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Summary

The project to develop the Trinity Early Screening Test for Dyslexia (TEST-D)
extends over 3 phases. This thesis describes the processes involved in Phase 1.
A large battery of prototypical tests in the phonological, magnocellular, cerebellar
and speed of processing domains were devised by the author and administered to
children betv\/een the ages of 4 and 7 years of age in a pilot capacity. Test/retest
and floor ceiling effects analyses determined which tests from the pilot should
proceed to the National Study.
In the National Study 169 teachers administered tests to 1041

children.

Performance scores were entered into SPSS. A Principal Components Analysis
(PCA) extracted seven factors. These were a:
VisualA/erbal Correspondence Factor
Rhyme/Memory Factor
Phoneme Segmentation Factor
Phoneme Segmentation Speed Factor
Spatial Memory Factor
Motor Speed Factor
Balance Factor
These were discussed as potential latent variables for dyslexia which may identify
the precursors to dyslexia in a future blockwise regression.

Phase 2 (which is not the focus of this thesis) harvested data on general ability
and academic achievements of 861 of the Phase 1 participants within 3 months of
their tenth birthday. Case studies are presented based on the Phase 1 and Phase
2 performance of five of these participants. These participants were chosen to
represent the three Phase 1 age groups (4, 5 and 6 years) and three levels of IQ
(average, below average and above average). The case studies represent Phase
1 and Phase 2 information for the purpose of testing the predictive power of the
potential latent variables for dyslexia.
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Chapter 1 - Debates and Tensions within Dyslexia
1.1 - Chapter Preview
Chapter 1 describes the scope of the project to develop an early screening test for
the risk of dyslexia.

It discusses the tensions pertaining to terminology and

definitions of dyslexia. The debate regarding the relevance of IQ to dyslexia is then
presented.

This is followed by a discussion of genetic inheritance of dyslexia,

followed in turn by mediating environmental influences.

The chapter ends with a

discussion of co-morbidity of dyslexia with other developmental conditions.
1.1.1 - Explanatory Note
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TEST-D
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Figure 1- Time and effort line to develop the Trinity Early Screening Test for Dyslexia (TEST-D)

The project to develop the Trinity Early Screening Test for the risk of Dyslexia
(TES“ -D) is a prospective, longitudinal study. It stretches over a seven year period
(Figure 1) and has two main data-gathering phases. Phase 1, represented by the
shaded area in Figure 1, involved test item identification and design, a pilot study
and a national study. The pilot study was run to:
•

determine sub-test item reliability

1

•

secure feedback regarding sub-test suitability and classroom and child
friendliness levels

•

develop a refined early screening battery

The National Study was carried out to gather:
•

data on child performance

•

data from parents and teachers

Phase 2 takes place as participants approach their 10^*^ birthday, when each
participant

receives

a

psycho-educational

assessment

by

an

experienced

educational psychologist.
Phase 3 involves regression analyses on the sets of data gathered from Phases 1
and 2 with a view to identifying the best early predictors of dyslexia.
This thesis relates to Phase 1. It describes test-item rationale, the pilot study and
national study methodology and data harvesting/analysis procedures.

The thesis

then proceeds to a Principal Components Analysis (PCA) of the National Study data
set. Factors are extracted which are then discussed. Phases 2 and 3 will be treated
in further studies.

1.2 - Tensions in the Terminology of Dyslexia
The dyslexia community is marked by debate regarding many issues relating to
terminology of dyslexia. A short historical review can provide an understanding of
the reasons for the terminological tensions. The reporting and study of, what is now
known as, developmental dyslexia is just over one hundred years old. The earliest
account of literacy difficulties in an otherwise non-clinical individual of normal
intelligence is offered by Morgan (W. P. Morgan, 1896) who describes the literacy
difficulties of Percy F., a young student, who appeared physically and intellectually
normal.

His difficulties were so profound that Morgan ascribed them to a congenital

defect, as all attempts to teach the 14 year old to read had been in vain. Morgan’s
perspicacious account heralded many of the debates regarding the aetiology of the
condition and the role of intelligence in dyslexia.

2

"The schoolmaster says he would be the smartest lad in the school if the instruction
were entirely oral

His father informs me that the greatest difficulty was found in

teaching the boy his letters, and they thought he would never learn them" (W. P.
Morgan, 1896, p. 1378).
Four years later Hinshelwood (1900) reported “congenital word blindness in two boys
aged 10 and 11 years.” Subsequently Hinshelwood (1907) reported four cases of
congenital word blindness occurring in the same family.

This latter report is

important as it heralds the debate on the heritability of dyslexia which is of central
interest to the scientific community today.
Subsequent reports from Stephenson (1907) underlined the heritability of the
condition, while reports from Thomas (1907) and Fisher (1905) and a book by
Hinshelwood (1917) underscored the congenital and heritable nature of dyslexia with
preference for males.
The visual nature of the literacy difficulties was taken up by Orton in the U.S. who
developed a theory of dyslexia as relating to cerebral dominance. Orton (1925, 1928)
promulgated a belief that letter and word reversals and mirror writing were common
among such individuals. He proposed that letter and word engrams were correctly
ordered in one brain hemisphere and in reverse orientation in the other.

The

dominant hemisphere usually “suppresses” the other but where there is “weak” or
“incomplete elision of one set of antitropic engrams there results confusion as to
direction of reading which serves as an impediment to facile associative linkage with
auditory engrams” (Orton, 1928, p. 1051).

He used the term “strephosymbolia”

(twisting of symbols) to describe “confusions, because of reversals, in the memory
images of symbols” (p.610). The mirror reversals thought to be common in cases of
reading difficulty are known to be found in normally developing children during
literacy acquisition (Isabelle Y. Liberman & Shankweiler, 1978; Isabelle Y. Liberman,
Shankweiler, Orlando, Harris, & Bell-Berti, 1971) may last longer in young dyslexics
(Critchley, 1970). This latter author pointed out that Orton’s theory fails to explain
why “verbal - symbol arrangement alone is at fault, while surrounding objects,
scenes and pictures appear in normal orientation” (p. 65). This theme is taken up in
Vellutino’s (1979) review, which held that the reversals were restricted to the
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symbols of the native language and that the difficulty reflected a verbal rather than a
visual problem.
Over the course of the last century there has been controversy over the name and
nature of the condition involving unexpected poor reading. As already described, the
medical model had an early influence by naming it (congenital) word blindness. This
had unfortunate consequences as it may have led to resistance among educational
professionals
“to diagnose children with difficulties in auditory discrimination or in synthesis of the
spoken word (which are more important than visuo spatial difficulties) as being ‘word
blind’{Ingram, 1963, p. 200).
Over the years a multiplicity of terms has been applied to describe unexpected
reading problems in the presence of otherwise normal performance.

The term

“dyslexia” first used by Berlin (1887) referred to patients who could see print but who
could not understand it. Later the term was controversially used to refer to normally
intelligent individuals with severe reading and spelling problems.

Epidemiologicsil

studies of children indicated few aetiological differences between such unexpected
poor reading in individuals, in spite of average or higher IQ and those backward in
reading but in line with their general cognitive ability (e.g. Rutter & Yule, 1975). The
unexpectedly poor readers made less progress in reading over two years than those
who were low achievers.
Subsequently, different names were applied to those who experienced unexpected
poor reading.

Among the terms used were, reading difficulty, specific reading

difficulty or retardation, specific learning difficulty, reading disorder, to name but a
few. However disquiet was mounting about the limited scope of study in this form of
difficulty. For example Miles (1986) held that “the reading and spelling problems o f a
dyslexic person are part o f a wider disability which shows itself whenever symbolic
material has to be identified and nam ed” (p. 16). Also, Nicolson and Fawcett (1990)
called for “a wider perspective than is normal in studies of dyslexia, and to
investigate the hypothesis that the nature of the “dyslexic deficit” is not limited to
reading and that the “dyslexic reading deficit” is merely a symptom of a more general
and pervasive deficit in the acquisition o f skill” (p. 160).

Some authors held that

dyslexia related to a “pattern of difficulties” (Miles, 1993) or a “syndrome” (Critchley,
4

1970). Miles (1994) argues for the use of the term dyslexia on the grounds that it has
“more power” than the term “poor reading” since the latter term draws the taxonomy
boundary in the wrong place and diverts attention from aspects which should belong
together such as persistent slowness/weakness in the non-literacy domain.
Conversely, “the advantage of the dyslexia concept is that it lumps these seemingly
disparate manifestations together"' (Miles, 1994, p. 205).
As described in the above section there have been tensions in the dyslexia
community regarding terminological and conceptual issues regarding dyslexia.
These tensions also extend to issues of definition. These are discussed in the next
section.
1.3 - Definitions of Dyslexia
Over the years various attempts have been made to define dyslexia. The definitions
can broadly be described as either (a) exclusionary (b) discrepancy based (c)
descriptive or (d) working/operational.
1.3.1 - Exclusionary Definitions
Inherent in the exclusionary definitions of dyslexia is the idea that if one can rule out
factors such as conventional classroom experience, below average intelligence,
physical, sensory or emotional problems and if there is a discrepancy between
expected and actual reading levels then a diagnosis of dyslexia is appropriate. The
well known (1968) definition of the World Federation of Neurology is an example of
an exclusionary definition, as are those of Critchley (1970) and that of the Report of
the Special Education Review Committee (SERC) (1993) issued by the Department
of Education in Ireland. This body used the term Specific Learning Disability and
defined it as
"impairment in specific aspects of reading, writing and arithmetical notation, the
primary cause of which is not attributable to assessed ability being below the
average range, to defective sight or hearing, emotional factors, a physical condition,
or any extrinsic adverse factors’’ (p. 86).
The US definition of Specific Learning Disability includes dyslexia and manages to
be simultaneously inclusionary and exclusionary. This legal definition is enshrined in
the Individuals with Disabilities Education Act (1997, p. 13) (IDEA) and states that
5

“the term specific learning disability means a disorder in one or more of the basic
psychological processes involved in understanding or using language, spoken or
written, which may manifest itself in imperfect ability to listen, think, speak, read,
write, spell or do mathematical calculations. Such term includes such conditions as
perceptual disabilities,
developmental aphasia.

brain injury,

minimal brain dysfunction,

dyslexia,

and

Such term does not include a learning problem that is

primarily the result of visual, hearing or motor disabilities, of mental retardation, of
emotional disturbance or economic disadvantage".
Over the years some exclusionary definitions have been criticized by many authors
on several grounds-such as negativity (what dyslexia is not e.g. Vellutino, 1979) and
the implication that individuals from disadvantaged/unconventional backgrounds
could not be dyslexic (Rutter & Yule, 1975). Thomson (1984) criticizes the citation of
aberrant sensory functioning as exclusionary criteria, when recent research indicates
perceptual defects such as oculo-motor (e.g. Stein & Fowler, 1985) and auditory
perceptual anomalies (Tallal, 1980) are evident in dyslexics. Thomson also criticized
the citation of structural defects/neurological dysfunction when many authors have
identified such signs in their dyslexics.

Later promulgated theories such as thG

Magnocellular Deficit Theory and Cerebellar Deficit Theory have neurological soft
signs as their foundation. Also neuroimaging evidence from in vivo studies evidence
structural differences in the dyslexic brain (Eckert, et al., 2003).
Some authors have criticized the World Federation of Neurology (1968) and
Critchley’s (1970) citations of exclusionary criteria such as “opportunities for
learning” and “conventional techniques of instruction”. Vellutino (1979) held that
measures for directly assessing many of these criteria are not readily available, while
Thomson feels these criteria are too coarse-grained and fail to appreciate the multi
factorial, interactional nature of teaching methodology for literacy acquisition. The
US citation of environmental or economic disadvantage for example can be
criticised.

In later research Whitehurst and Fischel (2000) demonstrated a distinct

subgroup of dyslexics among a larger group of children whose general literacy
related skills are attributed to poor social environment. Furthermore “Socio-cultural
disadvantage” is possibly a class laden assumption.

Such children are easily

overlooked as they do not “stand-out” against a home/school environment where
literacy levels are poorly valued/low and occupational expectations are not high. In
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Ireland,

The Report of the Task Force on Dyslexia (2001) notes that using an

exclusionary definition of dyslexia is unsatisfactory as it may exclude individuals from
a diagnosis on the basis that there are criteria such as cultural differences or
economic disadvantage contributing to their difficulties.

Exclusionary definitions

highlight what dyslexia is not, rather than providing conceptual clarity about what it
is. Finally, the citation of below-average intelligence within exclusionary criteria (e.g.
in SERC, 1993) exercises the minds of many psychologist up to the present. This
topic is also relevant to discrepancy definitions and will be discussed next.
1.3.2 - Discrepancy based definitions

The basis of a discrepancy definition is an unexpected difference between ability and
achievement resting on a regression of reading performance on some measure of IQ
(Miles, 1993). In Ireland the Department of Education and Science (DES) recognises
a diagnosis of dyslexia if there is a discrepancy between ability and achievement.
The SERC Report (1993) recommended "identification of dyslexia by a threshold
requirement of IQ in the normal range and performance in basic literacy skills in
relation to objective criteria, such as standardized tests, at a very low level. It should
be expected that not more than some 2% of the overall pupil population would be
found to be in this category” (Department of Education (DES), 1993, p. 90).
Special Education Circular SPED 08/02 (DES, 2002) Department of Education and
Science, Dublin also sets out criteria under which a child is considered to have
Specific Learning Difficulties (SpLD): the students must be
“assessed by a psychologist as being of average intelligence or higher and having a
degree of disability specific to basic skills in reading, writing or mathematics which
places them at or below the 2nd percentile on suitable, standardised, normreferenced tests” (p. 6).
The definition provided by the Task Force on Dyslexia (2001) includes a discrepancy
criterion - “difficulties being unexpected in relation to the individual’s other abilities”
(p.xii).

It affords a broader conceptualisation of dyslexia and recognises the

continuum of learning difficulties arising from dyslexia.
“Dyslexia is manifested in a continuum of specific learning difficulties related to the
acquisition of basic skills in reading, spelling and/or writing, such difficulties being
7

unexpected

in

relation

to

an

individual’s

other

abilities

and

educational

experiences, "(p.xii)
The definition does not explicitly state that the unexpected discrepancy should be
between literacy-related achievement and cognitive ability.

The Task Force

definition states
“Dyslexia can be described at the neurological, cognitive and behavioural levels” and
continues by describing the broad range of effects such as “inefficient information
processing, including difficulties in phonological processing, working memory, rapid
naming and automaticity of basic skills. Difficulties in organisation, sequencing and
motor skill may also be present" (p.xii).
The UK Department of Education and Skills also notes a discrepancy - “Pupils with
Dyslexia have a marked and persistent difficulty in learning to read, write and spell
despite progress in other areas” (DfES, 2005) while the definition of The Education
(Northern Ireland) Order, (1996) indicates a discrepancy between certain areas of
the curriculum: “Some children may have significant difficulties in reading, writing,
spelling and manipulating numbers, which are not typical of their general level of
performance, especially in other areas of the curriculum. They may gain some skills
in some subjects quickly and demonstrate a high level of ability orally, yet may
encounter sustained difficulty in gaining literacy or numeracy skills.

Such children

can become severely frustrated and may also have emotional and/or behavioural
difficulties” {p.7 ^).
Within the US, the majority of states adopted a discrepancy criterion in their
identification process, e.g. a discrepancy between intellectual ability and academic
achievement in one or more areas such as oral expression, listening comprehension,
written expression, basic reading skill, reading comprehension, mathematical
calculation and mathematical reasoning.
The practice of using ability - achievement discrepancy in identifying a specific
learning disability has been heavily criticised in the research literature (Siegel,
1989a, 1989b; Stanovich, 1991a, 1991b).

However, in spite of these misgivings

many US states, that had previously set aside discrepancy criteria, have reverted to
employing such criteria in their identification process.
8

A discrepancy definition is offered also by the important Diagnostic and Statistical
Manual of Mental Disorders (APA, 1994).

This definition considers a reading

disorder as present when “their reading achievement, as measured by individually
administered standardised tests

of reading

accuracy or

comprehension

is

substantially below that expected given the person’s chronological age, measured
intelligence and age appropriate education".

Dyslexia is seen here as a reading

disorder. This definition could also be viewed as a developmental definition in that
reading needs to be below the level expected for the individual’s age and education.
The mention of education is reminiscent of exclusionary criteria such as classroom
experience. Hulme and Snowling (2009) opine that this is not a helpful definition as
it conflates problems of reading accuracy with those of reading comprehension. This
may lead to confusion between children with pure developmental dyslexia and those
with developmental dyslexia co-morbid with initial specific language impairment (SLI)
(Bishop & Adams, 1990).

Many children in the latter group were able to read

accurately, but had poor comprehension of what they read.

To prevent such

confusion and overlap there needs to be a requirement of normal verbal and non
verbal intelligence in the face of severe reading problems to circumscribe the
developmental dyslexics.

Conflation of accuracy and comprehension in the

definition of dyslexia is thus not helpful.
Nicolson (1996) comments on authors, such as Lyon and Stanovich, who are
unhappy with discrepancy definitions of dyslexia. To them intelligence appeared not
to distinguish between reading performance of different groups of poor readers.
Consequently, they interpret this null finding as grounds to question the existence of
dyslexia as a distinct disorder independent of general poor reading. For Lyon (1995)
“the ability-discrepancy definition is at best premature and at worst invalid” (p.121).
Stanovich reduces dyslexia to reading disability which leads him to focus on the
cause of reading disability.

Because both discrepant and non-discrepant poor

readers exhibit phonological difficulties, Stanovich holds that phonological difficulties
culminate in poor reading regardless of IQ. For this reason Stanovich (1991a) sees
IQ as irrelevant to the definition of reading disability.
Nicolson (1996) holds that these authors’ confusion can be ascribed to the fusion of
three separate issues involving (a) research on the causes of poor reading as
9

opposed to the causes of dyslexia (b) phonological deficits as a cause of dyslexia
rather than a symptom of the condition and finally (c) research on the causes of
dyslexia versus research on the diagnosis/remediation of dyslexia. He finds that this
confusion is an artefact of the strong form of the phonological deficit hypothesis
(PDH) - that the “core” phonological deficit is the underlying cause and defining
characteristic of dyslexia (Stanovich, 1988a). However Nicolson feels that the weak
form of the PDH does not carry with it this confusion “Dyslexic children suffer from a
phonological deficit and this causes the reading problem". In spite of the reasoning
of Nicolson (1996) authors such as Crombie, Knight and Reid (2004) and Lyon et al.,
(2003)

highlight the serious disadvantage of exclusionary and

discrepancy

definitions, in that they require repeated and persistent failure to learn to read words
prior to being referred for evaluation. For example Lyon and Shaywitz (2003) voice
the major concern with relying on a discrepancy formula: all too often the
discrepancy formula results in a delay in identification of a reading problem and this
delay in identification results in a delay in the provision of effective instruction.
Exclusionary and discrepancy definitions of dyslexia are essentially “wait to fail”
models.
1.3.3 - Descriptive Definitions

The definition currently displayed on the British Dyslexia Association website
(http://www.bdadvslexia.orq.uk/about-dvslexia/faqs.html) (accessed 23rd July 2009)
is an example of a descriptive definition:
“Dyslexia is a specific learning difficulty which mainly affects the development of
literacy and language related skills. It is likely to be present at birth and to be lifelong
in its effects.

It is characterised by difficulties with phonological processing, rapid

naming, working memory, processing speed, and the automatic development of
skills that may not match up to an individual’s other cognitive abilities. It tends to be
resistant to conventional teaching methods, but its effects can be mitigated by
appropriate application of information technology and supportive counselling.”
This comprehensive description is useful for educational practitioners, counsellors
and psychologists who are interested in providing intervention and is aimed to be
non-controversial and inclusive.
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1.3.4 - Working/Operational Definitions of Dyslexia

An example of a working/operational definition is that of the working party of the
Division of Educational and Child Psychology of the British Psychological Society
(BPS) (Reason, Frederickson, Heffernan, Martin, & Woods, 1999).

This body

de'lnes dyslexia as ‘‘evident when accurate and fluent word reading and/or spelling
de/elops incompletely or with great difficulty".

Evaluation of this definition would

suggest that it is rather anodyne and could be accused of being over inclusive, as it
fails to clarify the exact nature of dyslexia, which is the purpose of definition. This
definition is probably an artefact of the mission of the defining body - to secure
attention and support provision for ail students with literacy difficulty. The BPS
definition was provided in the context of a report based on the causal modelling
framework (Morton & Frith, 1995) which provided a theoretical frame for educational
psychologists in relation to assessing individuals presenting with literacy difficulties.
The framework involves three levels of description -

biological, cognitive and

behavioural and moves the assessment process away from exclusionary / simple
discrepancy approaches to a more integrated, multi-level, holistic view of the
individual including their culture and environment, and to one in which clinical
intuition plays an important part.
The definition of the International Dyslexia Association (IDA) (Lyon, et al., 2003)
manages to be discrepancy-based with a working definition thrust. It recognises the
specific, neurological nature of dyslexia but narrowly characterises it as difficulties
with accurate and/or fluent word recognition and poor spelling and decoding abilities
due to a phonological component of language which is “unexpected in relation to
other cognitive abilities and provision of effective classroom instruction”.

These

autnors recommend the continued use of the term specific disabilities. The authors
recDgnise that the unexpected difficulty in learning to read is basic to all definitions of
dyslexia (Lyon, 1995; Orton, 1937). What is of particular interest in the IDA working
defnition is its focus on effective classroom instruction. They see documentation of
the instructional history as critical to understanding the nature of the observed
reading difficulty. They recognise the disadvantaged backgrounds of many children
at 'isk for reading failure, who enter school without the benefit of quality early
childhood education and preschool experience.

These children may encounter

teaching which fails to compensate for the fundamental gap in the skills with almost
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certain consequent reading failure.

For this reason an instructional history is

deemed essential to elucidate the reading difficulty.

Many such children who are

identified as at risk and receive effective instruction subsequently develop literacy
skills.
“Specifically, the lack of response to scientifically informed instruction is one factor
that differentiates severe and intractable reading deficits from reading failure
resulting from inadequate instruction” (Lyon, et al., 2003, p. 9). For these reasons
instructional history is essential for the working definition.
Evaluation of this definition suggests it is useful also for practitioners in dealing with
literacy and disadvantage.

However, the definition is overly narrow, equating

dyslexia to reading failure and neglects the automaticity framework of learning
difficulties supported by current research.
It is clear from the above, that definitional tensions abound as there is no universally
agreed definition. However Morton and Frith (1995) have developed what they call a
consensus definition which appears appropriate for research and is drawn from their
causal modelling framework, which necessitates linking three levels of explanation •biological,

cognitive and

behavioural.

These

levels are mediated through

environment, to provide full understanding of the nature of dyslexia.

Their

consensus definition states that
“dyslexia is a neuro-developmental disorder with a biological origin, which impacts
on speech processing with a range of clinical manifestations

well beyond written

language” (Frith, 2002, p. 65).

1.4 - Dyslexia and IQ
The average/above average IQ requirement definition of dyslexia has been hotly
disputed and the debate has a long pedigree.

Morgan (1896) and Hinshelwood

(1907) drew attention to literacy failure in otherwise intelligent schoolboys thereby
introducing the ability-discrepancy concept. Over the years two opposing groups of
authors have disputed the relation between intelligence and dyslexia. For example
one group felt that only individuals of average or superior intelligence should be
referred to as dyslexic while a second group (e.g. Critchley, 1970) held that dyslexia
and intelligence were independent. Gradually it became usual to separate readers
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o f low general ability, operationalized as IQ (low achievers), from children whose
liiteracy

level

is

not

commensurate

with

their

overall

intellectual

level

(underachievers) - the assumption being that low literacy ability was caused by low
IQ giving a “garden-variety” poor reader (Gough & Tunmer, 1986).

In spite of the

hotly disputed role of intelligence in dyslexia, Stanovich (1994) noted that
“ The concept of dyslexia is inextricably linked with the idea of an etiologically distinct
type of reading disability associated with moderate to high IQ" (p. 588).
Many authors continue to argue that there is no reason why the IQ of dyslexics
should not be low - poor reading might lead to lowered scores on standard ability
tests which assess the knowledge that is available from reading.

Some authors

argue that vocabulary scores are related to reading and contribute to the
detennination of IQ (Torgesen, 1989). Torgesen for example holds that vocabulary
scores are influenced by reading.

Vocabulary differences are often reported

between skilled and poor readers, presumably because poor readers read less than
ttheir peers. Indeed, Aguiar and Brady (1991) have found a reciprocal relationship
between vocabulary and reading skill.
Over the last eighty years authors, from time to time, have expressed doubt about
tihe adequacy of ability tests to gauge the intelligence of reading disabled individuals.
For example Symmes and Rapoport (1972) noted that symbol sequencing ability
tasks such as arithmetic, coding and digit span were the lowest scores for a sample
o f 54 dyslexic children.

This finding was reflected by Thomson (1982) using the

British Ability Scales (BAS) (Elliott, Murray, & Pearson, 1979) in a sample of
discrepancy defined dyslexics.

It is possible that a more realistic reflection of the

child’s ability might be gauged by the exclusion of the so called ACID profile when
determining the general ability of the individual.
All of the above doubts about the ability of IQ tests to measure intelligence relate to
the content of the ability tests such as vocabulary, arithmetic, coding and digit span.
Further doubt is cast on the use of IQ discrepancy definitions of dyslexia: using the
IQ discrepancy approach, many authors fail to categorise low achievers and
uinderachievers on performance of various tasks such as phonological use in reading
(/A. W. Ellis, McDougall, & Monk, 1996) irregular and nonsense word reading
(Treiman & Hirsh-Pasek, 1985), reading comprehension, decoding skill and word
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identification, (Vellutino, Scanlon, & Lyon, 2000) to name but a few tasks. This led
the latter authors to state “measures o f general intelligence do not discriminate
between disabled and non-disabled readers’’ (p 236).

Thus, many authors have

called for the abandonment of IQ discrepancy definitions of dyslexia (McDougall &
Ellis, 1994; Stanovich, 1986, 1991a).
Alternative

discrepancies

have

been

suggested

such

as

between

performance and listening comprehension (Stanovich, 1991a).

reading

Shaywitz (2003)

holds that "unexpectedness” should be assessed via chronological age/reading age
comparisons

and/or

by

comparing

reading

ability to

educational

level

and

professional level of attainment (p.133). Snowling (2006) opines that the use of IQ
as part of a definition of dyslexia has now been rejected by most UK authorities on
the grounds that IQ is not strongly related to reading and that Verbal IQ suffers from
“Matthew” effects “making it an inappropriate guide to expected achievement”.
Matthew effects (Stanovich, 1986) refers to the idea that in reading (as in other areas
of life in general), the rich get richer and the poor get poorer.

When children

experience early literacy failure they begin to dislike reading, show reading-aversion
and thus read less than their peers who become stronger readers. When learning
disabled children do not receive adequate remediation they read less, thereby
learning less than non-disabled readers.

Consequently they experience reduced

vocabulary, background knowledge and information about how reading material is
structured.

Thus the children who are word-rich get richer, while those who are

word-poor get poorer.
Nicolson (1996) argues for the retention of intelligence as it is crucial to dyslexia
theory and research. He holds that intelligence functions best when researchers use
it as a screening method for inclusion into research panels children of normal range
of intelligence (90 or higher) together with a reading age impairment of at least 18
months. Other authors, (such as Rack & Olson, 1993) have also argued for the
retention of intelligence testing in the disabilities area because the aetiologies of
reading disability may vary as a function of intelligence. They showed data which
demonstrated that high FSIQ individuals relative to word recognition performance
tended to have higher heritability coefficients for reading than those with lower IQ
(relative to word recognition). Mothers of poor readers with low IQ had fewer years
of education than mothers of poor readers with high IQ.

Furthermore, there were
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fewer books in the homes of low IQ poor readers.

Olson (2002) suggested that

environment may be causal in the case of low IQ poor readers. Torgesen (1989)
argued that IQ is relevant to the definition of reading disabilities for scientific
research because many studies show a correlation between IQ and word-reading
scores.

Fawcett et al., (2001) argued that it is important to retain the distinction

between IQ-discrepant and non-discrepant poor readers. Consistent with Nicolson
and Fawcett (1990) they examined a wide range of processes in their participants
including phonology, speed, as well as dynamic and static cerebellar processes.
Performance was similar and as expected for the IQ-discrepant and non-discrepant
poor readers in phonology and speed. There was similar deficit for both groups in
dynamic cerebellar tests.

Only the IQ discrepant groups evidenced significantly

greater deficits in postural stability and muscle tone (static cerebellar tasks) while the
non-discrepant poor readers performance was at normal levels. Thus these authors
demonstrate the potential of IQ to circumscribe dyslexics as a distinct group.
In research practice, therefore, the use of IQ discrepancy defined groups has been
and remains the usual approach. Hulme and Snowling (2009) hold
“This is a cautious research strategy; by selecting groups o f poor readers with at
least average IQ, the hope is to exclude more general learning problems and to
maximise the chances o f establishing the cognitive deficits that are the causes of
reading problems” (p. 39).

1.5 - The Aetiology of Dyslexia
It has been known for over 100 years that dyslexia runs in families (e.g. DeFries,
Vogler, & LaBuda, 1986; C. J. Thomas, 1905) suggesting that genes play a role in
dyslexia. Population genetic studies indicate that 40% of males and 18% of females
who have a dyslexic parent are also dyslexic (Pennington & Smith, 1988).

Twin

studies indicate that concordance rates for dyslexia are 84% for MZ and 29% for DZ
twin pairs (Bakwin, 1973). De Fries, Fulker and La Buda (1987) found it was 68%
and 38% respectively. This suggested to De Fries and Alarcon (1996) that genetic
factors are moderately important in the heritability of dyslexia. Group heritability for
dyslexia is estimated at about 50%.

This indicated that 50% of the difference in

reading scores between probands and unaffected participants is accounted for by
genetic influences (DeFries & Fulker, 1985).
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Various genes have been implicated in the inheritance of dyslexia. These include a
site on the short arm of chromosome 6 (Cardon, Smith, Fulker, & Kimberling, 1995;
Grigorenko, et al., 2003; Grigorenko, et al., 1997; Grigorenko, Wood, Meyer, &
Pauls, 2000), a marker on the long arm of chromosome 15 (15q21-q23) (Grigorenko,
et al., 1997; Schulte-Korne, et al., 1998), chromosome 18 (S. E. Fisher, et a!., 2002),
Chromosome 2 (2p15-p16) (Fagerheim, et al., 1999), chromosomes 3, 4, 9, 13, 21
and the x chromosome.
The mode of inheritance may be through chromosome 15-DYX1C1 (Cope, et al.,
2005), or through a single gene KIAA0319 (Harold, et al., 2006).
1.5.1 - Limitations of Genetic Explanations of Dyslexia
Genetic research cannot indicate with any certainty if dyslexia will be expressed in
the at-risk child.

The expression of dyslexia is polygenic and multi-factorial.

Identification of specific chromosomal loci is susceptible to heterogeneity and
replicability issues.

The studies of key dyslexia genes which have the most

impressive pooled p values (2p, 3p and Ip regions) are studied least often.
Furthermore there are poor p values for the short arm 6p and the results 15 q region
studies lack significance.
Even when candidate genes are studied, the precise risk of variants is still unknown.
A great deal needs to be discovered before precise action of genes is known. Even
then, the environment alone or in combination with genetic influences contributes to
the risk of dyslexia. These environmental influences are discussed in the next
section.
1.6 - Environm ental Influences and the Risk of Dyslexia
The Morton and Frith (1995) causal modelling framework has the biological,
cognitive and behavioural levels of explanation mediated through the environment.
For example, socio-economic environmental effects on dyslexia are seen in
epidemiological studies. Yule et al., (1974) found dyslexia was more than twice as
prevalent in Inner London Borough children as in more affluent Isle of Wight children.
The home environment may also be a contributing factor.

Adams (1990) has

described pre-school literacy disadvantage experienced by children in the home;

16

these children may enter school with the equivalent of a 1,700 hour tuition deficit due
to a poor home literacy environment.
It is known that mothers’ educational level affects the home literacy environment
(Petrill, Deater-Deckard, Schatschneider, & Davis, 2005; Whitehurst & Lonigan,
1998). Also family structure can have an impact. Melekian (1990) found a higher
prevalence of dyslexia in children of high rather than low birth rank and in families
with large sibships.
The influence of the school can also exert substantial influence on literacy, through
quality and sensitivity of teaching (Lyon, et al., 2003), teachers’ attitudes to and
expectations for their students and resourcing levels (Snow, Burns, & Griffin, 1999).
All of these influences cumulatively, can have a massive effect on children’s
exposure to print which is recognised as having an independent effect on literacy
development (Cunningham & Stanovich, 1990). Besides societal, family and school
environments the language of literacy acquisition can impact literacy levels.
Transparent orthographies such as Finnish, Czech and Italian may not pose a
serious barrier to acquisition of the alphabetic principle; here dyslexia may be
evident as fluency or spelling impairment (Wimmer, 1996), unlike for Englishspeaking children who cope with an opaque orthography with possible consequent
difficulties in alphabetic principle acquisition and lifelong difficulty with facets of
literacy. Orthographic depth difference is known to impact brain processing; Paulesu
et al., (2001) demonstrated that Italian readers activate brain areas associated with
grapheme-phoneme mapping whereas English (deep orthographic) readers activate
areas associated with naming, reflecting use of whole word phonology.
Literacy teaching methods also impact literacy levels. Those taught using phonics
have better decoding skills than children taught by the “whole language" method
(Adams, 1990).
Thus, a variety of environmental factors can exert an influence on genetic influences
to temper them with consequent effects on dyslexia risk.

This adds yet again to

uncertainty regarding dyslexia and its expression through the phenotype. A further
tension is the role of co-occurring conditions with dyslexia. The issue of co-morbidity
is discussed next.
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1.7 “ Co-morbidity and Dyslexia
In developmental disorders co-morbidity is the rule not the exception (Gilger &
Kaplan, 2001).

Epidemiological studies (Kadesjo & Gillberg, 1999) have found an

association between children with Developmental Coordination Disorder (DCD),
Attention Deficit Hyperactivity Disorder (ADHD) and both Oppositional Defiant
Disorder (ODD) and reading and language problems in their sample. Clinical studies
(e.g. Kaplan, Dewey, Crawford, & Wilson, 2001; Rutherford, 2004), have found
remarkable overlaps between three very different disorders - dyslexia, ADHD and
DCD.

Hulme and Snowling (2009) state that co-morbidity between seemingly

unrelated disorders is rife. They agree that, even for clinical samples, the rates are
so high that there is little doubt that these are genuine co-morbidity effects.
Psychometric research (e.g. multi-variate factor analytic studies of specific cognitive
traits) suggests that the overlapping nature of cognitive abilities traits is valid (e.g.
Gayan, et a!., 2005).

Nicolson and Fawcett (2008) hold that co-morbidities reflect

underlying commonalities and, rather than being the focus of determined neglect,
they should be welcomed as they may facilitate progress.

Similarly, Hulme and

Snowling (2009) view co-morbidity as facilitating understanding of disorder aetiology.
This move away from the modular to a more complex approach brings with it many
challenges to researchers. One such challenge is to answer questions arising from
the individual who shows characteristics of dyslexia and correlated phenotypes
(possibility in the presence of giftedness). One must clarify if the person is exhibiting
co-occurring unitary abilities and/or deficits or rather variable manifestations of one
underlying deficit/construct, several underlying deficits/constructs or etiological
substrates that may/may not be independent. These questions have theoretical and
practical implications for diagnoses, explanatory models, statistical applications and
treatment (Gilger & Kaplan, 2001).
Other complexity challenges are offered to researchers in the domain of genetic
inheritance. Gilger (2008) holds for the need to supplement genetic researchers’
thinking by including research that demonstrates the presence of a high degree of
dyslexia co-morbidity as well as related intra-individual and inter-individual variation
in cognitive and behavioural profiles. A further challenge to them is to specify the
role of general and specific genetic and environmental influences which contribute to
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trait variance and trait inter-correlations (Rutter, Silberg, O'Connor, & Simenoff,
1999a, 1999b). Thus the need to grapple with dyslexia co-morbidity may appear to
cause a set-back to revealing the underlying causes of dyslexia.

However, many

writers, such as the Sheffield Group, remain sanguine, as this ecologically valid
approach may hasten clarification, particularly if neural networks are part of the
research process.

1.8 - Chapter Summary
This chapter has presented various issues relating to dyslexia which may be a
source of tension to workers within the dyslexia community. Among these are issues
of nomenclature and definition which are still with us. The role of IQ in dyslexia is
also expressed in many debates in the literature.

The action of genetics in the

inheritance of dyslexia is a thriving area of research but the need to deal with comorbidity, the role of the environment at the level of the person, the family and
specialist educational input, will have implications for phenotypic expression.
Biographical information about a child and his intellectual functioning can also have
implications for the assessment of his dyslexia ‘at-risk’ status. It is possible to gain
enriched data on a child by knowing his family background and his social and
economic milieu.

For example, knowing that a child has an immediate family

member who is dyslexic helps the risk assessor to recognise that there is an
increased risk of dyslexia for the child.
If a dyslexic becomes a parent the chance of his/her son being dyslexic is
approximately 35 - 40%. Daughters face a lower risk; nonetheless, a chance of a
daughter being dyslexic if either of her parents is dyslexic is a moderately high 20%
(Gilger, Pennington, & DeFries, 1991).
Teachers can ask other long-serving teachers in a school about the parents and
older siblings of young school-children: Did they have literacy difficulties? Were they
dyslexic? The longer-serving teachers may be able to provide biographical
information on whether these older relatives experienced literacy difficulties when
they were at school. If there are such relatives then it can be taken that there is an
increased risk for dyslexia in the child.
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Also, knowing about the child’s environment can inform the risk status of the child.
For example, if the child comes from an inner city environment then this doubles the
likelihood of dyslexia compared to the child’s more affluent suburban or rural peers.
Furthermore, knowing about the home literacy environment, the availability of books
and reading material in the home and whether the child is read-to or how often, also
help determine the dyslexia ‘at-risk’ status of the child.
Teachers can also be helped in the assessment of dyslexia ‘at-risk’ status by taking
cognisance of the school environment, the attitudes, commitment and teaching
methods of colleagues.

For example, teachers who develop children’s expressive

vocabulary and use enriched teaching and language to foster good receptive
language in children may reduce the risk of dyslexia: a child’s language can have a
boot-strapping effect.

Children who have poor phonological knowledge can use

language to fill in gaps - they can enhance literacy levels by contextual facilitation.
Also, if a dyslexia ‘at-risk’ assessment is in train, consideration of the existence of an
active phonological awareness training programme, which engages the child in a
multi-sensory way, will help in that risk assessment. If the child is responding well to
such a programme then the risk of dyslexia may be reduced.
Risk-status assessment can also be enhanced by consideration of co-morbid
conditions such as ADHD, ODD or DCD. While the class teacher may not be able to
formally assess the child for these conditions, an awareness of the presence of
these behavioural co-morbid markers may alert the assessor to increased risk of
dyslexia in that child.
Classroom teachers who may be assessing a child for dyslexia ‘at-risk’ status are
generally unable to formally assess the intellectual functioning of the child. However,
they can notice if the child is generally bright.

They can listen for expressive

vocabulary levels, which are known to be related to literacy levels. They can also
assess intellectual functioning informally by administration of tests such as the NonReading Intelligence Test 1 (D. Young, 1989), or the Peabody Picture Vocabulary
Test (Dunn & Dunn, 2007) in order to assess the child’s dyslexia risk.

Usually,

children who are of average or above average IQ should be developing well in
phonological awareness and gradually acquiring the skills necessary for very early
reading if a number of letter sounds are known. Children who are not at average
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levels of intelligence (following informal IQ assessment) may be generally functioning
at below-average levels and may become non-discrepant poor readers in the future.
The Sheffield Team comment on the screening process which will involve more than
one stage (Nicolson & Fawcett, 1995a). The early screening process itself identifies
those who may be at risk of literacy failure. Following targeted intervention many of
these children may reach normal levels of literacy achievement. Only those children
who appear not to benefit from intervention may be referred for psycho-educational
assessment.

This process may then formally determine which children may be

discrepant poor readers (i.e. they have a significant discrepancy between what
would be expected from their IQ and what they are actually achieving) and which are
non-discrepant poor readers (i.e. are functioning in literacy at the level expected from
their IQ). Thus IQ levels are not relevant at screening but are relevant at a later
diagnostic stage.
The above paragraphs have discussed how enriched data such as biographical
details can help to inform teachers on the risk for dyslexia in young children.
Informal IQ testing can do so too.

However, it is important to remember that

screening is for intervention and that IQ levels are important for formal diagnosis of
dyslexia.
The above sections have discussed issues of definition, genetics and IQ.

Other

issues abound in the dyslexia community which are of a theoretical nature. These
are discussed in the next chapter.

21

Chapter 2 - Normal and Abnormal Literacy Acquisition: Theories of
Dyslexia
2.1 - Chapter Preview
While the first chapter presented a range of unresolved issues concerning the
dyslexia community, this second chapter begins with a discussion of the normal
course of literacy acquisition and the relevance of oral language to literacy.

