than controls by parents and more 'hyperactive' during the
assessment but there were no other differences on
'adjustment measures'. At follow-up, however, the results
of a teacher rating scale revealed significant differences
in the ability to concentrate, oversensitivity, temper
outbursts and stubbofifess.



"The RD child was also judged significantly more
excitable, selfish, quarrelsome, defiant and attention-
demanding. He 'tattled' more, tended to be a greater
disturbance to other children, and was more apt to

"fall apart" under stress," (Hunter and Lewis, op cit).

In a follow-up study of children from their Isle of
Wight study Yule et al (1974) found that severe degrees
of retardation in reading occur much more commonly than
would be expected on the basis of a normal distribution.
Their results were therefore taken to show that there was
"a group of children with severe and specific reading
retardation which is NOT just the lower end of a normal

continuum".

In a further study, Yule (1973) compared the
improvement of backward readers, 'retarded readers' and
controls after four to five years. The backward readers
were all at least 28 months behind chronological age
on the Neale Analysis of Reading Ability while the
specifically retarded readers were at least 28 months
below the level predicted on the basis of age and IQ,
using reg}ession equations. At 14} years of age the
majority of children who had severe reading difficulties in
primary school (ie., both of the experimental groups)
"continued to lag far behind in reading by the end of
compulsory schooling" (mean reading age for both groups

being around the nine-year level).

Further comparison showed that the mean I.Q.s of
the specifically reading retarded group were significantly
higher than those of the backward readers and that the former
also obtained higher scores on an arithmetic test,
However, the specifically retarded (or dyslexic) group
were significantly worse than the backward readers on the
Neale Analysis of Reading Ability (for Accuracy, Comprehension
and Rate) and on a test of spelling.



Comparable results were obtained by Koppitz (1971).
Yule concludes that children who are specifically retarded
in reading (and spelling) will not ‘'catch up' and notes that
"good intelligence in a disabled reader is no talisman

against long lasting reading difficulties."

The above studies are therefore almost uniform in
suggesting that literacy problems persist into adolescence
and adulthood. With a few exceptions (eg WISC analysis)
however, psychological and cognitive variables receive
only limited attention. The present study aims to
examine some of these variables in relation to literacy

development in adolescents.



6.2 METHOD

6.21 Subjects

All subjects fulfilled the criteria set down in
Section 1.2 for inclusion in the study and all were at least
18 months retarded in spelling at diagnosis. All subjects
were followed-up approximately five years after diagnosis
at the Language Development Unit, University of Aston,
and were assigned to groups on the basis of the discrepancy
between chronological age and spelling age at diagnosis.

These are defined as follows:=-

'LOW' Discrepancy: SA 18-30 months below CA
'MODERATE' Discrepancy: SA 31-48 months below CA
'HIGH' Discrepancy: SA 49 months or more below CA

Details of the three groups are presented below:

Mean Age
Group n Male/Female Diagnosis Follow-up
LOW 20 17/3 10 yrs 7 mths 15 yrs 9 mths
MODERATE 20 16/4 11 yrs 10 mths 16 yrs 6 mths

HIGH 20 16/4 13 yrs 8 mths {8 yrs 6 mths



6.22 Test Battery

Many of the tests used have been described in earlier
sections and require no further comment. With the exception
of the adjustment measures, and Stroop test (Stroop, 1935),
'Repeating Polysyllabic Words (Bangor Dyslexia Test, Miles,
1982) and Letter Span identical or similar tests were
administered at diagnosis and follow-up. The test battery
at follow-up thus comprised the following:

1. Wechsler Aﬁgltllntelligence Scale (WAIS) or Wechsler
cale
Intelligence{for Children-Revised (WISC-R) (Wechsler,

1949, 1974)

Full WISC-R data was available for only 23 subjects at
diagnosis. For the remainder, data from the Coloured/
standard Progressive Matrices (Raven, 1962) and Stanford
Binet Vocabulary Scale (Terman and Merrill, 1960) were

available and these were used to estimate I.Q.s.

2. Literacy Attainments:
(a) Reading: Schonell Graded Word Reading Test,
(Schonell,1942) Vernon Graded Word Reading Test
(Vernon, 1957) or Neale Analysis of Reading
Ability (Neale, 1978).