The

body of the chapter is dedicated to a discussion of the major theories of dyslexia
relevant to the project to develop an early screening test for the risk of dyslexia. The
chapter concludes with other theories not relevant to TEST-D Project.

2.2 - Normal Course of Reading Acquisition
Even though the human brain was probably never evolved for reading it is nothing
short of miraculous that so many people who have attempted literacy acquisition
have managed to achieve it. Although some authors (e.g. Goswami & Bryant, 1990)
argue against discrete steps in reading acquisition a number of reading theorists
have proposed that reading development occurs in stages. Based on the strategies
young children use and the errors they make, it is deduced that children pass
through recognisable stages of reading acquisition in a fixed order.
A number of stages models have been put forward (e.g. Ehri, 1980, 1992, 1995;
Frith, 1985). What stage theories have in common is that, when children first begin
to read, certain partial visual features of a word may have salience for them and
facilitate context - based guessing, such that the hook on the grapheme ‘g’. The
whole grapheme ‘g’ might elicit ‘dog’ as it reminds them of the tail of the dog
(Seymour & Elder, 1986). This is described as the “logographic” stage (Frith, 1985).
However, building up a critical mass of words, recognised by their salient features,
leads to difficulty in distinguishing words which share common features. Attention
has to be allocated to individual letters and their word positions, which leads to the
alphabetic stage and the realisation that written words consist of letters that
represent the sounds of the corresponding spoken word. The grapheme-phoneme
correspondences of known words can be decoded by sounding out the letter
sequence, following letter - sound mapping. At this stage children develop the all
important alphabetic principle - the knowledge that one grapheme or grapheme
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cluster makes a particular sound. This stage is essential if the child is to become a
flexible reader (Snowling, 1995).
The final stage of reading acquisition - the orthographic stage - has a long
developmental period in which rules are learned and morphemic internal word
patterns are recognised and learned which should eventually support automatic word
recognition and spelling.
Frith (1985) considers that dyslexic children are stuck in the logographic stage and
fail to progress to, or thrive in, the alphabetic stage and thereby do not develop
flexible reading skills or fluent written expression.
Researchers developing an early screening test would therefore do well to include a
test of sound mapping if they wish to identify those children who may not become
flexible readers.
2.3 - General Language and Reading Difficulties
Children diagnosed with developmental language delay or specific language
impairment (SLI) show unusual difficulty in acquiring language and may go on to
develop difficulties in reading and spelling acquisition, especially those SLI children
who have multiple impairments such as in speech comprehension, sentence recall or
grammar (Stackhouse, 2000).

Snowling, Bishop and Stothard (2000) deem SLI

children at risk of literacy difficulty if their phonological problems have not been
resolved by the age of five and a half.
Cognitive processes involve all four levels of language - pragmatic, semantic,
syntactic and phonological. The semantic and syntactical levels of general language
are important for the acquisition of reading and impairments at these levels are
known to be associated with dyslexia. Catts (1989) and Ellis and Large (1987) found
that semantic and syntactic problems often co-occurred with reading problems.
Furthermore, Scarborough (1990) found impaired syntax in her young participants
who later became dyslexic.

Bishop (1991) argued that every study which has

included relevant measures has shown associations between syntax and semantic
ability on the one hand and reading and spelling ability on the other. She held that
there is a direct causal link between semantic and syntactic impairment and reading
difficulties. Anecdotally, dyslexics often complain about being ‘tongue tied’ and the
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clinical literature is well populated with reports of word finding problems in dyslexics
(e.g. Miles, 1993).

While Vellutino (1979) comments on the naming problems

frequently exhibited by dyslexics, language problems are not confined to semantic or
syntactic ability.

Dyslexics have also been widely reported to experience difficulty

with the articulation of multisyllabic real words such as “anemone” and “statistical”
(Miles, 1993).
dyslexics.

Thus a variety of language impairments appears frequently in

Indeed Gallagher, Frith and Snowling (2000) found in a retrospective

analysis of the language of children at-risk for dyslexia, that they all had evidenced
‘mild delay’ in all aspects of oral language and in those children subsequently
diagnosed as dyslexic, language impairments were found at age 8.
The above section underlines the necessity of having intact language processes at
all linguistic levels if reading development is to progress normally. The development
of reading is a central goal of the elementary education of young school-goers.
Educational authorities and professionals become concerned when reading fails to
develop. A range of theories have been proposed to explain why dyslexics fail to
read. These theories are the subject of the remainder of this chapter.
In relation to screening test development, it may be important to include language
tests in an early screening battery. Since dyslexics have general language problems
it may be useful to include tests of language production such as naming objects or
requiring children to tax their language output rate by requiring them to repeat a
phonologically confusable word as quickly as possible.
2.4 - Theories of Dyslexia
2.4.1 - The Phonological Deficit Hypothesis (PDH) of Dyslexia
One of the most widely accepted theories of what causes dyslexia is the
phonological deficit hypothesis (PDH).

It was originally proposed by the Haskins

Laboratory Team (Isabelle Y. Liberman, 1973) who connected poor readers’ lack of
knowledge of explicit phonemic structure and their reading.

Liberman

and

Shankweiler (1978) hold that reading and writing require explicit knowledge of the
phonetic structure of the spoken and printed word. In the absence of such explicit
knowledge children cannot map alphabetic symbols to sound. The child needs the
finest grained (phonemic) explicit knowledge of word structure; he must know that a
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word can be segmented into its constituent phonemes and that alphabetic symbols
represent these. Phonemic awareness is difficult to achieve due to phonemic co
articulation (A. M. Liberman, Cooper, Shankweiler, & Studdert-Kennedy, 1967).
Phonemes are embedded within the acoustic signal rendering them difficult to
decipher as stand-alone units.

Liberman et al. (1974) have demonstrated the

difficulty of achieving phonemic awareness and the relationship between it and
reading in young school children. These kindergarten and first graders were better
at counting syllables in polysyllabic words than counting phonemes in monosyllabic
words.

Furthermore, the degree of phonemic awareness was strongly related to

reading achievement; first graders who could segment phonemically were superior
readers while those with greatest phonemic segmentation difficulty were the poorest
readers. In a follow-up study one year later, none of the children in the top third of
the class in reading ability had failed the phonemic segmentation task one year
earlier. In contrast, half the participants in the lowest third of the class in reading had
failed the phonemic segmentation task one year earlier (Isabelle Y. Liberman,
Shankweiler, Liberman, Fowler, & Fischer, 1977). Many authors have replicated and
extended these findings regarding the correlative and predictive nature of phonemic
segmentation for reading performance (Bradley & Bryant, 1983; Bryant, Bradley,
MacLean, & Crossland, 1989; Mann & Liberman, 1984).
Within the PDH there is no overall agreement regarding the mechanism by which
individual differences in phonological awareness causes dyslexia.

Some authors,

e.g. Rack, Snowling and Olson (1992) argue dyslexics experience difficulty with
linguistic sound-structure analysis and consequently fail to learn systematic soundspelling relationships. These authors showed that two thirds of all studies reviewed
evidenced a nonword reading deficit in their dyslexic sample. Their poor nonword
reading performance was primarily ascribed to a failure to develop a phonological
reading strategy.

This recoding difficulty is considered by them to be the most

common cause of word reading difficulty.
Other authors argue that dyslexics’ difficulties are due to an inability to blend
constituent phonemes to form and pronounce words.

In support of this view the

Poskiparta, Niemi and Vauras (1999) training study underscores the importance of
phoneme synthesis skills in beginning reading and spelling.

Consistent with this
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Torgesen et al. (1989) found that their impaired group significantly differed from their
reading-age (RA) matched controls on overall synthesis performance.
The traditional view of the PDH assumes that spelling-to-sound will be selectively
impaired in dyslexia. Two predictions can be made from this: that nonword reading
will be selectively impaired and there will be reduced effects of spelling-to-sound
regularity.

Both Rack et al. (1992) and Brown (1997) concluded that the selective

impairment prediction of the PDH is fulfilled - dyslexics have a selective nonword
reading deficit.

However, the second prediction is not supported.

Brown’s (1997)

review of experimental group studies found that dyslexics and non-dyslexics are
similarly impaired on irregular word reading.

A further study reported by Brown

(1997) found a nonword reading impairment but no reduced regularity-effect. Brown
holds that these findings are inconsistent with the traditional PDH view and hold
them consistent with a connectionist account of dyslexia. This latter view argues that
dyslexia

results

from

impaired

phonological

representations

and

dyslexics

demonstrate a selectively reduced ability to process non-words but show normal
effects of word spelling-to-sound regularity.
Other authors hold that the connection between phonological awareness skills and
reading lies in the idea that phonological awareness skills reflect the quality of
underlying phonological representations which are recruited for use during literacy
acquisition and for such phonological output processes as object naming.

Thus,

reading impairment can be ascribed to poor quality of phonological representations.
These have been variously characterized as indistinct, underspecified, incomplete,
faulty, degraded or impoverished (Elbro, Borstr0m, & Petersen, 1998; Fowler, 1991;
R. B. Katz, 1986).
For example Elbro et al. (1998) argue that the results of their predictive study
indicate that differences in phonological distinctness influence both the development
of phonological awareness and the acquisition of phonological recoding in reading,
independently of phoneme awareness. They argue that this latter direct effect may
be due to the possibility that distinctness of the phonological representations is a
determinant of access to phonological segments and that the extraction

of

grapheme-phoneme correspondence from successful exposures to print rests on
access to phonological segments.
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These authors also argue that variations in distinctness may explain the literacy
acquisition problems of some children and the unexpectedness of their difficulties.
Their indistinct representations may be adequate for everyday communication but
may be difficult to segment into phonemes for manipulation purposes. Variation in
distinctness can also account for the literacy trajectory of specifically language
impaired (SLI) children.

They argue that many SLI children have indistinct

phonological representations as a cause/consequence of their language problems.
Therefore, they may be likely to develop dyslexia.

Conversely, SLI children with

normal phonological representations may have a normal

reading trajectory.

Similarly, Hulme and Snowling, (1992b) hold that children with phonological
impairment experience difficulty with mapping the structure of spoken words onto
their

printed

counterparts

because

they

lack

fine-detailed

phonological

representations. This is echoed by Swan and Goswami (1997a) who demonstrated
that for dyslexic children, phonological awareness seems to depend on the accuracy
of the underlying phonological representations of the words being analysed and the
linguistic level of the required analysis. Thus, these authors and Fowler (1991) argue
that

phonological

awareness tasks

indirectly tap the

representations used in reading acquisition.

quality of underlying

The segment-size of representations

may also set the stage for the development of phoneme awareness. Thus, many
authors argue that segmentation difficulties, either alone, or together with other
difficulties, may explain dyslexics’ reading impairment.

Muter et al. (1997b) claim

that segmentation skill with speech sounds at the rhyme, phoneme and onset-rime
levels can explain literacy development.

Their path analysis demonstrated that

phoneme segmentation was predictive of early literacy. They suggest that children
learn to read by applying segmental knowledge and learn to spell by phoneme grapheme correspondence. Gradually they note morphemes such as rime units
which develop reading and spelling. This is consistent with stage models of reading
development

in which

alphabetic

strategies

and

exposure

to

print drives

development to the orthographic stage in which morphemic knowledge promotes
reading development.
The assumption of domain specificity is central to the PDH of dyslexia. Dyslexic
children are differentiated from generally poor readers and identified by the specific
nature of their literacy difficulties using an ability -

achievement discrepancy
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definition of specific reading difficulties. Stanovich (1988c) discusses the apparent
numerous deficits in dyslexics which risk undermining the specificity of the cognitive
deficit.

He ascribes these to lax psychometric criteria and the continuous

distributional nature of dyslexia and Matthew effects consequent on cognitive,
instructional and motivational changes due to the individual’s primary reading deficit.
Many authors (D.L Share, Jorm, Maclean, & Matthews, 1984; Stanovich, 1988a;
Stanovich & Siegel, 1994) argue for a specific deficit in dyslexia.

For example,

Stanovich holds that dyslexics have a vertical, domain specific deficit which is
reasonably specific to the reading task.
“The key d e fic it... must be in a domain-specific process (i.e. vertical faculty) rather
than in a process that operates across a wide variety o f domains (i.e. horizontal
faculty). For this reason the basic processing limitation must be limited to the word
recognition modtv/e” (Stanovich, 1988a, p. 601).
Many studies provide evidence of this specificity.

For example, Pennington (2006)

found that the deficits in both their dyslexic groups were fairly specific and
unattributable to general deficiencies in verbal intelligence or verbal memory.
Research does indeed show that the relation between phonological sensitivity and
reading is specific. For example, Bradley and Bryant (1985) found that rhyming skills
predict performance in reading but not mathematics.

Bryant et al. (1990) confirm

and extend this: the relation between rhyme and phoneme deletion is specific to
reading and spelling but not arithmetic.
Shankweiler and Liberman (1972) hold that the chief difficulty experienced by
dyslexics is impaired single word decoding.

They found moderate to high

correlations between word and continuous text reading, which suggested the word
as locus of difficulty.

Furthermore, latency scores from Katz and Wicklund (1971)

and latency and error count data from their own analyses suggested that dyslexics
have difficulty in reading words.
The PDH of dyslexia claims that the phonological deficit has a causal relationship
with reading impairment. Stanovich (1986) holds that:
“If there is a specific cause o f reading disability at all, it resides in the area o f
phonological awareness” {Stanovich, 1986, p. 338).
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Evidence of that primary causal relationship is provided by cross-sectional studies of
phoneme awareness, longitudinal studies of reading development and twin studies
of dyslexia. For a deficit to be causal and primary, it must be universal, have causal
precedence and be persistent across ages. Various studies attempt to provide such
evidence.

B.F. Pennington, Van Orden, Smith, Smith, Green, and Haith (1990)

found evidence for persistent phoneme awareness deficits in their adult dyslexic
participants. Universality and causal precedence is fulfilled in that both their familial
and clinic dyslexics were worse than both chronological age (CA) and reading age
(RA) controls on phoneme awareness tasks. This finding was replicated across two
different measures of Pig Latin discrimination and production and across measures
of latency and accuracy. Evidence from other cross-sectional studies also supports
the causal relationship. Bradley and Bryant (1978) found ten year old dyslexics were
worse at rhyme generation and alliteration oddity than RA controls.

Furthermore

Swan and Goswami (1997a, 1997b) found their dyslexics were worse than CA
controls and comparable to RA controls on syllable segmentation and onset-rime
similarity. However, they were worse than RA controls on a phonemic awareness
task.
Longitudinal studies also support the causal relationship.

Mann and Liberman

(1984) found good identical simple and partial correlations (r = .40) between
kindergarten syllable segmentation and first grade reading.

Mann (1984) found

astonishingly high simple and partial identical correlations (r = .75) between
kindergarten phoneme reversal and first grade reading. Further support was found
by Bradley and Bryant (1985) and Lundberg, Olofsson and Wall (1980).
Pennington et al. (1990) hold that twin studies have the potential to argue for a
causal role for phonological awareness in reading impairment. De Fries, Fulker and
La Buda (1987) found dyslexia to be heritable in their large twin study.

Co-

heritability is demonstrated by Olson, Wise, Conners, Rack, and Fulker (1989).
These authors found significant genetic correlations between reading impairment
and phonological coding (.93 + .39) and two phonological awareness measures,
rhyming fluency (.99 + .86) and a Pig Latin task (.81 + .75).
Further support for a causal relationship between phonological impairment and
reading difficulty is afforded by training studies.

Many studies can be cited, e.g.
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Bradley and Bryant (1983, 1985) who reported improved progress in reading
especially if training is combined with alphabetic symbols.

These results were

confirmed and extended by Lundberg, Frost and Petersen (1988) who reported
beneficial effects of pre-readers’ phonological awareness training on later reading in
the absence of linkage to reading. The experimental group trained in phonological
awareness and sound segmentation showed significantly better sound segmentation
skills and greater progress in reading and spelling.
generalised to reading speed and comprehension.

Importantly, the training
Also Hatcher, Hulme and

Snowling (2004) found that children at risk for dyslexia, who received additional
phonemic class-training made more progress in learning to read; 66.75% of them
read in the normal range. Regression analyses indicated that reading achievement
at time 4, after intervention had ceased, was well predicted by phonemic ability a few
months earlier at time 3.

Furthermore, important results for a long-term positive

effect and generalisation to other areas following phoneme awareness training are
reported by Elbro and Petersen (2004). Those at-risk groups who received training
from kindergarten teachers showed significant positive effects up to seven years
after

training

comprehension.

ended.

There

were

some

generalisation

effects

towards

Most importantly, there were positive effects of phoneme

awareness training in both phonological coding and reading comprehension for the
very poorest readers.
The PDH claims that the phonological deficit is present before the dyslexic child
starts to learn to read and that it is a life-long deficit. The deficit present at the first
attempt at literacy acquisition is viewed as a proximal cause and acts forward in
causing reading problems. The PDH also makes the highly specific prediction that
the early phonological deficit acts through its effects on the later phonological deficit
which becomes the immediate cause of dyslexia. Evidence of precedence for early
pre-reading phonological deficits has been discussed throughout this section.
Liberman et al. (1974) found that half the bottom one third of first graders had failed
a phonemic segmentation task as pre-readers.

Similar precedence is found in

Bradley and Bryant’s (1983) dyslexic participants who failed sound categorisation
tasks as pre-readers. Similarly Pennington and Lefly, (2001) found that the children
who became reading-impaired showed phonological awareness deficits at all testing
points compared to controls and to high-risk unimpaired children. This is consistent
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with Snowling, Gallagher and Frith (2003) who found that those participants who
later developed dyslexia showed prior phonological deficits at six years of age. In a
similar vein Hindson et al. (2005) found their at-risk sample showed lower scores on
a wide range of phonological sensitivity measures prior to experiencing reading
difficulty. The Lundberg and Hoien, (1989) dyslexics were diagnosed in third grade
but had been measured as pre-readers and began reading instruction at a lower
level of phonemic awareness than normally developing individuals, in the intervening
years a widening phonemic deficit was evidenced until diagnosis in third grade.
The above studies provide evidence that phonological deficits precede reading
difficulties. But they are also present during dyslexics’ school careers. Bradley and
Bryant’s (1978) ten year old dyslexics had an 18 month or more reading deficit and
were strikingly backward on meta-linguistic awareness compared to RA controls and
there was no evidence of the normal developmental trend across awareness tasks.
Many studies report persistence of the meta-linguistic awareness deficit, diagnosed
in childhood, into adulthood in almost every case (Bruck, 1990, 1992; Elbro, Nielsen,
& Petersen, 1994).
Bruck’s (1990) compensated college students with childhood dyslexia diagnosis
show that their word recognition deficit persisted into their college years.

Word

recognition was less accurate and slower than RA controls ten years younger. Lack
of developmental trend was also noted and they resembled beginning skilled readers
and dyslexic children. Bruck (1992) noted that in her participants:
“persisting phonological awareness deficits...remain a crucial stumbling block for the
acquisition of fluent word recognition skills throughout the life span” (Bruck, 1992, p.
885).
The Bradley and Bryant (1978) data suggest that the phonological deficit has
detrimental effects on spelling. The persistence of the detrimental effects of poor
phonological awareness are underscored by Rutter, Kim-Cohen and Maughan,
(2006) who found that 80% of their specifically impaired readers from the Isle of
Wight Study (Rutter & Yule, 1975), now in their mid-forties, had spelling scores at
least two standard deviations below normal.

Wagner, Torgesen and Rashottte

(1994) suggest that dyslexics’ difficulties persist because they are difficult to
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remediate.

They report remarkable stability in phonological processing from

kindergarten to second grade and opine that this may make it difficult to alter the
course of dyslexics’ phonological development through interventions such as
phonological training.
Thus, it is clear that dyslexics experience persistent phonological awareness deficits
which impede their literacy development. However they also experience difficulties
using phonological codes in working memory which may act as a further causal
impediment to literacy acquisition (Wagner & Torgesen, 1987).

The evidence for

such a relation is discussed in the next section.
2.4.2 - The PDH and Phonological Recoding in Working Memory

Many authors hold that the quality of underlying phonological representations is
important in verbal short-term memory (e.g. Fowler, 1991), while Elbro (1996) holds
that dyslexics’ low level distinctness may hamper encoding and retrieval of material
to be remembered.
It is well known that poor readers experience verbal memory difficulties.

For

example, McDougall et al. (1994) found differences between good, average and poor
readers in verbal short-term memory but not in visual short-term memory.
Consistent with this Katz, Shankweiler and Liberman (1981) showed memory
differences between good and poor second grade readers for readily labelled
pictures but not for distinct drawings.

These two studies thus showed that

phonological coding in working memory is impaired in poor readers.
Conrad (1964) has reported the phonological confusability effect in working memory:
it is more difficult to remember similar-sounding consonant lists than dissimilar lists.
Dyslexics however, have a reduced confusability effect presumably due to their
reduced phonological sensitivity. This has been demonstrated by Shankweiler et al.
(1979) who found impaired recall of phonologically confusable consonants in good
readers compared to their span performance for non-confusable consonants.

In

contrast, less skilled readers had less impairment in the same task. This difficulty
was not due to position effects, as the same results remained when serial position
was ignored. This suggests to the authors and others (e.g. Byrne & Shea, 1979) that
good readers make superior use of phonological information for span tasks than
poor readers. However, others (Holligan & Johnston, 1988; Pennington, 1990) hold
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that poor readers use phonological processes less efficiently. Still others, such as
Mark, Shankweiler, Liberman, and Fowler (1977) argue that the dyslexic deficit is
due to accessing and use of phonetic representations.
However, Me Dougall et al. (1994) argue that differences in rehearsal rate in the
articulatory loop (Baddeley & Hitch,

1974) between dyslexics and normally

developing individuals can account for verbal short-term memory performance. They
showed that reading ability differences relate to efficiency differences in the speechbased component of short-term memory span. Poorer readers have lower speech
rates for words to be recalled. Thus, it is a possibility that the speed of access to
phonological representations, as indexed by speech rate, accounts for group
differences in verbal performance.
The span or capacity of the phonological loop (Baddeley, 1990) is sensitive to word
length across a range of verbal materials (Baddeley, Thomson, & Buchanan, 1975).
Span is longer for short words than long words (because the latter take longer to
say) which is assumed to be due to the temporally limited capacity of the rehearsal
loop. Memory for item order is worse for phonologically similar than phonologically
dissimilar items, also thought attributable to the articulatory rehearsal loop. These
two effects suggest that span items are refreshed in memory through overt/covert
verbal rehearsal. The loop is thought to be involved in language learning (Avons,
Wragg, Cupples, & Lovegrove, 1998) and syntax learning (Baddeley, Gathercole, &
Papagno, 1998). Thus, it follows that if dyslexics do not rehearse or are inefficient in
rehearsal, then span, and even vocabulary and language will suffer.
Verbal memory span is longer for words than equally long pseudo-words.

This

lexicality effect suggests that words benefit from their established representation in
long-term memory. Hulme, Maughan and Brown (1991) demonstrated a long-term
memory contribution to memory span. Span for non-words was lower than for words.
This was not attributable to speech rate.
memory may be recruited in serial recall.

The presence of words in long-term
Hulme et al. (1991) argue that in serial

recall participants may depend on a partially decayed trace of the phonological form
of words in short-term memory (S-TM).

Stored knowledge of the spoken form of

words may help perform pattern completion on the decayed traces to successfully
retrieve them. Pattern completion is usually performed automatically using processes
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relating to speech perception and production. Consequently span usually increases
with age due to the length of time words are in long-term memory (L-TM).
Roodenrys, Hulme, Alban, and Ellis (1994) also demonstrated a direct word
frequency effect on S-TM processes. They argue that during pattern completion of
partially decayed traces the long-term memory representations of the phonological
form of words is accessed. The authors suggest that the effect of word frequency on
S-TM is due to differences in the accessibility of these phonological representations
in L-TM. Hulme et al. (1997) demonstrated that the effect of word frequency on STM increases with serial position at least until the last positions. Their data suggest
that the articulatory loop and L-TM make separate contributions to S-TM span: Word
frequency influences the redintegration process wherein S-TM traces are restored by
virtue of word frequency’s superior accessibility/specification in L-TM.
If word knowledge structure is inefficiently/poorly represented in dyslexics then the
redintegration process would be less efficient in the dyslexics’ verbal S-TM.

This

would account for poor span for verbal items. In the case of good and poor readers
the nature and frequency of words in L-TM play an important role. McDougall and
Donohoe (2002) found no group differences in span for high frequency words and
non-words. However, span for low frequency words was greater for good readers. It
was thought that they would have previously encountered low frequency words and
these were thus available for recruitment to aid span tasks.
This shows that memory span is determined

by many factors which are

phonologically driven either through phonological processes in working memory or
phonological representations in long term memory. Thus, there is a great deal of
evidence that dyslexics’ difficulties in using phonological codes in working memory
may be a cause of their poor reading.
McDougall and Donohoe (2002) also report that dyslexics show difficulties in
phonological recoding in lexical access which may be a cause of their dyslexia.
2 A .2 .a

-

Phonological Recoding in Lexical Access

Over many years evidence has been accumulating of dyslexics’ difficulty relating to
the visual and verbal representation of letters, words and drawings.

For example,

Lovell, Gray and Oliver (1964) showed that poor and normal readers were
distinguished by letter reversals when writing sentences from dictation rather than
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copy. Vellutino, Steger and Pruzek (1973) and Vellutino et al. (1975) suggest that
poor readers’ impairments may be due to the acquisition of relationships that have a
verbal component. Their naming performance is similar to good readers for difficultto-name visual stimuli; however, difference in processing speed occurred only for
more nameable stimuli.

Rudel, Denckla and Spolien, (1976) illustrated the verbal

deficit in paired associate learning.

They asked poor and normal readers to

associate auditorily presented Morse code patterns with their corresponding
auditorily presented letter names.

Participants were also required to learn Braille

letter names presented visually and tactually.

Poor readers were worse than

normally developing individuals in all conditions leading Rudel et al. to conclude that
poor readers’ difficulties lay with the tasks’ verbal requirements, particularly name
retrieval. Paired associate learning may reflect problems with the representation of
phonological information in dyslexics. However, as well as being worse at learning
and making associations between symbols and their verbal labels, dyslexics are
known to be slower in lexical access i.e. at serial naming of objects, colours, digits
and letters. For example, Denckla and Rudel (1976b) found that naming speed for
all four tests (colours, digits, objects and letters) is faster in normally developing
individuals than garden variety poor readers, who are in turn faster than dyslexics.
Latency was greater for objects than colours. Digits and letters had equal latency.
The authors concluded that the deficit was specific.

Denckla and Rudel (1976a)

found dyslexics were also slower on confrontation naming than controls and nondiscrepant poor readers and in naming low frequency words. The dyslexics named
fewer objects correctly.
Circumlocutions made up 61% of the dyslexics errors and when their errors were
wrong names they were phonetic “shadows” of the correct name.
concluded errors were related to difficulty in linguistic retrieval.

The authors
The research

indicated that dyslexics fail to acquire automaticity in lower-level lexical retrieval.
Wolf, Bally and Morris (1986) found that continuous naming measures were powerful
at differentiating reading groups and powerful early predictors of later reading
performance.

The dyslexic adults’ long reading latency in Lefly and Pennington

(1991), like that of Wolf et al. (1986) using younger participants, are thought to reflect
less automatic or less efficient lexical access or retrieval and/or assembly of
phoneme sequences for pronunciation.

Several authors (Semrud-Clikeman, Guy,
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Griffin, & Hynd, 2000; Wolf & Goodglass, 1986) have shown that the naming deficit
cannot be ascribed to poor vocabulary. A consistent relationship was found between
slow speeds of serial nanning of items (poor R.A.N. performance) and reading
problems. All aspects of reading were negatively impacted by naming deficits. The
authors hold that their findings of a relationship between word attack skills and letter
naming is consistent with findings that good and poor readers differ significantly in
their use of a phonetic code which good readers have automatised. Thus, rapid
naming impairment is ascribed to poor speed in automatically retrieving words from
the lexicon or assembling their constituent phonemes.
The above research and conclusions reflect the practice of some authors (Wagner &
Torgesen, 1987; Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993) to
subsume naming speed under phonological processes e.g., “retrieval of phonological
codes from a long term store” (Wagner, et al., 1993, p. 84) or phonological coding in
lexical access. Beaton, (2004) sees both impaired naming and phonological deficits
as reflections of a common processing impairment such as weak phonological
representation. Swan and

Goswami (1997a) have proposed a phonological

specification retrieval explanation of dyslexia: dyslexics have a severe unique name
retrieval difficulty for lexical items despite vocabulary entries in the lexicon.
Research from the neurosciences shows that many severely impaired readers have
naming speed deficits (e.g. Badian, 1996; Denckla & Rudel, 1976a, 1976b).

For

example, Badian (1996) found that the more discrepant readers had deficits on
orthographic and RAN tasks as well as in phonological processing. Consistent with
Yap and van der Leij (1993), Badian concluded that the very poor reading of these
participants could be a marker for the co-occurrence of impaired lexical retrieval
speed and phonological awareness deficits.
There is a great deal of evidence for heterogeneity among dyslexics.

In their

research Bowers and Wolf (1993) noted children with single deficits, either in
nonword decoding, or naming speed, who had significant reading deficits.

Others

had both deficits and exhibited severe reading problems. Wolf and Bowers, (1999)
view the phonological deficits as a core deficit which impedes acquisition of word
recognition skills. They propose the naming speed deficit as a second core deficit in
dyslexia. They present a case for the double deficit hypothesis for independent and
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combined roles of naming speed and phonological deficits in reading impairment
which have profound implications for diagnosis and intervention.

Evidence for the

independent nature of the R.A.N. deficit rests first on
“generally modest rather than strong interrelationships between naming speed, and
the broad group of phonological based tasks...second (on) independent differential
contributions of both phoneme awareness and naming-speed tasks to the variance
in word identification” (Wolf & Bowers, 1999, p. 420).
Pennington

(2006) supports the double deficit view of dyslexia,

accepting

phonological (representational competence) deficit as one view, but proposes that
dyslexics may also have a speed of processing deficit as indexed by R.A.N. which
will affect learning and cause reading problems.

Consideration of task demands

particularly for alpha-numeric stimuli led Wolf and Bowers (1999) to conclude that
especially closed domain stimuli such as digits/letters, with their attendant feature
analysis, requires magnocellular processing.
The theory that dyslexia may be caused by a deficit in rapid sensory processing
pertaining to the magnocellular system will be considered later.

However, before

leaving the PDH it is appropriate to consider briefly the brain structures involving
language which may be implicated in dyslexia.
2.4.3 - Structural and Activation Differences in Dyslexics' Cerebral Language
Areas.

Normally the left cerebral hemisphere is larger than the right, a fact ascribed to the
left hemisphere’s language processing role.

Magnetic resonance imaging (MRI)

studies show this asymmetry along with more regional cerebral anomalies in
dyslexics.

These more circumscribed anomalies include the insula (e.g. Leonard,

Voeller, Lombardino, & Morris, 1993; Pennington, et al., 2000), plana temporale,
cortical dysplasias, polymicrogyria in the left hemisphere, limbic, primary and
association cortices and neuronal ectopias in the left peri-sylvian areas (Galaburda &
Kemper, 1979; Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1985).
These gyral morphology patterns in the left perisylvian parietal opercular region are
associated with reading and language deficits in studies by Leonard et al. (1993) and
Hynd and Hiemenz, (1997). Functional MRI studies showed reduced activation in
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dyslexic participants compared to controls in the left posterior inferior temporal lobe
with corresponding activation reduction in the left frontal operculum (Brunswick,
McCrory, Price,

Frith, & Frith,

1999) which were associated with modality

independent phonological retrieval (Price & Friston, 1997). Brunswick et al. (1999)
discovered also increased activation in the left premotor cortex, associated with
normal articulatory coding (Demonet, et al., 1992).
The reduced left posterior inferior temporal activation is interpreted as reflecting
deficits in retrieval of pronunciations of printed words, while increased premotor
activation reflects effortful compensating sublexical processing. These findings are
confirmed by Paulesu et al. (2001). A PET activation study during reading led them
to suggest that the inferior temporal region could be the neural substrate of
dyslexics’ reading difficulties.
Measures of activation and structural measures of linguistically heterogeneous
dyslexics and controls by Silani et al. (2005) revealed a picture of cortical structural
disorganisation in the dyslexic group; the middle temporal region had reduced grey
matter and was the site of maximal brain activation difference. Posterior to this there
was an area of increased grey matter. The degree of increased density correlated
with the degree of reading impairment.

The arcuate fasciculus white matter was

significantly reduced. The reduced connectivity in distributed temporo-parietal and
reading, phonology and recoding networks are reminiscent of the FMRI study
findings by Shaywitz et al. (1998) who interpret their data as providing a neural
signature for dyslexics’ difficulties.

Their data are consistent with Paulesu et al.

(1996) who also found that brain areas were not activated in concert and the insula
was never activated.

This disconnection was thought to reflect the disconnection

between Wernickes’ area and the inferior frontal cortex.
Data from a longitudinal FMRI study by Hoeft et al. (2007) suggest a causal role in
dyslexia for anomalous patterns of brain activation which may tap differences in
brain function that are causally related to reading acquisition.

These neural

correlates of dyslexia may have their genesis in the speech perception of children at
risk for dyslexia (U. Richardson, Leppanen, Leiwo, & Lyytinen, 2003).
All this evidence is consistent with a left hemisphere neural substrate for the
phonological difficulties experienced by dyslexics.

While the PDH has made
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significant contributions to knowledge about dyslexia, it has limitations. These are
discussed in the next section.
2.4.4 - Limitations of the PDH

The previous sections demonstrated that the PDH can explain the unexpected
reading difficulties experienced by dyslexics. However, some authors (e.g. Nicolson,
1996; Nicolson & Fawcett, 1995b; Scarborough, 1990) argue that dyslexics’
impairments are not limited to phonological processes. The PDH can be accused of
premature specificity leading to misdirected research oriented towards the strong
version of the PDH - that a core phonological deficit is the underlying cause and
defining characteristic of dyslexia.
Stanovich, (1988b) and Nicolson (1996) held that this over-specific view can damage
the very concept of dyslexia as a neurological separate condition. The anti
discrepancy supporters, who know that discrepant and non-discrepant poor readers
experience phonological deficits, concluded that intelligence was not important to
dyslexia diagnosis thereby putting the concept at risk. Nicolson (1996) points to a
variety of research areas outside of the PDH which inform the research community
about dyslexia, such as visual, motor, rapid processing and learning. He also argues
that the PDH fails to offer a complete account of three critical difficulties of dyslexia:
early reading segmentation problems at the onset - rime level; comprehensive
spelling

problems (the PDH

handwriting.

predicts only phonological

aspects) and

poor

Many authors have highlighted these motor domain problems (e.g.

Augur, 1985; Haslum, 1989). A further limitation of the PDH is revealed by the
search for the neural substrate of dyslexia: it offers only qualified support for the
PDH.

For example Galaburda, Rosen and Sherman (1989) revealed extra- and

intra-linguistic area neurological anomalies, while structural abnormalities in the
planum temporale were not directly related to phonological processing (Filipek, et al.,
1995; Leonard, etal., 1993).
Further results damaging to the PDH (Galaburda, Menard, & Rosen, 1994; M.
Livingstone, Rosen, Drislane, & Galaburda, 1991) showed structural anomalies in
the visual and auditory magnocellular (M) systems involved in rapid/transient
stimulus processing.

The PDH predicts deficits in longer-lasting rime segments

whereas the M system predicts problems with brief (word) onset consonants.
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Further deficits in the transient system include sensitivity to flicker (W. Livingstone,
Garzia,

& Nicholson,

1990) and in rapid temporal

phonological domain (Tallal, 1980).

processing outside the

Wolf and Bowers (1999) concluded that the

rapid naming deficit is a deficit of the M system and proposed a second “core” deficit
alongside the PDH to explain the degrees of dyslexia evident in sufferers.
Scarborough (1990) also rejects the uni-directional idea that a meta-phonological
deficit is a proximal cause of reading failure. She stresses the dynamic nature of
reciprocal causation - phonological proficiency facilitates the learning of letter sound correspondence which in turn enhances phonological awareness.

Much

evidence supports this latter point (Alegria, Pignot, & Morais, 1982; Morals, Cary,
Alegria, & Bertelson, 1979a; Read, Zhang, Nie, & Ding, 1986).

Access and

experience of literacy instruction in an alphabetic language drives phonemic
awareness development.

The relationship between phonological awareness and

development of reading appears to be bidirectional, involving reciprocal causation.
Evidence from training studies indicates that training in phonological awareness
alone is not sufficient for significant enduring change. The training study of Bradley
and Bryant, (1983) did not find a significant improvement while in the Bradley and
Bryant (1985) study it took phonological awareness training with letter symbols
(which amounted to extensive practice in letter - sound correspondence through
spelling) to evidence greatest effects. Likewise, the greatest training effects found
by Hatcher, Hulme and Ellis (1994) were afforded by teaching phonology integrated
with reading, emphasising context, meaning, individual word reading, phonological
training in letter sound relationships and relative spelling to sounds in words using
plastic symbols.
This conclusion is supported by many other training (E. W. Ball & Blachman, 1988,
1991; Cunningham & Stanovich, 1990) and experimental studies (Tunmer, Herriman,
& Nesdale, 1988) and by early intervention studies to prevent reading difficulties in
at-risk children (P. J. Hatcher, et al., 2004; Hindson, et al., 2005).
Phonological training alone was not sufficient to prevent reading difficulties in at risk
children but did manage to reduce the severity of the overall difficulty. Remediation
interventions (Torgesen, 2001; Torgesen, et al., 2001) improved accuracy, but not
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fluency.

Indeed Wolf and O’Brien (2001) suggest that dyslexics need language

fluency training to address their speed of processing deficit.
Many authors have highlighted other language deficits in dyslexics beyond meta
linguistic deficits, such as syntactical and lexical deficits which may be a causal
source of reading failure (Bowey & Patel, 1988; Scarborough, 1990).

Moreover,

Weiner, (1985) demonstrated that SLI children, who have broad deficit profiles, are
at much greater risk for dyslexia than children with only phonological deficits.
Language deficits early in the child’s life appear to be important precursors to
dyslexia (Gallagher, et al., 2000; Scarborough, 1990; Snowling, et al., 2003).
This evidence implies that phonological deficits are unique and not the fundamental
cause of dyslexia. With this in mind Pennington (2006) criticised the deterministic
single deficit model and proposed a multiple cognitive model. Similarly, Stanovich
(1988c) pointed to the inherent oversimplification in the PDH as it ignores deficits in
lexical and orthographic processing.

Moreover, Rack, Snowling and Olson (1992)

caution that there may be other less common causes of dyslexia which are not
phonological in nature.
Before leaving this section it is important to note that dyslexics have trouble with
phonological processing in many areas: in segmenting the language they hear, in
remembering phonological sequences in S-TM, and in extracting the names of
objects at speed from L-TM. This knowledge has implications for early screening
test developers. An early screening battery should include segmentation tasks at all
phonological levels to identify those at risk for dyslexia.

The battery should also

include tests of S-TM for sequences of items such as digits. Finally, there should be
tests measuring the speed at which young children recall the names of objects and
digits from L-TM.
The PDH has been the subject of research for almost forty years.

A newer

hypothesis - the Working Memory Deficits Hypothesis - is discussed in the following
section.

2.5 - The Working Memory Deficits Hypothesis of Dyslexia
Working memory (WM) is believed to play an important role in reading (Baddeley,
1983; Daneman & Carpenter, 1980). Many dyslexics experience difficulties with WM
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tasks (de Jong, 1998; Siegel & Ryan, 1989).
suggested as the chief culprits in dyslexia.
(1986)

suggest

that

dyslexia

is

Specific deficits in WM have been

For example, Shankweiler and Crain

isolated

to

a

specific

WM

deficit

in

phonological/phonemic awareness and that executive system deficits are a
manifestation of the phonological system deficits.
Various studies hold that one or other of the slave systems is the culprit.

For

example, Siegel (1993) suggested that the phonological loop may be at the root of
dyslexia while Hulme and Snowling (1992) ascribed dyslexics’ word recognition
difficulties to inefficient utilisation of the phonological loop. Others have looked to the
visual-spatial sketch pad (VSSP) as a possible source of literacy failure. Baddeley,
(1986) holds that the VSSP is specialised for processing and storing visual material,
spatial material, or both and for linguistic material that can be recorded into imagined
forms. Interestingly, Gathercole and Pickering (2000) found an association between
visual-spatial WM abilities as well as Central Executive (CE) processing and National
Curriculum attainment.

Marked deficits in curriculum attainment were associated

with marked deficits in visual-spatial WM. Palmer (2000) found that their dyslexics,
CA and RA controls showed a significant phonological similarity effect but only the
dyslexics showed a significant visual similarity effect. Consequently, dyslexics’ dual
visual - verbal coding is postulated as the source of dyslexics’ difficulties.

The

responsible mechanism is believed to be incomplete development of the inhibitory
capacity of the CE and its capacity to switch retrieval plans, preventing efficient use
of phonological recoding of visual/orthographic stimuli.
Other authors are concerned whether dyslexics’ difficulties relate to a domaingeneral or domain-specific problem or combinations thereof. Swanson (2000) holds
that general and specific deficits are fundamental problems for dyslexics.

His

dyslexics were worse than chronological age (CA) matched controls on semantic
and visual-spatial processing across initial, gain and maintenance conditions and
showed less gain and maintenance in these conditions. He found that in situations
requiring high demand on controlled attentional processing (such as monitoring
limited resources, suppressing conflicting information and updating information)
dyslexics were at a clear disadvantage compared to CA controls. Impaired capability
for controlled processing manifested itself across visuo-spatial and verbal WM,
leading Swanson to interpret the problem as a domain-general or executive
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processing deficit.

Subsequently, Swanson and Siegel (2001) held that memory

deficits manifest themselves as a domain-specific constraint (i.e.

inefficient

accessing

inefficient

of

phonological

loop

representations

on

rehearsal/generation/manipulation of mental images) and/or a domain-general
constraint (i.e. capacity limitations in controlled attentional processing). They argued
that in reading, dyslexics have smaller general WM capacity than normally
developing

individuals and suffer deficits related to the

phonological

loop,

compromising complex cognition. In the domain-general area the authors opine that
in situations requiring high processing demands, compared to controls, dyslexics
have deficits in controlled attentional processes (e.g. maintaining task-relevant
information in the face of distraction/interference).
There is a parallel stream of research in the field of cerebral imaging and activation
studies which supports the idea of a WM deficit in dyslexia. This is described below.
2.5.1 - The Natural Substrates of WM

Positron emission tomography and functional magnetic resonance imaging (fMRI)
indicate separate neural circuitry for storage and rehearsal components of the
phonological loop and VSSP.
Verbal WM (i.e. phonological loop) is associated with the left parietal lobes, while the
right parietal lobe may be one of several separate areas related to VSSP activity.
Most executive function is linked to the frontal lobes but other areas may also be
involved.

There is a great deal of neuropsychological evidence that dyslexics

experience difficulties related to these structures (e.g. Bull, Johnston, & Roy, 1999).
Dyslexics experience processing problems related to regions of the frontal lobes
(Lazar & Frank, 1998); the left parietal lobe (Pugh, et al., 2000; Shaywitz, et al.,
1998) together with difficulties in inter-hemisphere transfer and

information

coordination across the corpus callosum (Swanson & Obrzut, 1985).
It is clear from the above that dyslexics experience difficulties in WM and this is
evident from structural and imaging studies.
However there are limitations to the WM deficit hypothesis, these are discussed
next.
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2.5.2 - Limitations of the WM Hypothesis
While it is widely accepted that WM plays an important part in literacy acquisition and
literacy failure, there is no one agreed source of individual differences in the WM
literature. Some authors (e.g. Engle, Kane, & Tuholski, 1999) emphasize limitations
of controlled attention and L-TM trace activation above a critical threshold, as the
problem. Others (e.g. Baddeley & Logue, 1999) suggest individual differences in the
functioning of one of the slave systems as the source of the difficulty. Still others
(e.g. Ericsson & Kintsch, 1995) consider individual differences in WM reflect
individual differences in L-TM processing support from strategies and prior learning.
WM research is incomplete. While most work has been done on the phonological
loop, the functions of the VSSP and CE are not fully underway. Furthermore, there
are methodological issues relating to whether WM deficits are domain-general or
domain-specific. Relying on single measures of WM leads to misinterpretation of the
domain generality/specificity issue. It will be necessary to use several measures in
order to provide a more reliable and generally able indicator of individual differences.
The work of Palmer (2000) goes some way to clarifying these questions, however
much work has yet to be done.
The WM Hypothesis suggests that access efficiency, simple efficiency or even
capacity of the phonological loop may be a cause of dyslexia. Some writers focus on
the other slave system - the VSSP - while others suggest CE function as the culprit.
Screening test developers need to avoid

single WM measures to prevent

misinterpretation. Therefore there should be at least two tasks tapping WM functions
in a screening battery.
2.6 - Magnocellular Deficit Hypothesis (M DH) of Dyslexia
Dyslexics are reported to experience difficulties in other areas besides those of a
phonological/linguistic nature.

They may experience blurred vision and unstable

print which appears to drift over neighbouring lines and/or move into columns. They
may make visual-type reading errors probably due to letter transpositions and their
nonword reading errors may be ascribed to visual confusions (Cornelissen, Bradley,
Fowler, & Stein, 1991).

In the motor area, dyslexics are often clumsy, have poor

motor skills, have poor balance and experience delayed motor milestones. When
infants, they may fail to crawl and as children may never learn to ride a bicycle
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(Miles, 1993; Nicolson & Fawcett, 1995b). These authors describe dyslexics’ poor
temporal sequencing problems such as time-telling and reciting over-learned facts
such as days of the week or months of the year. They have trouble also reciting
tables: these are rhythmic to many but excruciatingly difficult for dyslexics.
There is a great deal of evidence which points to a constitutional cause for these
apparently systemic difficulties.

Consistent with this there is a strong association

between reading difficulties and a site on the short arm of chromosome 6
(Grigorenko, et al., 1997).

Importantly this site is close to the major histo

compatibility complex (MHC) that contains many genes that are involved in immune
responses and may also play in important role in the differentiation of M-cells for
their specialized functions.

Consistent with this, Hugdahl, Synnevag, and Satz

(1990) found a strong association between dyslexia and immune/autoimmune
diseases.

Importantly, Corriveau, Huh and Shatz (1998) found that Class 1 MHC

molecules have a role in the development of M-cell neurones in the Lateral
Geniculate Nucleus (LGN) and hippocampus.
Since magnocells all seem to express the same surface antigen that is recognised
by particular antibodies they probably all derive from a common lineage that provides
them with their large cell body and axon size, rapid membrane dynamics, rapid
adaptation and high conduction velocity.
Various authors have proposed the magnocellular deficit hypothesis (MDH) to
account for the wide range of difficulties which may be seen in dyslexics in any
modality. Their impairments may be ascribed to selective early impairments of the
M-cell system which plays a major role in temporal processing in all sensory,
sensori-motor and motor systems throughout the brain (Stein & Talcott, 1999; Stein
& Walsh, 1997).
These authors have presented a range of psychophysical evidence from many
authors to argue for a causal role for an impaired magnocellular system to explain
the range of disparate behaviours exhibited by dyslexics.
Modern techniques which tap the purportedly transient magnocellular (M-cell)
system have been developed to support this claim. The visual M-cell system is well
prescribed and easily distinguished (Kulikowski & Tolhurst, 1973) due to large cell
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body-size and thick, heavily myelinated axons suggesting faster conduction
velocities.
Owing to the fast kinetics of their membrane channels and heavy myelination, Mcells are ideally suited to following changes in sensory and motor signals in the
nervous system.

M-cells are specialised to provide information about the timing of

visual events and the motion of visual targets. This makes the M-system important
for the guidance of eye and limb movements (A. Milner & Goodale, 1972). Authors
such as Lovegrove et ai. (1980) have demonstrated that, in a task tapping the Msystem, most dyslexics have subtly reduced contrast sensitivity at low spatial
frequency and low luminance levels particularly during flicker.

However, in a task

tapping the sustained parvocellular (P) system their contrast sensitivity at high
spatial frequencies was normal or superior to normally developing individuals.
These results have been confirmed by these and other authors in subsequent
studies (e.g.Talcott, et al., 1998).

Furthermore, in the area of visual motion,

Cornelissen et al. (1995) showed that random dot kinematogram (RDK) motiondetection thresholds were higher in dyslexic adults and in children, than in CA
matched controls.

Similarly, Talcott et al. (1998) found that dyslexics required on

average approximately 8% greater motion coherence at threshold (a deficit of 2dB)
than controls. They also found that two temporal perception measures (critical flicker
fusion (FF) and RDK were able to discriminate 72.2% of dyslexics from controls.
These findings are supported by Eden et al. (1996) who showed that dyslexics had
altered or absent patterns of response to RDK stimuli in extra-striate visual area MT
(V5).

Other authors (e.g. Talcott, et al., 1998; Witton, et al., 1998) found that

participant motion sensitivity predicted reading ability in good as well as poor
readers.

Furthermore, Galaburda and Livingstone (1993) provided visual cortical

evoked potential (VEP) evidence for a delayed response early in the M- pathway.
Thus, while Eden et al. (1996) indicated one locus (the MT) for anomalous visual
processing, Galaburda and colleagues suggested another (the thalamus) as the
likely anatomical locus for anomalous visual temporal processing.

For example,

Livingstone et al. (1991) demonstrated that the magnocellular layers of the lateral
geniculate nucleus (mLGN) in five dyslexic brains, examined post mortem, were
disordered. Furthermore, the M-cells themselves were 20% smaller than in controls.
These findings were confirmed by Galaburda and Livingstone (1993). They found
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that the mean M-cel! area was an average 27% smaller in dyslexic brains but not
significantly different in the P-cell area. These authors opine that the M-cell pathway
may

be

affected

in

dyslexia

at

many

levels

and

that

the

processing

abnormalities/delays might be cumulative, resulting in observed 20 - 50 ms delay in
the VEP and 100 to 200 ms delays in visual discrimination tasks. Stein and Walsh
(1997) speculate on how mild visual impairments using low contrast low luminance
levels and unusual motion conditions such as RDKs could lead to difficulties in
reading. They suggest that the anatomical connections from the M-cell laminae of
the mLGN to the posterior parietal cortex (PPC) are dominated by M- like properties
such as sensitivity to movement direction (Galletti, Battaglini, & Fattori, 1991; Motter
& Mountcastle, 1981) and relative insensitivity to colour or visual form.

The PPC

receives both from the dorsal “where” system and from the superior colliculus which
controls the visual guidance of movement. In line with Galaburda and Livingstone’s
(1993) suggestion of processing abnormalities/delays having cumulative effects,
Stein and Walsh (1997) suggest that slight mLGN disfunction/disorganisation might
multiply up to cumulative defects in PPC function.

It is known that the PPC is

important for normal eye-movement control, visuo-spatial attention and peripheral
vision all of which are important components of reading (e.g. Olson, Conners, &
Rack, 1991).

Importantly, these authors also enumerate the many functions of

particular areas of the PPC and dysfunctions consequent on lesions. These PPC
area functions and their respective dysfunctions are: Brodmann areas 5 and 7
(spatial localization/spatial mislocalization); areas 5, 7, and 39 (spatial orientation of
self /topographical agnosia/disturbed mapping/representation of the surface of the
body/spatial orientation of objects/item reversals such as digits/letters); areas 39 and
40 (direction of visual attention/neglect); area 40 (directed auditory attention
/“cocktail party” problems): areas 5, 7, and 39 (visuo-motor coordination/clumsiness);
area 40 (visuo-verbal association/acquired dyslexia).

The authors also hold that

almost all of these dysfunctions may be found in dyslexia.
Thus, the M-system is important for direction of visual attention eye movement
control and visual search.
binocular fixation.

M-system deficit may impair eye control including

Stein and colleagues have written extensively on dyslexics’

unsteady ocular fixation and reported letter and line drift and visual confusion/errors
particularly when processing small letter print Many writers (Cornelissen, Hansen,
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Hutton, Evangelinou, & Stein, 1998; Riddell, Fowler, & Stein, 1990) demonstrate
unstable binocular control and report unsteady visual perceptions in dyslexics, when
reading. Eden et al. (1994) found that dyslexic children had significantly worse eye
movement stability during fixation of small targets than normally developing
individuals; vergence amplitudes were lower in dyslexics.

Also fixation instability

was observed at the end of saccades and smooth pursuit was poor from left to right
in dyslexics.

Moreover, dyslexics with small vergence amplitudes had poor

phoneme awareness.

These results indicate that the primary problem in these

children was one of visuo-spatial/right hemisphere control.
Promulgators of the MDH argue that the mechanism for dyslexics’ poor reading is
related to the concept of ocular wobble, which in normally developing individuals
shows a small degree of between-fixation movement, but which is greater in
dyslexics. These researchers (e.g., Stein & Talcott, 1999) argue that the M- system
deficit leads to unsteady eye fixation and consequent poor reading.

The motion

signal in the retina generated by involuntary eye movement is the signal to
compensate for and reverse such involuntary eve movement.

In normally

developing individuals, between- saccade motion feedback maintains steady ocular,
foveal fixation on the word being processed.

However, M-system impairment in

dyslexics leads to unstable binocular fixation and uncontrolled eye movement,
causing letter images to float about the retina.
According to these authors uncontrolled/involuntary eye movements lack their
corollary discharges which indicate eye movements.

Consequently the image

movement is misinterpreted as actual letter movement, leading to letter order
confusion.

This has serious implications for development of orthographic

representations of words which, according to the lexical route in dual route theory or
the orthographic processor in connectionist theory, are important for immediate word
recognition. As demonstrated by Cornellissen et al. (1991), dyslexics make fewer
visual errors when reading large print - only children who failed the Dunlop Test read
differently as print size was reduced from large to medium. Keeping print size large
is not the only way to aid dyslexics.

In line with the visual magnocellular theory

described above and providing support for it, the Oxford Group demonstrated that
monocular occlusion relieves the confusion created by two independent moving
retinal images (Stein & Fowler, 1981, 1985; Stein, Richardson, & Fowler, 1997). In
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four placebo controlled studies, the Oxford Group showed that using only the right
eye for a number of months for close reading and number work reduced dyslexics
unstable binocular control and unsteady visual perceptions which have been so
frequently reported by them - (Cornelissen, et al., 1998; Riddell, et al., 1990; Stein,
et al., 1997).

Indeed Stein’s group have shown that monocular occlusion can

improve binocular fixation in children aged 6 to 9 years. Moreover it may improve
fixation permanently probably by gaining utocular control (Ogle, 1962) by causing the
eye to maintain accurate steady fixation on the target and facilitating the other eye to
follow suit. This can lead to rapid reading progress. Indeed children who received
occlusion and gained stable fixation are reported to make nearly twice the rate of
progress of children who remained unstable.
Stein and Walsh (1997) also cite evidence that dyslexics show deficits in attention
tasks which depend on PPG functioning (Valdois, Gerard, Vanault, & Dugas, 1995)
including perceptual grouping (Williams & Bologna, 1985), visual search (Ruddock,
1991) and also inhibition of stimuli that are not the focus of attention (e.g. R. Morris &
Rainer, 1991): Brunn and Farah (1991) have shown that attention is sensitive to the
nature of visual stimuli. Their patient, who exhibited visual neglect following parietal
cortical insult, commonly made fewer errors on the side opposite the lesion for words
than non-words. This shows that the parietal cortical mechanisms must be linked
with word recognition systems resident in the temporal lobe (Nobre, Allison, &
McGarthy, 1994).
It is possible that an impaired visual M-cell area in the parietal cortex may lead to
deficits in phonological decoding of non-words requiring grapheme-phoneme
correspondence. Furthermore, Stein and Walsh (1997) hold that the function of the
PPG allows selective attention to a word or word-string which requires concentrated
focal attention and controlled shifts of attention.
The MD hypothesis of dyslexia is supported by the similarity between attentional
impairment consequent on abnormal PPG functioning in lesioned patients and
dyslexics. They both show reading problems and left side neglect as evidenced in
clock-face drawing. Also both fail to distinguish between rotated letters (Riddoch &
Humphreys, 1988). This is supported by animal studies.

For example, Walsh and

Butler (1996) showed that PPG lesioned monkeys could distinguish between visual
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stimuli such as squares and triangles but were unable to discriminate between leftright reversals or rotated versions of the same stimuli (e.g. < and > or b and d). This
finding is consistent with Terepocki, Kruk and Willows (2002) who suggest that
reversible/rotatable symbol confusions may be ascribed to an indirect link with
impaired magnocellular processing and a tendency for reversal errors.
All of the above evidence argues that dyslexic visual performance may be impaired
due to a deficit in the magnocellular system. Some authors argue for a similar effect
in the auditory system. No circumscribed M-cell auditory system has been identified.
However the anatomical M-cell divisions of the thalamic auditory relay nuclei have
been described in the five post mortem brains previously and found to have LGN
anomalies.

Galaburda, Menard and Rosen (1994) demonstrated that the M-cell

division of the medial geniculate nucleus of the thalamus (mMGN) is disorganised
and the cells are smaller than those of controls, particularly in the left side. The large
neurons of the auditory system appear particularly specialised for processing
acoustic transient stimuli such as changes in frequency and amplitude and phase.
Trussell (1980) holds that the function of the auditory system M-cells concerns
frequency tracking in real time which seems analogous to the M-cell visual function.
Consistent with the above, research by many authors have shown that dyslexics
exhibit a range of impairments of an acoustic transient nature such as reduced
sensitivity to frequency modulation (FM) in real time (Stein & McAnally, 1995;
Talcott, et al., 1999). Stein and McAnally’s (1995) dyslexics were significantly worse
than controls at detecting changes in rate and depth of frequency modulation in
auditory stimuli. This is confirmed and extended by Witton et al. (1998) who also
found that their participants were less sensitive to dynamic visual motion stimuli and
like those of Stein and McAnally, their psychophysical performance was significantly
related to their nonword reading ability.

Stein and Walsh (1997) suggest that the

phonological deficits of dyslexics may be caused by a basic sensory processing
impairment in the large neurons responsible for analyzing acoustic transients.
Discrimination between phonemes requires very fine frequency analysis.

They

argue that at frequencies found in speech, accurate frequency tracking is executed
by auditory neurons phase-locked to each peak of the acoustic wave. McAnally and
Stein (1996) showed that dyslexics demonstrate reduced frequency discrimination,
reduced MLD (reduced ability to exploit differences in interaural phase) and reduced
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phase-locking (FFR).

This suggests that dyslexics are impaired in their ability to

generate or to exploit neural discharges which are phase-locked to the fine structure
of the acoustic stimuli. Stein and Walsh (1997) suggest that dyslexics’ problems with
phonological analysis may arise from a deficit in low-level auditory transient
processing, which may compromise phoneme discrimination. Letter sounds are also
distinguished by amplitude modulation.

Menell, McAnally and Stein (1999)

demonstrated with psychophysical measurement (temporal modulation transfer
function - TMTF) that dyslexics had significantly higher thresholds for amplitude
modulations than controls.

They were less able to follow rapid changes in the

amplitude of acoustic stimuli. This was consistent with physiological measurement.
The amplitude modulation following response AMFR of scalp potential evoked by
amplitude - modulated stimulus, was significantly smaller than that of controls. This
is consistent with similar findings of Me Anally and Stein (1997). Menell et al., (1999)
found a strong association between the TMTF and AMFR measures providing strong
evidence of a deficit in AM processing in dyslexics.

This has implications for the

intelligibility of speech, especially of stop consonants and has the potential to explain
the well known difficulties of phonemic awareness experienced by dyslexic
individuals.
The above evidence relates to impairment in the functioning of the visual and
auditory M-cell systems. There is also a great deal of research evidence that other
sensory and motor systems are functionally subdivided (e.g. McGuire, Hockfield, &
Goldman-Rakic, 1989; Mountcastle, 1957). It is thought likely that these areas are
also segregated into fast and slow subdivisions. McGuire et al. (1989) have found
that an antibody CAT301 selectively stains the M-cell subdivision of the visual
pathway from the LGN through primary and secondary visual cortices up through the
higher parietal visual areas. CAT301 also stains many cortical areas including some
somatosensory areas and some motor areas.

These pathways that do stain with

CAT 301 are heavily myelinated suggesting common facility with fast conduction
velocities.
Within the somaesthetic system large dorsal column neurons signal cutaneous flutter
and vibration.

The largest of these afferent fibres in cutaneous nerves supply

Pacinian corpuscles deep in the skin which are particularly sensitive to vibration.
Furthermore Grant, Zangaladze, Thiagarajah and Saathain (1999) found reduced
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tactile sensation in dyslexics relative to controls consistent with impaired M-cell
dorsal column function in dyslexics.
In summary, a great deal of evidence - behavioural, anatomical and neurohistological, have been put forward by researchers to argue for an impaired M-cell
system in dyslexics throughout the brain.

Stein and Talcott (1999) and Stein and

Walsh (1997) found that individuals’ auditory and visual transient functioning is well
correlated, both modalities tending to be good or bad and correlating with their
reading achievement (Witton, et al., 1998).

All this suggests that some common

factor may determine the development of M-cells through the brain (Stein, 2001).
They possibly may share particular molecular entities and may be vulnerable to
similar pathogenic factors.

Stein and Talcott (1999) speculate on an adverse

immunological influence on the development of magnocells in the nervous system.
Furthermore, Vincent et al. (2000) suggest that mothers may develop antibodies to
fetal magnocellular neurons, small quantities of which may cross the placenta and
blood-brain barrier to damage developing magnocells.
Magnocell function may be also impaired due to low quantities of polyunsaturated
fatty acids (PUFAs). Dyslexia is associated with depleted PUFAs (A. J. Richardson,
et al., 2000).

This is detrimental to the conformational changes in the channel

proteins which are required for rapid transient responses and which are facilitated by
a local environment of flexible PUFAs in the membrane. The turnover of PUFAs is
under the control of phospholipase which is found in increased levels in dyslexics (L.
E. F. Macdonnell, et al., 2000), and further negatively impacts on M-cell function.
This autoimmune attack/antibodies to fetal magnocellular neurons in utero and/or
depleted PUFAs in the dyslexic individual may have widespread effects on the M
system. Thus Stein (2001) concludes:
“the different mix of manifestations of visual/orthographic, auditory/phonological,
somaesthetic impairments, motor impairments or a combination thereof in individual
dyslexics would depend on random variation of which particular magnocells are most
affected by these adverse circumstances.

This would explain why so many

symptoms of dyslexia exist, many of which have little to do with reading and writing’’.
(Stein, 2001, p. 528).
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It is agreed by promulgators of the MDH that magnocellular processing, which is
specific to the response to transient stimuli, is impaired in visual, auditory,
somaesthetic and motor modalities.

Dyslexics are known to be clumsy and

uncoordinated, exhibit poor handwriting and often show “soft” cerebellar signs such
as dysmetria and hypotonia (Nicolson & Fawcett, 2005). The cerebellum receives a
very heavy M-cell input which is itself involved in the timing of many kinds of event.
Stein and Walsh (1997) thus propose a general timing hypothesis in the MDH; in
dyslexics a particular magnocellular neuronal cell line that plays a major role in
temporal processing in all sensory, sensori-motor and motor systems throughout the
brain may be selectively damaged during early development. Consistent with this,
Stein (2001) holds that a pan-sensory magnocellular abnormality leads to difficulties
in most types of rapid processing including visual auditor^', motor, somaesthetic and
muscular control systems.
2.6.1 - Limitations of the Magnocellular Deficit Hypothesis (MDH)

There are several limitations to the MDH.

The most important of these are

discussed in this section.
It is clear that parts of the MDH of dyslexia are more developed than others.

For

example the earlier identified and clearly circumscribed M-cell visual system has
facilitated development of research evidence for a causal connection between
reduced motion coherence sensitivity, poor ocular fixation and impaired orthographic
skill. However, there has been debate regarding the precise mechanism by which a
visual transient weakness might impair reading in dyslexics. Several authors have
proposed different mechanisms to account for readers’ visual confusion arising from
letter drift and superimposition. Lovegrove (1991) originally held it to be a result of
failure of the transient system to suppress the P system eidetic image of the previous
fixation during each saccadic movement.

However, Burr, Morrone and Ross’s

(1994) demonstration of a transient - transient inhibition problem rather than a
transient - sustained inhibition problem led to other hypotheses being developed.
For example Stein and Talcott (1999) have cited unstable ocular control as causing
the difficulty.

They also proposed that blurred images result from failure to keep

letter targets on the high acuity optical axis of the eye.

Finally they cite unstable

binocular control consequent on a weakened transient system.

The monocular

occlusion studies of the Oxford Group have demonstrated that when ocular stability
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is achieved reading skills develop. Thus the theory proposed by, for example, Stein
and Fowler (1981) (and subsequent studies from this group), that the print confusion
is consequent on an impaired M-system resulting in unsteady binocular control is the
theory which has received most support.
A further area of uncertainty relates to the precise effects of an anomalous LGN on
the psychophysical performance of the transient system. Stein, Talcott and Walsh
(2000) can only speculate on their effects suggesting a subtle change in the transient
system and possible consequential change on the P system.
Thirdly there is not universal agreement within the psychophysical research
community regarding a magnocellular deficit in dyslexia, which has led to lively
debate between the groups (e.g. Skottun, 2000; Skoyles & Skottun, 2004; Stein, et
al., 2000).
In spite of the areas of uncertainty there is evidence of a causal connection between
reduced visual M-function and impaired orthographic skill. In contrast the MDH is
less developed in domains outside the visual system. For example, in the auditory
domain there is only correlational evidence between impaired transient functioning,
reduced FM, AM and phase- change sensitivity and reduced phonological ability. In
order to prove causation, a properly controlled intervention study is required.

It is

thought that the absence of causal evidence may be ascribed to the lack of a clear
anatomically distinct magno-pathway in the auditory system.

Thalamic neurons

within the MGM have been found to be reduced in size and anomalous in
distribution.

However, there is uncertainty regarding the precise effects of an

anomalous MGN on the auditory system and in particular its effect on phonological
skill is unclear.
Furthermore, the function of the extra-thalamic magno-pathway is unclear other than
the possibility of a specialist role in tracking FM, AM and peaks of sound pressure
waves.

McAnally and Stein (1996) have demonstrated that dyslexics are less

sensitive to sound phase.

However there is a lack of clarity regarding the

mechanism involved in phase locking.
A variety of mechanisms have been suggested.

For example, Kidd and Weiss

(1990) suggest that the impairment may be in the biophysics of the hair cells, or in
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the efficiency of the hair cell synapses. McAnally and Stein (1996) also suggest that
the impairment may be due to anomalous anatomy of the anteroventral cochlear
nucleus (AVCN) where phase locking is executed or in the specialised synapses of
the Medial Superior olive (MSO).
A further limitation relates to the lack of consensus regarding the model for AM
sensitivity. It has been found that dyslexics are less sensitive to AM depth and have
smaller evoked potentials than controls (McAnally & Stein, 1996; Menell, et al.,
1999). These psychophysical and physiological measures are strongly associated
(Menell, et al., 1999).

Such findings regarding dyslexics’ insensitivity to AM in

speech has implications for the intelligibility of speech, as insensitivity to AM is likely
to impair identification of speech.

However, there is no consensus regarding the

model for AM sensitivity. Traditionally the low-pass characteristic of the TMTF has
been accounted for by a low pass filter following the band-pass filtering by the basilar
membrane (Viemeister, 1979). A second model - a temporal integration following
band-pass filtering by the basilar membrane has been proposed (Moore, Glasberg,
Plack, & Biswas, 1988).
modulation

Dau, Kollmeier and Kohlrausch (1997) have proposed a

frequency filterbank following

basilar membrane filtering

as

an

explanation for the low pass characteristic for the TMTF. While the data of Menell,
McAnally and Stein (1999) are consistent with either a reduction of the cut-off
frequency of the low-pass filter, an increase in integration time, or reduced sensitivity
to the output of a modulation filterbank in dyslexic listeners, there is no consensus
regarding the exact model for AM sensitivity in dyslexia. Thus the exact nature of
the auditory temporal processing deficit in dyslexics needs further research, followed
by intervention studies to establish a causal connection between sound phase and
auditory processing.

Similarly an intervention study is required to demonstrate a

causal connection between reduced FM and AM sensitivity in dyslexics and their
phonological ability.
The same limitations can be levelled at M-cell somaesthetic function and there is a
similar requirement for intervention studies to show causality in this domain.
A possible intractable problem for the MDH relates to the heavy magnocellular
projections to the cerebellum - it is neither neurally nor structurally autonomous from
the cerebellum and separation of their respective functions may be impossible.
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However the interest of current day scientists in the study of dyslexia may facilitate
the formation of interdisciplinary teams and imaging techniques to advance the MDH
as a global explanation of dyslexia.
Finally Stein (2001) suggests that the M-cell defect would be at a selective
disadvantage due to the danger involved in reduced sensitivity to visual motion or
auditory change. The allele causing M-cell impairment must carry a compensating
advantage in the gene, as so many survive in the genome. The high incidence of
dyslexia suggests that M-cell impairments may be one component of a balanced
polymorphism that also carries advantages.

However, very little is known about

what these components are.
From these limitations it is clear that a great deal of work has yet to be done in the
MDH.
The above section laid out the theoretical evidence for an impaired M-cell system.
M-cells are found in profusion in the motor system which has a role in all kinds of
movement.
Although there are differences among workers in the MDH of dyslexia, there are also
areas of agreement. These areas of agreement are of great import to those who are
interested in the wide range of difficulties experienced by dyslexics.

From the

research we can conclude that dyslexics have deficits in thalamic nuclei (MGN &
LGN) and in the motor and somatosensory systems which could explain dyslexics’
difficulties outside of phonology.

These deficits suggest themselves as possible

areas to explore successfully. Screening sub-tests tapping M-cell function in several
systems may be very suitable for young children as they do not relate explicitly to
academic function.

A variety of modalities may be represented in these tasks

making an interesting and enjoyable contribution to an early screening battery.
The next section examines the evidence for many impairments in dyslexics which is
thought to reflect a difficulty in learning.

2.7 - The Dyslexia Automatization Deficit (DAD) Hypothesis
Some theories cannot explain the range of dyslexics’ non-verbal deficits. At various
times in the last century the presence of motor deficits were acknowledged in the
behaviour of dyslexics. Orton (1925) commented on bimanual clumsiness, motor in56

coordination, poor balance and walking and talking delays in his dyslexics. Critchley
(1970) cited reports of fine motor coordination and perceptuo-motor difficulties
among dyslexics.

Augur (1985) lists the main categories of dyslexics’ non-verbal

and motor problems including fatigue and concentration problems, while Haslum
(1989) noted two factors associated with dyslexia in the 1970 birth cohort were in
motor coordination tasks.

Miles (1993) highlights the clumsiness frequently

associated with dyslexics, together with the well-known coordination difficulties
experienced by them in tasks such as learning to ride a bike or fastening their
shoelaces.
Dyslexics may also have fine motor problems such as excruciatingly poor
handwriting and difficulty in copying shapes (F. W. Owen, 1971; Rudel, 1985).
However, they show judgment of self reproductive accuracy close to that of
professional psychologists in choice of shape most similar to the original (Benton &
Pearl, 1978), quoted in Rudel (1985).

Dyslexics are poorer than controls at

unimanual peg-moving (e.g. Nicolson & Fawcett, 1994a, 1994b).
A perspicacious point is made by Denckla, (1985) and Rudel (1985) who noted that
certain task sequences, such as body part alternations, were difficult for dyslexics
when learning to execute them, but, once learned, the sequences were executed at
normal speeds.
Other authors demonstrated a persistent motor difficulty into adulthood in their
dyslexics.

For example Kinsbourne et al. (1991) showed that their most severe

dyslexics were impaired in executing sequential finger-tapping and alternating heelt(oe tapping tasks which suggested neuro-motor impairment in severe dyslexics.
This echoed Orton (1925) who opined that motor problems of severe dyslexics were
due to control delay of motor mechanisms. One of the motor delay areas mentioned
by Orton (1925) in his older dyslexics was absence of nicety of balance. Nicolson
and Fawcett (1990) hypothesised that the nature of the dyslexic deficit is not limited
to reading and that the reading deficit is merely a symptom of a more general, more
p>ervasive deficit in the acquisition of skill. Like Orton, Nicolson and Fawcett (1990)
found similar problems in the adolescent dyslexics who were significantly impaired
compared to controls under dual task beam-balance conditions but not when
pierforming under single task conditions. Thus Nicolson and Fawcett (1990, 1994a)
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held that when a task makes demands of the allocation of attention, even in primitive
tasks such as balancing, dyslexics are at a disadvantage because of failure to
balance automatically. In contrast they balance well when concentrating on the task.
Nicolson and Fawcett view dyslexia as a learning disability within a learning
framework.

The reading requirement is viewed as children attempting skill at

mastery level. This concurs with Adams (1990) in her overview and analysis of the
teaching of reading.
“Laboratory research indicates that the most critical factor beneath fluent word
reading is the ability to recognise letters, spelling patterns and whole words
effortlessly, automatically and visually.

The central goal of all reading instruction-

comprehension depends critically on this ability”. (Adams, 1990, p. 54).
Almost all dyslexics have difficulty achieving automatic mastery in reading. Even in
the case of individuals with reasonably good literacy skills (on compensated
dyslexics), their reading is slower, more effortful and less automatic than unimpaired
similar-age peers. Nicolson and Fawcett (1990) view reading development as skill
development.

They thus propose the Dyslexia Automatization Deficit (DAD)

Hypothesis - that children with dyslexia have unusual difficulties in automatizing any
learned skill, be it motor or cognitive, despite extensive practice.

Support for this

view comes from knowledge that dyslexics show deficits in any scrutinized skill e.g.
phonological awareness, memory, motor or speed of processing.
Writers such as Augur (1985) found that dyslexics may appear to show normal skill
performance but on close observation show unusual concentration lapses and tire
more easily in performing tasks.
concentration.

However, they succeed by continued effort in

Nicolson and Fawcett (1990) thus coined a linked Conscious

Compensation (CC) Hypothesis: despite dyslexics’ more limited skill in automaticity,
they can usually perform within normal limits by controlled (instead of automatic)
processing by consciously compensating/ concentrating on (thus minimizing or
masking the deficit) in the task in hand. Problems nevertheless remain apparent in
skills needing rapid performance or fluent interplay of a range of skills.

The CC

Hypothesis predicts three well known characteristics of dyslexic performance: it
breaks down primarily for resource intensive tasks (e.g. reading); it is particularly
susceptible to stress; and it can be maintained over short periods. Thus, dyslexia is
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seen as an automatization reading deficit but when conscious compensation is
exerted, performance improves.
Strong support for the DAD/CC hypothesis came from rigorous investigation of
balance in dyslexic and non-dyslexic children matched for age and IQ (Nicolson &
Fawcett, 1990).

In a single balance task there were no inter-group differences.

However, under dual task conditions dyslexics evidenced significant balance
impairment (indicating lack of balance automaticity) compared to controls.

Even

more convincing were results from individuals. Sixteen of the twenty-three dyslexics
were unable to inhibit extraneous movements or maintain balance for the easier twofoot balance under dual task conditions, whereas controls had no such problems.
Twenty-two of the twenty-three dyslexics showed deteriorating balance under dual
task conditions while controls’ performance, improved probably due to practice
effects. In a second experiment Nicolson and Fawcett (1990) found that there was a
strongly significant impairment on primary task performance for dyslexics on the dual
task as opposed to the single tasks.

Also dyslexics’ performance was worse in

speed and accuracy of response under dual task conditions, indicating that
dyslexics’ impaired performance on the primary task in dual-task conditions could not
be attributed to over-concentration on the secondary task.
results as supportive of the CC hypothesis.

They construe their

Their findings embarrass reading-

specific hypotheses for the underlying cause of dyslexic children’s problems whereas
the selective nature of the deficit was exactly as predicted by the automatization
deficit hypothesis. Further support for the DAD/CC Hypothesis comes from a series
of experiments with young dyslexics and from blindfold experiments (Fawcett &
Nicolson, 1992) to prevent conscious compensation. Experiments with the younger
dyslexics and experiments using blindfold balance produced quantitatively similar
results; the dyslexics evidenced more profound impairment in each experiment.
Replication of these general findings by Yap and van der Leij, (1994) with Dutch
children lends further support for the DAD hypothesis. The above findings constitute
strong support for the DAD hypothesis in that it alone, of all the major dyslexia
theories, predicts the pattern of results obtained.

However, generalisation is

considered inadvisable due to small sample size and lack of information regarding
other deficits in the dyslexic participants. The authors also found that although their
matched adolescents and controls showed similar levels of simple balance and
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accuracy of response on a go/no go reaction time task alone, they were slower than
controls in task performance. Two further important findings lend support to the DAD
hypothesis.

Within-participant investigations showed that both groups of dyslexic

adolescents were impaired in dual beam balance/reaction-time task performance. In
training for the go/no go reaction time task, the dyslexics needed up to four practice
sessions to reach criterion while controls needed little practice to reach it. These
findings suggested to the authors that the dyslexic disability is a general learning one
for any skill
“confined to the final stage of skill mastery - the stage where the skill normally
becomes so fluent that it occurs “automatically” without the need for conscious
control” (Fawcett & Nicolson, 1992, p. 508).
The authors acknowledge the critical role of phonological deficits in dyslexia and
view them in terms of a general learning deficit framework. Normally phonological
skills are a product of teaching/learning experience and are among the earliest skills
to achieve automaticity.

The authors propose that the phonological problems of

dyslexic children would be predicted by the DAD hypothesis:
“the phonological deficits found among dyslexic children and interpreted naturally as
a special case, albeit crucial to development of reading skill, of an automatization
deficit” {fawcetX & Nicolson, 1992, p. 525).
The Nicolson and Fawcett (1994b) findings also reflected slow processing and
support the idea of a general deficit in classification speed as well as in processing
speed for lexical items.
However, the dyslexic deficits shown by the above findings were in addition to the
difficulties that other research groups had revealed - difficulties such as phonology,
speed, motor skill, visual flicker, binocular control and auditory perception.

It was

unclear to the Sheffield Research Group whether the difficulties related to a range of
deficits or a specific deficit such as phonology. Fawcett and Nicolson (1994, 1995b)
and Nicolson and Fawcett, (Nicolson & Fawcett, 1994a, 1995b) tested the range of
primitive skills in the major modalities as well as tests of phonological skill, working
memory, information processing speed and motor skill which might be affected by
dyslexia. They found that the dyslexics’ performance was significantly below their
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CA controls in almost all tests of primitive skill and in naming speed, phonological
and motor skill, non-word repetition and articulation rate. In general the performance
of the dyslexics was somewhat below the RA controls but the dyslexics were
significantly superior to RA controls for simple reaction time.

However, their

performance was significantly poorer than their RA controls for phonological skills,
naming speed, bead threading and dual task balance or blindfold balance.
Inspection of individual data indicated only 3 of 33 dyslexic participants were not at
risk for dual task balance and one-foot balance and even they showed a deficit in
two-foot blindfold balance.

Furthermore, 90% of dyslexics who performed three

disparate tests of dual task balance, segmentation and picture naming speed were at
risk on at least two of these disparate tests, suggesting to the authors that this
contributed evidence against pure phonological dyslexia, against a more general
linguistic deficit hypothesis, and even against subtypes of dyslexia. The qualitative
aspects of performance were considered consistent with automatization deficit.
The DAD hypothesis proved a very exciting, fruitful departure in dyslexia research
and ran counter to mainstream dyslexia research which curiously had avoided
placing dyslexia research within a learning framework. However, it has its limitations
which are briefly described below.
2.7.1 - Limitations of the DAD Hypothesis

Nicolson and Fawcett (1990) suggest that the DAD hypothesis “may provide at least
a partial explanation of the cause of dyslexic children’s problems" (p. 176) and
Nicolson and Fawcett (1995b) acknowledge the limitations of the DAD hypothesis as
“a reasonable general description of the symptoms but not a complete explanation of
the cause of dyslexia" (p. 34). Nicolson and Fawcett (1999) acknowledge that the
automatization deficit explains neither the cause nor the specific pattern of difficulties
and that an explanation “must surely appeal to deeper levels within the brain”
(Nicolson & Fawcett, 1995b, p. 34) to answer the question why dyslexics have the
skill automatization problem to begin with.
From the DAD hypothesis we can conclude that dyslexics do indeed have a range of
deficits which relate to imperfect mastery of any skill including the most primitive
skills.

This suggests to those interested in screening test development that any

modality can be tapped. Moreover, performance should be timed as those at risk of
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dyslexia may perform tasks more slowly than their peers. The contribution of the
DAD hypothesis broadens the range of possible subtests to tap any process
including balance.
The questions raised from the Sheffield Groups DAD hypothesis development led
them to a fruitful period of cerebellar research which is described in detail below.

2.8 - The Cerebellar Deficit Hypothesis (CDH) of Dyslexia.
For many years investigators have drawn attention to the range of difficulties
experienced by dyslexics many of which were outside the language domain and
could not be accounted for by the PDH.

For example, Critchley (1970) noted

dyslexics’ fine motor coordination and perception in motor deficits while Wolff, Cohen
and Drake (1984) noted dyslexics’ difficulties with inter-limb coordination, rapid
repetition of syllable-string sequences and rapid automatized naming (RAN) tasks.
Also Augur (1985) reported a litany of motor difficulties in young school children.
Furthermore, Denckla (1985) and Rudel (1985) highlighted soft cerebellar signs
exhibited by many dyslexics such as clumsiness. Indeed Denckla (1985) notes “the
considerable misunderstanding” of the non-specific developmental awkwardness
often seen as a correlate of dyslexia which some may attribute to cerebellar
dysfunction (p.187). Other authors revealed the gross motor difficulties of dyslexics
such as walking backwards and catching a ball (Haslum, 1989).

Dyslexics’ have

difficulties with primitive, gross motor balance skill, revealed by Nicolson and Fawcett
(1990) and Fawcett and Nicolson (1992), a skill which is known to engage the
vestibular cerebellar system. The former study demonstrated deficits even in simple
balance in dyslexic adolescents.