The same tests were administered at diagnosis and

follow-up except where subjects reached the 'ceiling'

of either the Schonell or Neale tests. In these cases

the Vernon G.W.R.T. was administered.

the

It was noted in Section 5.31 that one off{functions of
an intelligence test is to enable a comparison of a child's
observed reading ability with his expected level of per formance.
The use of regression equations to predict reading age in the

was considered
present study/but rejected for the following reasons:
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As noted above, WISC-R data was not available
far all subjects at diagnosis. The computation
of expected R.A.s on the basis of different tests

might therefore have resulted in errnneous results.

Eisenberg (1978) and Rutter (1978) both warn against
the use of regression equations in sub-cultures and
age-ranges respectively, other than those on which

they were based.

The purpose of the present study was mainly to compare
the performance of the same groups of dyslexic subjects
over time and thus any bias in the results might

reasonably be expected to be systematic.

Conversion of scores to the Expectancy Tables from

the B.A.S (Elliott et al, 1983) was also considered but these

do not extend to the present age-range.

b-

Cs

3.

Qe

Spelling: Schonell Graded Word Spelling Test (Schonell
1942).

Free Writing: The number of words written in five minutes
was recorded to provide a rough measure of 'writing

fluency'.

Associated Skills/Aston Index

Auditory Sequential Memory - Pigit and Letter Span
(Tests A & B from Chapter 5: see Appendix 2).

Visual Sequential Memory (ITPA)

Common Sequences (Aston Index)

Repeating Polysyllabic Words (Bangor Dyslexia Test)

Graphomotor Test (Aston Index)
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£: Laterality (Aston Index)

g. Knowledge of Left/Right Directions (Aston Index/Bangor
Dyslexia Test).

Yis Stroop Test. This requires subjects to respond
selectively to one aspect of a set of stimuli, while
ignoring the conflicting information that derives
from another attribute. The task involves (1) naming
patches of colour, (2) reading colour words in black
and (3) naming the colour ink of words which are

themselves the names of other colours.

The materials used consisted of 3 display cards, each
50 x 50 cm. and divided into 100 5 cm, squares. Card A
displayed 100 patches of four colours, distributed according
to a quasi-Latin square design. Card B displayed the four
colour names printed in black. Card C displayed the four
colour names in ink of a conflicting colour, with names and
inks balanced according to a quasi-Graeco-Latin square. The

colours used were red, blue, orgame and green.

Before taking the Stroop test, each subject was
presented with four cards, each with a colour name printed
in black, and anyone who failed to read them correctly was
eliminated from the experiment. Each subject was tested
individually and presented with the display cards in the
oxrder A, B, C. Subjects were seated approximately 18
inches away from the display and asked to name the colours
on Card A, read the names on Card B, and name the colour of
the inks on Card C, starting at the top left hand corner
and proceeding down to the bottom right. The time taken to

complete each card was noted.

An index of Interference (I) was obtained by
subtracting the time taken to name colour patches on Card

A from the time taken to name colour inks on Card C,



4, Adjustment Measures:

a. Eysenck Personality Inventory (EPI) (Eysenck, 1963)

b. Coopersmith Self Esteem Inventory (SEI) (Coopersmith,
1975).

6.23 Procedure

The standard procedures for the administration of
the above tests were adopted. Administration of the full

battery was completed in one sitting.
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6.3 RESULTS AND DISCUSSION
6.31 WISC-R/WAIS

Table 6.1 shows the mean I.Q.s at diagnosis and
the mean Verbal, Performance and Full Scale I.Q.s at
follow-up. There are no significant differences between
the three groups and it can be seen that mean (Full Scale)

I.Q.s at diagnosis and follow-up are virtually identical.