Extending these findings Fawcett and Nicolson

(1992) demonstrated that two groups of dyslexics could balance normally in simple
balance conditions but their balance ability deteriorated even more than RA controls
under dual task conditions or when balancing blindfold as described earlier.
The Sheffield Team gradually demonstrated the nature, incidence, effects and range
of deficits (e.g., Nicolson & Fawcett, 1995b) experienced by their panel compared to
controls, such as persistent motor difficulties and deficits in naming speed, bead
threading, information processing speed, working memory, balance as well as
phonological impairment. Other authors have revealed visual impairments (such as
visual flicker and binocular control) and auditory perception difficulties.

A causal
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theoretical account of these cross-modal deficits suggested to the Sheffield Team
that cerebellar disturbance was the likely cause of the deficits. Many investigators
have contributed to awareness of the cerebellum’s role in cognition and language.
For example Leiner, Leiner and Dow (1989) highlighted the information-processing
contribution of the cerebellum in ameliorating all cerebral functions including
cognition and language. The role of cerebellar-frontal networks was revealed. For
example projections from the cerebellar cortex via the ventrolateral dentate nucleus
to the frontal cortex are thought to be involved in language (Ojemann & Creutzfeld,
1987). Leiner, Leiner and Dow (1989) also cite evidence from fronto-cerebellar and
pre-frontal-cerebellar projections which are involved in cognition and language. One
pathway projects via pontine nuclei to the cerebellum while another projects via the
red nucleus and inferior olive to the lateral cerebellum (Nathan & Smith, 1982). The
latter pathway is thought to be involved in word finding and articulation programming
for these words.
Further evidence from cerebellar patients yielded valuable information regarding
cerebellar contribution to cognition.

For example, Schmahmann and Sherman

(1998), describing the cerebellar cognitive affective syndrome in cerebellar patients,
demonstrated

impaired

executive

function

often

with

perseveration,

distractibility/inattention, impaired visuo-spatial organisation, memory, language
production and affect

Leggio et al. (2000) demonstrated that their cerebellar

patients were impaired in word production beginning with specific letter sounds but
not for production of semantic categories such as furniture. Importantly, Fulbright et
al. (1999) demonstrated with fMRI that the cerebellum is involved in reading and
differentially activates according to the component processes of word identification in
reading such as phonological assembly and semantic processing.
The Sheffield Group proposed the Cerebellar Deficit Hypothesis (CDH) which holds
that the range of problems associated with dyslexia is caused by mild cerebellar
impairment.

Abnormalities in the language specialist circuits were suggested to

underlie difficulties with acquisition of automaticity in language expression and
reception leading to phonological problems.

Often, other non-language processes

are implicated leading to attendant motor problems. In line with this there is a great
deal of research evidence from behavioural, neuroanatomical and neuroimaging
studies that the pattern of difficulty shown by dyslexics is consistent with the CDH.
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2.8.1 - Behavioural Evidence Supportive of the CDH.

Evidence supportive of the CDH has gradually unfolded.

For example, Frank and

Levinson (1993) reported cerebellar dysfunction in 97% of their persistently poor
readers and that randomly selected participants for neurological examination all
exhibited cerebellar deficit.

Levinson (1988) reported one or more cerebellar

vestibular dysfunction signs in 99.5% of his poor readers. Research by the Sheffield
Team demonstrated that dyslexics were significantly poorer at dual task and
blindfold balance (e.g., Fawcett & Nicolson, 1992; Nicolson & Fawcett, 1990).
Furthermore, in a replication of the Dow and Moruzzi (1958) battery of clinical
cerebellar tests, Fawcett, Nicolson and Dean (1996) showed that in comparison to
controls, dyslexics performed significantly worse on 11 of the total of 14 tests with
near significant impairment on tremor and muscle tone. Analysis of the comparative
performance of their participants supports the predictions of the CDH: dyslexics
showed deficits on all cerebellar tests compared to CA controls, while compared to
RA controls they showed deficits in the majority of tests. Indeed performance of the
18 year old dyslexics was consistently inferior to that of controls 8 years younger.
Analysis of effect sizes indicated that the degree of impairment in many tasks was
greater than that for reading. There were clear group effects; dyslexics were ranked
1 - 2 9 for mean effect size while controls were ranked 30 - 55. In terms of severity
28 of 29 dyslexics were impaired on at least 8 of the 14 tests, all 3 test categories
indicated

strong

effects;

all 29 dyslexics demonstrated

impairment in arm

displacement, 28 were impaired on postural stability and 23 showed impairment on
finger-thumb opposition.

Thus, clearly, the Sheffield Panel dyslexics showed

impairment on the known cerebellar conditions of dystonia, disequilibrium and
discoordination.
Nicolson, (1999).

These results are underscored and extended by Fawcett and
Using a range of cerebellar and other dyslexia sensitive tests,

similar effect sizes were demonstrated in a different, larger population and even
where IQ was controlled, demonstrating generalisability of the results of the previous
study. Effect sizes were comparable with reading and spelling deficits. Analysis of
group and effect sizes showed that the dyslexics were significantly worse than CA
controls.

It was found that 68% to 86% of dyslexics were at-risk on 3 of the

cerebellar tasks compared to 16% to 18% of controls.

The high at-risk incidence for

dyslexics in both studies suggests widespread cerebellar impairment which may
generally be found in dyslexic populations.

Nicolson and Fawcett (1999) construe
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their findings as supportive of the CDH.

The existence of cerebellar-cerebral

networks and the severity of classic cerebellar signs suggest that the cerebellum is a
key structure involved in dyslexia and that cerebellar sensitive tests have the
potential to identify young at-risk school children.
Further support for the CDH is afforded by Moe-Nilssen et al. (2003). Using triaxial
accelerometry and continuous data on standing balance and gait, these authors
reported that all unperturbed standing balance tests (eyes open) showed significant
group differences and correctly classified 70 - 77.5% of participants into their
respective groups.

Intergroup differences in that very fast walking also, correctly

classified 77.5% and 85% of participants on flat and uneven surfaces respectively.
There were significant group differences for cadence at normalised walking speed.
The authors also demonstrated that when walking on uneven surface compared to a
flat surface, measures of very fast walking speed together with cadence at a
normalised speed discriminated between groups.

Pope and Whiteley (2003)

proposed that an imbalance of signals entering or leaving the cerebellum could
cause deficits in postural stability and many other cerebellar deficits associated with
dyslexia.

Research involving the timing capacity of the cerebellum lends indirect

support to the CDH. Nicolson, Fawcett and Dean (1995) replicating Ivry and Keele’s
(1989) study of acute cerebellar patients, found that their dyslexics had specific time
estimation deficits but not loudness estimation deficits.
disassociation to be specific to cerebellar patients.

Ivry and Keele held this

The Nicolson et al. (1995)

participants exhibited significant temporal estimation deficits compared to even RA
controls, but no loudness estimation deficits. Analysis of variance showed that the
time estimation analysis showed a significant main effect of dyslexia. The authors
hold that these results offer strong, stringent support for the CDH especially because
no other current theory of dyslexia would predict such a pattern of results. The CDH
would strongly predict that time estimation would be one of the severest deficits
demonstrated by dyslexics.
(1993).

This prediction was upheld by Nicolson and Fawcett

In that study, time estimation had the third largest effect size (-3.63) after

dual task balance and spelling and was equal to those for segmentation, blindfold
balance and reading. In contrast to the high time estimation effect size, loudness
estimation showed a very weak effect size (0.52).
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Further support for impaired cerebellar timing function is provided by Overy (2000).
Time estimation is involved in musical timing and rhythm. Overy found that her atrisk participants scored significantly lower than controls on tests involving timing
skills and particularly on rhythm copying.
differences on pitch skill tests.

There were no significant group

Overy et al. (2003) confirmed and extended these

findings. They found that their dyslexic group were worse than their age and IQmatched controls on rhythm and rapid skills tasks and on timbre discrimination
(thought to involve rapid temporal processing skill during the initial transient of the
sound). The dyslexics also performed worse than controls when tapping the beat
and singing but were significantly superior to controls in pitch discrimination. Overy
et al.’s (2003) analysis indicated an interesting correlation between spelling ability
and rhythm tapping skill, both of which rely on phonological segmentation.
Furthermore there was a higher correlation in higher scoring controls in both tasks
leading Overy to suggest that rhythm extraction, arguably a cerebellar process, may
lend a phonological advantage to spelling.
Dyslexics exhibit difficulties in a range of areas and cerebellar processes including
balance and time estimation.

They also exhibit learning difficulties. For example,

Nicolson and Fawcett (2000) present evidence from long-term training on a keyboard
spatial task and a choice reaction task which suggests that children with dyslexia
suffer from cerebellar deficit.

An analysis of effect size and incidence data

demonstrated that for completely novel skills the dyslexics’ final performance was
slower and less accurate than normal (There were effect sizes of -2.29 and -1.88 for
foot press choice reaction time and overall choice reaction errors respectively). With
practised skills, even if performance was normal when the task was executed alone,
a deficit was evidenced when dyslexics were required to blend that skill into a more
complex skill. (The effect size of hand press choice reaction was -1.62).

The

learning rate with practice was relatively impaired leading to a final slower and more
error-prone performance (effect size -1.88). In the case of complex skills (Pacman)
initial performance was much slower and more error prone with effect sizes of -4.99
(time) and -3.52 (errors). Dyslexics’ error elimination was relatively impaired (-0.61)
but their final performance remained much slower and more error prone that the nondyslexics (-4.16 [time] and -2.79 [errors]).
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In the case of strength of automatization after extended training, as assessed by (i)
resistance to unlearning, the dyslexic group were noticeably more impaired by the
key mapping change (effect size -2.35 with 82% of dyslexics deviant). For (ii) ease
of unlearning, there was equivalent skill retention over a year (effect size -0.13) and
for (iii) dual task performance, there was equivalent impairment (effect size =0.10)
Overall, it could be said that dyslexics appeared unimpaired in ability to acquire new
skills and show normal strength of automatization after long practice.

However

dyslexics seemed to experience greater difficulty blending existing skills into a new
skill and their performance at asymptotic levels was slower and more error prone.
These difficulties suggest the possible underlying mechanism for dyslexic deficits
and which Nicolson and Fawcett (2000) hold as specifically supportive of the CDH.
Further behavioural evidence for cerebellar abnormality in dyslexia is offered by
several studies in eye-blink conditioning which is a well characterized system for the
study of cerebellar dependent learning and memory (Thompson, 1986).

The

cerebellum appears to play a regulatory role in the precise timing of the learned
response through regulation of response latency and duration, to ensure corneal
protection (Raymond, Lisberger, & Mauk, 1996).

Several investigators provide

evidence of differences in eye-blink conditioning and presumably cerebellar
functioning in dyslexics. For example, Coffin and Jones (1999) noted the failure of
young adult dyslexics to acquire the learned response.

They also noticed

impairments in response latency. Furthermore, Coffin and Boegle (2000) illustrated
that their college age dyslexics failed to achieve the learning criterion of 8/9
conditioned responses (CRs) after five consecutive days of training and performed at
a lower rate than controls. Dyslexics’ response latency was also longer across all
five sessions. These findings are supported by Nicolson, Daum, Schugens, Fawcett
and Schulz’s (2002) eye-blink classical conditioning study.

These authors found

evidence suggestive of cerebellar dysfunction as 25% of their dyslexics did not
condition at all. There was no significant difference between dyslexics and controls
in the number of CRs made. However, 50% of dyslexics showed abnormally poor
timing of the CR and/or lack of habituation of the orienting responses (OR).
Specifically there were subtle deficits in the timing of the CRs; they did not optimally
time the CR to occur before the air-puff.

These findings are consistent with the

Nicolson et al., (1995) reported deficits observed in dyslexics’ performance on a time
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estimated task.

The Nicolson et al. (2002) study also found between-group

differences in the number of orienting responses (ORs) made to the conditional
stimulus (CS) suggesting abnormal dyslexic habituation. The authors consider the
OR habituation data particularly interesting and it may possibly indicate cerebellar
vermis anomaly (e.g. Maschke, et al., 2000).

The authors suggest that lack of

habituation, reflecting cerebellar structural anomalies, could lead to failure in optimal
performance tuning and to difficulty with elimination of unwanted response elements.
This analysis could be consistent with the widely-acknowledged intractable dyslexic
difficulties with spelling and distinguishing left from right.

The findings of the

Nicolson et al. (2002) study are supported by Coffin et al.’s (2005) comparative study
of eye-blink conditioning in children with foetal alcohol exposure, ADHD and
dyslexia.

They found that dyslexics rarely achieved more than 10% CRs.

The

results for dyslexics’ response latency are relatively similar; in both studies dyslexics’
response latency was non-adaptive, remaining fixed throughout conditioning trials.
These learning differences may reflect structural anomalies in cerebellar cortical
Purkinje cells which are hypothesized to modulate the expression of CRs; lobule HVI is more strongly associated with conditioning rate and amplitude of the CR, while
regions of the anterior lobe of the cerebellum appear strongly related to normal
timing of the CR (Steinmetz, 2000).

These behavioural findings provide further

converging evidence of cerebellar anomalies in dyslexia and thus further support for
the CDH. Neuroimaging studies also enhance support for cerebellar anomalies in
dyslexia.
2.8.2 - Neuroimaging Evidence Supportive of the CDH

Several imaging studies provide support for the CDH.

Indeed the findings of

Nicolson and Fawcett (2000) above, in particular, are supported by data from
Jenkins, Brooks, Nixon, and Frackowiak (1994). These latter investigators used a
learning paradigm while PET monitoring the regional cerebral blood flow (rCBF) in
each of three conditions: rest, a prelearned motor sequence and learning a novel
sequence.

Results indicated widespread activation differences in cerebral,

cerebellar and other structures according to task demands.

Of particular interest

were cerebellar rCBF differences: the cerebellum was activated for pre-learned
sequences and learning new sequences but activation was greater in degree and
more extensive in new learning. From this the authors conclude that “the cerebellum
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is involved in the process by which motor tasks become automatic” (p.3775).

A

second conclusion drawn was that learning new sequences of motor actions
activates the prefrontal cortex.
Using a similar key sequence learning task Nicolson, Fawcett, Berry, et al. (1999)
extended the evidence of Jenkins et al. (1994) and provided further supportive
neuroimaging evidence for the CDH. They demonstrated widespread comparative
activation differences between conditions in their participants. For example for prelearned versus rest conditions the controls increased activation in the right
cerebellum and the left cingulate gyrus while dyslexics did not show a significantly
greater increase in any brain area.

In the case of new sequence learning versus

rest, the right cerebellum was significantly increased for controls while, most
strikingly, dyslexics exhibited significantly greater activation increases in the right
and medial prefrontal, bilateral temporal and bilateral parietal cortices. Furthermore,
in a comparison of activation differences between new sequence and pre-learned
sequences, controls exhibited significantly greater increases in the left middle frontal
gyrus while dyslexics showed significantly greater increases in large pre-motor and
prefrontal cortical areas.
Single voxel analysis of rCBF increases in the cerebellar cortex for pre-learned
versus rest shows a mean increase of 0.8% for dyslexics versus 6.4% for controls.
A similar analysis for new sequence learning showed lower activation increases for
dyslexics (2.0%) versus 8.7% for controls. The authors conclude that the cerebellum
does not contribute towards the acquisition of motor sequences in the same way for
dyslexics as for non-dyslexics.

For the latter, group results suggest that the

cerebellum is involved in motor task automatization and with continued cerebellar
involvement after achieving automaticity.
Analysis of individual data for right cerebellar voxels showed mean control rCBF
increases across the two tasks ranged from 2.6% to 10.2% (mean 7.5%) whereas
that for dyslexics ranged from -1.5% to 3.9%

(mean 1.4%).

Similar analyses of

rCBF increases in both the cerebellar vermis and left cerebellum yielded similar
results.

Indeed, when rCBF increases for all three regions were considered

together, controls demonstrated 5.6% and 7.8% increases for pre-learned and new
sequences respectively while those of dyslexics were a negligible 0.9% and 0.5%
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respectively.

These data provide incontrovertible direct evidence of dyslexics’

abnormal cerebellar activation while executing automatic level motor tasks and
learning new tasks. Such statistics support behavioural evidence that up to 80% of
dyslexic children

show cerebellar deficits (Fawcett & Nicolson,

1999) and

(quintessential cerebellar) time estimation deficits (Nicolson, et al., 1995).
The Nicolson et al. (1999) data are consistent with Rae et al.’s (1998) magnetic
resonance spectroscopy study of metabolic abnormality in developmental dyslexia.
These authors found a decrease in the dyslexics’ metabolic Cho/NA ratio in the left
temporo-parietal lobe. This level was even lower than the Cho/NA ratio of the right
side. In the cerebellum they found a significant decrease in the Cho/NA ratio in the
right cerebellum with a non significant trend to elevated ratio of Cre/NA in the left
cerebellum. Significant contralateral differences in the Cre/NA ratio in the dyslexic
cerebellum were also found.

These abnormalities are interpreted as indicating a

Cho bilateral decrease with a NA increase on the right and decrease on the left.
They are also interpreted as possibly due to cerebellar cell density or altered rates of
metabolic activity (Miller, Chang, & Booth, 1996).
Evidence of neuroanatomical cerebellar differences has afforded real evidence for
cerebellar involvement in dyslexia. The following section outlines some evidence for
CDH support from such studies.
2.8.3 - Neuroanatomical Support for the CDH

Many studies have demonstrated anomalous cerebellar structural differences in
dyslexics.

For example Finch, Nicolson, and Fawcett (2002) revealed that,

compared to controls, dyslexics had significantly larger Purkinje cells in the posterior
cerebellar cortex and a non-significant same-pattern trend in the anterior cerebellar
cortex. The greatest cell size differences were in the medial (Crus II) and
paramedian lobule. Significant Purkinje cell size distribution differences were also
found in the anterior and posterior cerebellar lobes and in the inferior olive.

The

distributional difference was similar in all areas, with fewer small and larger cells in
dyslexics’ olivo-cerebellar circuits compared to controls.

Finch et al. (2002)

speculate on the effects of cell size alteration on the representation of head and
upper body in the cerebellum. They proposed that cell size alteration may explain
dyslexic children’s abnormal speech production which is hypothesized to underlie
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dyslexics’ phonological deficits (Snowling & Hulme, 1994). The Finch et al. finding of
paramedian lobule anomalies is also consistent with the behavioural findings of
Fawcett et al. (1996) who argue that cerebellar deficits underlie early speech
problems which require highly coordinated articulators in the head and neck. Finch
et al. (2002) also argue that deviant input from the inferior olive via climbing fibres to
the cerebellum is the source of error/training signals for cerebellar processing. Their
findings are consistent with those of the Nicolson and Fawcett (2000) longitudinal
learning study which showed tuning and error elimination difficulties in dyslexics’
performance.
Their findings are also consistent with W. E. Brown et al.’s (2001) MRI study which
found structural cerebral and cerebellar anomalies.

Included in these cerebral

anomalies was a decrease of frontal lobe grey matter in the left orbital gyrus and
frontal pole and bilaterally in the inferior and superior frontal gyri and the precentral
gyrus. There was also a grey matter decrease in the head of the caudate nucleus
and thalamus and in the semi lunar lobules of the cerebellum.
These findings are consistent with Rae et al. (2002) who showed that dyslexics
tended to have symmetric cerebellar grey matter whereas controls had a larger right
cerebellum.

They partly ascribe this to reduced volume of right cerebellar grey

matter rather than white matter volume which was similar in dyslexics and controls.
These authors found a correlation between the severity of dyslexics non-word
decoding and their degree of cerebellar symmetry. Those with symmetric cerebella
made more errors. They also found that the left cerebellar Cho/NA ratio correlated
with left total/right total cerebellar volume in controls but did not reach significance in
dyslexics.

Also in controls, left cerebellar Cho/NA correlated with left total/total

volume and with right total/total volume but did not reach significance in dyslexics.
There was no correlation between any metabolite ratio from the right cerebellum and
any volumetric ratio of dyslexics or controls. This suggested to the authors that left
cerebellar biology/biochemistry is related to cerebellar asymmetry while right
cerebellar histology/ biochemistry is not.
The Rae et al., (2002) findings are consistent with Leonard et al.’s (2001) imaging
study which found that their adult dyslexics tended to exhibit duplication of left
Heschl’s gyrus, extreme leftward asymmetry of the planum temporale and parietal
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and leftward cerebral asymmetry. They found a small right ANT. They also found
that the probability of a dyslexia diagnosis increased with the additional presence of
each anatomical measure.
The findings of Eckert et al. (2003) are consistent with the previously mentioned
structural anomalies in dyslexia. These authors provide evidence of an anomalous
frontal-cerebellar network which may constitute a neural substrate for dyslexia.

In

line with a recurring theme of structural difference involving small right anterior lobes
of the cerebellum and/or inferior frontal gyrus, Eckert et al.’s (2003) young dyslexics
showed significantly smaller right anterior cerebellar lobes (ANT), pars triangularis
(PTR) bilaterally and brain volume. Measures of right cerebellar (ANT) anterior lobe
and PTR bilaterally correctly classified 88% of controls and 72% of dyslexics (65% of
whom evidenced a double deficit and 94% had RAN deficits). Also, after controlling
for brain volume, these brain areas significantly contributed to dyslexic subtype
classification.

Furthermore, correlational analysis showed a significant relationship

between neuroanatomical and reading, spelling and language measures. The same
three anatomical measures accounted for 20%, 20% and 41% of variance in elision,
orthographic coding and RAN respectively.

The three areas predicted the same

variance in elision performance while the right ANT uniquely predicted orthographic
coding. The analyses also showed that, while there was shared variance in RAN
between right ANT and brain volume, the right ANT and right and left PTR all
uniquely predicted RAN after controlling for brain volume.
The above evidence provides very strong support for the CDH as measures of the
right ANT and inferior frontal gyrus distinguished dyslexics from controls with high
probability.

The measures each contributed to subset classification of dyslexic

participants by distinguishing them from controls as a group and by predicting
reading skill across the sample. The authors suggest that frontal cerebellar deficits
could lead to dyslexia and that their results show cerebellar involvement in reading.
The Eckert et al. (2003) results are widely supported by the emerging literature
which shows a critical role for the right cerebellum in literacy (e.g. Akshoomoff,
Courchesne, Press, & Iragui, 1992; Riva & Giorgi, 2000; Scott, et al., 2001).

For

example, Riva and Giorgi found poor naming performance in a child with right
cerebellar tumours, while Scott et al. (2001) found that children with right cerebellar
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tumours showed poor verbal and literacy performance compared to children with left
cerebellar tumours who showed spatial difficulties.
The rich projections from the lateral pre-frontal cortex, superior temporal sulcus and
posterior parietal association cortices connect to the cerebellum via pontine nuclei
(e.g. Schmahmann, 1997) and projections from the cerebellum to these association
cortices through the thalamus (Middleton & Strick, 1997) are consistent with the idea
that cerebellar or frontal anomalies may have downstream effects on the architecture
and function of either area.

The Eckert et al. (2003) dyslexics had problems in

learning to read and in reading rate for single words and text, consistent with the role
of the cerebellum in precise timing.
The findings of Eckert et al. (2003) in relation to the smaller size of dyslexics’ left and
right PTR are consistent with results identifying bilateral area and/or volume
differences in the inferior frontal gyri of dyslexic and control adults (W. E. Brown, et
al., 2001; Robichon, Bouchard, Demonet, & Habib, 2000). Their findings are also
consistent with the idea that early frontal lobe dysfunction may play a role in the
development of dyslexia. For example, Heilman et al. (1996) claimed that left inferior
frontal lobe dysfunction could explain dyslexic symptoms in relation to motor
feedback. Support for this idea comes from clinical and normal populations.

For

example, Adair et al. (1999) found that patients with left anterior peri-sylvian lesions
were incapable of making grapheme to phoneme conversions, while normally
developing individuals exhibit inferior frontal gyrus activation during that task
(Fiebach, Friederici, Muller, & von Cramon, 2002; Newman & Twieg, 2001). This
region, however, is activated abnormally in dyslexics (Georgiewa, et al., 2002;
Shaywitz, etal., 1998).
The anatomical findings of Eckert et al. (2003) for a frontal-cerebellar network, are
consistent with
processing.

research

showing

its importance for language and

literacy

Functional imaging studies reported left inferior frontal and right

cerebellar hemisphere activation during such tasks as fluency (Schlosser, et al.,
1998), linguistic working memory (Desmond, Gabrieli, Wagner, Ginier, & Glover,
1997) and rapid production of consonant - vowel stimuli (Wildgruber, Ackermann, &
Grodd, 2001). Furthermore Metter et al. (1987) reported right cerebellar hemisphere
hypo-activation in aphasic patients with left inferior frontal damage.
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Eckert et al.’s (2003) findings indicate that frontal-cerebellar network impairments
may explain delayed reading development in dyslexia. They suggest the network
may be important for the temporal processing of verbal utterances or for error
correction or for the precise timing mechanism hypothesized by Wolf and Bowers
(1999) to underpin the dyslexics’ double deficit. The authors hold that the dyslexia
subtypes could be due to deficits anywhere in the frontal cerebellar network.
Support for this view comes from the unique contribution of each frontal and
cerebellar measure to the classification of the dyslexics and the prediction of
phonological and naming performance.
In a comparative study of their younger dyslexic and control participants and those of
Leonard et al. (2001), Eckert et al. (2003) reported that the younger dyslexics had
smaller brain volumes than their controls. A small right ANT lobe of the cerebellum
was common to the younger and older dyslexics as Leonard et al. (2001) had
already reported in their college age dyslexics and which Eckert et al. (2003)
ascribed to decreased grey matter.

Their results support the research literature

which shows cerebellar involvement in learning (Jenkins, et al., 1994; Nicolson,
Fawcett, Berry, et al., 1999). Indeed Eckert et al. (2003) suggest that Nicolson et
al.’s (1999) findings for reduced right cerebellar anterior lobe activation when
performing learned finger movement sequences, may be due to reduced ANT size.
Thus the Eckert et al. (2003) results are consistent with the CDH which ascribes the
cognitive and motor deficits of developmental dyslexia to anomalous cerebellar
development (e.g. Nicolson, et al., 2002).
The results of Eckert et al. (2003) and Brown et al. (2001) are supported and
extended by Eckert et al. (2005) using a male sample and voxel based morphometry
(VBM). This technique demonstrated significant grey and white matter differences in
the right cerebellar lobe and right and left PTR, but were not significant after
controlling for brain volume differences. Post hoc VBM showed white matter volume
differences in posterior areas including the lingual gyrus bilaterally, an area in which
Brown et al. (2001) noted a similar difference in the right medial occipital lobe.
Lingual gyrus anomalies are involved in acquired reading disability (Feinberg,
Roane, Kwan, & Schindler, 1994; Freedman & Costa, 1992; Kurachi, Yamaguchi,
Inasaka, & Torii, 1979). The lingual gyrus activates during word and object naming
(Moore, et al., 1988) and activated abnormally in dyslexic children during a spelling
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task (Aylward, et al., 2003) and in dyslexic adults presented with moving grating
stimuli at low mean luminance.
Eckert et al. (2005) also noted differences in the left supramarginal gyrus - an area
known to be very important for phoneme processing in aphasics (Caplan, Gow, &
Makris, 1995) and thought to be implicated in detecting changes in phonological
stimuli (Celsis, et al., 1999). It is known to be frequently hypo-activated during rest
(Rumsey, Zametkin, Andreason, & Hanahan, 1994), when rhyming pseudowords
(Simos, et al., 2000) and when engaged in categorical perception of consonant
vowels (Ruff, Cardebat, Marie, & Demonet, 2002). Eckert et al. (2005), consistent
with Brown et al. (2001), also demonstrated a region of greater temporo-parietal
white matter between the Sylvian fissure, pulvinar, and just posterior to the posterior
wing of the internal capsule. Eckert et al. (2005) suggest that supramarginal gyrus
structural and functional anomalies may be ascribed to decreased temporo-parietal
white matter coherence as shown by diffusion tensor imaging in dyslexic adults
(Klingberg, et al., 2000) and dyslexic children (Deutsch, et al., 2005).

Eckert and

colleagues hold that these regional differences may include fibres that project in the
ponto-cerebellar pathway which may have implications for cerebellar architecture
and function and may constitute an anomalous posterior cerebral-cerebellar network.
There is consistency in the evidence on this matter.

Eckert et al. (2005) found

significant grey matter differences in the left cerebellar lobe while Brown et al. (2001)
reported grey matter differences in the left posterior cerebellum. Such findings are
consistent with imaging studies of reading (Brunswick, et al.,

1999) which

demonstrated that when reading aloud, dyslexics’ hypo-activate the left posterior
inferior temporal cortex [Brodman Area (BA) 37- which is Wernicke’s lexicon], the left
cerebellum, left thalamus and medial extrastriate cortex.
reading BA37 is also hypo-activated.

During implicit (silent)

These findings suggest that the reading

difference may involve specific lexical retrieval impairment.

It is also known that

when reading aloud dyslexics increase activation in a pre-motor region of Broca’s
area (BA 6/44) which possibly involves sublexical assembly of articulatory routines.
The above evidence for frontal and posterior processing anomalies during implicit
and explicit reading is echoed by frontal and posterior processing anomalies in word
repetition (McCrory, Frith, Brunswick, & Price, 2000). Their dyslexics hypo-activated
the right superior temporal and post central gyri and left cerebellum. It was found
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that compared to controls all 8 dyslexics hypo-activated the right anterior superior
temporal cortex. It is possible that lower right hemisphere processing suggests less
processing of the phonetic aspects of attended speech (such as pitch or voicing)
thus inhibiting enhanced attention to speech phonology.
In conclusion it can be said that the CDH is accorded very strong support by the
evidence of Brown et al. (2001) and Eckert et al. (2005).

Along with functional

imaging studies in the literature, which indicate deficits in frontal-temporal-parietal
(Georgiewa, et al., 2002; Richards, et al., 2002; Shaywitz, et al., 1998; Temple, et
al., 2001; Turkeltaub, Gareau, Flowers, Zeffiro, & Eden, 2003) and cerebellar
networks (Nicolson, Fawcett, Berry, et al., 1999; Turkeltaub, Eden, Jones, & Zeffiro,
2002), this may explain phonological impairments. Strong support is also offered by
evidence relating to the occipital-temporal-cerebellar network (Aylward, et al., 2003;
Brunswick, et al., 1999; McCrory, et al., 2000; Turkeltaub, et al., 2002; Turkeltaub, et
al., 2003) that may account for the orthographic impairments of dyslexics.
2.8.4 - Limitations of the CDH

Certain criticisms have been levelled at the CDH. For example the CDH has been
accused of under-specificity - it is too broad a statement to say that cerebellar
impairment causes dyslexia. The cerebellum is a large structure containing more
than half the neurons in the brain.

Therefore, to develop the CDH as a viable

account of dyslexia, the key areas of cerebellar impairment must be identified to
show how they can cause the pattern of literacy difficulties experienced by dyslexics.
Interestingly, a diametrically opposite criticism has also been levelled at the CDH that it is over-specific. The argument goes that the cerebellum has high connectivity
and therefore may get flawed information from other systems/structures making it an
“innocent bystander” (Zeffiro & Eden, 2001) in the dyslexic deficit.

Nicolson and

Fawcett (2008) argue that their use of standard clinical tests for cerebellar soft signs
and the Nicolson et al. (1999) study demonstrate abnormal cerebellar function in
their dyslexics’ skill acquisition and automatic skill execution.
A further criticism linked to over-specificity is the idea that the cerebellum is merely
the head ganglion of the magnocellular system as the recipient of heavy
magnocellular projections from the whole brain. Nicolson and Fawcett (2005) admit
to the shared magnocellular and cerebellar features and the interdependence of
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cerebellar and sensory coordination systems. They suggest that further research is
necessary to test sensory cerebellar theory and to disentangle both theories
empirically.
A third criticism is concerned with the primacy issue. Authors such as Ramus,
Pidgeon and Frith (2003) and White et al. (2006) hold that once phonological deficits
are taken into account, motor skills contribute no additional variance to reading
discrepancy. They conclude that motor deficits are not causally related to dyslexia.
In contrast the Sheffield Group argue that the motor impairments, instead of being
irrelevant secondary symptoms, are of crucial importance, providing evidence for the
cognitive and neurological causes of dyslexia and possibly a means of differentiating
dyslexia sub-types.
Lastly, the CDH
interventions.

has been

criticised for links to unproven

complimentary

Nicolson and Fawcett (2008) stress that complimentary treatments

aim to improve cerebellar function and to assist individuals to benefit more from the
current teaching environment as these methods may be fulfilling a learning need in
some dyslexics. Complimentary interventions may improve learning which may thus
magnify the benefits of high quality teaching. The CDH remains silent on whether
attempts to improve cerebellar function will generalize to reading.

They hold that

large-scale controlled studies are required to show which subtypes of dyslexia are
most likely to benefit from such complimentary interventions.
The CDH has contributed greatly to understanding the range and persistence of the
dyslexia deficit. From the efforts of the Sheffield Research Team and others we can
conclude that the cerebellum is involved in a very wide range of activities which are
problematic for dyslexics; they include motor, timing, time estimation, language and
reading. The research work has clearly linked cerebellar deficits to reading, writing,
orthography and language in general, making it a credible theory in the eyes of
educationalists.
This “opening out” affords possibilities to screening test developers who may
capitalise on areas of dyslexia performance-difference, such as rhythm, motor speed
and reaching to name but a few. It may allow the identification of children “at-risk”
for dyslexia with tests which are not susceptible to intervention-amelioration as are
phonological measures. Thus children with a wide cerebellar profile may continue to
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display cerebellar characteristics which will preserve their dyslexic status in the face
of improved reading.
2.9 - Other Theories of Dyslexia
Other theories of dyslexia have been developed by researchers such as Tallal,
Goswami and the Sheffield team. These further theories are briefly described below:
2.9.1 - Rapid Auditory Temporal Processing Deficit Theory
Tallal (1980) argues that dyslexic children have a problem with the basic auditory
perceptual mechanism. They have a slow rate of auditory processing and thus have
difficulty perceiving rapid auditory changes which are critical for consonant
identification in speech.

In support of the theory, Tallal (1980) found that 9/20

reading impaired children were poorer relative to controls on the Auditory Repetition
Task (ART) only when there was a short inter-stimulus interval (ISI < 1 5 0 ms)
between two successive tones and that ART was correlated with nonword reading
ability (r = .81). However in a later study, Tallal and Stark, (1982) studied dyslexics
and controls with normal oral language. They found no ART deficits in comparison
to controls. This strongly suggests that ART deficits sometimes found in dyslexics
are associated with oral language difficulties rather than being a specific correlate of
reading problems. Other studies (Bretherton & Holmes, 2003; Marshall, Snowling, &
Bailey, 2001; Nittrouer, 1999) failed to support Tallal’s theory that the phonological
deficits seen in dyslexics can be ascribed to a basic deficit in rapid auditory temporal
processing.
We can conclude from this brief outline that there is, at least, a lack of consensus
regarding Rapid Auditory Temporal Processing deficits. Furthermore only a minority
of dyslexics may display these deficits. For this reason the test developer prefers
not to include tasks measuring inter-stimulus interval auditory processing.
Another theory that concerns itself with the temporal aspect of language in dyslexia
is proposed by Goswami and colleagues.
2.9.2 - Speech, Rhythm and Developmental Dyslexia
Goswami et al. (2002) suggest a mechanism for the core deficit in dyslexia relating
to the accurate specification and neural representation of speech.

The likely

perceptual cause, they argued, is a deficit in the perceptual experience of rhythmic
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timing.

Speech rhythm helps infants to discriminate syllables due to the acoustic

structure of amplitude modulation (AM) at relatively low rates in the speech signal.
Deficits in AM and frequency modulation may relate to deficits in processing the
acoustic structure at the level of the syllable. This amounts to a deficit in rhythm
detection or in detecting AM beats.

Goswami et al. (2002) found that dyslexic

children were significantly inferior in detecting AM beats compared to controls, and
precocious readers had superior detection of AM beats. Poor readers were less able
to detect the perceptual centres in the acoustic signals and were thus less able to
segregate syllable onsets and rhymes.

Goswami et al. (2002) argue that the

mechanism for the poor quality of phonological representations in dyslexia is related
to dyslexics’ reduced sensitivity to the rapid increase of mid-band spectral energy
occurring around the onset of the vowel in the syllable.

Their hypothesis was

supported by the finding that beat detection was related to individual differences
across the whole range of phonological processing. There were highly significant
relationships between beat detection and also rapid processing in lexical access and
in S-T Working Memory. Thus, these authors argue that insensitivity in processing
amplitude envelope onsets accurately may constitute the primary deficit in
developmental dyslexia.
This theory can explain the early and continuing difficulty with rhyme and rhythm in
dyslexics and their problems with coding in WM. The methodology of this theory is
not easily adapted to subtest development for identifying ‘at risk’ children as the
resources of the ordinary classroom preclude it. However, the stimuli for rhyme and
rhythm and dyslexics processing of these may already be covered in the
phonological battery.

For these reasons tests pertaining to this theory are not

included in the TEST-D battery.
A further theoretical explanation of dyslexia at a level between the cognitive and
biological is the Specific Procedural Learning Difficulties (SPLD) Hypothesis.
2.9.3 - The Specific Procedural Learning Difficulties (SPLD) Hypothesis

Nicolson and Fawcett (2007, 2008) propose that dyslexia reflects impairment in the
procedural memory system, specifically in terms of the language-related portions
thereof.

They term this the specific procedural learning difficulties (SPLD)

hypothesis.

The procedural learning system subserves the unconscious mental
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grammar for learning and controlling new and established rule-based procedures
that govern the regularities of language and the procedures involved in combining
items into complex structures that have sequential and hierarchical relations.
According to Ullman (2004), procedural sequential memory is involved in all
subdomains of grammar (e.g. syntax, morphology, phonology, and possibly semantic
aspects of word composition) and is responsible for execution, storage and
acquisition of non-explicit procedural skills.
According to Nicolson and Fawcett (2007) dyslexia results from specific learning
deficits in the proceduralisation of any skill at the cortico-striatal or cortico-cerebellar
circuits.

Following the Doyon and Benali (2005) five-phase schema for skill

acquisition and imaging evidence (Doyon, Penhune, & Ungerleider, 2003) it is
known the cortex, basal ganglia and cerebellum are all involved in initial fast, and
later slow learning phases. The cortico-striatal system is crucial to motor sequence
learning, whereas the cortico-cerebellar system relates to motor adaptation.

Both

systems are involved in initial motor skill acquisition but diverge as automatization is
reached.

Impairment in either system leads to impairment in initial motor skill

acquisition and delay; cortic-striatal impairment leads to long-term clumsiness in
motor sequencing activities; cortico-cerebellar impairment leads to long-term
problems in balance and adaptive timing.
Microtest investigations by the Sheffield team of procedural learning supports these
theoretical positions.

For example. Needle, Fawcett and Nicolson (2008) found

significant performance and error differences in motor sequence learning between
dyslexics and normally developing individuals at initial and final stages of learning
and particularly after a 24 hour break. This suggested impairment in consolidation of
learning - prerequisite to task automatization. Also, in a prism adaption investigation
Brooks, Nicolson and Fawcett (2007) found that almost all dyslexics and a
developmental coordination disorder (DCD) group showed

impaired

rate of

adaptation relative to controls. This suggested that both disorders are associated
with problems in the cerebellar route for procedural learning.
The SPLD has theoretical unifying potential and suggests that the appropriate level
of analysis for an explanation of dyslexia is cortical-subcortical connectivity in the
procedural memory system.
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The SPLD hypothesis provides the information and language to understand the
difficulties intelligent children who are dyslexic unexpectedly experience in bringing
any skill to mastery.

It can explain why dyslexics bring skill to levels, at best, just

short of mastery, or involve mastery delay.

It can explain why dyslexics have

persistent motor clumsiness and adaptive learning problems.
The SPLD hypothesis is not conducive to tasks in a rapid triage system such as an
early screening battery.
progress.

SPLD procedures require multiple sessions to measure

However, the methodology and theory can be applied to Response to

Intervention (RTI) Measures following early screening. Teachers can monitor and
flag children who need more sessions than their peers to gain conceptual
understanding of learning objectives. Thus these children who are identified as atrisk, or who later display dyslexic difficulties may be identified early (in screening) or
over a longer period using SPLD or RTI measurement.
2.10 - Chapter Summary
This chapter began with a discussion of the course of normal literacy acquisition and
relationships between language and reading.

The major theories of dyslexia and

their limitations were then presented together with a brief review of other theories.
The subtests which were developed by the author for the TEST-D Project are based
on these major theories and are described together with their theoretical bases in the
focal theory chapter which follows in Chapter 4.
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Chapter 3 - Early Screening and the Iris h Context
3.1 - Chapter Preview
Chapter 3 begins with an overviev/ of the incidence of dyslexia as evidenced in
various studies of English-speaking populations.

This is followed by studies of

literacy and skill levels in Ireland in the last ten years. The chapter continues with
administrative and legislative developments which add to demands on Irish schools
and teachers responsible for identification and specialist teaching of children with
learning difficulties including dyslexia.

Evidence is presented which argues for an

early screening tool to identify children at risk of literacy failure.

The widespread

benefits of such a screening tool are described, together with issues which relate to
early screening including accuracy issues. The use of enriched data is proposed to
circumvent accuracy issues.

The validity requirement of early screening is

subsequently discussed. Finally, the rationale is provided for a specifically Irish eady
screening test rather than employing existing early screening tests.

3.2 - Estimates of Dyslexia Incidence in English Speaking Populations
It is difficult to estimate the incidence of dyslexia in the general population due to
such influences as orthographic and/or phonological language complexity, culture,
age and definition. Estimates even vary by method of assessment (Olson, Forsberg,
& Wise, 1994; Shaywitz, Shaywitz, Fletcher, & Escobar, 1990).
For example, DSM - IV estimates that the US incidence of dyslexia is 4% when
children are categorised by schools system criteria. However, when dyslexia-related
cognitive processes are considered, 17-20% may be at risk of developing reading
problems (Shaywitz, et al., 1990). Overall, it is difficult to estimate the incidence of
dyslexia because, like obesity, dyslexia is on a continuum and it is difficult to decide
where to draw the line (A. W. Ellis, 1985).
Bearing these caveats in mind, Table 1 below offers samples of authors’ estimates of
dyslexia incidence among English-speaking populations.
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\

% Incidence
3-4

Research Study
Badian (1984)
Jorm, Share, MacLean and Matthews (1986b).
Miles (1991)

3 -5

Torgesen, Wagner and Rashotte (1997)

3 -6

Critchley (1970)
Pennington (1990)
Rutter, Caspi, Ferguson, Norwood, Goodman, Maughan et al. (2004)

3.1 -6 .2

Rutter and Yule (1975)

5.4

Shaywitz, Escobar, Shaywitz, Fletcher and Makuch (1992)

4-20

Benton and Pearl (1978)
Berger, Yule and Rutter (1975)

Table 1: Estimates of the incidence of dyslexia in English-speaking populations

The different incidence values result from different conceptualisations, definitions,
sub-cultures

and

severity

levels

even

within

English-speaking

populations.

Whatever the exact prevalence of dyslexia, clearly a substantial number of
individuals are handicapped in literacy skill.

Doubtlessly, this is also the case in

Ireland, where provision for the education and support of dyslexics is currently
developing. The specific nature of this provision is discussed in the next section.
3.3 - Dyslexia Provision in Ireland
This section describes the legislative and administrative provision for dyslexics in
Ireland and discusses areas of provision deficit which are keenly felt.
3.3.1 - Legislation
Although learning support has been available to Irish dyslexic children since 1975, in
the last ten years legislation has put the rights of children with special educational
needs (SEN) on a statutory footing. The Education Act, (Department of Education
and Science, 1998) gave learning disabled students equality of access to, and
participation in, Irish schools.

The Act requires schools to provide education for

students in accordance with their abilities and needs. Moreover, The Education for
Persons with Special Educational Needs (EPSEN) Act, 2004, gave SEN children the
right to an inclusive education within mainstream schools. This Act defines SEN as
“a restriction in the capacity o fttie person to participate in and benefit from education
on account o f an enduring physical, sensory, mental health or learning disability, or
any other condition which results in a person learning differently from a person
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without that condition” (Section 1(1) of the Education for Persons with Special
Educational Needs (EPSEN) Act, 2004).
Children with dyslexia are thus provided for under the EPSEN Act and enjoy these
rights as set out in sections 2 to 18. Importantly, the child’s class teacher is legally
responsible for the educational well-being of the SEN child.

To this effect, an

individual educational plan (lEP) will be drawn up by the class teacher in consultation
with parents and the learning support teacher.
multi-step process.

Educational support may involve a

The class teacher is required to establish the child’s learning

needs by screening with a suitable instrument.

Following intervention, if the child

does not respond at the class level, then the learning support teacher may be
approached for specialist advice. Finally, the school psychologist may be requested
to provide a full psycho-educational assessment. The EPSEN Act provides for the
right of individuals, or persons acting for them, to request a psychological
assessment if s/he suspects that there is a disability.

Importantly, the Irish

Government founded the National Council for Special Education (NCSE, 2006) as a
statutory body to oversee the implementation of the terms of the EPSEN Act (2004),
which should be fully in place in 2012. One of the charges entrusted to that body
was the development of an early screening test for learning disabilities.
3.3.2 - Other Provisions

As well as being pro-active at the legislation level, the Irish Government has taken
pro-active initiatives at the level of the Department of Education and Science (DES).
For example, increased numbers of special needs teachers have been appointed
and in-service training has been made available.

In the domain of state

examinations, there is increased provision for persons with SEN in the form of
availability of spelling and grammar waivers.

The provision also encompasses

availability of computers/audio players or emanuensis/readers in examinations.
Computers are also available to dyslexic secondary school students in their daily
studies.
Government bodies have also been established such as the National Educational
Psychological Service (NEPS) in 1999 and the Special Education Support Service
(SESS) in 2003. The latter body has a team of highly specialised teachers who
provide training to primary and secondary level teachers in dyslexia issues. Other
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pro-active

initiatives

include

the

publication

of

learning

support

guidelines

(Department of Education and Science, 2000) which provide guidance to parents
and teachers on provision of effective learning support to children with low
achievement or learning difficulties. Importantly, the DES appointed the Task Force
on Dyslexia which delivered their comprehensive Report of the Task Force on
Dyslexia (2001). It made sixty-one recommendations, some of which have been
delivered, such as the ready availability of information and advice to teachers and
parents/guardians of dyslexic children. This recommendation led to the publication
of a video/CD ROM/DVD, Understanding Dyslexia (Department of Education and
Science, 2005c), which was a joint initiative of the Departments of Education in
Northern Ireland and the Republic of Ireland and was distributed to all primary and
secondary schools in Ireland. Importantly, recommendation 9 of the Report of the
Task Force on Dyslexia related to the identification of dyslexia on the phased model
already mentioned, while recommendation 39 called for incorporation (into each
primary and post-primary School Development Plan) of whole-school procedures
and strategies for identifying and addressing the needs of students with learning
difficulties arising from dyslexia. The report made recommendations affecting extra
school agencies also.

For example, recommendation 59 called for provision of

resources to NEPS to advise schools on implementing screening and early
identification programme planning while recommendation 34 related to pre-service
teacher education on the identification and support of dyslexic students.
The report states that many submissions were made to the Task Force on Dyslexia.
“Almost all submissions highlighted the importance and value of early recognition of
dyslexia.

Among the approaches suggested ... were ... additional support to

students with a history of risk factors and administering screening tests for dyslexia
on a routine basis. Many submissions stressed the importance of early recognition
coupled with intervention and argued that this combination would lead to improved
reading outcomes for many children.’’ (Report of the Task Force on Dyslexia, 2001,
p. 12)
As can be seen from the above, there is a widespread need for the early recognition
and support of dyslexic students. The DES has been proactive in provision for their
needs. However, lacunae and provision deficits still exist. These are described in
the next section.
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3.3.3 - Current Provision Deficits for Dyslexia in Ireland

Special Education Circular 02/05 (Department of Education and Science, 2005b)
was drawn up to allow schools respond flexibly and early to local demand for
additional teaching resources under the general allocation model.

This circular

provides for the appointment of additional permanent teachers to primary schools
according

to a weighting

system

of enrolment numbers, gender mix and

disadvantage status. The general allocation model allows group support for children
with SEN if they are deemed as falling at or below the 12^^ percentile on
standardised tests of reading or mathematics, if they have a high incidence disability
(e.g. Borderline General Learning Disability, Mild General Learning Disability, or
Dyslexia) or have conditions such as mild speech and language difficulties, mild
social or emotional difficulties or mild dyspraxia or ADHD.

The circular calls for

adoption of Learning Support Guidelines which, importantly, recommends early
intervention and envisages that children from Senior Infants to Second Grade would
form the main body of children receiving learning support.

Importantly, also, the

same circular calls for a three-stage deployment of learning support. In Stage 1, the
class teacher administers suitable screening tests where there is parental/teacher
concern for the social, behavioural, emotional, physical or academic development of
a child. Any extra support is given in the classroom. At Stage 2, the child may be
referred

to

the

learning

support/resource

teacher

for

diagnostic

testing.

Supplementary support may be offered if this process indicates that a child may
benefit from it.

At Stage 3, if the child has not satisfactorily responded to

intervention, assessment by a relevant outside professional (e.g. psychologist,
speech/language therapist or paediatrician) may be requested.
It is clear from the above circular that dyslexia is now categorised as a high
incidence disability: dyslexic students no longer qualify for individual resource
teaching at primary level regardless of severity.

However, they qualify for group

teaching under the general allocation model of learning support. Thus, there is an
absence of a continuum of support to address dyslexia deficits which are on a
continuum from mild to severe (A. W. Ellis, 1985), a situation which is discordant with
the fourth and fifth guiding principles of the Task Force on Dyslexia which
respectively hold that “A continuum of support and services should be available to
students with learning difficulties arising from dyslexia matched to the severity and
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persistence of their learning difficulties” and “programme planning and provision for
students with learning difficulties arising from dyslexia should focus on individual
learning needs" (Report of the Task Force on Dyslexia; Department of Education and
Science, 2001, p. 5). It stands to reason that, under the general allocation model
and in the presence of scarce resources, school learning support may be provided
only to those with most severe difficulties: those with moderate or mild difficulties and
those who have developed compensatory strategies may not be perceived as needy
and may not be functioning at or below the tenth percentile.
There has been inordinate pressure on the National Educational Psychological
Services (NEPS) in recent years.

To relieve this pressure, the requirement for a

psycho-educational assessment in order to access learning support was abolished.
While this provided schools with a flexible instant response to need, it meant that
class and learning support teachers must now rely on school information from
criterion testing to inform and execute an lEP.

Such information is inadequate to

inform on dyslexics’ learning needs: psycho-educational assessment is necessary to
deduce the pattern of deficits, to pin-point dyslexics’ needs or even to differentiate
between general and specific difficulties.

Ball, Hughes and McCormack (2006)

elaborate on this. ‘‘Preparation of a detailed individual pupil learning profile (IPLP),
advice to parents in terms of expectations and levels of support, referral for
additional medical or professional investigation, referral to special reading schools
and applications for exemptions from the study of Irish and exam accommodations
all rely heavily on the expertise of the psychologist and the information provided in a
professional assessment report” {M. Ball, etal., 2006).
While the above current provision indicates an absence of continuum of support at
primary level, a similar support deficit penetrates secondary school level provision.
The National Council for Special Education (NCSE) may allocate resource hours to
students who are diagnosed with high incidence disabilities following assessment
(National Council for Curriculum and Assessment, 2006a) if they are of average or
higher intelligence, with achievement scores at or below the second percentile, as
assessed on standardised reading tests (NCSE, 2006, Appendix 4). Those who fail
to meet these criteria are deemed the responsibility of the class teacher or remedial
teacher (DES, 1999, Appendix II).

This provision indicates that those who score

above the second percentile will be ineligible for additional learning support hours.
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Instead, they become the responsibility of secondary school class teachers who may
know little about dyslexia.
3.3.4 - Implications of Section 3.3: Discussion
Two themes emerge from the description of dyslexia provision in Ireland. One of
these is the absence of an early identification process, while the second is a deficit in
the continuum of support for dyslexics. The availability of an early screening test
would fulfil the stated legislative and administrative needs and would also address
the lack of continuum of support in the upper reaches of elementary education and in
secondary level education. The needs of these school goers would be identified and
addressed, thereby reducing the numbers and need for more intensive remedial
support in the event of such intervention not being available. But these are not the
only areas of concern.

There is widespread concern relating to literacy levels in

Ireland. This is the theme of the next section.
3.4 - Literacy Level Concerns in Ireland
In Ireland there is deep concern about literacy levels and the capacity of available
skill levels to deal with literacy challenges. For example, the Report on the OECD
International Adult Literacy Survey (lALS) (M. Morgan, Hickey, & Kelleghan, 1997)
found that 25% of Irish adults surveyed scored at Level 1, i.e. failed to show the
literacy skills and confidence to participate in society and were unable to understand
even the simplest reading instruction on a bottle of aspirin. More than 60% of these
who left school without completing the Junior Cycle scored at Level 1; almost 20% of
these were aged 16 to 25. The lALS showed that another 30% of Irish adults scored
at Level 2 (i.e. they could cope with only very simple written material). Consistent
with this, in terms of qualifications and the workplace, the National Skills Strategy
(Forfas, 2007) indicated that some 30% of the workforce had Level 3 (Junior
Certificate) qualifications or less; with an estimated 10% having no qualifications.
Generally, in Ireland, 10% of children (M. Ball, et al., 2006) and 25% to 30% of
children in disadvantaged schools have serious literacy difficulties (Ivers, Shiel,
Shortt, & Sofroniou, 2004).
Ivers et al. (2004) highlight the need to spend more time on literacy skills, particularly
in Senior Infants and First Class. Their research indicated that colleges of education
need greater focus on reading development and providing trainee teachers with clear
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understanding of how reading is taught, with particular reference to the needs of
educationally disadvantaged children.
While the above reports relate to poor literacy levels in general, doubtlessly, there
will be dyslexics among them. As mentioned earlier, very many submissions to the
Task Force on Dyslexia highlighted the failure to identify dyslexia at an early stage.
This deficit may be ascribed to inadequate pre-service training and could, in
principle, lead to poor literacy levels if dyslexic difficulties are not addressed early.
There are grounds to believe that this is the case. A recent evaluation by the DES
Inspectorate on Literacy and Numeracy in Disadvantaged Schools (2005a) noted
that most teachers felt inadequately prepared to meet the challenges of a
disadvantaged setting. In particular, the Inspectors reported that the provision of a
coherent approach to the assessment and monitoring of children’s progress was
very weak and required significant development.
experienced

The majority of teachers

significant difficulty in organising assessment information about

individual children. It is possible that this situation exists more widely in Irish schools
and that pupils’ needs are not precisely pinpointed, leading to intervention delay.
This is consistent with a Dyslexia Association of Ireland (DAI) survey in 2000 which
found that, in 35% of cases, it was parents themselves who became alerted to their
child’s learning problem. The same percentage held in a 2005 survey. Possibly, a
proportion of the remaining 65% of dyslexics are identified late or not at all.
It is possible that early screening for the risk of literacy difficulty and subsequent
early appropriate intervention could have averted many of the literacy difficulties
reported in the studies and surveys described above. The next section outlines the
call for early screening for the risk of literacy difficulties in Ireland.
3.4.1 - Demand for Formative Assessment in Stated Irish Educational Policy
Objectives

At regular intervals, Irish policy documents call for increased and varied use of a
range of assessment procedures in schools.

For example. Article 22 of the

Education Act (1998) states that schools are obliged to evaluate students regularly
and periodically report the results to student and parents.
Curriculum

(National

The Primary School

Council for Curriculum and Assessment,

1999) views

assessment as integral to teaching and learning and recommends a variety of
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assessment approaches and methods.

In line with this, a twin track assessment

procedure may be useful: assessment may be a formative evaluation of learning
(ongoing assessment of how students are learning) or a summative evaluation
(assessing what has been learned). The previously mentioned report on literacy and
numeracy in disadvantaged

schools indicated the inadequacy of diagnostic

information from standardised tests and recommended that schools “develop more
specific policies relating to pupil assessment in general and to formative assessment
in particular” (Ivers, et al., 2004, p. 168). Formative assessment gives information to
guide a student’s future learning and to identify learning difficulties.

This is

essentially the role of an early screening test for risk of literacy failure. The NCCA
(2005) called for both types of assessment (for and of learning) while the NCCA
(2006b) called for a major emphasis on assessment for learning.

Importantly, the

DES Circular 0138/2006 declared that assessment for learning will be an important
national priority (Department of Education and Science, 2006, p. 2).
3.4.2 - Implications of Section 3.4: Discussion
From the above, clearly the need for early screening is keenly felt by state bodies
such as the Inspectorate, the NCCA and the DES.
Large numbers of young Irish adults leave school with low literacy levels. This may
be due in part to inadequate levels of teacher expertise and a lack of early
identification and intervention.

Early screening could guide and address students’

early learning needs.
There is widespread evidence that early screening can bring many benefits. These
are outlined in the next main section, as well as the issues relating to early
screening.
3.5 - Reasons for Early Screening and Intervention and Related Issues
There are both negative and positive reasons for early screening for the risk of
literacy failure and intervention. Negative reasons are presented initially as related
concerns have already been introduced in section 3.3, Literacy-Level Concerns in
Ireland, which discussed OECD (1997) statistics on functional adult literacy in
Ireland.
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3.5.1 - Negative Effects of Failure to Diagnose or Late Diagnosis

Adams (1990) states “Research indicates that children whom we cannot help to
succeed in the primary grades are likely to fail in school forever” (Adams, 1990, p.
374). The need for decoding success in the critical time-window of the primary (i.e.
first and second) grades exercises the minds of many writers. For example, Gough
and Juel (1987) suggest "What seems essential is to ensure that children learn to
decode in first grade. If decoding skill does not arrive then it may be very hard to
change the direction that reading achievement takes” (Gough & Juel, 1987, p. 10).
Similarly, Carter (1984) holds that if teachers fail to bring students’ reading to grade
level within these first few years, the likelihood of their ever catching up is slim, even
with extra funding and special programmes. This view is consistent with the analysis
of Strag (1972), who indicated that there is a critical time-window for literacy
acquisition. This writer showed a massive increase in reading failure in children as a
function of the age at which dyslexia was diagnosed.

“When the diagnosis of

dyslexia was made in the first two grades of school, nearly 82% of students could be
brought up to their normal classroom work, while only 46% of the dyslexic problems
identified in third were remediated and only 10-15%> of those observed in grades five
to seven could be helped when the diagnosis of learning problems was made at
those grade levels” (Strag, 1972, p. 52). This is consistent with Thomson (1984),
who estimates that, on average, over twelve months, dyslexic children improve only
five months and three months respectively for reading and spelling. Thus, ability to
deal with print in early grades appears to be of crucial importance because early
success in reading acquisition seems to colour the child’s attitude to reading later in
life.

Cunningham and Stanovich (1997) hold that “Rapid acquisition of reading

abilities might well help the development of the lifetime habit of reading” (p. 934).
These authors report that first grade reading skills related to reading comprehension
and amount of print experience 10 years later; those who made a good grade 1 start
read and understood their material better in grade 11 than slow starters. Thus, a
successful early start appears to have a long-term sustaining effect which has
important implication for the cultural, educational and economic future of society.
Biemiller (1977) found large ability differences in dealing with print as early as
midway through grade 1. Consistent with this, Allington (1984) reported that, in his
first grade sample, the total number of words read in one week of reading group
session ranged from a low of 16 for one child in the less skilled group to a high of
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1,933 for another in the skilled reading group.

The average skilled reader read

approximately three times as many words in the group reading sessions as the
average less skilled reader. The trend continues in the middle grades: Nagy and
Anderson (1984) estimated that the least motivated student may read 100,000 words
a year in school reading, contrasting with the average middle grader who is
estimated to read one million words, in turn contrasted with the voraciously reading
middle grader reading an estimated 10 to 50 million words.

The reading volume

difference is reflected outside the classroom and is linked to reading ability (Fielding,
Wilson, & Anderson, 1986).

Indeed, Cunningham and Stanovich (1997) report

evidence that a fifth grader on the 90*^ centile of reading ability may read as many
words in two days as a child at the 10^^ centile reads in an entire year outside school.
Stanovich (1986) has strikingly described the ripple effect of reduced exposure to
print on the educational and cognitive life of the decoding-impaired student. There
is, initially, a failure to develop automatic word recognition strategies, putting
comprehension at risk, as limited cognitive resources are used for word recognition
rather than higher comprehension processes. Reading to learn consequently suffers
as the general knowledge and vocabulary growth that reading itself engenders are
impaired in the reluctant reader. Moreover, Ehri (1984; 1985)) shows the profound
effect of print experience and knowledge of phonological structure and metalinguistic
functioning, which in turn are known to be in a relationship of reciprocal causation
with literacy development (Perfetti, Beck, & Hughes, 1981). Reciprocal causation is
of

limited

duration

in

the

context

of

normal

literacy

development

as

visual/orthographic processes take over in facilitation of phonological awareness.
Unfortunately, reciprocal causation endures in the context of poor phonological
awareness/literacy development, with subsequent detrimental effects on general
knowledge

and

vocabulary

development.

It also

affects

comprehension of complex syntactic structures (Perfetti,
problems (e.g. Torgesen, 1985).

development

of

1985) and memory

Worryingly, Thomson (1984) holds that, even if

support is offered at age 8, it is likely that reading difficulties/emotional disturbance
may never be fully remediated. Thus, increasingly, global cognitive deficits develop
into affective, behavioural and motivational problems. Stanovich (1988b) considers
the motivational side effects of differential text exposure to be as important as
cognitive spin-offs of literacy failure.

Indeed, Butkowsky and Willows (1980)
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demonstrated that fifth grade poor readers displayed less task perseverance than
better

readers

and

their

behavioural

and

attributional

patterns

displayed

characteristics of learned helplessness in both reading and non-reading tasks, even
though the disabled group was constituted solely on the basis of poor reading
achievement.

Thus, as well as negative cognitive effects of reading failure,

motivational spin-offs may lead to increasingly global performance deficits.
As well as cognitive, attributional and motivational affects, there may be challenging
behaviour and emotional/self-esteem effects of long-term literacy failure.

The

problem of reading disabilities encompasses not only the educational system, but
social, economic and legal institutions as well.

The price is, therefore, high for a

society which promotes educational opportunity but is confronted with a significant
loss of human potential.

Muter (2000) holds that students experiencing ongoing

reading failure may effectively “give up” and may become increasingly disruptive or
disturbed. This is consistent with Maughan (1994, 1995) who demonstrates a strong
link between early and prolonged reading failure and later social adjustment
difficulties and delinquent behaviour. In fact, many authors have shown that reading
disorders are a major problem observed in referrals to clinics and juvenile courts
(Critchley, 1968; Wright, 1974).
This is consistent with the Isle of Wight epidemiological study of 10 year olds which
found that 25% of specifically retarded readers showed anti-social behaviour and
one third of those with conduct problems were also reading-retarded (Rutter, Tizard,
& Whitmore, 1970).

Interestingly, Maughan (2000) found that, when reading

difficulty co-occurs with a behavioural disorder, the effect on psychological
functioning and employment prospects is much greater than when behavioural
disorder occurs in the absence of reading disability. This is consistent with Bachman
and O’Malley (1977) who describe the detrimental effects of continued literacy failure
on employment.
Furthermore poor literacy levels are found in other marginalised groups such as
inmates of penal institutions.

For example, Morgan and Kett (2003) found that

52.8% of Irish prisoners between the ages of 16 and 64 scored at the lowest level of
literacy - this is twice that of the general population. There was a marked difference
in literacy performance between younger and older prisoner groups. The latter out93

performed the younger offenders, probably due to their extended literacy activities
over long prison terms than the more recently-arrived younger entrants.

The

incidence of dyslexia in this population is unknown. However, Dwyer (2006) found
that 94% of young inmates aged 16 to 20 years had literacy difficulties.

The

probable contribution of dyslexia from both high probability and moderate probability
of dyslexia categories was 61%.

Morgan (1996) found that, among his prison

sample, 52% exhibited dyslexic profiles despite average or better intellectual ability.
Similarly, Reid and Kirk (2002) found that 50% of participants had dyslexic profiles.
Furthermore, Snowling, Adams, Bowyer-Crane and Tobin (2000), found that 57% of
juvenile offenders had poorer literacy levels than expected from their non-verbal
ability and 43% had lower literacy levels than expected from their verbal ability.
Thirty-eight percent had specific phonological deficits which is clearly associated with
dyslexia. Over-representation of dyslexics in prison is also evidenced in the British
Dyslexia Association Wetherby (British Dyslexia Association, 2005) study. Twentyone percent of their young offenders were dyslexic, while a further 32% were
identified as displaying borderline symptoms of dyslexia. Thus, it is clear from all of
the above that exposure to longer term literacy failure has marginalising and
detrimental effects on adolescents, which may leave them open to challenging
behaviour, possibly culminating in loss of liberty. This is costly to society and the
individuals involved.

Young and Brown (2004) state that there is substantial

evidence based on National Institute of Child Health and Human Development
(NICHD) studies that more than two-thirds of dyslexics are not identified and never
receive services for their disability - these become the “great middle” of dyslexics
who go unnoticed and unstudied as they do not belong to the highly successful
dyslexics or to those marginalised on the other pole of the dyslexic spectrum, but
continue to lead unfulfilled, unobtrusive lives.
Even for dyslexics who are recognised, the diagnostic process is slow and costly.
The usual method of diagnosing dyslexia requires assessment of the individual’s IQ
and his reading ability and a consideration of possible significant discrepancy
between actual and expected performance on the basis of IQ. Such assessment
requires specialist, psychological, professional input for which there are already
extended waiting lists.

Furthermore, dyslexia assessment cannot be undertaken

until the individual is almost 8 years of age. This means that the child may be up to
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two years retarded in reading which may have implications for the child’s self-esteem
and may attenuate his chances of full recovery.
The thrust of this section so far has been the negative effects of late or nondiagnosis of dyslexia. However, Carter (1984) holds that if low-achieving students
can be brought up to grade level within the first three years of schooling their reading
performance tends not to revert but stays at grade level thenceforth. The view of
many authors would indicate that identification and intervention as soon as possible
following school entry is a good thing.
There are theoretical grounds for this position. If problems at the biological, sensory
or cognitive levels are present in the pre-school period and act forward to cause
learning problems, for example, in literacy acquisition, then therapies can be put in
place to address these problems so that learning can proceed as normal to
automaticity. This is an important theoretical point for early screening for the risk of
dyslexia and subsequent intervention.

Thus, if a child experiences an early

phonological deficit which was remedied before the start of reading instruction, this
would not matter and reading would develop normally. Early identification thus rests
on two basic assumptions: that children are responsive to positive change in the
early stages of development and that it is better to intervene before learning
problems become chronic and secondary problems arise.

The rationale of early

intervention is to maximise academic learning through early intervention, thereby
preventing emotional and behavioural disorders which might arise due to repeated
failure/ frustration.
In the US over many years attempts have been made by many workers to develop
early screening tests for literacy difficulties with a view to intervention.

This was

reflected during the 1970s and 1980s in the UK. Early screening for the identification
of children likely to fail in reading was strongly advocated by psychologists,
educationalists and government. Various research findings drove this view: Davie
(1972) found that social, familial and birth factors had statistically measureable
effects on reading levels. More strikingly, the difference between children’s reading
levels in Social Classes I and V amounted to 17 months by age 7. Following these
findings, the Report of the Government Advisory Committee on Handicapped
Children (Tizard, 1972) called for predictive screening to identify children at risk for
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later reading difficulties.

Subsequently, the Bullock Report recommended that

“schools should introduce early screening procedures to prevent cumulative
language and reading failure and to guarantee individual diagnosis and treatment”
(Bullock, 1975, p. 514). However, researchers were divided regarding the benefits of
early screening and follow-up intervention.

Schaer and Crump (1976) held that

teachers may have a greater role in early identification rather than using a screening
battery, thereby saving money, time and effort.

This position is at odds with the

informed opinion of many authors who argue for the benefits which flow from early
screening and intervention. Evidence of the widespread benefits of early screening
and intervention are set out in the following sections.
3.5.2 - The Benefits of Early Screening and Intervention

Badian is a name synonymous with the early screening endeavour.

In the early

years of her research Badian (1982) found that the incidence of poor reading at
grades 1 to 4 was significantly lower than in grades 5 and 6. She explains the higher
incidence of poor reading in 5^^ and 6‘^ grades: these children were unscreened and
did not receive reading skill intervention until first grade or later. In contrast, the first
to fourth graders were screened at or below kindergarten and those deemed at-risk
received literacy-related intervention from early in kindergarten. Badian (1982) holds
that evidence “comparing screened and non-screened children ... the higher than
expected level of reading achievement in the sample, and the low incidence of
reading disability among children of average intelligence (mild disability = 4.6%,
serious disability = none) support the view that early identification ... followed by
early special help in reading readiness and reading skills, has a beneficial effect in
reducing the incidence of reading disability" (Badian, 1982, p. 317). Muter (2003)
holds that children whose difficulties are identified early will have less educational
ground to recover than later-identified children.

Psychologists find that assessing

children early yields a purer and easier-to-interpret profile as the distortions and
coping strategies inherent in older children’s profiles are avoided.

Furthermore,

teachers report greater ease in working with young children who escape the
frustration and failure so detrimental to motivation and responsivity to instruction.
Unlearning of bad habits is minimal if present at all. Snowling (1987) is consistent
with this view: the earlier one examines a strategy after the point in time in which
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impairment has occurred, the more likely it is that the direct influence of the
impairment will be detected.
Early screening can have direct affective consequences. When teachers understand
that a child’s learning problem is not due to laziness, this can have an enormously
liberating effect on a child - encouraging them to make a big effort again.
Furthermore, Singleton, Horne, Thomas and Leesdale (2003) opine that taking early
screening subtests is stimulating in its own right and that subtests “involve use of
concepts and skills which are vitally important in early learning" (Singleton, Horne, et
al., 2003, Teacher's Manual, p. 29).
This aspect can bring direct benefits to teachers also. Teachers themselves report
the subtests force them to think about the cognitive processes required for subtest
completion (personal communication).

Furthermore, early screening empowers

teachers to identify children at risk of literacy failure. They no longer must depend
on outside professionals but can routinely screen each new intake without any
psychological training and use information gained to help design and implement the
child’s lEP (Singleton, Horne, et al., 2003).
Wedell (1976) holds that such information can offer parents guidance in minimising
the learning deficit.

Nicolson and Fawcett (2004) make the valid point that early

screening and intervention can be efficient because support programmes for children
with general learning problems and those at risk for dyslexia will be similar at this
stage, resulting in time and effort economies.

During such intervention, close

monitoring of the child’s response to intervention may indicate a severe deficit and
may suggest that a request for psycho-educational assessment is warranted. Many
early screening tests provide a profile or graph charting each child’s strengths and
weaknesses (e.g. Monroe, 1935; Nicolson & Fawcett, 1996, 2004; Singleton,
Thomas, & Leesdale, 2003). The latter authors hold that the CoPS profile (Cognitive
Profiling System) of strengths and weaknesses assists in diagnosis of dyslexia,
assessment of educational needs, identification of various developmental difficulties,
creation of individualised teaching and learning activities and differentiation of
educational provision.

CoPS seems to be a general purpose tool for identifying

many types of learning disability. It is “a general-purpose tool that has a very wide
range of potential uses” (Singleton, Thomas & Leesdale (2003) CoPS Manual, p.4).
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Teachers can usually identify the particular difficulty based on the child’s screening
profile.
Similarly, Nicolson and Fawcett (2004) report that psychologists find the DEST-2
quantitative profile very useful as background information.

They also hold that

teachers can benefit from the composition of DEST-2 as it is designed to identify
children with problems of all types - dyslexia, low SES and generally learningdisabled children.

The authors hold that theoretical developments in dyslexia

research facilitate early identification of both slow learners and potential dyslexics.
Children with language and hearing difficulties score poorly on the phonological
tests. A DEST-2 deficit pattern will distinguish between the specifically and generally
learning disabled: dyslexics will usually score poorly on phonological and motor
skill/balance and rapid naming. By contrast, generally learning disabled children may
score normally on balance but show speed deficits.
Not just the learning disabled but the whole school community benefits from early
screening.

While Badian (1982) reported lower incidence of poor reading in

screened children following intervention, many participants, identified by screening
as above average, were encouraged to start reading in kindergarten resulting in
higher than expected class scores.

There is also value-added for professional

development in the early screening process; Badian’s teachers benefited through
communication as, in the screening follow-up, there was frequent interaction
between specialists and kindergarten/first grade teachers which had a beneficial
effect on teaching techniques for ^

children.

Wedell (1976) holds for the value-

added aspect of early screening for professional development; it provides a dialogue
channel

between

coordination.

teachers

and

leads

to

interdisciplinary

cooperation

and

It enhances the exploration of remedial and preventative measures

and stimulates preparation of special programmes.

This view is also held by

Singleton et al. (2003). Teachers’ education can benefit from information gained in
screening.

For example, knowledge that phonemic manipulation ability was a

powerful determinant of reading performance may inspire teachers to incorporate
phoneme awareness and manipulation into their general teaching to prevent reading
failure (Lundberg, et al., 1980). The benefits of early screening also extend to school
record keeping.

The subtest battery profile provides teachers with a method of

record keeping and informs school authorities, parents and visiting professionals
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regarding each child’s particular development.

Furthermore, using a screening

battery ipsitatively, a second administration of the battery will allow gauging of the
impact of intervention and may pinpoint areas of resistance/amelioration.

Wedell

(1976) underscores the potential reciprocity between early identification procedures
and record keeping.

If teachers realised that what they were observing and

recording would contribute to possible assessment or alternative intervention
programmes, this would increase motivation for a routine task which would in turn
strengthen early school screening procedures.

Wedell sees early screening as

tantamount to epidemiological surveying of a whole age cohort to find those who fall
below a certain criterial performance level or evidence a certain number of risk
characteristics. It is a referral-delay avoidance-mechanism and can act as a lever for
obtaining resources such as teachers, materials, class-room space and in-service
training, all of which benefit the whole school community.

Many authors (Badian,

1982; de Hirsch, Jansky, & Langford, 1966; Satz, Taylor, Friel, & Fletcher, 1978)
hold that early screening should be but the first steps in a multi-stage process. For
example. Silver and Hagin (1981) argue that ‘‘services to children identified as
vulnerable are an essential part of any preventive program.

There would be little

point in scanning, screening or maintaining risk registers unless one plans to provide
inten/ention services as well" (Silver & Hagin, 1981, p. 98-99). Underscoring this, de
Hirsch et al. (1966) argue that “children must be provided at the earliest possible
time with an educational approach that will enable them to realise their potential” (de
Hirsch, et al., 1966, p. 92). To this effect, Hagin (1978) holds that ideally screeners
should provide pointers to intervention.

Thus in the SEARCH early screening

battery, scores from component subtests provide pointers to intervention.

A wide

selection of possible interventions can be found in the SEARCH companion
programme, the TEACH programme (Hagin, Silver, & Kreeger, 1976).
Similarly, Jansky, Hoffman, Layton, Sugar and Davies (1989) call for intervention
informed by screening, entailing a flexible response to the child’s needs with frequent
re-evaluation and sensitivity to functioning.

This is consistent with Adams (1990)

who stresses the need for sensitivity of teachers to the instructional needs of
children, especially those from less language-rich or disadvantaged backgrounds.
This desired sensitivity may be reflected in the use of cognitive profiles derived from
screening batteries such as DEST and CoPS to indicate intervention avenues. For
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example, Nicolson and Fawcett (2004) hold that early intervention is at the heart of
early screening. “If a child is scored at risk on DEST-2, there is clear indication for
subsequent action by the teaching group" (Nicolson & Fawcett, 2004, Teacher’s
Manual, p.75).

While the efficacy of intervention coupled with screening is now

beyond doubt, some authors are concerned about the cost-effectiveness of early
screening. These issues are discussed below.
3.5.3 - Issues Relating to Cost Effectiveness of Early Screening: Financial and Time
Resources

Writers such as Wedell (1976) are concerned about the practical issue of cost of
early screening.

He asks how justified schools are in concentrating assessment

resources and teaching time on the small group that may be identified to the
detriment of a probably larger group of non-selected children who may be liable to
failure. Consequently, he set out requirements for screening, i.e. that it should be
economical in administration time and personnel use, while Fawcett and Nicolson
(1995a) argue that it should be inexpensive per child and provide all necessary test
materials.

Many authors are convinced as to the cost effectiveness of early

screening. For example, DEST (1996, 2004) “is intended ... for use routinely within
a school ... by school professionals ... rather than educational ... or clinical
psychologists" {DEST, 1996, p. xi). Moreover, Fawcett and Nicolson (1995a) hold
that their three-stage screening/ intervention assessment procedure has low costs at
the heart of each stage. The first-stage screening subtests are objective and easily
scored and thus do not need psychologists to administer/interpret them. The second
stage intervention may be delivered in the classroom (Fawcett, Singleton, & Peer,
1998) which is less costly to the child’s self-esteem and is more successful than the
withdrawal system.

For example, Nicolson, Fawcett, Moss, Nicolson and Reason

(1999) demonstrated that early intervention maximised the benefits per unit cost.
Children who received just 10 hours over ten weeks of individually adapted small
group tuition, whether it was using the traditional “step by step” approach (Reason &
Booth, 1994) or the computer-based intervention programme (Readers Interactive
Teaching Assistant - RITA), showed significantly more progress than controls who
received Literacy Strategy Tuition. Furthermore, they found that it was just 10% of
the cost of Reading Recovery (Clay, 1985). MacLagan (2001) concurs with these
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writers.

Her intervention participants needed just 8 weeks to attain peer levels

similar to the Nicolson et al. (1999) participants.
Early intervention is a powerful factor even for multiply handicapped children.

For

example, the intervention of Poskiparta, Niemi and Vauras (1999) for multiply
handicapped Finnish first graders who formed the cognitive subgroup from the 10^^
percentile downwards, are the big gainers in their study.

Many authors have

identified the multiply handicapped child (possibly with low IQ) as seriously at-risk for
reading failure (e.g. Lyytinen, 1995; van der Leij, 1997). The fact that these children
can benefit from early intervention as well as those at-risk for dyslexia must be
attractive to policy makers and budget managers. However, intervention may not be
100% successful for all participants. Nicolson et al. (1999) point out that 25% of their
older and higher at-risk quotient intervention group remained problem readers.
These more intractable cases will require more frequent intensive continuing
intervention (Torgesen, et al., 1997) which would entail just a fraction of the cost than
if all these had to wait for remedial intervention. In line with this, Singleton, Horne, et
al. (2003) argue that early screening is more cost effective than waiting until children
have experienced years of failure and have lagged so far behind their peers that very
expensive specialist remediation must be provided. This may be increasingly difficult
to give and will require more effort (Saphier, 1973). Indeed, Muter (2003) speaks for
many workers when she argues that “implementing a twice - or thrice - weel<ly
programme over a one year period for a 6-year-old is clearly far cheaper than having
to provide long term daily help (or even specialised schooling) to a late-diagnosed
10-year-old whose behaviour is becoming increasingly antisocial” (Muter, 2003, p.
5). This leads to significant reduction on budgets at the level of the second-stage
intervention.
As previously discussed, early screening and intervention and assessment is a multi
stage process entailing savings at every stage. The savings in the first two stages
have been mentioned. The third stage is no exception. During intervention some
10% of children may make an inadequate response to intervention and may thus be
referred for psycho-educational assessment.

These are reduced numbers in

comparison to the numbers which may have required costly assessment if no
intervention had taken place.

This would also represent a significant saving for

budgets and make early screening/intervention attractive to budget managers.
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As well as a financial cost-effectiveness, there is also the practical requirement that
early screening should also be easy to administer from the points of view of time and
complexity.

Screening should be simple to apply and easy to interpret (Wedell,

1976). It should be an inexpensive triage system designed to permit mass screening
of young preschoolers (Tramontana, Hooper, & Selzer, 1988) and should be brief,
taking no more than 30 minutes administration time and “be simple to administer
based on clear, objective diagnostic criteria" (Fawcett & Nicolson, 1995a, p. 252).
Thus, teacher feedback indicates that DEST (1996) takes no more than thirty
minutes administration time (which can be reduced with practice) and children
comfortably take the test in one session, being just within the attention span of young
children (Nicolson & Fawcett, 1996, DEST Manual, p. 33). Singleton and Thomas
(1994) feel the computerised screening can reduce teachers’ test administration and
interpretation time.

Their computerised test (e.g. Singleton,Thomas & Leesdale,

2003) takes on average 45-60 minutes to complete (CoPS, 2003, Teacher’s Manual,
p. 14). However, Quick CoPS - an abbreviated test, takes thirty minutes and Lucid
Rapid (Singleton, Home, et al., 2003), which contains three key tests, takes merely
fifteen minutes and provides automatic interpretation on the likelihood of dyslexia.
However,

not all

authors

have

chosen

the

cost-efficient,

administration-route and have been criticised for so doing.

simple

ease-of-

For example, Nicolson

and Fawcett (1995a) and Singleton (1997) criticise Badian’s work on these grounds.
She and her team adopted the process of testing children individually at age 5, 6.5
and 7 years using trained specialists and a 35-test extensive battery including a
short IQ test which required (impractical) psychological judgment and interpretation.
Moreover, brain electro-physiological procedures using hospital-based (expensive)
specialists were employed (Badian, McAnulty, Duffy, & Als, 1990), making such
procedures impractical for normal school screening sessions.

The same criticism

can be levelled at Silver and Hagin (1972) who took the epidemiological approach of
intensive

study involving

neurological,

psychiatric,

psychological,

social and

educational examination to predict which first graders from a total population would
develop reading difficulties.

Similarly in the UK the ease-of-administration

requirement is contravened by the Early Years Easy Screener (Clerehugh, Hart,
Pither, Rider, & Turner, 1991). Singleton (1997) regards it as too complex, having
six different modules.

It also fails the time-efficiency test as it involves two hours
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observation as well as preparation and analysis time.

Such tests are deemed an

impractical proposition for busy, hard-pressed teachers.
3.6 - The Issue of Screening Versus Diagnosis
Many authors are at pains to differentiate screening and diagnosis.