Examination of the subtest and cluster scores at
follow-up revealed only one significant difference between
the groups, on the Information sub-test (p< 0.05). Group
3 scored lower than Group 1 on Information (p< 0.05) .and
there was also a significant linear trend (p< 0.005).
Significant linear trends were further observed for Verbal
I.Q9. (p< 0.05) and for the 'Acquired Knowledge' cluster
(p< 0.05) but for none of the other WISC-R/WAIS measures.
These results could be interpreted as support for the general
hypotheses of Sparrow and Satz (1970) Satz et al (1978)
Fletcher and Satz (1981) that "later developing" conceptual/
verbal skills would show a greater 'lag' among older (ie.
10-12 year old) rather than younger (7-8 year old) disabled
readers. On this hypothesis, however, it would be predicted
that, in the present study, the youngest dyslexics (group 1)
would lag behind the oldest group (group 3). 1In fact, the
lowest Verbal I.Q., Information and Acquired Knowledge scores
were obtained by the oldest group, those who were most
severely retarded in literacy skills at diagnosis. A more
plausible explanation of these results might therefore be
that the severity of their literacy problem had impeded the
dyslexics in Group 3 in acquiring knowledge through reading
to a greater extent than the other two groups. This
interpretation would be supported by Miles and Ellis (1981)
and would argue against an explanation in terms of a simple

maturational lag.
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Table 6.2 shows the subtest and cluster profiles for
the three groups. The results are almost completely
" consistent in finding within-group below average scores
for Information (I), Arithmetic (A), Digit Span (DS) and
Coding (Co) as well as for the clusters of Sequencing
Ability (Seq) and Acquired Knowledge (AK). The results
are similarly almost uniform in showing above average scores
for Comprehension (C), Similarities (S), Picture Completion
(PC), Block Design (BD) and Object Assembly (0A) as well as
the associated clusters of Conceptualising Ability (Con)
and Spatial Ability (Sp). Although it should be stressed
that these are within-group differences, the results do
support the existence of a distinctive WISC-R/WAIS subtest

profile among dyslexics.

In conjunction with the results presented in Section §,3
showing similar inter-group differences, these data offer
convincing support-for the diagnostic value of WISC-R/WAIS

subtest profiles.
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6.32 Literacy Attainments

Table 6.3 shows the mean reading and spelling ages
of the three groups at diagnosis and follow-up. At
diagnosis there were no significant differences between
the groups in reading. However, at follow-up five years
later, the difference between the groups was significant
(F=4.53, p< .025) and there was a highly significant
linear trend (F= 9.06, p< .005). The relative improvements
of three groups in reading can be seen in Figure 6.1. The
differential improvement of the three groups is again
highly significant (F= 7.53, p< .005) and is associated with
a significant linear trend (F= 14.15, p< .001).

Similar results were observed for spelling. The
differences between the groups at diagnosis were not
significant but at follow-up there was a highly significant
difference (F= 6.67, p< .005) and linear trend (F= 13,33,
p< .001). Again, the relative improvements in spelling
were different for the three groups (F=6.37, p< .005) and
were associated with a significant linear trend (F=12.58,

p< .001). These data are represented in Figure 6.2.

Several studies (eg. Trites and Fiedorowicz, op cit;
Richards and Thomson, 1982; Thomson, 1982) have shown that
the level of retardation in reading among dyslexics increases
with age in comparison with normal readers. The present data
suggest that the level of retardation in reading and spelling
of the most severely retarded dyslexics also increases with

age in relation to the 'Low' and 'Moderate' groups.

At follow-up the 'low' and 'moderate' groups achieved
adequate levels of attainment in reading (as measured by a
simple test of word identification) but none of the groups

achieved satisfactory levels of attainment in spelling.



TABLE 6.3 READING AND SPELLING AGES (MONTHS) FOR THREE DYSLEXIC
GROUPS AT DIAGNOSIS AND FOLLOW-UP.

Group R.A. Diagnosis R.A. Follow-Up
mean S.D. mean S.D.
LOW 113.6 21.5 164.7 28.7
MODERATE 118.7 21.8 151.8 26.2
HIGH 111.6 24.7 137.7 30.2
TOTAL 114.6 22.5 151.4 30.1
Group S.A. Diagnosis S.A. Follow=Up
mean S.D. mean S.D.
row 101.4 17.4 135.6 14.9
MODERATE 100.5 14.5 125.4 16.6
HIGH 97.3 18.9 115.9 19.5

TOTAL 99.7 16.8 125.6 18.7
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There were no significant differences between the groups

in the number of words written in five minutes.