For example,

Silver and Hagin (2002) explicitly state that the identification process is not diagnosis
- that a scanning instrument is expected to identify a heterogeneous group of
children whose functioning in the screening tasks is immature compared with peers.
Screening looks over the whole kindergarten class, finding children whose specified
neuropsychological functions are quantitatively, not qualitatively, different from their
peers. Consistent with this, workers such as Butler, Marsh, Sheppard and Sheppard
(1985), Nicolson and Fawcett (1995) and Satz and Fletcher (1988) hold that early
screening should be a two-stage process; the initial screening may be over-inclusive
while the second may involve more detailed individual testing if necessary, should
intervention not be successful.
It is clear from previously presented evidence that the earlier intervention is given the
greater the success. An important question relating to early screening thus is - just
how early can a child be screened for the risk of literacy difficulties? This question is
discussed in the next section.
3.6.1 - How Early Should Early Screening Be?
A range of ages has been suggested as suitable for early screening. For example
Schroots (1976) holds that children should be screened as soon as they become
available on a systematic basis. In the Netherlands 85% of 4 year olds and 95.4% of
5 year olds are enrolled in nursery schools. Similarly, in Ireland, while 4 year olds
may attend, almost all 5 year olds attend primary school.

Schroots feels it is

desirable to screen at 4 years, while 5 year olds lend themselves readily to largescale research. Scarborough (1990) finds the child at risk of literacy failure “typically
experiences problems with pre-literacy skills during the late preschool period,
exhibits vocabulary deficiencies,

poor rhyme recitation skills and phoneme

awareness deficits from the age of 3 or 4 years; and produces shorter syntactically
simpler sentences and less accurate pronunciations of words than other 2 year olds”
(Scarborough, 1990, p.1738). Some fine successes have been recorded in testing
pre-schoolers.

For example, Fawcett, Nicolson and Lee (2003) report general
103

satisfaction in the early education community with their test aimed at 3:6 to 4:5 year
olds and Badian (1986) found correlations between the performance of 4 year olds
and reading performance in grades 3 and 8. Furthermore, Badian (1982) found that
the Hollbrook Screening Battery (HSB) correctly identified 92% of good and poor
readers. She thus concluded that prediction of later good and poor reading is no
less accurate at age 4 than it is at 5 or 6 years. Others such as Muter (2000) and
Singleton et al. (2003) concur.
However, writers such as Drenth, Patrie and Bleichroot (1968) argue that 5 year olds
are more school-experienced and that factors contributing to unreliability (e.g. lack of
perseverance, attention, cooperation, effort) decease, making screening of 5 year
olds a viable enterprise.
Many authors feel that, in general, early screening is best before formal reading
instruction has begun (e.g., Lundberg, et al., 1980). Nicolson and Fawcett (1996)
feel that the best time to screen is in the fifth term when children are accustomed to
the structures/patterns of school life. Others argue that a convergence of evidence
indicates that later kindergarten screening is more effective than that of early or mid
kindergarten (e.g. Eaves, Kendall, & Crichton, 1974). In Ireland the preferred time
appears to be in early senior infants (5 to 6 year olds): Special Education Circular SP
ED 02/05 (Department of Education and Science, 2005b) envisages that senior
infant children would be in receipt of learning support following screening and failure
to respond to classroom intervention. This suggests that screening in early senior
infants is the preferred time from a policy perspective. This is consistent with writers
such as Poskiparta et al. (1999) who hold that early screening and intervention are
easier to execute in kindergarten, as school programmes in kindergarten tend to
time-table pre-reading skill-building such as phonological awareness for all children.
Thus schools can avoid potential labelling issues which, in the past, became hotly
debated issues in the early screening literature and are the topic of the following
section.
3.6.2 - Labelling Issues in Early Screening

In their consideration of early screening many authors (e.g., Lundberg, et al., 1980;
Rosenthal & Jacobson, 1966; Wedell, 1976) worried about negative effects of early
screening on the child identified as at-risk for learning difficulty.

For example.
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Rosenthal and Jacobson (1966) raised teacher awareness regarding label power in
determining treatment and attitude to children thus identified.

Many authors are

cautious of disability labels applied to young children due to such negative
expectations (Algozzine, Mercer, & Countermine, 1977; Foster, Schmidt, & Sabatino,
1976) which can lead to self-fulfilling prophecy (Singleton, 1997; Wedell, 1976). The
latter author warns that labelling may arouse anxieties in parents. This is consistent
with the education community’s wariness of perceived premature labelling, especially
if the label in question is dyslexia.

They fear the label may engender vociferous

demands by parents for statements of SEN which in turn may place undue pressure
on an already over-stretched psychological service.

Indeed, the very title of this

research project, The Development of the Trinity Early Screening Test for Dyslexia
(TEST-D), is of concern to the DES and will probably be changed for this reason in
the future. Other writers such as Lundberg et al. (1980) are concerned especially
about long-term labelling. They caution that prediction of later reading achievement
is imperfect and that long-term labelling and special placement can be more harmful
than positive intervention.

Workers such as Nicolson and colleagues and NEPS

have the potential to allay the fears of the educational community regarding
inappropriate

labelling

by virtue

of their three-stage

procedure

(screening,

intervention, assessment) which are inextricably and sequentially linked (Fawcett &
Nicolson, 1995a; Nicolson & Fawcett, 1996, 2004).

They have shown that it is

possible to avoid labelling by stressing the rationale for early screening which is
information-gathering regarding children’s strengths /weaknesses (Schroots, 1976)
which identifies those at risk for literacy failure. Thus, early screening is to provide
objective support to parents/teachers who may be concerned about a particular child
for other reasons such as language or graphomotor difficulties and who otherwise
may go unnoticed.

Early screening will provide pointers for intervention and

differentiation within classroom teaching techniques (Singleton, 1997; Singleton,
Horne, et al., 2003; Singleton, Thomas, et al., 2003). A case in point is the light
touch advocated by Lundberg et al. (Lundberg, et al., 1980) where metalinguistic
skill needs to be taught.

They argue that teachers should engage in stimulating

reading-related processes such as phonemic awareness in playful contexts at a
class level.

Thus, pointing out young at-risk children or taking any long-term

labelling measures would be unnecessary.
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Singleton (1987) holds that categorical labelling may be useful in the intervention
stage following assessment in order to access suitable duration and frequency of
intervention. He also points out that there is a need for differentiation even within a
single category. For example, within dyslexia early screening may indicate a child is
affected more in the auditory/verbal domain; another’s performance may indicate
perceptual deficits, while another’s may indicate both deficits, or even a motor deficit.
Differentiated teaching chosen from multi-sensory methods is needed at the
intervention stage to respond to the variable syndrome which, arguably, is dyslexia
(Singleton, 1987). Low key intervention may prevent reading failure. Thus, children
who otherwise would be likely to fail and may later attract the label “dyslexic” may
not reach the stage where a discrepancy between ability and performance is allowed
to develop. Early screening therefore alerts teachers to risk before risk factors lead
to reading failure.

Lately, labelling of a diagnosed learning disability is seen as a

declaration of need which, in the Irish context, unfortunately, may result in smallgroup learning support only.
This section so far has considered such practical issues as cost-effectiveness, the
timing of early screening and labelling issues which may make early screening an
attractive enterprise for educational authorities. However, screening tests need to be
of value and reliable in order to attract the respect of educational managers. This
aspect of early screening is discussed in the next section.

3.7 - Validity and Reliability Concerns in Early Screening
Many authors (Badian, 2000; Satz & Fletcher, 1988; Singleton, 1997) hold that
prediction research can be criticised for absent information regarding screening test
validity.

For example, Singleton (1997) holds that early screening tests should be

objective, standardised measures with assured reliability and validity to attract
educational authorities to their use.

The validity of screening tests must be

established by prospective validation study providing correlation coefficient and
discriminant function

information.

The correlation coefficient represents the

predictive validity of the test because it covers its predictive power for the whole
group including high, intermediate and low scores, the latter being of focal interest to
the screening enterprise.

Discriminant function analysis (DFA) is a measure of

predictive validity, providing the percentage of incorrect categorisations. Singleton
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(1997) calls for full information on test reliability.

Overall prediction rates are not

enough and can be misleading; they may be very high due to good prediction of a
large group which may relate to good readers and may outweigh a poor prediction
rate of the smaller group of problem readers. Singleton (1997) holds that all four
categories - true and false positives and true and false negatives - must be known
before the predictive power of a screening test is accepted.

Percentages of false

negatives and false positives compromise the predictive validity of a screener.
Issues relating to false negatives and positives have been an enduring problem for
researchers and schools alike. These are discussed below.
3.7.1 - Validity Issues: The Problem of False Positives and False Negatives

The costly effects of false positives and false negatives can be considered at the
individual and administrative levels.

Individuals falsely identified as at-risk may

receive unnecessary tuition and progress may be compromised especially if they
have missed teaching in subject areas due to the pull-out system. Their self-esteem
may have suffered and lowered teacher expectation may have a self-fulfilling
prophecy which may impact on their outcomes. Administratively, false positives are
an unnecessary resource burden on the education system.

The false negative,

however, will, most likely, have far more serious implications both individually and
educationally at administrative level. For the individual the loss is enormous. He will
have been falsely considered not at-risk; no intervention will have been offered and
the critical time-window described by Strag (1972) will have been missed.

There

may be loss of motivation/confidence with far-reaching ‘Matthew effects’ into many
areas beyond literacy as described by Stanovich (1986).

Furthermore, false

negatives place heavy financial burden on education authorities: failure to recognise
learning

problems

culminates

in accumulated

need for ongoing,

intensive,

expensive, remedial intervention well beyond what otherwise would have been
required.
Writers such as Jansky (1978) and Singleton (1997) hold that screening tests are
expected to produce a proportion of incorrect classifications.

Jansky argues that

screeners should be rejected if either false negatives and/or false positive rates
surpass 25%.

Singleton (1997) makes the important distinction between the

incidence of false positives/negatives and the real percentages of these, which must
be calculated not as a percentage of the overall sample (which would be misleading)
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but as a percentage of the appropriate sample. He offers the formula - true positives
divided by the sum of true and false positives multiplied by 100 to answer the
question “Of the children identified at risk, what percentage subsequently fail?"
Moreover, the formula - true positives divided by the sum of true positives and false
negatives multiplied by 100 will answer the question ‘‘Of the children who actually
failed, what percentage were shown to be at risk?"

Kingslake (1982) is also

concerned regarding screening instrument unreliability and argues that if either index
following these calculations is less than 75% then the screener should be rejected.
These two indices are rarely available to school authorities regarding particular
screeners. Thus, teachers may have inflated opinions of screener-reliability and may
make unsound decisions regarding children’s needs.

This may damage child

outcome and leave teachers open to potential litigation.
A case in point is the Feshbach, Adelman and Fuller (1974) evaluation of the de
Hirsch Predictive Index (Jansky & de Hirsch, 1972) which reported a 77% accuracy
rate. However, this related to true positives and negatives only, which is misleading.
A re-evaluation by Satz and Fletcher (1979) found that accuracy rates were inflated
by a 93% score in correct identification of good readers. In fact the Predictive Index
had a 74% false negative rate which is catastrophically misleading if used for
decision-making about child interventions - as most children who may need help
would not receive it.

Other widely-used screeners have similar disadvantages.

Potton’s (1983) re-evaluation of The Croydon Check List (Wolfendale & Bryans,
1979) found a 60% false negative rate.
The choice of such a screener may leave Irish children’s difficulties unrecognised.
Many widely-used tests such as the Boehm test of Basic Concepts (Boehm, 1986),
the Slingerland Screening Test (Slingerland, 1974), Infant Rating Scale (Lindsay,
1981), Swansea Evaluation Profiles for School Entrants (Evans, Davies, Ferguson, &
Williams, 1978), Bury Infant Check (Pearson & Quinn, 1978, revised 1986), the
Humberside Infant Screening (Randall, 1981) and the Aston Index (Newton &
Thomson, 1976, 1982) would be rejected (Lindsay, 1988; Lindsay & Wedell, 1982;
Singleton, 1997) on accuracy grounds and would lead to their rejection according to
the Jansky (1978) and Kingslake (1982) test accuracy criteria.
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One particular screening test in widespread use in Ireland - The Middle Infants
Screening Test (Hannavy, 1993) has not been standardised and no information is
given on the predictive power of any subtest or subtest combinations.
The checklist approach is often used to estimate levels of social disadvantage on
school entry for allocating resources or for calculating value-added.

However, it

causes grave concern to Singleton (1997) if a checklist is to be used for screening in
the belief that it is capable of discriminating children at-risk for literacy difficulties.
Singleton holds that there is a real danger that children genuinely at-risk because of
underlying cognitive weakness may be missed by such a crude instrument,
especially middle-class children. Their problems may be disregarded because the
screener checklist may pronounce the child not at-risk.

Unfortunately, the Irish

Department of Education and Science, in its Staged Approach to Assessment,
Identification and Programme Planning, advocates the use of such checklists: "The
teacher should then administer screening measures, which may include screening
checklists and profiles for pupils in senior infants and first class’’ (Special Education
Circular SP ED 02/05, p.21).

Screening checklists are also mentioned as an

alternative for Preliminary Screening for Learning Difficulties in Learning Support
Guidelines (2000). In general, screening checklists, rating scales, screening profiles
or curriculum profiles will be used with pupils in senior infants or at the beginning of
first class” (Department of Education and Science, 2000, p.58).
In contrast to the above, Singleton and Thomas (1994) present correlation coefficient
and discriminant function analysis for CoPS.

Moreover, Thomas, Singleton,

Leesdale and Plant (1997) indicate a 96% overall prediction rate with false positive
rate of only 2.4% and a false negative rate of 16.7%.

This places CoPS within

acceptable limits on all parameters and compares favourably with other screening
instruments (Singleton, 1997).
It is possible however that the predictive power of screeners and their validation
studies may be artificially low.

Several authors (e.g., Badian, 1982; Nicolson &

Fawcett, 2004) speak of the ethical dilemma confronting researchers when children
are deemed at-risk.

If schools are not informed, then intervention is withheld and

valid positive rates may be high.

However, if risk information is given to schools,

many at-risk predicted children may receive effective intervention. This may, in turn.
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affect classification and reduce predictive accuracy.
found 43% false positives at 4 year follow-up.

For example, Badian (1982)

She found that 7 out of 9 false

positives had received weekly supplementary teaching from kindergarten or early
first grade, as did the true positives. Similarly, Nicolson and Fawcett (2004) hold that
the false positive rate of their validation study would have been lower had the at-risk
information been withheld until predictive accuracy levels could be established.
There are grounds for believing this is so. In a predictive validity study of the DEST
when it was at the 11 subtest stage, Fuller and Hynes (1996) report that the DEST
yielded only a 6.9% false positive rate when none of the at-risk children received
intervention.
withhold

Thus, to evaluate reliably the predictive power of a test one should

information on

initial screening

performance

unethically denies intervention to those who need it.

but,

in so doing, one

Alternatively, one shares

information on screening performance, thus ethically facilitating intervention and
simultaneously contaminating the tests’ predictive power.

This appears to be an

intractable problem for early screening research.
Besides the above problems which are inherent in early screening research, there
are further reasons for early screening test unreliability. One of these relates to the
setting of the cut-off score for risk of learning difficulty. This is the topic of the next
section.
3.7.2 - Validity Issues: Determining Risk for Learning Difficulties
One problem among many confronting an early screening test developer is to decide
where on the distribution curve a cut-off score constitutes risk at initial screening. A
range of techniques to establish cut-off points have been employed.

For example.

Silver and Hagin designated the lowest one-third of the distribution for each
SEARCH component test as the Vulnerable At or Below (VAB score). A child given
a total SEARCH score computed as the number out of 10 subtests which exceed the
VAB.

A total SEARCH score of 0-5 predicts vulnerability to learning failure.

In

contrast, Badian (1982) used a prospectively set score of more than one standard
deviation below the mean of the group. This was a particularly successful method,
identifying 92% of poor readers four years later. Badian (1990), however, later used
a total score in the lowest 14% on the HSB as ‘high risk’. Interestingly, Badian et al.
(1990) experimented with retrospectively setting the cut-off point, making the ‘at-risk’
criteria fit the outcome.
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Nicolson and Fawcett (1996) use a dual method of high-risk designation. They hold
four or more scores less than the 10^^ percentile (or seven or more scores below the
25^^ percentile) on individual tests as rendering the child ‘at-risk’. Risk status is also
calculated by developing an overall ‘at-risk’ quotient (ARQ).

A weighted mean of

individual ‘at risk’ scores is calculated, ignoring ‘not at-risk’ scores and using the sum
of values of 2 for highly at risk (- -) and 1 for ‘at-risk’ (-). This provides the ARQ. An
ARQ of 1.0 or more is the overall ‘at-risk’ indication for DEST (1996). This produced
an overall hit rate of 75% true positives and a false positive rate of 7%. Interestingly,
retrospective modification of the ARQ to 0.9 produced a 90% hit rate with 12% false
positive rate. DEST (2004) retains the strong risk 0.9 ARQ criterion and introduces a
0.6 - 0.8 ARQ designating mild risk to increase the predictive validity of DEST and to
provide a continuum of risk.
Singleton (1997) also considers various criteria for ‘risk’ on CoPS. For example, a
child may be at-risk if three or more scores are below the 20^^ percentile. If several
scores are just above the 20^^ percentile the child may also be considered at-risk.
Furthermore, CoPS scores below the 5^^ percentile designates severe risk of
difficulties with learning and retaining information. However, Singleton, Thomas and
Leesdale (2003) adopt a more circumspect method and hold that ‘risk’ depends on a
number of factors such as the particular subtest under consideration (some subtests
being more predictive than others); whether other individual CoPS subtest scores
confirm/disconfirm the result; the age of the child and the risk threshold of the
particular school or local education authority. Risk is also a function of development
in relation to the original CoPS profile and of response to intervention.
These methods have brought various degrees of success/failure in prediction as
determined by discriminant function analyses (DFA).

However, authors may later

manipulate cut-off points and adopt other methods to improve prediction.
The level of inaccurate predictions may be statistically manipulated to yield the
fewest number of false positives. This involves lowering the cut-off score at or below
which failure is predicted.

Thus, fewer children are in the vulnerable category.

However, lowering the cut-off score increases the number of false negatives.
Some authors use base rates of reading failure in a particular sample area to set cut
off scores. This is the technique used by Silver and Hagin (1981) and Jansky and de
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Hirsch (1972). The former authors used base rates of third grade reading failure in
their sample schools to set cut-off scores for each subtest.

However, Meehl and

Rosen (1955) use Bayesian statistics to determine cut-off points on psychometric
tests and to identify true positives and true negatives. Decreasing the cut-off point
score improves decisions only if the ratio of improvement in true positive rates to
worsening false negative rates exceeds the ratio of actual failing readers to actual
successful readers in the population. Silver and Hagin (2002) complain of the lack of
clarity generally in screening tests on how the vulnerable score and cut-off point is
decided. Furthermore, the methods employed to improve prediction rates can have
implications for the reliability of screening tests.
Researchers may use a variety of techniques to improve prediction rates.

For

example, it is widely accepted that prediction is simplified when complex problems
such as poverty, linguistic and cultural diversity are not operational (Kelly & Peverly,
1992). Thus the Badian (1982) sample was a homogeneous lower-middle to middleincome group born within a certain time span and confined to one New England
area. The Badian et al. (1990) sample were largely middle class boys of average or
higher intelligence.

Similarly, Satz and collegues’ samples for the development of

the Florida Kindergarten Screening Battery (Fletcher & Satz, 1982) were white boys
from five urban schools in Alcohua County.
Another technique was to set the criteria retrospectively, making the risk criterion fit
the outcome (Badian et al. 1990). Jansky et al. (1989) emphasise that when cut-off
levels are set after the fact, it must be understood that these cut-off levels are most
favourable for that sample. This is also the case for a homogeneous group, say, of
white boys. The important point here is that, where samples are simplified by sex,
SES or ethnicity, for example, findings need to be validated to other groups such as
females or different SES groups or other ethnic backgrounds. For example, Jansky
and de Hirsch (1972) hold that children attending private schools tend to be of above
average intelligence and tend to score high on their kindergarten index and 2 '^^ grade
criterion reading.

Some children scoring above the predictive cut-off may pass in

terms of norm-group standards but will, however, score far below the mean reading
score for their own group.

Indeed, it is arguable that specially designed screeners

for very able children, such as the Kindergarten Screening Battery (KSB) (Belkin &
Sugar, 1985) should be developed for such children to help identify those with
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difficulties, as it is suspected that classroom teachers of gifted learning-disabled
children may be unaware that a learning disability exists (Waldron, Saphire, &
Rosenblum, 1987).

Nicolson and Fawcett (2004) concur, warning that DEST or

DEST-2 may not always identify learning disabled children drawn from private
schools. These children may achieve in the average range or above for their age
due to the educational support they have already received. Jansky and de Hirsch
(1972) hold that predictions are difficult because in many cases the situation in which
screeners are used may differ radically from the one that served as the basis for test
development. There are often gross social and geographical variations between the
base rates and the new group. For example, Kelly and Peverley (1992) found that
the Kindergarten Screening Battery (KSB) (which was designed on a very bright
sample) was a very good predictor of achievement in a group of very bright children.
However, Jansky et al. (1989), using the KSB, were unable to identify which low SES
Latin-American first graders would become dyslexic. Large cross-section population
studies are also needed when establishing norms for screening tests and for
populations in other countries. A case in point is that of the study by MacDonnell
(1998). This author found that when the DEST was used to screen Irish working-tolower-middle class boys, that it correctly predicted boys who were later found to be
poor readers and/or poor spellers in 63% of cases.

More than a third of ‘at-risk’

children were missed. Furthermore, it correctly predicted those who were later found
to have specific reading and/or spelling difficulty in just 49% of cases. Many authors
(e.g. Jansky & de Hirsch, 1972; Masland, 1972; Silver & Hagin, 1976) suggest
having cut-off pass/fail points adapted to schools’ SES background and academic
expectations.

Silver and Hagin (1972) thus take account of this geographic and

ethnic variability.

They supply tables reflecting norms for inner city, multi-ethnic

communities together with

urban, upwardly mobile middle-class populations,

suburban and even semi-rural populations.
Other techniques can improve prediction, such as combining test scores with teacher
judgement, which may be reliable.

For example, Dykstra (1967) notes that

experienced teachers, having spent a few weeks with kindergartners, can predict
how successful each child will be. This combination approach may aid the problems
of generalising results from an experimental sample to new groups. By combining
test scores and teacher judgements, predictive battery cutting-points can be adjusted
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to the failure rate of specific schools. The technique involves school staff agreeing
on the failure point for a particular grade.

In the current and previous year, the

percentage of children performing at or below that score constitutes the expected
failure rate.

The same percentage of low scoring kindergartners, as reflected by

combined teacher ranking-predictive index scores, will constitute the high-risk group
(Jansky & de Hirsch, 1972; Silver & Hagin, 1975).
As can be seen, setting the cut-off point at or below which risk is indicated, is
problematic.

Indeed, Crossland (1994) argues that one of the fundamental

weaknesses of early screening research lies in where the line is to be drawn
between ‘at risk’ and ‘not at risk’. The broad usefulness of a screener is decided on
such decisions. However, the introduction of a mild risk category by, for example,
Nicolson and Fawcett (2004) may alleviate the situation somewhat.
As well as validity issues relating to cut-off points, there are validity issues related to
criterion testing in the early screening literature. Essentially this is a theoretical issue
relating to the difficulty in establishing a universally agreed definition of reading
disability.

De Hirsch, Fieldman and Roswell (1972) ponder the definition of

predictive goals.

What exactly is being predicted?

analysis success or is it success in mature reading?

Is it (narrow) word decoding/
Screening test researchers

must define reading success to determine criterion measures.

Obviously isolated

real and non-word reading may suffice for younger children’s earliest skills. However
(wider) oral and silent reading comprehension are considered minimal requirements
for mature reading together with syntactical relationships, derivation of meaning and
anticipatory schemata construction. It is also thought important that reading speed
may be an important criterion in the light of recent evidence of heterogeneity in
learning disability (e.g. Satz & Morris, 1981). For example, individuals may have a
speed of processing deficit with or without a phonological deficit (Wolf & O'Brien,
2001 ).

The criterion measure may extend wider still to spelling, writing or into learning
disability in mathematics.

The wider definition is taken by Jansky and de Hirsch

(1972) who included criterion measures of oral and silent reading and spelling tasks
including sound blending, paragraph reading, fluency of oral reading and contextual
word guessing. These authors defined reading failure as a 2.2 grade score or lower
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on a silent paragraph reading test. Badian et al.’s (1990) criterion measures are also
wide-ranging to include word recognition, reading comprehension, spelling, oral
reading accuracy and rate at grade four.
Silver and Hagin (2002) raise a further issue relating to the exact nature of the cut-off
point of the criterion measure.
median

achievement score

They ask should grade expectancy level or class
be the criterion

measure or should

significant

improvement be gauged by a percentage amelioration score? They demonstrated
that the SEARCH early screener evidenced 4% false negatives using a 4^^ grade
expectancy criterion at end of 3”^^ grade. Alternatively, using the median grade score
of 4.6 caused a 13% false negative rate. At the end of second grade in one school,
the expectancy grade score of 3 gave 9% false positives. Alternatively, using the
class median achievement level decreased the false positives to 3%.

Thus

prediction rates are determined by choice of criterion cut-off measure.
A related issue is that the age at which reading disability is determined can be
problematic. For instance, authors may define poor reading as being 1.5 to 2 years
below expected grade levels.

Gaddes (1976) holds that the criterion of 1.5 to 2

grades is unsuitable for junior grades and suggest the Gates-McKillop scale of
increasing cut-off with age (Gates & McKillop, 1962). On this scale, low reading in
grade 3.5 is defined as 0.9 to 1.5 years below grade level and very low reading as
1.6 years below grade level. Using these criteria, Badian (1982) found that 10% of
participants were poor readers (7.7% low readers, 2.3% very low readers).
However, her example was 97% white with relatively homogeneous lower-middle
and middle-income groups. At 4-year follow-up, mean and median grade reading
scores were 5.4 and 5.6 respectively. A grade score of 3.7 equalled actual grade
placement but was a standard deviation below sample mean.

According to the

Gates-McKillop scale, the minimum criterion for poor reading (0.9 year below grade
placement) was 2.6 years below group mean.

Just 19 participants scored below

grade placement, or more than a standard deviation below the group mean.
Participants’ grade scores approximated the 80^^ percentile on end of 3'^'^ grade
norms or almost one standard deviation above the population mean.

Therefore,

participants were better readers than expected and percentage poor reading was
low. It is probable that an opposite-type mismatch can occur in disadvantaged/very
low SES populations. Thus it is difficult to set criteria from one community to the
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next.

In order to bring more security to the criterion measure, authors such as

Fletcher and Satz (1984) used the combination approach of teachers’ estimates of
end of 2"^^ grade reading proficiency, Word Recognition and Vocabulary Recognition,
as the criterion measures. This resulted in a 74% hit rate, with 11% false positives
and 17% false negatives.
This section has discussed technical issues relating to screening validity and ways in
which researchers dealt with these issues over the years. However, early screening
tests are administered to young children in order to identify early those who may
have literacy difficulties. This brings the spotlight onto the nature of young children;
where they are in their developmental trajectory and the stability of that path. This is
the topic of the next section.
3.7.3 - Reliability Issues: The Nature of Young Children
Authors such as Crossland (1994) argue that the complexity and fundamental
weakness of early screening lies in the inherent instability of development which
limits researchers’ capacity to predict later development/performance based on
earlier performance. Early screening assumes early to later-point environmental and
personal stability/continuity in the child’s life (A. Thomas, Chess, Birch, Hertzig, &
Korn, 1961). However, the idea of continued environments may be more theoretical
than real.

Life’s vicissitudes change the child’s environment; parents may die or

divorce; parental input may change due to health or return to work. Teachers can
affect outcomes at an intra-child level, effecting motivational/emotional response
changes.

Intra-child variability does not allow smooth development roll-out across

the life-span. It happens in the stop-start stages with achievement hills, valleys and
plateaux.

A child may progress well cognitively and motorically, followed by

developmental slow-down/arrest.

If the child is assessed during the normal

developmental period and there is subsequent slowing, this can cause false negative
categorisation. Conversely, if there is slow development at initial testing time and a
subsequent developmental spurt, this causes a false positive categorisation.

De

Hirsch, et al. (1966) consider kindergarten-to-second-grade dramatic developmental
spurts as constituting a real predictive

pit-fall.

The child may change for

emotional/motivational or health reasons which may also compromise prediction
accuracy.

However, this is not the only level of uncertainty.

Inter-child variability

also makes prediction difficult. Some children develop quickly, while others develop
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slowly.

For example, some 4 year olds may recognise or even produce rhymes

while others may require explicit instruction. Similarly, some children may use smallunit decoding at school entry while others need up to three years explicit literacy
instruction to deal with phonemic decoding.
Many authors are concerned about particular developmental aspects and their
accuracy-compromising effects.

Schroots (1976) is concerned about attention,

cooperation and perseverance levels of young children.

Jansky et al. (1989) are

concerned about measurement errors in non-test-wise children. This is echoed in
Singleton et al. (2003) who worry about distracted/ fatigued participants who may be
unable to tell the test administrator about it.

Furthermore, they worry that

participants may lack motoric adroitness: computer mouse-pointing, particularly in
speed trials, may be compromised and need special training.

Young children,

moreover, become bored with conventional testing materials (Singleton, 1997).
Thus, test developers need to be especially creative in developing attentionengaging subtests to surmount these particular characteristics of young children in
the screening endeavour.
A further source of prediction inaccuracy lies in environmental differences of
children.

For example, Adams (1990) reports that the linguistic environments of

many children are so enriched to the extent that they may be in receipt of up to 1,700
hours of one-on-one literacy tuition prior to school entry, while others have a deficit
of similar proportions due to a linguistically stultifying home or are raised in an
environment where literacy aspirations go unrewarded.
Prediction studies (Badian, 1982; Jansky, et al., 1989) found it easier to identify good
readers and more difficult to identify poor readers as a general rule. For example,
the Screening Index (Jansky & de Hirsch, 1972) identified fewer than 40% failing
readers but identified most passing readers at all grade levels. Moreover, follow-up
studies of batteries such as the Hollbrook Screening Battery (Badian, 1988), the
Slingerland

(Keogh,

Sears,

&

Royal,

1988),

and

SEARCH

(Morrison,

Mantzicopoulos, & Stone, 1988) found that they did not effectively identify poor
readers.
Such prediction failure may be explained in part in terms of variability in children’s
environment. Jansky et al. (1989) opine that prediction of reading disabled children
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may be easy if the course of their poor performance is relatively constant from one
year to the next due to inherent disability. However, that may not be the case for
disadvantaged, ethnic or bilingual children who initially perform badly. The process
of learning to read itself may teach these children formal English and help them think
objectively about language. Moreover, children from disadvantaged homes may lack
opportunity (or may not be test-wise) and consequently may be deemed ‘at-risk’ due
to initial poor screening performance.

Subsequent amelioration, due to adequate

reading instruction, may move them out of the risk category. Thus, environmental
discontinuity renders unsafe the initial prediction for their future literacy skills.
As well as affecting the reliability of early screening tests, the nature of young
children can constrain early screening sub-test type and content which has further
implications for test reliability (Singleton, 1997). Singleton holds that 4 to 5 year olds’
egocentricity makes group tests unsuitable; they find turn-taking difficult, being
impatient (while others perform tasks), and interfere with activities. Some children’s
competitive urges may dominate proceedings, causing difficulty in determining if a
particular child can perform a task. Consequently, individually administered tests are
preferable, if time-consuming. However, even individually administered test content
is constrained by the nature of young children. Singleton (1997) is concerned about
tension between the necessity of encompassing complex cognitive measures such
as working memory tasks in screening tests and the extreme difficulty in reliably
administering them.

Similarly metalinguistic awareness-type tasks are age-

constrained. Measures suitable for battery inclusion may not be reading-predictive
and those which are may be unsuitable for preschoolers. For example, Muter (1994)
and Muter and Snowiing (1998) reported that preschoolers were capable of rhyme
detection and production but these skills were not predictive of reading but were
predictive of spelling. Even within rhyme detection, ‘oddity tasks’ may be difficult to
administer to young children. Also, the poor predictive power of early metalinguistic
skills (e.g. rhyme awareness and syllable counting) contrasts unfavourably with
widespread research evidence for the predictive potential of phonemic awareness
(Felton, 1992; Jorm, et al., 1986b; Mann,

1993).

Unfortunately, phonemic

awareness may be outside the capability of preschoolers and most kindergartners.
Liberman, et al. (1974) found phoneme segmentation was too difficult for all
preschoolers and 83% of kindergartners.
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There may be similar development constraints on Rapid Automatized Naming (RAN)
tasks which are known to contribute to reading independently of phonological
awareness (e.g. Felton, 1992; Manis, Seidenberg, & Doi, 1999) and alphanumeric
RAN tests have the strongest association with reading (e.g., Badian, et al., 1990;
Wolf, 1991).

However, the RAN type task suitable for early screening batteries is

limited. For example, Badian (2000) holds that despite RAN object tests “it is not
possible to include tests of symbol naming in a battery for preschool children as
many of them cannot name letters or numbers and not all of them can name colour
accurately” (Badian, 2000, p. 34). Unfortunately, also RAN object tasks have lower
correlations with first and fourth grade reading (Badian, et al., 1990; Felton, 1992).
Many authors accept that screening batteries are imperfect and that a short
screening instrument may be expected to have false negatives due to the many
factors entering into learning to read. There is tension between prediction and the
dynamic interplay between these many factors.

Within the total resources of the

child the balance can be tipped towards deficit or normal literacy development (e.g.,
Hagin, 1978; Jansky, 1978; Jansky & de Hirsch, 1972; Monroe, 1935; Wedell, 1976).
The many sources of prediction error and age constraints on test content highlight
the precarious nature of early screening.

Thus, measures which relate to the

quantification of behaviour may be insufficient to determine risk status. This leads to
an important theoretical point raised by de Hirsch, Fieldmann and Roswell (1972) - to
what extent does quantification lead to neglect of parameters such as attention,
motivation, anxiety, curiosity, teaching quality, learners’ and teachers’ value systems
and the interface of these. These authors demonstrate that reading disorders are
related to constellations of dysfunctions and environmental factors and that
interaction between them varies from child to child. Indeed, Birch (1970) holds that
interactive effects may be more important than predictor variable effects, while
Lambert (1967) argues that interactive effects are mediated through the child’s
cognitive endowment, adaptive capacity, vulnerability to stress and impinging
environmental influences.
De Hirsch and colleagues (1972) argue for the clinical evaluation approach involving
a careful weighing of separate pieces of evidence involving subtle and complex
interactions which result in any appraisal of the total configuration. A case in point is
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compensation in relation to learning.
particular area.

Some children excel despite deficits in a

For example, children may use strength in visual memory to

compensate for a deficit in phonological memory (Jansky & de Hirsch, 1972).
Monroe (1935) holds that personality, emotional and teaching factors have the
potential to tip the child towards becoming a good or poor reader, especially if they
are functioning at the critical 40 to 60 percentile range. Taking a still-wider view,
Hall, Keogh and Becker (1975) hold that risk is not simply the condition of the child
but also a function of teacher, classroom atmosphere, school, and instructional
programme. The child scoring just above the battery cut-off point may be unable to
cope with life vicissitudes and may fail, becoming a false positive. Thus, de Hirsch
and colleagues (1972) argue that the compensation variable is necessary to improve
prediction. Information on many aspects of the child’s life and schooling need to be
considered to arrive at a decision regarding risk. The complexity of prediction has
been articulated by Monroe (1935) “no one proponent cause has been used as a
criterion for prediction.

Numerous conditions, including sensory, intellectual and

constitutional defects, emotional and environmental factors, teaching techniques etc.
have been associated with reading disabilities by one or another investigator.
Apparently combinations of factors are more likely to bring about failure in reading
than any one isolated cause; and the variety of ways in which the many factors may
be combined and the extent to which they may influence the child’s reading seem
limited only by the number of cases examined” (Monroe, 1935, p. 7).

Monroe is

struck by the presence of a similar handicap in both good and poor readers but is
conscious of some readers’ ability to recruit a compensatory strength which may
surmount a handicap allowing normal literacy development.

Such a case is

evidenced by the bootstrapping effect of rich language which aids reading
comprehension due to contextual facilitation. The presence of a handicap does not
automatically cause a reading impairment “thus lowering the predictive value of any
one measure" {Monroe, 1935, p. 7).
It is clear from the above discussion that enriched data may bring superior prediction
accuracy to the screening process enhancing the likelihood of the use of early
screening.
However, as well as a reliability requirement, early screening tests also have a
validity requirement, i.e. that they should measure what they claim to measure - that
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is the risk of reading failure.

Validity is secured by having a choice of subtests

sufficiently wide to encapsulate the known range of deficits (Fawcett & Nicolson,
1995a). Validity also requires screeners to have a sound theoretical basis. These
topics form the subject matter of the next section.
3.7.4 - The Validity of Early Screening Tests

There is a great deal of evidence that disabled readers are heterogeneous (Satz &
Morris, 1981).

They may have a speed of processing deficit with or without a

phonological deficit (Wolf & O’Brien, 2001) or may have difficulty automatising any
skill (e.g. Nicolson & Fawcett, 1995). This heterogeneity indicates that, to identify
those at risk for literacy failure, the predictive screening net should be spread widely.
Screening tests also need a sound theoretical basis.

The selection of tests

invariably reflects the investigator’s theory as to the nature of the early reading
process (de Hirsch, et al., 1972; Jansky, et al., 1989), the nature of dyslexia and
even a combination of researcher’s beliefs and clinical observation.

For example,

Monroe (1935) devised tests based on clinical observation of reading disabled
children and the visual theories of Orton regarding letter orientation as described in
Chapter 2, Another screener - the SEARCH test battery - reflects the theoretical
position of Silver and Hagin (1960) that deficits in spatial and temporal organisation
are at the basis of specific reading disability. Similarly, the predictive studies of Satz
and colleagues are driven by the theory that developmental dyslexia reflects a brain
maturational lag which differentially delays those skills in primary ascendancy at
different chronological ages (Satz & Van Nostrand, 1973). Hence, in the preschool
years, visual-motor and cross-modal integration skills are believed to be more
sensitive predictors of later reading achievement than are later conceptual-linguistic
skills.

For their part, Jansky and de Hirsch (1972) hold that difficulty in retrieving

stored symbols is the cause of reading failure. The study by Badian et al. (1990) to
identify the predictors of pure dyslexia has a more comprehensive theoretical basis,
namely that phonological and language deficits, together with speed of lexical
access and cross modal integration, are the causes of dyslexia. A more recently
devised test in wide use in the UK such as the Cognitive Profiling System (CoPS)
(Singleton, Thomas, et al., 2003) has good test validity: test composition is
consistent with the dyslexia research literature of the day, which indicates that
cognitive

difficulties associated

with

dyslexia

relate to

memory,

sequential
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information processing, phonological awareness and, in some cases, visual
perceptual difficulties (Beech, 1997; N. C. Ellis & Large, 1987; Goswami & Bryant,
1990; Singleton & Thomas, 1994; Snowling, 2000; Stein, Talcott, & Witton, 2001).
More specifically, the subtests are heavily memory oriented, reflecting the findings
that dysiexics have problems with short-term memory and verbal encoding.

For

example, the subtest “Zoid’s Friends” engages visual/verbal sequential memory and
verbal encoding, while “Toybox” assesses visual/verbal associative memory and
verbal encoding related to shape and colour. Interestingly, the “Rabbits” subtest is
most prescient of later research findings relating to deficits in the posterior parietal
cortex and to magnocellular function. Phonological deficit theory is represented in
the “Rhymes” subtest, while phonemic auditory discrimination is represented by the
“Wock” subtest.
The composition of DEST and DEST-2 reflect the dyslexia research of the last forty
years, including the authors’ own theoretical position, i.e. that dysiexics may have
trouble automatising any skill due to a cerebellar deficit. The DEST/DEST-2 net is
spread widely, representing most of the salient theoretical explanations of dyslexia.
These are set out in the Table 2 below.
Subtest Name

Causal explanation

Phonological discrimination

Phonological Deficit Hypothesis

Rhyme Detection

Phonological Deficit Hypothesis

Digit Span

Phonological Memory Deficit Theory

Rapid Naming

Speed of Processing

Sound Order

Speed of Processing

Shape Copying

Cerebellar Deficit Hypothesis

Postural Stability

Cerebellar Deficit Hypothesis

Bead Threading

Cerebellar Deficit Hypothesis

Corsi Frog

Magnocellular Deficit Hypothesis

Vocabulary

Language Deficit Theory

Table 2 - Theoretical Basis of DEST/DEST-2 Subtests

The risk of reading failure can be ascribed to a variety of factors.

Wedell (1976)

considers 10% of children to be in the slow learning category. Among these will be
children with marked educational difficulties needing specialised help, and the socio122

culturally disadvantaged. Fawcett and Nicolson (1995) opine that an early screening
test should have the confidence of the educational authorities, satisfying the
discriminative screening test standard (i.e. that it is capable of distinguishing
between different types of difficulty). In light of this, Singleton et al. (2003) hold that
CoPS (2003) does not completely distinguish between severe dyslexics and
moderate general learning disabilities (GLD), as both conditions are reflected by
fairly low scores across most CoPS tests. Teachers are usually able to distinguish
between these categories due to their profiles: moderate GLD children will be slow in
other aspects of learning and classroom activities; language comprehension may be
poor and thinking and reasoning skills may be weak and they may be poorly co
ordinated.

In contrast, hyperactive children tend towards fast times and low

accuracy. For their part, dyslexic children will come as an “unexpected” discovery,
showing low scores on CoPS subtests in the presence of average/above average
classroom activities, reasoning and oral fluency. Nicolson and Fawcett (2004) hold
that new theoretical developments in dyslexia research suggests that it is possible to
identify both slow learners and potential dyslexics. Consistent with this, they hold
that DEST-2 is “designed to identify children with problems of all types.

It should

therefore identify problems with dyslexia but also children with low SES backgrounds
and those with more generalised learning difficulties” (Nicolson & Fawcett, 2004,
DEST Manual, p.53). They also hold that the DEST-2 profile distinguishes between
various learning disorders: children with language and learning problems will
normally score on phonological tests; dyslexics will normally show poor phonological,
motor/balance and rapid naming skills; generally disabled children may score
normally on balance but evidence speed deficits; autistic 5 year olds evidence mild
DEST-impairment (ARQ 0.8) while autistic 6 year olds show severe impairment
(ARQ mean 1.7) in the presence of good shape copying.
From the above, it is clear that if early screening tests are sufficiently wide-ranging
and theoretically based they may win the respect of some educational authorities
provided they can measure the risk of literacy impairment in various developmental
disorders.
3.7.5 - Implications of Section 3.7: Discussion

There is incontrovertible evidence that early literacy failure leaves lasting damage to
the individual on literacy, emotional, economic and social levels.

Some countries
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have attempted to identify difficulties and intervene with remedial solutions using
early screening tests. Such intervention should be available in Ireland. Evidence
suggests that children aged 4 years to 6 years could be reliably screened provided
test designs bear in mind the nature of young children who may lack perseverance,
effort and attention. This will allow their needs to be met at class level, avoiding the
labelling issue.
Early screening may lack individual predictive accuracy due to cut-off points, or lifecourse discontinuities, or children compensating for a weakness by recruiting a
strength. For these reasons, an early screening test may be combined with enriched
data, such as teacher judgement, SES, family history of learning difficulties,
perseverance levels, etc. in order to improve individual prediction rates. Arguably,
data from a teacher questionnaire and a parent questionnaire in conjunction with an
early screening test may enhance the likelihood of improving prediction.

The

availability of such data-bearing vehicles would make early screening in Ireland a
pro-active, do-able enterprise.

Of course, the content of the early screening test

should be theoretically driven, reflecting the contribution of the salient theories in
dyslexia research to identifying those at risk for the condition. If those theories can
identify

the

heterogeneous

deficits

(and

strengths)

of

the

developmental

disorders/difficulties which impede literacy development then their use will be most
likely supported for early screening of young school goers by those in educational
management.

With these requirements in mind, it is intended to develop a

theoretically driven, wide-ranging early screening battery.

It is also intended to

accompany and combine the data from the battery with enriched data from a parent
and teacher questionnaire. It is hoped that this combinatory approach may increase
the likelihood of accurate prediction.

3.8 - The Rationale for a Specifially Irish Screening Test Rather than
Employing Existing Early Screening Tests.
In Ireland at the beginning of this study early years teachers tended to use the
revised version of the Aston Index as an early screener. This test was already 18
years on the market by the end of the century. It had been outstripped by theoretical
developments in the prediction of early literacy difficulties. Another widely used test
in Ireland is the MIST (Hannavy, 1993).

This is not a standardised test and no
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information is given on the predictive power of any sub-test or sub-test combinations.
A few teachers used CoPS.

However, the licence for its use was considered

expensive for the poorly-resourced primary education sector. As discussed above, it
is possible also that there are gross social and geographical variations between base
rates and the contexts in which screening tests are used (Jansky & de Hirsch, 1972;
Mac Donnell, 1998).

Indeed a further and key motivator was the evidence for the

poor predictive validity of the early form of the DEST in Ireland.

Specifically a

sample of 207, 5 and 6 year old Irish schoolboys from working to lower-middle class
communities in Dublin was screened using DEST (1996).

The DEST correctly

predicted boys who were later found to be poor readers and/or poor spellers in 63%
of cases. It correctly predicted boys who were later found to have specific reading
and/or spelling difficulty in just 49% of cases (G. MacDonnell, 1998). For the above
reasons it was felt that a specifically Irish early screening test rather than employing
existing screening tests might be advisiable for use in the Irish context.

An

alternative course of action might have been to approach the authors of DEST with a
view to developing Irish norms for their reliable screening tests. This might have
been preferable as it would have been completed in a shorter time frame. However,
this writer wished to develop a screening battery in which all levels of phonological
awareness (PA) development were included.

Teachers in Ireland are very well

informed about the role of PA in literacy development and failure. It was felt that if
these PA levels were well represented in a validiated and reliable test battery then
teacher resistance to its use might be minimal. Wide reading also suggested the
necessity for the presence of other tests which might select children at-risk for
liiteracy difficulties. Such tests included tests of reaching, motor speed, copying as
well as balance.

With these thoughts in mind a wide body of sub-tests were

prepared by the author. However, as discussed above, there are concerns about the
predictive accuracy of early screening tests, due, for example, to cut off points, lifecourse discontinuities or compensation for a weakness by recruiting a strength.

It

was felt that a questionaire for teachers and another for parents may, in combination
with the test battery, make predction more accurate as the result of the availability of
enriched data. For all these reasons a decision was made for the development of a
specifically Irish early screening test.
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3.9 - Chapter Summary
Chapter 3 began with an estimate of the incidence of dyslexia in English-speaking
populations which ranged from 3% to 20%.

It was followed by a description of

legislative and administrative initiatives to provide services to dyslexics in Ireland.
Lacunae in provision were highlighted, as well as the calls for early screening to
prevent the worst effects of dyslexia.

Section 3.3 highlighted the serious literacy

deficits in part of the adult population.

Among these were inmates of penal

institutions. The benefits of early screening are underscored, as well as the areas
which may compromise predictive validity. The possibility of using enriched data to
supplement early screening data is proposed to improve predictive reliability.

The

validity requirements of early screening tests are discussed. Finally, the rationale is
provided for a specifically Irish early screening test to be developed by the author, in
preference to employing existing early screening tests.
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Chapter 4 - Prototypical Elements of the TEST-D Battery: Theory and
Rationale
4.1 - Introduction
The content of the TEST-D battery is shaped by the literature on early literacy
acquisition and the dyslexia-related literature together with an awareness of the
young age and developmental nature of the target population.
large, theoretically eclectic, prototypical battery.

This suggests a

Another force determining the

framework of the battery is the pressure on the test developer to constantly look
beyond the screening stage to intervention, when differentiated and flexible
interventions may be offered to children at-risk for dyslexia, to prevent the worst
effects of their difficulties, before these precipitate outright failures. This approach is
consistent with the staged approach to intervention advocated by the Department of
Education and Science (DES) and the National Educational Psychological Service
(NEPS) which recommends the use of early screening tools in their in-school
remedial/intervention approach.
The TEST-D battery framework reflects the expectations which are frequently
expressed in the early screening literature, that early screening should involve the
evaluation of a broad range of skills. The net is spread widely in order to capture the
broad range of characteristics displayed by even very young children who may be at
risk for dyslexia. Thus it is considered wise to include cognitive tests which have
indicative potential. A child who performs poorly on a particular cognitive test may
need adapted teaching to address the deficit in the cognitive area assessed by the
particular measure.
One domain that is thought important for inclusion is that of knowledge of letter
names and sounds. Letter-sound and name-knowledge are strongly associated with
reading skill (Scarborough, 1998) and are perennial indicators of dyslexia (Adams,
1990).
Another cognitive area which demands inclusion is the phonological processing
domain.

The successes recorded by promulgators of the PDH in examining the

relationship between literacy failure and phonological processing, and also in the

127

remediation of those underlying deficits, speak for its inclusion.

Writers such as

Wagner, Torgesen, and Rashotte (1994) and Muter and Snowling (1998) view
performance on phonological awareness measures as representing an underlying
latent variable: phonological processing abilities are stable, coherent individual
variables similar to other cognitive abilities.

They are thus worthy candidates for

battery inclusion.
It is widely accepted that phonological skills are related to reading development, and
that literacy acquisition failure may be ascribed to phonological awareness (PA)
deficits in some cases.
A developmental model of phonological awareness (PA) is assumed in the TEST-D
battery: phonological skills develop at different times over the course of the child’s
early years. The phonological battery in the TEST-D is influenced by the theoretical
position of Goswami and Bryant (1990) which maintains that phonological skills
relate to different analysis levels for spoken words, and that awareness of these
levels has different rates of development.

Nursery rhyme knowledge is primitive

rhyme skill, which precedes rhyming skills such as rhyme recognition/detection, the
latter being arguably related to reading (Bradley & Bryant, 1983). Rhyme generation
is viewed as the most advanced rhyming skill. All rhyming levels are represented in
TEST-D tasks. Syllable counting and syllable segmentation ability normally develop
after rhyme awareness.

Syllable segmentation tasks are also represented in the

TEST-D prototypical battery.

These tasks represent a kind of phonological

awareness health-check to assess the quality and extent of PA.

In the normal

course of development, rhyme and syllable awareness have been mastered by the
vast majority of children by the age of six years.
Following this, segmentation skills are thought to develop.

These are defined by

measures of phoneme identification and deletion and appear in the TEST-D battery.
They are thought to be important for early reading and spelling (Muter, Hulme, et al.,
1997b). In spite of the successes recorded by the PDH of dyslexia and the promise
phonological tasks hold for identification of those whose phonological skills may not
be developing normally, it is apt to remember that phonological deficit is not specific
to dyslexia.

Phonological deficits are also evident in non-discrepant poor readers

although not quite as extensively as in dyslexics (Badian, 1994a).
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Another area, related to phonological processing, which should be included in the
TEST-D battery, is memory for short-term sequential information.

There is

widespread evidence that dyslexics may exhibit marked memory inefficiency or
deficits. Many dyslexia researchers view short-term and working memory deficits as
a fundamental underlying difficulty experienced by dyslexic individuals (Beech, 1997;
Rack, 1997).
comprehension.

Such deficits can compromise dyslexics’ word-synthesis and text
Tests of short and working memory are well represented in

screening tests such as the Aston Index (Newton & Thomson, 1976, 1982), CoPS
(Singleton, Thomas, et al., 2003) and DEST (Nicolson & Fawcett, 1996, 2004).
Indeed CoPS has a heavy memory representation with six of the nine subtests
related to memory processing.
The Sheffield Group (e.g., Fawcett & Nicolson, 1995a) feels that PA tests should be
included in early screening batteries but not exclusively so. Total reliance on PA
indicators would demand intervention in developing the PA skill in question.

The

Sheffield team reason that PA is susceptible to short-term training effects and leads
to early reading amelioration.

If the child is subsequently judged only from the

standpoint of (improved) reading, this may lead to his being no longer considered
dyslexic.

According to the Sheffield Group this amounts to the Witches’ Test

(Fawcett & Nicolson, 1995a).
Measures which are independent of reading, and which are less susceptible to short
term training effects could be included in the screening battery and could afford the
child at-risk a more reliable, more durable profile. Tests of central processing speed
are examples of such tasks.

These include tests of Rapid Automatized Object

Naming (RAN) and Digit Naming. Scarborough (1998) and Wolf and Bowers (1999)
call for the inclusion of RAN tests in order to identify those children who may be
experiencing the second core deficit or a double deficit. Such rapid processing tests
are easy to administer, are enjoyable for the child and their outcomes are durable
and predictive, thus making them likely candidates for inclusion.
Motor skill and motor coordination tests are best administered at a very young age
as motor skills can improve over time. Motor skill deficits are seen more clearly soon
after school entry. They also have the benefit of being literacy-independent and do
not suffer from environmental effects as do literacy-related measures. As is clear
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from Chapter 2, the Sheffield Group (e.g.Nicolson & Fawcett, 1990, 1994a) have
demonstrated that dyslexics have particular difficulty with automatizing any skill.
Tests of Motor Skill and Coordination may be seen as fun and refreshing for young
children and are devoid of perceived academic-type difficulty which dogs the life of
even young children in the early school years. Motor tests tap largely natural skills
and underscore the validity requirement of early screening batteries.

By including

naturalistic tests of cerebellar function, hope is offered to those at-risk children that
they may be identified prior to failure. They may receive the appropriate intervention
for their needs but would continue to be recognised as potentially dyslexic by virtue
of their tell-tale signs - motor-speed, coordination deficits and/or processing speed
deficits in the presence of near-normal literacy levels.
Further examples of literacy/phonology-free indicators of possible dyslexia are
sensory tasks which tap the Magnocellular system.

The Finger Localisation Task

could be a great deal of fun for a child, easy to administer and could indicate
compromised spatial orientation of self, and perturbation of cortical representation of
body surface due to anomalous Magnocellular processing in dyslexia. This task has
a long prediction pedigree (Badian, et al., 1990; Satz, et al., 1978).
Other candidate tests for inclusion engage the visual and visuo-spatial/attention
systems, a sensory modality known to be compromised in dyslexic individuals
(Facoetti & Molteni, 2001; Facoetti, Turatto, Larusso, & Mascetti, 2001; Stein &
Walsh, 1997).

Tests of visuo-spatial memory and attention may capture those

children who may lack this important component to be used in reading skill
development.
Thus spreading the net widely allows for an eclectic, theoretical approach to the
screening battery framework. This will facilitate the chance of identifying as many
potential dyslexics as possible - those who suffer from phonological, memory,
sensory and/or motor difficulties.

The inclusion of tests pertaining to literacy

acquisition and the PDH should make the battery attractive to teachers, providing
intervention signposts and rendering it more likely to be used. Tests pertaining to
the MDH and the DDH bring a certain freshness to the early screening endeavours
rendering it more attractive to educational authorities and school community alike.
Similarly, teachers are aware of the clumsy nature of some at-risk children and the
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difficulty they experience in automatizing any skill. Inclusion of tests representing the
DAD and Cerebellar Hypothesis of dyslexia will bring a sense of completeness to the
battery. The Research Programme of the Sheffield Group (e.g. Fawcett & Nicoison,
1994; Fawcett, Pickering, & Nicoison, 1993; Nicoison & Fawcett, 1990, 1994a,
1995b) and others such as Yap and van der Leij (1994), have highlighted the
predictive and persistent nature of cerebellar deficits in children, such as balance
problems and problems such as bead-threading, peg-moving, shape-copying and
many other motor and visuo-motor related tasks.
The net will thus have been spread widely facilitating possible early identification of
many young school goers at-risk for dyslexia.
Above all, the TEST-D early screening battery attempts to follow the advice of
Fawcett and Nicoison (1995a) that early screening should be based on clear,
objective, diagnostic criteria and must be free of subjective tester input as far as
possible. These objective criteria are widely reflected in the scoring system for each
task.
The following sections outline the theoretical rationale for each sub-test and provide
its early screening pedigree if available. All sub-tests may be seen in Appendix A.
4.2 - Rhyme Awareness Tasks
4.2.1 - The Five Nursery Rhymes Test
In the Five Nursery Rhymes Test, which is illustration-accompanied, the first line of
each of five common nursery rhymes is presented, one at a time, and the child is
required to complete each nursery rhyme.
Nursery rhymes are a form of consolidated knowledge (Snowling, et al., 2003) which
may train the ear for later phonological awareness. The implicit nature of nursery
rhyme phonological awareness may be an important source for subsequent explicit
phonological ability. Maclean,

Bryant and

Bradley (1987) hypothesized that

phonemic awareness is engendered in children’s nursery rhyme knowledge. These
authors found that nursery rhyme knowledge was strongly and specifically related to
subsequent more abstract meta-linguistic skills and emergent reading abilities.
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There is evidence that early nursery rhyme recitation ability may be related to later
reading ability. Scarborough (1990) found poor rhyme recitation ability from age 3 or
4 years in her dyslexic sample.

Bryant, Bradley, Maclean and Crossland (1989)

suggest that early experience and sensitivity to nursery rhymes prepares the child for
later phonemic awareness, which in turn is a critical factor in early reading
development. These authors found that, with the effects of IQ, vocabulary, social
class and phonological sensitivity at the age 3:4 years statistically controlled, nursery
rhyme knowledge predicted phonological sensitivity at 5:7 years and reading and
spelling scores at 5:11 years and 6:3 years.

These results are supported and

extended by Snowling, Gallagher and Frith (2003) who found a main effect for
nursery rhyme knowledge. In nursery rhyme at 3 years 9 months the children from
families who were reading-impaired at 8 years performed significantly less well on
nursery rhyme knowledge than the unimpaired at-risk readers, who in turn performed
less well than controls. Thus, nursery rhyme knowledge may be a useful tool for
identifying those who may be at risk for early phonological awareness and reading
and spelling difficulties.
In the TEST-D 5 Nursery Rhyme Task, the first line of each of five nursery rhymes is
presented with an illustration, one at a time. The child is required to complete each
rhyme as s/he knows it. It is a test within the PDH of dyslexia. Details of the test
may be found in Appendix A.
4.2.2 - The Rhyme Recognition Test l( R R l) Test

The

Rhyme

Recognition

1 Test

is an

experimental

test of

implicit

pre-

metaphonological knowledge which children may develop before they can think and
talk explicitly about the sound content of words.

This level of phonological

knowledge is thought to be close to “automatic and non-reflective, implicit processing
of phonological segments of words” (Lundberg, 1994, p. 180) which the author holds
is half way between a semantic task and light low-level phonological processing of
large-unit word fragments.

The RR1 Test is adapted from Rappaport (1993) and

Hatcher (1994) to take cognisance of the early phonological developmental stage of
young school-children and to avoid the multi-componential nature (involving memory,
sound

discrimination,

conceptual

understanding,

responding

and

vocabulary

knowledge) of phonological awareness tests (Rappaport & Hunter-Carsch, 1999).
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In line with these authors, the RR1 Test uses a rhythmic sentence completion format
and illustrations to access the child’s implicit pre-metaphonological knowledge.
Participants are required to select a target item from two distracters which rhymes
with a word in the presented rhythmic sentence. Rappoport and Hunter-Carsch
(1999) found that the RR1 type format was easier than the traditional rhyme
recognition test.

Thus this test may be particularly suitable for the younger

participants in the TEST-D sample.
It is a test within the PDH of dyslexia and predicts that children at-risk for dyslexia
will perform poorly on this task.
4.2.3 - The Timed Rhyme Generation (TRG) Test

The TRG is an explicit phonological awareness test which requires rhyme production
under timed conditions.

It represents a test of rhyme fluency and attempts to

establish the ease with which children can produce rhymes.

This ability in

kindergarten was found to be a reliable determinant of later reading achievement
(Lundberg, et al., 1980).

It is also one of the tests included in the Phonological

Abilities Test (PAT) (Muter, Hulme, & Snowling, 1997) and is considered to be
predictive of subsequent literacy difficulties (Muter, 2004).
Rhyming fluency may be an indication of the extent to which large-unit sound
patterns are available to build connections to the orthographic processor, thus
facilitating the recognition of words with a similar pattern.

In this test children are

presented with familiar words (e.g. wall, pen) and required to generate as many
rhyming words and non-words as possible in 30 seconds.

Children at-risk for

dyslexia are predicted to perform poorly on this task. The test is located under the
PDH of dyslexia.
4.2.4 - The Untimed Rhyme Generation Test (URGT)

The URGT is an explicit phonological test which is experimental in nature. It seeks
to establish if the child can generate rhyme. The stimulus items are five pet names,
involving each of the short vowels (e.g. Pam, Ned) and five pet names (e.g. Joe,
Guy) involving long vowel sounds. The child is required to generate as many names
as possible that rhyme with these names.

Thus it is a systematic exploration of

rhyming ability without time pressure.
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This test is thought to be more difficult than the previous Rhyme Recognition tasks
(Adams, 1990). Children who can generate rhyme may be able to use this skill to
make connections between the phonological representations of particular sound
patterns and similar orthographic patterns in unfamiliar words, so that the latter are
read by analogy.

Conversely, those weak in rhyme generation do not have this

facility available for word recognition.
Rhyme generation difficulties appear persistent in older dyslexics.

Bradley and

Bryant (1978) found that when an older intellectually superior dyslexic group and RA
controls were required to generate a rhyme with each of ten monosyllabic, familiar
words, the dyslexics were easily worst; 38.33% of dyslexics and only 6.66% of
younger RA controls failed to generate a rhyme in one or more trials. It is possible
that this same deficit may be found in children at-risk for literacy failure and thus be
usefully included in an early screening battery.
Locke, Hodgson, Macaruso, Roberto, Lambrecht-Smith and Guttentag (1997) found
in a test of rhyme production that, prior to kindergarten entry, at-risk children
produced significantly fewer words which rhymed, than control children (34.3 v. 48.8
respectively).
The URGT predicts that children at-risk for dyslexia will perform badly on this test. It
is a test within the domain of the PDH.
4.2.5 - The Rhyme Recognition 2 Test (RR2)

The RR2 is a test of implicit phonological awareness at the rhyme level. It requires
the child to focus on the rime segment of orally presented and illustrated words and
to indicate verbally or non-verbally which word rhymes with a stimulus word.
There is a large body of evidence which indicates that insensitivity to rhyme is
associated with dyslexia.

For example Nicolson and Fawcett (1995b) found that

their 8 and 10 year old dyslexics were significantly worse than CA and RA controls in
a simplified version of the Bradley and Bryant (1983) study.

Children at-risk for

dyslexia exhibit early rhyme insensitivity. For example Locke et al. (1997) found that
differences in rhyme discrimination emerge between 3:6 and 4:0 years. Only five of
their sixteen potential dyslexics (PD) attained a criterion perfect score on two
consecutive occasions whereas eleven of eleven controls did. At the 4:0 - 4:6 age
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level, thirteen of fourteen controls and only eleven of the sixteen PDs did so - a
significant difference (p<.05). By age 5 years the intergroup difference had waned.
All fourteen controls and thirteen of sixteen PDs achieved criterion. These results
suggest that at-risk children as a group have greater difficulty in the rhyme
discrimination test.
Early phonological insensitivity in pre-readers is the harbinger of typical dyslexic
problems when they start to learn to read (Bradley & Bryant, 1983). Such knowledge
has encouraged early screening test developers to include a rhyming test in their
battery (e.g. DEST, 1996; DEST-2, 2004

and CoPS, 2003) with great success.

Singleton, Thomas and Leesdale (2003) found that the CoPS Rhymes Test
consistently correlated with literacy at 6:6 and 8 years.

Similarly the Muter and

Snowling (1998) predictive study found that rhyme detection at ages 5 and 6
significantly correlated with reading accuracy at age 9 (r=.32, p<.05; r=.42, p<.01
respectively).
The Rhyme Recognition 2 Test is adapted from Muter and Snowling (1998).
The test is presented in picture format.

The child has to indicate which of three

illustrated and verbally presented words rhymes with a verbally presented and
illustrated stimulus word.
The task belongs in the PDH. Children who perform poorly on this task may be atrisk for dyslexia.
4.2.6 - The Rhyme Oddity Test

The Rhyme Oddity Test requires implicit syllabic segmentation and multi-stage
processing at the onset-rhyme level. It requires recognition of commonality across
rimes and identification of the oddity rhyme. This task can be performed adequately
by 4 and 5 year olds (Bradley & Bryant, 1983; Kirtley, Bryant, Mac Lean, & Bradley,
1989).
Research indicates that poor readers’ difficulty may extend to the onset-rime level.
For example, Bowey, Cain and Ryan (1992) and Bradley and Bryant (1978) found
poor readers’ rhyme oddity performance was inferior to that of younger reading-age
controls.
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There is a strong relationship between rhyme oddity at 4 and 5 years and later
phonemic performance and literacy achievement. For example Bryant, Mac Lean,
Bradley and Crossland (1990) found that rhyme oddity at 4:7

was strongly

connected to first sound phoneme-deletion a year later and was a powerful predictor
of reading and spelling two years later (correlations .65 and .64 respectively).
Bradley and Bryant (1983) and Lundberg et al. (1980) found that rhyme oddity
predicted reading and spelling three years later. Furthermore, Snowling et al. (2003)
found in a retrospective analysis that their high-risk reading impaired children
performed worse than controls on rhyme oddity at 6 years of age.

The high-risk

unimpaired readers performed at a level between these groups. The Rhyme Oddity
Test thus appears to be a useful and sensitive test for inclusion in the TEST-D
battery.

The items to be processed are supported by illustrations to remove the

memory load in an attempt to yield a purer measure of phonological segmentation
ability. The test belongs in the PDH and predicts that children at-risk for dyslexia will
perform poorly on this test.
4.3 - Syllable Level Tests
4.3.1 - The Word Segmentation Test
The Word Segmentation Test measures the large-unit segmentation ability of the
participants.

It requires the child to explicitly say the remaining syllable of a two-

syllable word after the test administrator deletes the final syllable. Demonstration,
practice and the early test items leave a real word while later test items leave a non
word.
Adams (1990) accords an important position to syllable awareness which appears at
the nexus of word and phonemic awareness. She states “in order to learn to read
words, there are certain classes of parts, certain categorical concepts, about both
speech and print of which children must be aware.

Within the domain of speech,

children must become consciously aware of these categories or classes of spoken
units called words and phonemes. And to get from words to phonemes they must
also be able to focus their attention on spoken syllables which lie in between’”
(Adams, 1990, p. 209).

Goswami and Bryant (1990) also hold that phonological

skills are causally related to reading development and the syllable (and within it.
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onset and rime) has primary importance in the Goswami and Bryant system for
reading acquisition.
Research indicates that capacity to segment speech into syllables develops in the
absence of reading instruction (Morals, Bertelson, Cary, & Alegria, 1986). This is
consistent with the huge increase in syllable counting performance between
kindergarten (48%) and the end of first grade (90%) in the Liberman et al. (1974)
study. Furthermore Aro, Aro, Ahonen, Rasanen, Hietala and Lyytinen (1999) found
that, for 7 year old Finnish children. Syllable Deletion was one of only two
phonological tests to consistently emerge before their sample achieved decoding
ability. Children find it easier to segment at the syllable than at the phonemic level
(Bowey & Francis, 1991; I. Y. Liberman, et al., 1974) because the syllable has
salience for young children as an independent, temporally discrete phonetic unit. In
spite of this. Morals, Glutens and Alegria (1984) found that dyslexics’ scores were
(68%) inferior to first graders (90%) in a syllable deletion test.
Therefore a syllable segmentation test may indicate children at-risk for literacy
failure. To remove the memory load from the test (Yopp, 1988) picture support is
included. The Segmentation Test is inspired by the early items of Rosner and Simon
(1971) Auditory Analysis Test, in which real words are segmented into their
constituent syllables and one is deleted, requiring the testee to say the remaining
syllable. The theoretical domain for this test is the PDH.
4.3.2 - The Nonword Completion Test: Syllable Level

Nonword Completion Test: Syllable Level is an experimental test inspired by Bruce
(1964). In this test children are presented with a novel illustrated shape and its novel
two-syllable name. The test administrator provides the first syllable and the child is
required to provide the remaining syllable to complete the word. As stated above in
the Word Segmentation test, the syllabic level of phonological segmentation is
considered relatively easy for pre-readers (Bowey & Francis, 1991; I. Y. Liberman, et
al., 1974) and has a short-term memory component in the test. In this test, which is
placed within the domain of the PDH of dyslexia, children at-risk for dyslexia are
predicted to perform more poorly than their peers.
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4.4 - Phonemic Awareness Tests
4.4.1 - Non-word Completion Test: Phoneme Level
The Non-word Completion Test: Phoneme Level assesses the participant’s ability to
hold a non-word in memory and produce its coda.

Here the test administrator

presents a novel illustrated shape and names it with a whole, single-syllable non
word. The presenter then provides the novel word onset and vowel as a unit, thus
splitting the syllable between vowel and coda. The child is required to remember
and reproduce the coda only, which may be difficult, as the rime appears to be a
natural unit for the child rather than the coda alone.

This is arguably an easier

phoneme isolation task as it has been “child-proofed”. It is adapted from Fox and
Routh (1975) who required children to say “just a little bit” of the word.

These

authors found that children aged 3 years could segment some of the words into their
remaining sounds while 5 year olds could succeed in segmenting beginning and end
sounds for over half the words.
This experimental test is a measure of the participant’s phonological representation
status. Is the participants’ language processing ability represented at the phonemic
level? This may be an important level of representation as Stahl and Murray (1994)
found that phoneme isolation ability separated readers from non-readers.
It is also adapted from the test battery of Muter et al. (1997) who showed children a
series of pictures of common objects with one-syllable names.

The examiner

supplied the first two phonemes while the children were required to “finish off” with
the final phoneme. Results indicated that final phoneme isolation ability was one of
two preschool segmentation tests which predict segmentation skills in the following
year, which then, in turn, drive reading and spelling progress during the first year at
school. The test belongs in the PDH of dyslexia.
4.4.2 - The Phoneme Recognition Test
In The Phoneme Recognition Test the examiner presents a series of four pictures of
common objects and names them. A phoneme is then orally presented and the child
is required to indicate which pictured object begins with the same sound.
Goswami and Bryant (1990) hold that it is awareness of onset and rime that
precedes and is causally related to children’s progress in learning to read.
138

Moreover, Adams (1990) opines that awareness of the syllable’s onset is the
gateway to more abstract phonemic awareness which in turn leads to acquisition of
the alphabetic principle.
The Phoneme Recognition test requires the child to listen for the presented
phoneme, holding it in memory while considering the onset of each pictured item.
The onset of each word needs to be compared to the phoneme stimulus from which
process the target is chosen. This test is essentially an implicit onset discrimination
test and may be one of the easier phoneme processing tests. Treiman (1985) holds
that awareness of the syllable onset is a different and simpler challenge than
awareness of individual phonemes requiring mere recognition rather than phoneme
production or manipulation. However, the child who has not moved beyond the level
of syllabic awareness and representation may be unable to complete this test.

It

may, thus, be a valuable predictive test as Felton (1992), in her predictive study,
found that beginning sound discrimination was one of the best predictors of grade 3
reading.

A combination of auditory conceptualisation, RAN letters, and beginning

sound discrimination correctly identified all of the poor readers and 89% of good
readers. The test items have been manipulated to afford success.

Stimulus and

target items are continuous (and thus easy to hear) in demonstration and practice
items, and in the first half of the test. Just two target words appearing later contain
consonant blend onsets which are more difficult than singleton onsets.

The

Phoneme Recognition Test is located within the PDH of dyslexia.
4.4.3 - The Alliteration Test

The Alliteration Test is adapted from Bradley and Bryant (1978; 1983). It involves
multi-stage, fine-grained, implicit processing requiring the participant to focus on the
initial consonant of four verbally presented and illustrated words.

It requires the

participant to establish the commonality or difference among item onsets and
abstract from them across items to indicate which two randomly presented items are
alliterative.

The Alliteration Test is essentially a higher-level, implicit, phoneme

segmentation task at the onset level.

Adams (1990) has indicated that onset

knowledge is the gateway to phonemic segmentation and as such, may be indicative
of later reading ability.
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Treiman (1983) holds that onset and rime are natural sub-syllabic units of spoken
language for young children. They find it easier to segment words after the onset
than at other word points.

However, this test may be difficult for pre-readers

because syllable segmentation at the initial phoneme point is required. Due to coarticulation effects of the independently-existing, temporally-discreet syllable unit, the
individual initial phoneme may not yet have salience for the pre-reader and may be
developed later (Treiman & Zukowski, 1996). The Alliteration Test items are familiar
and illustrated to reduce memory load. The contrast between items is strong in order
to enhance the likelihood of success.
This is an experimental test within the PDH of dyslexia and is a version of the betterknown alliteration oddity test which is described next.
4.4.4 - The Alliteration Oddity Test (AOT)

The AOT is adapted from Bradley and Bryant (1983) and Bryant et al. (1990), who
provide evidence for a pre-reading alliteration deficit in subsequently readingdisabled children. For example, Bradley and Bryant (1983) found there was a strong
relationship between early alliteration oddity skill prior to reading instruction and
reading four years later even when the effects of IQ, memory and social class were
controlled.

Similarly, Bryant et al. (1990) showed that Alliteration Oddity skill at 4

years 7 months was a powerful predictor of reading and spelling two years later.
Correlations with reading and spelling were .79 and .73 respectively. Thus, the AOT
appears to be a good longitudinal predictor of reading and spelling.
similar to the Alliteration

Test (above)

in that initial

The AOT is

phonemes must be

compared/contrasted in a multi-level, fine-grained but implicit phonological process.
However, the commonality is sought and abstracted across initial sounds and the
different onset is recognised as the oddity. The test demands sophisticated, implicit,
phonological sensitivity and skill.

This may be difficult for pre-readers due to co

articulation effects of the independently existing salient and temporally discrete
syllable (I. Y. Liberman, et al., 1974). The onset may not yet be perceived as an
independently existing speech unit. Because the AOT test demands are many, the
test items are illustrated familiar items, and phonologically are highly contrasted in
the interests of obtaining a true measure of the child’s alliteration ability. It is a test
within the PDH of dyslexia and predicts that children at-risk for dyslexia will perform
poorly on this test.
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4.4.5 - The Seven Phoneme Segmentation Tests (1 Training Test, 6 Segmentation
Tests)

Adams (1990) holds that conscious, analytical knowledge of phonemes is important
for reading development.
extractable

and

awareness

apparently

Children must become aware that phonemes exist as

manipulable

language

depends

on

components.

children’s

Developmentally,

inclination/encouragement

this
to

consciously attend to word sounds (as distinct from word meanings). Proficiency in
phoneme segmentation may facilitate ready establishment of grapheme-phoneme
correspondences.

Thus, candidate pronunciations may be assigned to unfamiliar

words which may be crucial to learning to read new words.
Many authors show that phonemic segmentation ability is the critically important
factor from the onset of learning to read (Muter, Hulme, Snowling, & Taylor, 1997a;
Seymore & Duncan, 1997; Seymore & Evans, 1994).

For example, Muter et al.

(1997a) found that a distinct, independent segmentation ability (defined by phoneme
identification and phoneme deletion) was highly predictive of early reading and
spelling and that segmentation skill promoted reading development.

Furthermore

Muter and Snowling (1998) found that phoneme deletion was a good short-term (first
year at school) and long-term (at average age 9:11 years) predictor of reading
accuracy.

It also successfully discriminated between good and poor readers on

long-term follow-up.
A most important insight into the predictive power of phoneme deletion ability comes
from the training study of Hatcher, Hulme and Ellis (1994). The best predictor of
children’s responsiveness to teaching (defined by gaining in reading accuracy) was
their initial phoneme deletion skill.
Phoneme deletion deficits have been associated with the phonological sub-type of
dyslexia (Wolf & Bowers, 1999).

For example, Snowling, Gallagher and Frith’s

(2003) retrospective analysis of cognitive, language and phonological awareness
data secured when children were 6 years old, revealed that their now impaired 8
year olds performed worse than controls across all oral language tests and showed
many deficits including phoneme deletion deficits.
Other authors such as Goswami

and

Bryant (1990) argue that phoneme

segmentation skills are important for spelling as they permit the segmentation of
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words into phonemes when children write. There is good support for this view as
Bryant, MacLean, Bradley and Crossland (1990) and Cataldo and Ellis (1988)
showed that a phoneme deletion test strongly predicted spelling. Specifically, Bryant
et al. (1990) demonstrated that, at 5:11 years, initial sound deletion correlated with
spelling and reading (0.64 and 0.67 respectively) one year later, while end sound
deletion correlated (0.54 and 0.58 respectively) with spelling and reading at a
remove of one year.
It is unsurprising that Muter and Snowling (1998) opine that the presence of a
phoneme deletion test in a screening battery would be valuable as “it is tasks that
tap phonological representations at the segmental level that carry the greatest
predictive power” (Muter & Snowling, 1998, p. 334). Unfortunately, pre-readers may
have negligible levels of phonemic awareness.

Adams (1990) ascribes the

unpreparedness of pre-readers to analyse syllable sound-structure to tension
between normal speech comprehension processes and the demands of such tests
as phoneme elision.

In normal speech, children learn to attend to the global

(involving co-articulation) aspects of words during language comprehension.

In

contrast, phonemic awareness tests require children to consciously process the very
speech aspects they have learned to ignore.

Many pre-readers cannot segment

words phonemically but many children beginning reading instruction can do so.
Clearly reading instruction trains children to attend to individual phonemes (Morals,
etal., 1986; Morals, Cary, Alegria, & Bertelson, 1979b).
Phoneme awareness tests are also difficult for pre-readers due to the heavy WM
load (Lewkowicz, 1980; E Poskiparta, Nieme, & Vauras, 1999).

For example the

latter authors argued that the modest development of phoneme deletion in their
intervention group with cognitive delays could be ascribed to WM demands. WM
was low in these children at pre-school age.
Despite these test demand difficulties, some authors have “child-proofed” the tests
and consequently assessed children’s segmentation ability by reducing memory load
through single item presentation or illustration-use.
Elision can be aided by puppet use (e.g. Bryant, et al., 1990; Elbro, et al., 1998;
Locke, et al., 1997) or with good demonstration, practice and corrective feedback
(Calfee, 1977).

Generally speaking, training phoneme elision is difficult outside
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reading instruction. Adams (1990) holds that initial phoneme deletion is essentially a
syllable-splitting test, which has psychological reality for pre-readers in the form of
the intra-syllabic units of onset and rime (Treiman, 1985). Adams opines that initial
phoneme deletion is essentially onset elision which is within pre-readers’ capability.
Syllable-splitting is easier than phoneme segmentation as, to succeed, children need
not think about the syllable (word) as a string of phonemes. They merely need to
attend to the sound of the syllable and apply the insight that the initial sound can be
spliced off. Syllable-splitting thus taps an essential rudimentary form of phonemic
awareness.

Indeed, Share, Jorm, MacLean and Matthews, (1984) in a very large

longitudinal study, found that kindergarten syllable-splitting performance was best of
39 pre-reading characteristics for predicting first grade reading, it alone accounting
for 39% of variance. Furthermore, children’s success in the reverse version of the
syllable-splitting test (where the presenter says e.g. “hi!!” and the child needs to elide
the /h/ to produce “ill”) is strongly related to early reading acquisition (Stanovich,
Cunningham, & Freeman, 1984).

Caifee (1977) helped children understand the

instructions and aided WM by using a training task with illustration of items (words)
to be elided and related response choices.

With this help Caifee found almost all

kindergarten and first-graders could complete the test and progress to accurately
elide new words without illustration.
The TEST-D battery considers phonemic elision a potentially valuable indicator of
literacy difficulty.

Consequently, it includes seven such tests of varying difficulty.

The tests are largely inspired by Bruce (1964) who required children to say a word
without the (a) initial, (b) medial, or (c) final phoneme. It was decided to include a
training task in the TEST-D battery in line with Caifee (1977) using illustrations and
real words to aid children understand the reverse elision version of the phoneme
segmentation test.
Remaining:

This test is named Initial Phoneme Deletion:

Training Test.

Real Words

Furthermore, three tests of reverse-version initial

segmentation are included representing various difficulty levels.

Segmenting real

words leaving real words is easiest, while segmenting real words leaving non-words
may be more challenging (Stuart, 1990).

Most challenging of the initial phoneme

deletion tests may be those involving elision from an initial consonant cluster.
Indeed, Treiman (1987) suggests alphabetic orthographic experience may be
necessary to treat cluster onsets as separate phonemes.

Morais, Cluytens and
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Alegria (1984) consider such difficulty in such a test as reflecting failure to attain full
phonemic representation of speech. The three tests of Initial Phoneme Deletion are:
Initial Phoneme Deletion: Real Word Remaining: Test A;
Initial Phoneme Deletion: Non-word Remaining: Test B;
Initial Phoneme Deletion from an Initial Consonant Cluster: Test C.
Just as there are three initial phonemic deletion tests, there are three final phonemic
elision tests which follow the same word, non-word, and consonant cluster task
demands.

The first two of these involve segmentation of the word’s rime.

Fractionation of the rime by segmenting the single final consonant, leaving the onset
and peak, may be difficult for young children as it cuts across the child’s natural units
of spoken language of onset and rime (Adams, 1990; Treiman & Zukowski, 1991).
These latter authors demonstrated that children find it easier to segment words at
the onset / rime boundary than at other word-points, e.g. between two consonants or
between the vowel and its succeeding consonant.

The first two Final Phoneme

Deletion Tests require segmentation between vowel and succeeding consonant and
therefore, represent a challenge to those who view them as a unit. The third Final
Phoneme Deletion Test and the third Initial Phoneme Deletion Test represent the
challenge of segmentation at the point between two consonants of a cluster. These
items require a single consonant to be disembedded from the other co-articulated
consonant of the cluster which may be very challenging for young school-goers.
These Final Phoneme Deletion Tests are adapted from tests used by McDougall,
Hulme, Ellis, and Monk (1994) in their study of learning to read and phonological
skills. These tests are:
Final Phoneme Deletion: Real Word Remaining: Test D
Final Phoneme Deletion: Non-word Remaining: Test E
Phoneme Deletion from a Final Consonant Cluster: Test F.
The phoneme deletion tests pertain to the PDH of dyslexia.