Tables 6.4 and 6.5 show the significant correlations
(p< .01) between measures in the Test Battery and reading and
spelling, respectively, at follow-up. This comparatively
stringent criterion was adopted because of the large number

of variables involved.

The pattern of significant correlations is quite
dramatically differemt . for the three groups in relation
to both reading and spelling. Firstly, the tests which
are not significantly correlated with literacy attainments
should be noted. These include: Performance I.Q. and all
of the Performance Scale tests of the WISC=R; Laterality,
knowledge of left and right and the Graphomotor Test;
adjustment measures. The significant correlations, then,
represent almost exclusively auditory/visual sequencing and
'verbal' measures. Correlations are also observed for
earlier literacy measures and in the case of the Moderate
group with reading only, Chronological Age. The latter
result lends emphasis to the relative importance of the
severity of retardation over age at diagnosis in determining

future literacy performance.

For the 'low' group, significant correlations are
observed almost exclusively with sequencing tasks. Given
the evidence reviewed earlier on visual sequential memory
tasks (eg Hicks, 1980a; see also Chapter 3 and 4) this result
might relate to either verbal coding or sequencing ability,
given the other correlations for this group. This possibility

was suggested in relation to the data presented in Chapter 3.

The significant correlations for the Moderates are
largely related to Verbal I,Q. tests and the Stroop test,
whereas the significant correlations for the Severe group are
related to both auditory sequencing and verbal IQ for reading
and to the auditory sequencing (and WISC-R Sequencing Ability

cluster) alone for spelling.



Table 6.4 SIGNIFICANT CORRELATIONS (p< .01) BETWEEN READING AT

FOLLOW-UP AND TEST ITEMS.

Test Item Low

Follow-up Chronolgical Age
Verbal IQ

Full Scale IQ
Information
Comprehension
Similarites

Vocabulary
Conceptualising Ability
Acquired Knowledge

Digit Span. Forwards .63
Digit Span. Reverse .53
Digit Span. Total .63
Letter Span. Forward <53
Letter Span. Reverse .54
Letter Span. Total .61
V.S.M.S. .68
Stroop 'A!

IB!

lcl

lIl
Diagnosis R.A. il

S.A,

Digit Span. Forwards

GrouE

Moderate

.54
572
.69
.69
.54
+95
.65
.74
»73

-.58

-.68

=T

~.46(p<.02)
. Lo

Severe

.60
.56
.65

+55
«57

.62

.61
.66
.63
.56
.67
.75

« 75
.58
.58



Table 6.5 SIGNIFICANT CORRELATIONS (p<.01) BETWEEN SPELLING AT FOLLOW-UP
AND TEST ITEMS

Group

Test Items Low Moderate Severe
Follow-up: Verbal IQ .60 .53
Full Scale IQ .56
Information -7
Conceptualising Ability »52
Sequencing Ability Y eo2
Acquired Knowledge .56
Digit Span. Forwards .54
Digit Span. Reverse .60 «72
Digit Span. Total «57 Y
Letter Span. Reverse .53 .60
Letter Span. Total .55
VSMS .69
Stroop 'A' -.51

pt -.49

ok -.65

LI -.66

Diagnosis: R.A. .57 .62 Ay i
S.A. .48 .64 .71
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The results for the Stroop test are most interesting.

Hicks and Jackson (1981) found a negative linear relationship

between the same interference measure and reading ability

such that greater reading proficiency was associated with less

interference. In the present study all Stroop measures were

negatively correlated with reading ability but the most
significant correlations wergobtained for the Moderate group.

It will be remembered that at follow-up this group did not

obtain the highest mean reading scores,

An alternative explanation is that the relationship
between interference and reading ability is not dependent upon
reading proficiency per se but on speed of verbal coding.

Thus the lowest interference scores would reflect the ability

to process and 'process out' the irrelevant reading response

most quickly. Since the Moderate Group's reading and spelling
ability was, (in contrast to both low and severe groups) most
significantly correlated with Verbal I.Q. measures it might
tentatively be suggested that this group was able to adopt

a more direct visual recognition - semantic coding route while
the other two groups_{for which the most significant correlations
were with ASM measures) relied on a phonological processing

route.

The existence of these two routes has been suggested
by Ellis (1981), Jorm (1979, 1983) Besnef and Davelaar (1982).
Besner and Davelaar compared subjects on a recall task for
(visual) letter strings that varied in phonolgical similarity,
syllabic leﬂgth,and lexical status.under conditions of verbal

suppression and no interference.

The results supported the existence of "at least two phonological
codes underlying performance in a memory span task", the first
permmitting lexical access from print (which is unaffected by
interference, ie. verbal suppression) and a second which
underlies both word length and phonological similarity effects

in span and which is 'blocked' by suppression.



o

It is further interesting to note here that there
were significant differences between the groups on only
two other 'cognitive' measures. There was a significant
difference and significant trend for recall of digits in
a forwards direction with the Mcderates scoring highest
and significantly higher than the severes. There was also
a significant trend in reciting polysyllabic words, again
with the Low and Moderate group scoring higher than the
Severes., Thus both the Low and Severe groups would appear
to experience most difficulty with auditory sequencing tasks
and this factor is most highly correlated with literacy. There
would thus appear to be evidence for at least two broad

routes as the authors noted above suggest.

The fact that the highest reading and spelling ability
group do not achieve the highest negative correlation with
the Stroop measures suggests that literacy attainment is but
one manifestation of a more general verbal and symbolic coding

problem in dyslexics.
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6.33 Adjustment Measures

There were no significant differences between the groups on the
Coopersmith Self-Esteem Inventory (F= 0.221, p ns), the mean. scores for
the Low, Moderate and Severe groups (68.2, 64.8 and 65.6 respectively)
being slightly lower than the 'norm' of 75.

Table 6.6 EYSENCK PERSONALITY INVENTORY (EPI) SCORES FOR THREE PYSLEXIC GROUPS

Group
1 2 3 F P LT p
E 15.8 16.1 14.9 0.28 ns 0.23 ns
N 8.9 12.7 12.8 2.40 ns 4,20 <.05
L 1:9 2.1 2.1 0.15 ns 0.27 ns

The results of the EPI are shown in Table 6.6. There are no
significant differences between the groups on any of the scales nor between
individual pairs of group means. There is a significant trend for the
Moderate and Severes to obtain higher Neuroticism (N) scores and overall
the results suggest that this may represent a response to their greater
disability rather than a significant predisposing personality factor in literacy
disability. If the latter were true differences between the groups should

have been more marked.



6.4 SUMMARY AND CONCLUSIONS

The principal results of the present study may

be summarized as follows:

1a The diagnostic value of the WISC-R is confirmed in
relation to dyslexia in that a consistent profile similar

to that reported in Chapter 5.3 was obtained.

25 The dyslexic adolescents who were least retarded

in spelling made most progress in literacy over the

five year period and the 'Low' and 'Moderate' groups achieved
'adequate' scores on a word identification test of reading.
This may have reflected their younger age at diagnosis

(with more time remaining in school) but the performance

fo all three groups in spelling suggests that they continue

to experience great difficulty in this skill.

3. The relationship between literacy skills and auditory
verbal factors is dramatically demonstrated for adolescent
dyslexics. Furthermore, the results suggest that literacy
difficulties may be but one manifestation of a more

pervasive verbal - symbolic coding deficiency.



CHAPTER 7

CONCLUSIONS, PRACTICAL OUTCOMES AND IMPLICATIONS

FOR FURTHER RESEARCH



CONCLUSIONS, PRACTICAL OUTCOMES AND IMPLICATIONS
FOR FURTHER RESEARCH.

The aims of the study were to examine developmental and
maturational factors associated with dvslexia, to
criticallv examine the maturational lag / deficit
positions, to evaluate the Aston Index as a screening
test of future literacy problems and where possible

to provide direct and practical information for

educators.

The evidence reviewed in Chapter 1 identified the
problems associated with the definition of dyslexia
and it was noted that several definitions such as that
of the World Federation of Neurology (1968) had been
criticized for their ‘exclusionary' nature. The
advantages of such definitions for research purposes were
also noted but the complexity of the issues involved
was recognized. By contrast, the definition of 'specific
learning difficulties' (Tansley and Panckhurst, 1981)
was criticized for its over-inclusivity. In particular it
was argued that a lack of specificity in defining a
supposedly "specific" problem would encourage the
misperception of learning problems by teachers. It was
noted that the prognoses for, and the nature of the
difficulties experienced by, dyslexics and slow-learners
were quite different (eg Yule, 1973). Furthermore, Satz
andFriel (1978) have shown that teachers are particularly
poor at predicting which children will be 'at risk' in
terms of their literacy development. The lack of specificity
in defining learning problems coupled with the inherent
problems in the use of criterion-oriented screening tests

alone, provided a major impetus for the present study.

A review of the various theoretical formulations
and 'explanations' of dyslexia suggested that a deficiency
in the verbal mediation of symbolic material, implicating

. il . s Sl
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short-term memory, serial processing, cross-modal
integration and lexical access was the best-supported
by research evidence.In the light of this review

and the concern with developmental factors associated
with dyslexia, a more extensive examination of the
maturational lag / deficit debate was undertaken. The
results of this second review suggested that the
maturational lag hypothesis could be challenged on
theoretical and empirical grounds. The longitudinal
studies by Satz et al (1976, 1978) Fletcher and Satz
(1980) Satz and Friel (1973, 1974, 1978) are open to
criticism on a number of methodological points : the lack
of appropriate tests of linguistic functioning in
their original battery; the unrepresentativeness of
their sample; inappropriate 'floors' and'ceilings'

for some of their most critical tests and the relatively
high proportion of 'false positives' and 'false
negatives' predicted by these tests (Vellutino,1979b;
Silver,1978; Rourke, 1976; Jansky, 1978). Moreover, it
was argued that the concept of a 'delay' was
particularly dangerous if it encouraged false optimism

about future outcomes for dyslexic children.

It was also recognized however, that a good deal of
research evidence is open to interpretation in terms of
either a lag or deficit model. Consequently, studies which
were designed to address specific hypotheses derived
from the maturational lag theory (Satz and Sparrow, 1970)
were conducted and a longitudinal study of children,
spanning their entire school career, also allowed

comparison with the studies of Satz and colleagues noted
above.
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The results of two-year and ten-year follow-up
studies of children screened by the Aston Index did not
support the maturational lag theory. Tests of auditory-
verbal abilities consistently differentiated between good
and poor readers and were correlated most highly with
literacy skills at 5%, 7% and 15} years. Furthermore,
rankings of subjects on a number of variables over the
three assessment periods produced significant degrees

of concordance on the same variables. Additionally,

children identified as 'at risk' in literacy development
at 7% continued to show deficits in these skills as a
group at 15% years, as well as measures of 'underlying
ability' (Vocabulary and Raven's Matrices). At 7% years
there were no significant differences between the groups
on measures of similar abilities. A retrospective
classification of 'Above-' and'Below-Average' literacy
ability groups at 15% years revealed very similar patterns
of scores and, taken together, the above results implied

a finite individual difference in learning styles.

The predictive valadity of the Aston Index was
demonstrated by means of correlational, multiple
regression and Bayesian analysis. In particular, the
probability analysis showed that the use of the Aston
Index Performance Total score at 7% years correctly
predicted over 20% more children who would eventually
'fail' in reading and spelling than 'achievement
measures' (reading and spelling ages at 7} years).
Tansley and Panckhurst (1981) state that the weight
of educational opinion favours the use of achievement
tests but the data reported in the present study would

not support this opinion.



The probability and regression analyses (from which
regression equations for the prediction of future and
concurrent literacy attainments were derived) provide
relatively simple methods whereby teachers and educators
can obtain meaningful information about a child's

current and future performance.

It was recognized that the Aston Index (Newton and
Thomson, 1976) is designed to provide a 'profile' of
abilities on which to base considerations for remedial
programmes and from which to assess an individual child's
relative strengths and weaknesses. The present research
suggested a number of modifications which might
further improve the predictive validity of the Index.

These related to individual tests (eg the low 'ceiling'

of the Picture Recognition item) and to the consistent
appearance of Auditory Sequential Memory, Sound Blending
and to a lesser extent, Visual Sequential Memory items

and Vocabulary among the best predictors. It was recognized
however that the Performance Total, comprising more tests
than those noted above, was consistently as good a
predictor, and generally better, than any of the individual
tests, although, interestingly, it failed to emerge on any
of the multiple regression analyses. It was further noted
that the present sample at 153 years had inevitably
been depleted over an eight-year period and thus further
research, over the primary school period, focussingon the
best predictors of future attainments would certainly be

merited.

One final point on the longitudinal study is worth
making. Tansley and Panckhurst (op cit) are critical of
the Aston Index as a "hotch-potch" of "second-order tests"

of"dubious validity". Jansky (1978) doubts whether any



predictive screening battery can predict with greater than
75% accuracy future attainments over a usually limited
period. At 7% years, the 'hotch-potch' of tests
comprising the Aston Index correctly identified over 80%

of children failing in spelling at 15} years.
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The principal aim of the studies presented in Chapters 4

and 5 was to examine the hypothesis, derived from the
'maturational lag' theory (Satz and Sparrow, 1970) that

"the pattern of deficits in dyslexic children ....

should resemble the behavioural patterns of chronologically
younger children". The results of the VSM study (Chapter 4)
showed that although the dyslexics resembled the younger
normal spellers in overall level of ability their performance
was qualitatively different in respect of the relationship
between VSM and spelling ability and in the type of

errors committed.

The studies reported in Chapter 5 showed that
dyslexics were inferior to chronological age- and literacy-
matched normal spellers in the recall of digits and a variety
of linguistic material, presented auditorily. Furthermore,
differences were observed between dyslexics and both control
groups in their performance on the Wechsler Intelligence
Scale for Children - Revised and in the relationship
between ASM and spelling. It was concluded, that the
results did not support a maturational lag hypothesis but
rather an individual difference in learning style
which differentiates dyslexics from mormal readers
and spellers and which, in relation to literacy
development, may be regarded as a 'deficit'.

A second aim of these studies was to provide
direct and 'useful' information for educators. The
implications for assessment and remediation my be

considered separately.

Assessment :

1. The results of the VSM error analysis were

interpreted as suggesting that dyslexics may 'learn their
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mistakes'. If so, the need for early identification and

appropriate remediation is strongly supported.

2. Hicks (1980a) argued that the use of verbal
suppression tasks could circumvent to an extent the problems
of verbal coding and codability of stimulus items in VSM
tasks. In view of the results of the . VsM study, and
particularly the relationship between VSM and spelling in
dyslexics under verbal suppression conditions, this
technique might prove useful in the assessment of literacy

problens.

3. The results of both ASM studies suggest that
the use of linguistic material rather than digits in the
assessment of literacy (dis)abilities may provide more

meaningful information for the educator (Richards,1985Db)

4. The results of the second ASM study indicated
that the use of regular and irregular word spelling lists
can provide more information than commonly-used spelling
tests alone. Results suggested that children matched on
'spelling age' performed quite differently on the Regular
and Irregular Word lists.

5. The value of the WISC-R in identifying
specific 'profiles' associated with dyslexia was supported.
In addition to their diagnostic use, account should be
taken of these profiles in computing I.Q.s and in selecting

subtests for abbreviated assessments.

6. The final point on assessment is more general.
Tansley and Panckhurst (1981) are critical of diagnostic

measures "based largely on second-order tests rather than
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on tests of actual achievements". They ask :

"Why not assess what a child can do rather than
predict what he is likely to be able to do

on the basis of tests once-removed from the
actual tasks?"

Aside from the dangers of this approach noted in Section
1.6 and the lack of any theoretical framework in which to
place such observations of "what a child can do", the data
presented in Chapters 3, 4 and 5 suggest that a great deal
of valuable information would be missed by such an approach.
In particular, informed predictions of likely success or
failure are valuable to the educator and secondly the
underlying associations between various skills and literacy
attainment may be most helpful in designing remedial
programmes. In concluding their critique of the Aston Index,
Tansley and Panckhurst (op cit) ask :

"would much be lost if we didn't know that
auditory sequential memory and visual
sequential memory were at the seven- and
eight-year levels respectively?"

The present evidence demands an answer in the affirmative.

Remediation:

1. A number of points have emerged which relate
to general considerations for teaching and remediation.
Firstly, children with dyslexic learning problems should not
be assumed to behave like younger normal readers/spellers
and remedial programmes should, therefore, take this into
account. There is also a suggestion that dyslexics "learn
their mistakes" and this would argue for early identification
and corrective programmes rather than assuming a child with

such problems would 'catch up'.

2. One possible explanation of the Interference
effects noted in Chapter 4 was that the motor component of
the response condition might have differentially affected



the dyslexics to a greater extent than the control subjects.
This would argue for the use of a kinaesthetic component

(as part of a multi-sensory approach) in remediation.

Further Research:

Two areas in particular seem worthy of further
research : the use of linguistic material in ASM tasks,
especially in relation to diagnosis of literacy (dis)abilities
and, secondly, the role of Interference in short-term
memory tasks (Richards, 1985a). The study reported in Chapter 4,
for example, should be repeated under 'normal' conditions
(allowing verbal encoding) and with verbal labels for visual
stimuli provided to examine the relative effects of

Interference in dyslexic and normal readers/spellers.

The final study (Chapter 6) 'followed-up' adolescent
dyslexics five years after initial diagnosis. The subjects
were divided into three groups : Low, Moderate and Severe
degrees of retardation in literacy skills at diagnosis. The
results showed that there were no differences between
the groups on the WISC-R / WAIS but that characteristic
'ACID' profiles of subtest scores were evident, as in
the study reported in Chapter 5. The Low and Moderate groups
had achieved adequate levels of ability on a test of
word identification (Vernon) at follow-up but the Severe
group made least progress. Furthermore, none of the groups
had overcome their difficulties with spelling.Significant
differences and linear trends were observed such that
the Severe group were inferior to the other groups and

made least progress.

The most interesting results were the coxrelations
between reading and spelling at follow-up and the verbal
I.Q., Auditory Sequential Memory and Stroop Tests. The
results of the Stroop Test supported the existence of a
visual-recognition-lexical encoding route and a

phonological route in processing which differentiated the



three groups. The results also indicated literacy achievement
is but one manifestation of a more general verbal and symbolic

coding problem in dyslexics.

Thus, the results of studies reported in the present
thesis are consistent in finding an auditory-verbal
coding deficit which represents a specific cognitive

profile.
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APPENDIX 2: TEST MATERIALS USED IN ASM TEST

TEST A (DIGITS)

FORWARDS

ITEM TRIAL 1 TRIAL 2

1 197 3256

2 3765 2135

3 86347 35487

4 689517 392745

5 3754286 4894726

6 96248537 72631489

7 165842937 643589127
BACKWARDS

ITEM TRIAL 1 TRIAL 2

1 6 7 i

2 538 316

3 5867 6 743

4 97436 276659

5 128795 736147

6 6 432598 9516872

7 17683542 76853912
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TEST B (LETTER NAMES)

ITEM

N O s W N R

ITEM

N OO b WD

FORWARDS

TRIAL 1

cCJYy

XFZL
FXRZC
CXQLYJ
JRXQYFL
XJYZQLRC
XLFJZYRQC

BACKWARDS

TRIAL 1

J C

RYZ

FJYZ
YFXJC
RYLQJZ
RQFJLXC
YLCXJRQF

TRIAL 2

RZX
CYF
CLY
ZJY
JRC
CFQ
YZC

TRIAL

cQ

lry
LFR
FRC
L ¥ €
RXF
CLY

X
X
J
J
J

QC

Y. Z F
RJZX
FLXRJ

J

ZY
LZQ
RFQX
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TEST C (LETTER SOUND)

ITEM

N o o B W

ITEM

N 0O O A WM

FORWARDS

TRIAL 1

D

PWw

VTH
WTPK
PMDHT
TDMSWV
KDWVTPS

=2 R < U o << =
T U E < " o=E !

BACKWARDS

TRIAL 1

Vv

KV

PWD
PTWK
HMDWS
KMVDTH

= R =2 T nw T 7
U o3 & un =2 =3 W

TRIAL

o =2 £ v U < =
m o U = u T O
< < B3 £ 2 E <
W E =E I E W
= T X wnn 3

TRIAL

= < T YW RN RN 93
't 1 B € T T O
< =2 I T = Y
=2 9" X 0 3

H = n o<

KV
PKT
HT KM

DT
KSH
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