They predict that

children at-risk for dyslexia will perform poorly on these tests compared to peers.

144

4.5 - Transcoding Tests
4.5.1 - The Letter Knowledge Test
The Letter Knowledge Test is an experimental test to discover the level of children’s
knowledge of letter names or letter sounds or a character/word which represents a
given letter. It is experimental in that knowledge of both upper and lower-case letters
are (separately) assessed and acceptable responses may be a letter name, sound or
character/word representing the grapheme. This is ecologically valid: in Ireland letter
names are generally not taught to children in elementary school although there is
anecdotal evidence that reception-year children who have experienced pre
school/nursery education may know some letter names. Some teachers teach the
letter sounds to young school goers.

Others teach a word/character which

represents a given grapheme, using for example, the Letterland System (Carlisle &
Wendon, 1988).

The Letterland ABC is a visual system for teaching phonics in

which a word/character represents a given grapheme.

For example the system

represents the graphemes ‘k’ and ‘m’ with illustrated characters ‘Kicking King’ and
‘Munching Mike’ respectively. Thus, in Irish early years classrooms, the experience
of children in gaining letter knowledge is not purely related to letter names.
Assessing knowledge of letter names only, therefore, may lead to false positives as
children may not have experienced teaching of letter names. Therefore, all three
sources - letter name, sound and word/character representation of a grapheme are
considered acceptable alternatives.
The acceptability of this approach is supported by screening programmes and
research studies.

For example, the Reading Recovery Programme (Clay, 1985)

accepts letter labelling by name, sound or word/character.

So also do many

research studies into literacy acquisition, for example, Hatcher, Hulme and Snowling
(2004), and Laing and Hulme (1999).

Phonological and semantic processes

influence beginning readers’ ability to learn words.

Both accept as correct, letter

names and sounds in their studies.
Knowledge of both upper and lower-case letters is assessed in this experimental
sub-test. It is thought that the presence of both cases may increase the predictive
potential of this sub-test. Upper-case letters are assessed because they are more
discriminable from one another (Tinker, 1932) which may aid the performance of the
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younger children in the study.

Furthermore, whatever the letter-knowledge which

preschoolers have, is more likely related to upper-case letters (Smythe, Stennett,
Hardy, & Wilson, 1970).

However, the ability to recognise lower-case letters is

important for reading text (Adams, 1990).

For these reasons both cases are

addressed. Clay (1985) assesses both cases in Reading Recovery Screening as do
Newton and Thompson (1982). Research also shows the importance of assessing
both upper and lower-case letters. For example Bond and Dykstra (1967) found that
the best predictor of first grade year-end reading achievement was their entering
ability to recognise and name upper-case and lower-case letters.

This factor

accounted for 25 to 36% of variation in reading ability at year-end.
Knowledge of letter sounds and names facilitates beginning reading (Bannon, 1986).
Moreover, there is a large body of evidence that letter knowledge is a good predictor
of reading ability (Byrne, Fielding - Barnsley, Ashley, & Larson, 1997; Hindson, et
al., 2005; Lundberg & Hoien, 1989; Scarborough, 1998).
These studies found lower letter-name knowledge in children at-risk for dyslexia. For
example Lundberg and Hoien’s (1989) third grade dyslexics, when measured as pre
readers, knew an average of 2 letter names compared to 9 known by normally
developing readers. Similarly Frith (1985) agrees that children at-risk for dyslexia
get stuck in the logographic stage of reading acquisition and fail to progress into the
alphabetic stage thereby gaining awareness of the alphabetic principle.

Such

children will have poor knowledge of grapheme-phoneme correspondence.

Letter

knowledge prior to and during early years schooling is associated with early progress
in reading (Muter, Hulme, et al., 1997b). Letter naming is also a good longitudinal
predictor of reading skill. For example. Muter and Snowling (1998) found that skill in
naming the 26 lower-case letters at ages 5 and 6 years is statistically significantly
correlated with reading accuracy at age 9.

This is consistent with other studies:

Jansky et al. (1989) found that kindergarten letter-naming ability was the fifth best
predictor of third and fourth grade reading, while Satz, Taylor, Friel and Fletcher
(1978) found that it predicted reading achievement six years later.
Letter Naming Tests are frequently included in Early Screening Batteries such as the
Screening Index (Jansky & de Hirsch, 1972), The Aston Index (Newton & Thomson,
1976, 1982) and DEST (Nicolson & Fawcett, 1996, 2004).
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The Letter Knowledge Test is essentially an assessment of long-term verbal learning
which can be troublesome for many dyslexics (Snowling, 1995). Indeed, when tests
involve a verbal component, dyslexic children’s performance is usually inferior to CA
controls (Hulme, 1981).

More specifically, Vellutino (1979) provides a substantial

body of evidence that dyslexics are less able than normally developing children in
acquiring visual-verbal relationships which is a basic requirement in reading
acquisition.

Gaining letter knowledge is essentially a process of paired-associate

learning (Beaton, 2004; Vellutino, 1979). Children at-risk of dyslexia are poor pairedassociate learners; for example Snowing, Gallagher and Frith (2003) in their
longitudinal study showed that at-risk pre-schoolers who later became dyslexic
showed letter-knowledge weaknesses while 20 out of 30 of Scarborough’s (1990)
pre-readers, who were later diagnosed as dyslexic, evidenced problems with letterknowledge at five years.

Consistent with this, Hulme and Snowling (2009, p. 50)

hold that “one of the first signs of dyslexia is a problem learning letter names and
sounds. The ability to learn letters can be thought of as a form of paired-associate
learning that depends upon creating associations between the visual forms (of the
letter) and new phonological forms (names and sounds). The bulk of evidence from
studies of paired-associate learning suggests it is the verbal aspect of the process
that creates problems for children with dyslexia; that is a deficit in phonological
learning” (2009). Thus, the Letter Knowledge Test belongs within the Phonological
Deficit Hypothesis (PDH).

In this test children are required to provide the name,

sound or word/character to represent the grapheme.

The process of providing a

word/character to represent the grapheme requires knowledge that the letter can be
represented by a word’s initial sound: this may involve segmental processes at the
phonemic level which may be different for dyslexics.

Producing a letter name

involves whole word phonology (Besner, 1987). Share (1996) concludes that letter
names are non-words.

These involve phonological strings.

Lastly, producing a

sound for the grapheme is simply a process of providing a phonemic correspondent
for each grapheme.
Thus the test requirements of the Letter Knowledge Test are placed within the PDH.
Although Letter Knowledge is not a pure test it may be a useful one.

However,

children must at some stage learn grapheme-phoneme correspondence to become
flexible readers. Thus a letter-sound test is included in the Test-D Battery. This is
147

the Letter-Sound Array Subtest. Its rationale, predictive track record and theoretical
basis are described in the next section.
4.5.2 - Letter Sound Array

The Letter Sound Array Test assesses children’s knowledge of letter-sound
relationships. Whether one adheres to stage theories of literacy acquisition or the
Direct Mapping Hypothesis, knowledge of letter-sound correspondence is important.
According to Stage Theory, knowledge of letter sounds is necessary for children to
acquire alphabetic reading and spelling strategies.

Such strategies become

available to children who master the alphabetic principle, i.e. that a letter or lettergroup make one sound.

Children at-risk for dyslexia become stuck in the early

logographic stage and fail to progress to, or develop the phoneme-grapheme
relationships of the alphabetic stage (Frith, 1985). According to the Direct Mapping
Hypothesis (Ehri, 1992; Rack, Hulme, Snowling, & Wightman, 1994) children, from
the earliest stage of learning to read, are creating mappings between abstract
representations and words and phonetic characteristics of sounds (and names) of
letters used in the words’ written representations. Children gradually realise that
individual letters correspond to individual sounds which in turn leads to the
realisation of a systematic (imperfect) correspondence between word pronunciation
and their method of representation in a letter string. This realisation evolves from the
child’s engagement in direct mapping between letters and sounds without using rules
or explicit decoding. Children at-risk for dyslexia, who lack phonological sensitivity,
fail to create these mappings and thus fail to evolve letter-sound relationships like
normally developing readers.

Learning letter-sound relationships is the basis of

phonetic, flexible reading (Snowling & Hulme, 1989). Muter et al. (1997a) argue that
the creation of such mapping, depends on knowledge of the phonetic characteristics
of the sounds for which letters stand, and that initial learning of letter sounds (or
names) will depend on children’s underlying phonological skills. Once this learning
has occurred it provides a knowledge source that may be crucial for further literacy
development.
The Letter Sound Array Test finds its theoretical bases in the PDH. The theory holds
that phonological deficit limits dyslexic children’s ability to learn print-sound
correspondences which is an important step in learning to read (Jorm & Share, 1983;
I.Y Liberman & Shankweiler, 1985; I. Y. Liberman, et al., 1974; Stanovich, 1988b).
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More specifically, Stanovich (1988b) stresses that dyslexic children’s lack of
phonological

sensitivity

makes

the

learning

of

grapheme-to-phoneme

correspondence difficult. Just like letter-name learning, letter-sound correspondence
is a paired-associate learning task (Vellutino, 1979), which seems to pose an
intractable difficulty for children at-risk for dyslexia. For example in Hindson et al’s
(2005) training study, when training in phoneme awareness and book reading was
complete, the vulnerable children were still behind the not-at-risk children in lettersound knowledge and early reading skills.

A 2-year follow up showed the at-risk

children had weaker reading and spelling skills than the not-at-risk group.
sound knowledge appears to act as a foundation for later literacy.
longitudinal

study Caravolas,

Hulme

and

Snowling

(2001) found

Letter
In their

phoneme

awareness and letter sound knowledge to be the best unique predictors of the ability
to produce phonologically acceptable spellings in the first year of schooling; in turn,
phonemic spelling ability and reading ability best predicted conventional spelling
accuracy after 18 months and 32 months of schooling. The authors conclude that
spelling ability is founded on phoneme awareness and letter-sound knowledge.
These two skills appear dynamic, enabling children acquire phonological (or
invented) spelling ability, which in turn promotes reading skill.

Reading skill and

phonological spelling ability then independently promote learning of the orthographic
code and conventional spelling.
A letter-sound correspondence test is frequently included in early screening batteries
as it is a good predictor of reading difficulties.

Scarborough (1990) found that

children who later developed reading disabilities showed deficits in letter-sound
knowledge at age 5.

Furthermore, a test of phoneme-grapheme correspondence

was one of three tests which differentiated dyslexic from normally-developing
readers with 98% correct classification (Badian, et al., 1990).

Letter-sound

correspondence is also a longitudinal predictor of reading achievement; the same
study found that grapheme-phoneme correspondence had the highest correlation
with reading 4 years later. This Letter-Sound correspondence may prove valuable in
the detection of children at-risk for learning disabilities.
4.5.3 - The Non-word Reading Test

The Non-word Reading Test requires the child to read aloud phonotactically legal,
regular, graded non-words. Research by Rack et al. (1992) shows that two thirds of
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studies of dyslexics’ performance in non-word reading show that they were
significantly impaired.
flaws.

The other one third of studies suggested methodological

Vellutino and Scanlon (1991) found that 83% of impaired readers were

deficient in mapping alphabetic symbols to sound.

They fail to develop a

phonological reading strategy (Manis, Custodio, & Szeszulski, 1983; Snowling, 1980,
1981). Moreover, there is conclusive genetic evidence from large-scale twin studies
that there is greater heritability of phonological reading skills (as measured by non
word reading) than visual or orthographic skills (Olson, et al., 1989).
This research evidence is consistent with stage theories of literacy acquisition. For
example, Frith (1985) argues that children at risk for dyslexia fail to progress from
the logographic to the alphabetic stage and thus, through lack of graphemephoneme skills fail to become flexible readers. Therefore, a Non-word Reading Test
represents a tool to examine the efficacy of the child’s phonological strategy. A test
of grapheme-phoneme transcoding can discriminate good and poor readers at an
early age (Bradley & Bryant, 1983). A non-word reading test requires the beginning
reader to use the sublexical (or assembled phonology) route, as there is no lexical
address for non-word recognition.

Thus, as well as a test of grapheme-phoneme

correspondence, it is also a test of blending skill which is in deficit in many
phonological dyslexics (Wolf & Bowers, 1999).

Furthermore, it is a test of S-TM

(Hulme & Snowling, 1992a) which is also impaired in many phonological dyslexics.
Researchers such as Jorm and Share (1983) agree that phonological recoding skill
is important in early literacy acquisition. This is supported by Jorm, Share, MacLean
and Matthews (1984) who found that kindergarten non-word readers who were good
decoders progressed further in reading than those whose decoding ability was
initially lower.
There are grounds for believing that a non-word reading test may be predictive of
later reading-group membership.

For example, Snowling, Gallagher, and Frith

(2003) found that non-word reading ability at six years distinguished between highrisk impaired readers and controls at eight years. It also distinguished between eight
year old high-risk unimpaired readers (who performed similarly to impaired readers)
and controls. For these reasons a non-word reading task, which is located within the
PDH of dyslexia, may be a useful one in the TEST-D early screening battery.

It
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predicts that children at-risk for dyslexia will perform poorly on this test compared to
their peers.
4.5.4 - Phonetic Spelling Test

The Phonetic Spelling Test is an experimental test to gauge the segmentation and
letter-sound correspondence ability of young school-goers.

Most early literacy

researchers agree that when normally-developing young children begin to spell they
use a predominantly phonological strategy to encode what they hear (Read, 1986;
Stirling & Robson, 1992; Treiman, 1993). Even preschoolers can invent spellings by
using letter-name knowledge to represent the component sounds of heard words
(Read, 1971, 1986), while in Ehri’s (1985) phonetic stage of spelling there is
exclusive dependence on letter-sound correspondence which allows generation of
possible phonetic spelling.
Frith’s (1985) Stage Theory of normal reading acquisition gives an important role to
spelling.

She notes that some children can spell words that they cannot read;

presumably they construct the spelling using the alphabetic principle. This suggests
that spelling may be the driving force underpinning the change to the alphabetic
stage, scaffolding the acquisition of alphabetic reading. Indeed Frith suggests that it
is the wish to write which brings about the change as letter-sound relationships are
the natural units of spelling.

Consistent with this Bradley and Bryant (1979)

demonstrated that beginning

readers use visual

strategies for reading

but

phonological strategies for spelling. Their normally developing sample read correctly
visually distinctive words (e.g. ‘light’, ‘school’) but incorrectly read simpler words (e.g.
‘bun’, sit’). In contrast, when spelling these words, they tended to correctly spell the
words they failed to read and spell incorrectly the words they read with ease. Thus
they retained a visual strategy for reading and a phonological strategy for spelling.
A Phonetic Spelling Test may be an important test, even at this young age, as
Cataldo and Ellis (1988) showed that the spelling skills of 5 and 6 year olds
influenced their reading while Goswami (1992) holds that early spelling helps early
reading, through the required explicit phonological analysis of heard words.
The mechanism for the development of spelling relies upon the segmentation and
transcription of single phonemes (Read, 1975). It stands to reason that children who
have poor letter-knowledge and/or poor phoneme-grapheme correspondence as
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evidenced from the rationale for the Letter Knowledge and/or Letter Sound Array
Tests, may be at-risk for literacy failure.

Moreover children who have poor

segmentation skills may also be ‘at-risk’ for dyslexia (Muter, Hulme, et al., 1997a) as
they may not develop the mapping skills necessary to develop phonetic spelling
which leads to alphabetic reading.
The Phonetic Spelling Test belongs within the PDH. There is evidence as to the
phonological value of phonetic spelling ability.

For example the level of pre

schoolers’ phonemic awareness predicts the phonetic appropriateness of their
invented spellings (Liberman, Rubin, Duques & Carlisle, 1985) which in turn predicts
their later success in reading acquisition (Frith, 1980; Mann, Tobin, & Wilson, 1987;
Morris & Penny, 1984). Moreover, Snowling, Gallagher and Frith (2003) found that
phonetic spelling at six years was a particularly strong predictor of outcome literacy
and phonological processing at eight years. The Phonetic Spelling Test predicts that
children at-risk for dyslexia will perform poorly on this test.
4.6 - Mem ory Tests
4.6.1 - The Digit Span Test
It is generally agreed that the classic digit span test, whereby a participant hears and
is required to repeat increasingly long digit-strings, places heavy demands on the
short-term memory store.

It is also well known that poor readers typically perform

badly on tests of verbal short-term memory for digits and letters (Hulme & Snowling,
1992a; R. B. Katz, Healy, & Shankweiler, 1983; Shankweiler, et al., 1979).

For

example, in their in-depth study, Hulme and Snowling found that their 13 year old
participant, JM, produced only 5 digits forward and 4 backward, which is average for
a normally-developing eight and a half year old reader. Also, Ellis and Large (1987)
demonstrated in their retrospective analysis that 8 year old dyslexics had enduring,
poor, verbal short-term memory difficulties from the age of 5 years before any large
differences in reading ability had emerged. Their evidence suggested that poor span
ability may be a cause of dyslexia. Moreover, Snowling, Gallagher and Frith (2003)
demonstrated that digit span performance was an identifier of group differences in
reading. Specifically, they found that 6 year olds’ digit span performance predicted
inferior performance in high-risk unimpaired readers in comparison to controls.
Jorm, Share, MacLean and Matthews (1986a) found that children who later had
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reading difficulty had poorer immediate memory than normal readers before entering
school. In fact, Ellis and Large (1987) found auditory digit span was the fifth best
discriminator between specifically reading impaired children and their skilled reading
peers. Digit span tasks have a long history of presence in dyslexia diagnostic tests,
e.g., in Wechsler Scale Tests. They are to be found in present-day early screening
tests such as DEST (1996) and DEST- 2 (2004). A digit span test may, thus, be
usefully included in the TEST-D battery. The digit span test pertains to the PDH of
dyslexia. It is predicted that children at-risk for dyslexia will perform poorly compared
to their peers on this test.
4.6.2 - The Non-word Repetition Test

The Non-word Repetition Test is thought to be a measure of phonological working
memory within the PDH; in particular it is thought to be a measure of phonological
store capacity. The ability to remember and repeat non-words has been shown to
discriminate both children with SLI (Bird, Bishop, & Freeman, 1995) and those with
dyslexia (Brady, 1997) from controls. Gathercole and Baddeley (1990) found that 8year old SLI children of normal performance IQ were very poor at monosyllabic
nonsense word repetition.

They were substantially worse than CA and language

matched 6-year olds at repeating longer nonsense words. They resembled normally
developing 4-year olds in this.

Because the SLI children had normal hearing and

articulation skills, Gathercole and Baddeley (1990) concluded that the non-word
repetition deficit lay in the capacity of the phonological store. The store, which is part
of the phonological loop, may be important in learning native language.

A store

which is reduced in capacity may be at the heart of dyslexics’ language learning
difficulties.
The TEST-D Non-word Repetition Test is adapted from Gathercole and Baddeley
(1990). Children are required to repeat immediately words of one to four syllables.
Details of this test are to be found in Appendix A.
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4.7 - Speed of Lexical Access
4.7.1 - The Rapid Automatized Naming (RAN) Tests
1.1.1.1 Introduction

It is well known that some dyslexics experience rapid naming difficulties (Spring &
Capps, 1974; Wolf, 1984). The rapid naming difficulty is persistent. For example, a
naming speed deficit was found to persist over nine years in at least some of the
dyslexics studied by Korhoren (1995). Also, adults who were diagnosed as dyslexics
in childhood exhibited slow digit- and letter-naming speeds (Felton, Naylor, & Wood,
1990).
Rapid naming performance is predictive of reading difficulty. Jorm, Share, MacLean
and Matthews (1986a) found that children who subsequently experience reading
difficulty were less accurate in colour- and picture-naming on school entry.
Furthermore, Wolf (1991) reporting a five-year longitudinal study, established that
early deficits in letter- and number-naming speed predicted later deficits in reading
with a direct relationship between the speed of naming and the extent of the reading
deficit.
Authors differ on the causes of the naming deficit. For example, Jorm et al., (1986a)
theorized that the deficiency of retarded readers on RAN tasks at school entry is due
to problems in storage and retrieval of phonological information. Share (1995) felt
that naming difficulty may represent a difficulty with printed material or generally
weak phonological representations.

In contrast to this, and arguing for the

heterogeneous nature of dyslexics. Wolf and Bowers (1999) have proposed the
double deficit hypothesis of dyslexia (i.e. phonological deficits and processes
underlying naming speed deficits represent two separable sources of reading
dysfunction). They hypothesize two dissociated single-deficit sub-groups and one
combined-deficit sub-group.

Specifically, dyslexics with phonological impairments

would have intact naming speed but phonological decoding problems. Conversely,
the rate group would have a naming speed deficit, intact phonological decoding and
impaired comprehension. The dyslexics with a double (combined) deficit would have
naming speed, phonological-decoding and severe comprehension deficits.
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It is well recognised that phonological awareness and lexical retrieval measures
make independent contributions to reading (Bowers & Swanson, 1991; Bowers &
Wolf, 1993; Wimmer, Mayringer, & Landed, 2000). The latter authors demonstrated
that first grade Austrian boys, who are slow at serial picture naming, are slower at
reading German words and non-words than are children with a phonological deficit.
Wolf and Bowers (1999) are concerned that RAN tests should be included in
screening batteries so that children with RAN deficits would be identified.

“To the

extent that researchers’ batteries do not include naming-speed-like measures, some
reading-impaired naming-speed-deficit children will elude early diagnosis and miss
potentially critical early services” (W olf & Bowers, 1999, p. 431).

RAN tests can

discriminate between normally-developing readers and dyslexics, and even between
dyslexics and non-discrepant poor readers. Denckla and Rudel (1976b) noted that
their dyslexic participants were slower and more error-prone in naming multiple
stimuli (colours, objects, letters, and digits) than age-matched controls (whose
reading was age-appropriate) and other learning-disabled children matched for
reading age.
Interestingly, there are differences in the predictive nature of colours and objects as
opposed to letters and digits. For example, the five-year longitudinal study of Wolf,
Bally,

and

Morris (1986) using

RAN

letters, digits,

objects and

colours

in

kindergarten predicted all later reading skills such as word recognition, oral reading
and comprehension. Importantly, they found an interaction between RAN stimuli and
age.

As children enter first and second grades automatized, non-graphological

stimuli such as colours and objects lose their predictive power.

However,

automatized graphological stimuli such as numbers continue to predict word-reading
difficulties.

The naming speed of alternating alphanumeric stimuli in kindergarten

successfully predicted the fourth grade reading status of the most profoundly
reading-impaired children. Similarly, Badian (1998) found that, although pre-school
object naming accounted for a small amount of variance in first grade word-reading
and reading comprehension, this finding was not present in second grade.
phenonomen pertains to older children also.

This

Semrud-Clikeman, Guy, Griffin and

Hynd (2000) reported that their reading-disabled participants, who were less than
12.3 years old, were slower and more error-prone in naming digits and letters than
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CA controls and individuals with ADHD.

However, older reading-disabled children

were slower only on automatized graphological symbols (digits and letters).
Such findings have implications for an early screening battery. The young age of the
target population would warrant inclusion of a rapid object naming task as naming
such stimuli may be within the capability of young school-goers. However, a RAN
objects task appears to have a limited-duration predictive power. The inclusion also
of a RAN digits task may bolster the predictive power of the battery, as the predictive
power of RAN digits extends over a number of years. In screening test development
RAN subtests must be subjected to a regression analysis with later literacy
performance to demonstrate their predictive power. Therefore it is wise to include
both a RAN objects and a RAN digits task in the TEST-D screening battery.
4.7.2 - RAN Objects Sub-test

When developing a RAN objects test, it is important to include in the object stimuli
those items which are familiar to the child. To this purpose it is valuable to exclude
“noise” by establishing a consensus of items, which are familiar to the participants.
Therefore, instead of presenting the child with a card of stimulus items to be named,
the writer has developed a consensus-driven array of items to be named. A series of
ten one-syllable picture loops (each displaying a series of three pictures of similar
articulatory duration) and a series of ten two-syllable picture loops (each displaying a
series of three pictures of similar articulatory duration) are inserted into a display
card. When the series of items to be named is presented for the first time only, the
first picture on each loop is displayed. Test Administrators establish if each picture
can be named at leisure. In the event of item-naming failure, then the second picture
on that loop is presented and tried for naming familiarity. In this way, a consensus of
items to be named may be established. The participant is then required to name the
displayed items as quickly as possible twice - forty items in all. A time-and errorscore is taken for naming performance.

It is envisaged that this method of

establishing a consensus list of items in the pilot study may benefit the methodology
of the RAN Objects Test in the national study, should it survive the reliability study.
Details of the TEST-D RAN Objects Test are to be found in Appendix A.
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Some theorists (e.g., D.L Share, 1995) argue that the RAN Objects Test is arguably
set within the PDH, while others (e.g.. Wolf & Bowers, 1999) suggest that it might be
related to the Magnocellular Deficit Hypothesis.
4.7.3 - RAN Digits Sub-test
From the Introduction it is clear that a RAN Digits Test has the potential to be a
short-term and long-term predictor of dyslexia. Indeed, Badian, McAnulty, Duffy and
Als (1990) found that rapid digit naming was one of three kindergarten tests which
differentiated dyslexics from normal readers with 98% correct classification.

RAN

digits correlated -.54 with fourth grade reading.
Wolf and Bowers (1999) opine that rapid naming of alphanumeric items such as
rapid digit naming may be a magnocellular process. It requires multiple processes
such as: attention to the digit stimulus, bi-hemispheric, visual processes that are
responsible for initial feature detection, visual discrimination and digit-pattern
identification. It also required integration of visual features and pattern information
with stored phonological representation as well as access to and retrieval of
phonological labels. Finally, it required activation and integration of semantic and
conceptual information and motoric activation leading to articulation.

The authors

state that “precise rapid timing is critical for the efficiency of operations within
individual sub-processes and for integrating across them" (Wolf & Bowers, 1999, p.
418).

For these reasons the RAN digits test is viewed within the magnocellular

hypothesis of dyslexia. Details of the RAN digits test may be seen in Appendix A.
4.8 - Magnocellular Tests
4.8.1 - Finger Localisation Test
Many authors have found that children who later became dyslexic showed poor
performance on finger localisation before learning to read (Badian, et al., 1990;
Jorm, et al., 1986a; Satz, et al., 1978; D.L Share, et al., 1984).
Various theories have been proposed to account for this, such as difficulty with
verbal labelling (Badian, et al., 1990; Jorm, et al., 1986a; D.L Share, et al., 1984).
Others such as Satz and Sparrow (1970) felt that the finger localisation deficit was
due to a maturational lag in early developing skills such as sensory-motor perceptual
and somatosensory function.
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However, focusing on somatosensory processing at the biological level, Stoodley,
Talcott, Carter, Witton, and Stein (2000) found that dyslexics have significantly
impaired vibrotactile sensitivity in merkel receptors, on slow-adapting (SA) 1 fibres,
specifically for the perception of 3 Hz pulsating stimuli. This suggests an impairment
of neural mechanisms responsible for detecting stimulus changes in real time. This
is consistent with Grant, Zangaladze, Thiagarajah and Saathian (1999) who found
that, compared to age-matched controls, dyslexics were significantly impaired in
static grating orientation discrimination.
grating ridge-width discrimination.

They were also substantially impaired in

PET evidence demonstrates parietal-occipital

cortical activation during the grating task. This area may be the human homologue
of the parietal-occipital fissure of macaque monkeys

knownas

areaV6or

PO.Thi

lies in the dorsal or occipito-parietal visual pathway, which is dominated bythe Mstream.

Thus, the deficit demonstrated by these authors suggests that finger

localisation deficit in dyslexics may be ascribed to a magnocellular deficit in the
somatosensory system.
The Finger Localisation Test requires children to identify by verbal labelling or
pointing, which finger(s) has/have been touched in various conditions, such as with
the stimulated hand visible, with stimulated hand hidden and with two fingers
simultaneously touched with the stimulated hand hidden. The test is described in
Appendix A.
4.8.2 - The Spatial Memory Test
4.8.3 - The Squirrel Memory Test: Forward
4.8.4 - The Squirrel Memory Test: Reverse

There are three tests in the TEST-D battery which can be grouped together for
theoretical purposes.

They are thought to be akin to the measures of the Corsi

Blocks Task (B. Milner, 1971).

These tests are The Spatial Memory Test, The

Squirrel Memory Test: Forward, The Squirrel Memory Test: Reverse.
The Spatial Memory Test is experimental in nature.

Here, the 4 - 7 year old

participant is presented with a 2D linear grid and is required to reproduce the same,
gradually increasing sequence of locations touched by the test administrator.

It is

essentially a silent test.
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The same test requirement is made for the Squirrel Memory Test: Forward, but the
touched locations are made in a woodland scene.
An extra processing dimension is added in the Squirrel Memory Test:

Reverse.

Here, the test administrator touches a gradually-increasing sequence of locations.
The participant is required to store these locations in memory and reproduce them in
reverse order. This test is, therefore, thought to engage the Central Executive of
Working Memory.
The Corsi Blocks Task and hence possibly the three tests described above, are
thought to engage the spatial aspect of the visuo-spatial sketch pad (VSSP) in WM.
Corsi span is more disrupted by the requirement to perform a spatial task between
presentation and recall than when a visual task is interposed (Della Sala, Gray,
Baddeley, Allamano, & Wilson, 1999).
Spatial Working Memory engages several cerebral areas.

In their PET and MRI

study of normal spatial WM akin to the Corsi Blocks Test, Owens, Evans and
Petrides (1996) found that the results of a comparison between spatial span and a
control condition resulted in a significant change in blood flow in several right
hemisphere areas including the frontal cortex, the occipital visual areas, the posterior
parietal cortex (PPC) and the lateral pre-motor cortex. These findings are consistent
with those of McCarthy, Blamire, Puce, Nobre, Bloch, Hyder, and Goldman-Rakic
(1994) and Schulman, Joanides, Smith, Koeppe, Awh, Minoshima and Mintun
(1993). Thus, part of the neural network of spatial memory appears to be in the right
hemisphere PPC which is a magnocellular structure, and plays an important role in
attention shifting (Steinman, Steinman, & Lehmkuhle, 1997). As set out in Chapter
2, the M-system is known to be impaired in dyslexics (Stein, 2001; Stein & Talcott,
1999). Furthermore, in their review article on the magnocellular theory of dyslexia,
Stein and Walsh (1997) have outlined the widespread evidence for a deficit in M-cell
functioning of dyslexics in attention shifting, spatial localisation, spatial orientation
and spatial neglect. Thus, the three tests named above: Spatial Memory, Squirrel
Memory Test:

Forward and Reverse are based on the MDH of dyslexia.

The

Working Memory performance of 4 - 7 year old participants in these tests is thought
to be modality-specific.

The visual mode is thought to be exclusively used at this

age in this test as developmentally, 7 year olds are unlikely to have begun verbal
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recoding at this age (Pickering, 2001). Full details of all three tests are available in
Appendix A.
4.9 - Cerebellar Tests
4.9.1 - Copying Test
There is a great deal of evidence that skill in copying shapes is related to reading
ability.

Indeed, evidence from dyslexia research literature indicates that shape-

copying is predictive of reading achievement. For example, Jansky and de Hirsch
(1972) found the Bender Motor Gestalt Test (Bender, 1959) was one of the best
predictors in their Predictive Index.

Similarly, Jansky et al. (1989) found that the

Bender Motor Gestalt Test administered

in

kindergarten

predicted

reading

achievement in grades 2 and 3. Badian (1994b) found that pre-school performance
on a five-item copying test predicted reading achievement 19-24 months later. This
finding is similar to Pickering (1995) who used the British Ability Scales Copying Test
(Elliott, Murray, & Pearson, 1983). They found it correlated (0.45) with reading 18 to
24 months later. Denckla and Rudel (1976a) noted dyslexics “often perform poorly
on tests requiring copying visually-presented forms e.g. Bender Gestalt" (p. 2) but
“ttiat while a group of dyslexic children copied the designs more poorly they were at
least as good as controls in judging which reproductions were most like the originals’”
(Denckla & Rudel, 1976a, p. 2). Denckla (1985) notes the co-ordination difficulties in
dyslexics which are characterised by a “non-specific developmental awkwardness’”
(p. 189). Even athletic dyslexics were poorly co-ordinated.
The work of the Sheffield Group offers elucidation of these phenomena arguing that
dyslexics experience dystonia, dyscoordination and motor deficits, due to mild
cerebellar impairment. Specifically, in a replication of the Dow and Moruzzi (1958)
battery of cerebellar tests, they demonstrated that dyslexics’ performance was
significantly worse on all 14 cerebellar tests including tremor, dystonia and
dyscoordination. They were also significantly impaired relative to RA controls 4 and
even 8 years their junior. They demonstrated near significant impairment on tremor
and muscle tone relative to RA controls.
The TEST-D Copying Test requires participants to copy visually presented geometricline drawings. The test represents the CDH of dyslexia.
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4.9.2 - The Cube-Threading Test

In many studies the Sheffield-Group have demonstrated that children with dyslexia
are impaired in a range of motor tests including bead-threading (Fawcett & Nicolson,
1995b; Fawcett, et a!., 2001; Nicolson & Fawcett, 1994a, 1995b). Indeed, the latter
two studies show that dyslexics performed worse in bead-threading than CA controls
and even RA controls 4 and 8 years their junior.

According to the DAD/CC

hypotheses, usually dyslexic children can mask their difficulty by a process of
conscious compensation leading to apparently near-normal performance. Problems
remain in skills requiring rapid performance and re-appear when put under timestress. The TEST-D Cube-Threading Test is adapted from Fawcett and Nicolson
(1995b) and predicts that children at-risk for dyslexia will perform poorly on the cubethreading test. Here children are required to thread as many cubes as possible on a
string in thirty seconds. The test belongs in the CDH of dyslexia.
4.9.3 - The Dowels Test

The Dowels Test is an experimental test within the CDH and is thought to tax the
lateral posterior lobe of the cerebellum.

Lesions in this area are associated with

dysmetria and hypotonia (Holmes, 1922a, 1922b).

Cerebellar patients experience

hypotonia, having to be supported even in a sitting position. They also experience
various forms of dysmetria, e.g. phonological dysmetria which usually produces
over-shoot in vowel length; reaching dysmetria causes target over-shoot. Cerebellar
patients usually fail to place a cup neatly on a saucer (Moreman, 1993).

The

dyslexics in Fawcett, Nicolson and Maclagan (2001) experienced hypotonia and poor
limb control showing statistically significant deficits in peg moving and toe tapping
compared with CA controls. Similarly, the dyslexics in Fawcett, Nicolson and Dean
(1996) were significantly worse than CA and RA controls on a test of past pointing
from the Dow and Moruzzi (1958) battery of cerebellar tests. They tended to drift
away from the bull’s eye and even downward, marking the wall.

The Dowels

experimental task requires participants to place 13 dowels into 13 holes in a long
board placed at arm’s length under pressure of time. A time score and a precision
score are recorded.

It is thought that in this test, children with mild cerebellar

impairment will show longer latencies and worse precision than normally developing
children. The test is fully described in Appendix A.
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4.9.4 - Prongs Test

The Prongs Test is an experimental task within the CDH and is assumed to
challenge the lateral posterior lobe of the cerebellum which is thought to be involved
in reaching behaviour. Hypotonia, ataxia and dysmetria are characteristic of lesions
in this area (Holmes, 1922a, 1922b).

Patients with lateral posterior cerebellar

lesions have difficulty placing objects neatly on a target. They also experience rapid
muscular tiring. Dyslexics also experience hypotonia and pointing problems which
are significantly worse than CA and RA controls (Fawcett, et al., 1996).
The Prongs Test requires the participant to place 12 perforated cubes, one at a time,
on each of six prongs going from left to right as quickly as possible twice. The test is
more difficult than the Dowels Test, as the head of the prong is hidden by the
perforated cube on its approach.

Thus, the cerebellar function of memory in the

deep tendons of the arm is involved in this test. It is thought that children with mild
cerebellar impairment may show longer latencies and less accuracy in this test
compared with peers.

The full description of the test and its administration are

available in Appendix A.
4.9.5 - The Balance Test

There is a great deal of evidence that poor balance is associated with dyslexia
(Nicolson & Fawcett, 1990, 1994a, 1995b). Other studies indicate that it is predictive
of dyslexia (Haslum, 1989; Nicolson & Fawcett, 1996, 2004). The Balance Test is an
important component of the DEST (1996) and DEST-2 (2004). Indeed, poor balance
can distinguish between children at-risk for dyslexia and those at-risk for general
learning disabilities; children at-risk for dyslexia will show poor balance and
hypotonia while children with a general learning disability will show normal balance
skills. It is thought that poor balance may be ascribed to mild damage in the lateral
posterior lobes of the cerebellum in dyslexics (Fawcett, et al., 2001).
The TEST-D Balance Test is adapted from the Nicolson and Fawcett (1990) DualTask paradigm study. In the TEST-D Balance Test, children are required to balance
on two legs first, while fixating on a red dot on the wall at head height. They then
balance on their preferred leg and subsequently, on their non-preferred leg while
fixating the dot.

The balance time is calibrated to their age following balance

duration extrapolated from The Peabody Developmental Motor Scales (Folio &
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Fewell, 2000).

Subsequently children are required to balance under dual-task

conditions, while fixating the dot, and engaging in a semantic judgement task. It is
hypothesised that children who are at-risk for dyslexia will perform less well on the
dual-task, while those who are not at at-risk will demonstrate automatisation of this
cerebellar function. The latter will show no balance performance difference between
the primary task alone and the dual condition tasks.

Some normally-developing

children may even improve due to practice effects.

The TEST-D Balance Test

pertains to the CDH of dyslexia.
4.9.6 - The Articulation Rate (ART) Test

The Articulation Rate Test is an experimental test within the CDH. It is adapted from
Wolff, Cohen and Drake (1994) who showed that dyslexics had greater difficulty
repeating syllable strings than repeating a similar number of single syllables, in time
to a metronome, or when required to do so as fast as possible. Dyslexics were also
more error prone.

Wolff, Michel and Ovrut (1990) found adolescent dyslexics

experience difficultly in establishing a fluent speech rhythm particularly at faster
speeds. The Sheffield Group argues that dyslexics experience articulatory speed
difficulty because of skill automatization problems in any area, including rapid
speech production.

Fawcett and Nicolson’s (1995b) 8-, 13- and 17 year old

dyslexics exhibited a persistent and severe articulation rate deficit which was slower
than RA controls suggesting developmental disorder (Bryant & Goswami, 1986).
Similar to the dyslexics of Wolff et al., (1990) they found difficulty in generating a
smooth rhythm or they muddled syllables after several repetitions. Difficulties were
also experienced even at single syllable level. Fawcett and Nicolson (2002) found
articulatory deficits in both speed of articulation and deficits in motor planning.
Nicolson and Fawcett (1999) argue that the cerebellum is a key structure in the
development of normal motor articulatory skill providing exquisite timing and fluency
to speech production.

Conversely, cerebellar deficit compromises timing, fluency

and speech production of dyslexic individuals.
The TEST-D Articulation Rate Test requires children to speed-articulate three series
of ten repetitions of the poly-syllabic word ‘pedalbin’. Earlier research to establish
the preliminary validity of the TEST-D Articulation Rate Test (O'Brien, 2002) showed
that the Articulation Rate subtest using the word ‘paddleboat’ had discriminative
power; the dyslexic group took longer than non-dyslexics to say the word. They also
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made significantly more errors in producing that phonemically complex word.

As

well as discriminating between dyslexics and non-dyslexics, speech rate has been
found to be predictive of reading differences (McDougall, et al., 1994). Details of the
ART test may be found in Appendix A.

4.10 - Conclusion
Chapter Four describes the empirical and theoretical framework for the TEST-D
prototypical screening battery.

Sub-tests were devised and manufactured by the

author to represent all major theoretical accounts of dyslexia. Many sub-tests,
particularly the phonological ones, required illustrations which were also executed by
the author. Rationale, administration directions and scoring systems for each subtest were specified by the author in a manual and may be found in the appendices.
These sub-test directions were provided to test administrators on a phased basis,
cumulatively building to a TEST-D administrator’s manual.
Chapter Five describes the method of recruiting test administrators and participant
children. It also describes the pilot study in which the prototypical TEST-D battery
was triaged. It reports sub-test results and outlines changes to sub-tests following
floor-ceiling effect analysis, correlation of test-re-test reliability and teacher feedback,
in preparation for the National Study.
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Chapters - Pilot

Test

Analysis

and

Rationale

for

Sub-test

Inclusion/Exclusion in National Study
5.1 - Introduction
The work schedules for the TEST-D project are presented in this chapter. These
involve the work sequences, including publicity and teacher/test administrator
identification. The selection of children for both pilot and national studies is then
described as well as the training of teachers for test administration. The analysis of
pilot participant performance on the TEST-D prototypical battery of sub-tests is then
addressed.

There were two testing times.

Time 1 involved administration of the

sub-tests to all available participants while Time 2 involved administration of the
same sub-tests to a sub-group of the same children. This was done in order to have
comparative data to perform a correlation study to establish test-retest reliability.
The number of participants varied from test to test according to the availability of
children and teacher level of test administration completion.

The tests were

administered over a period of eighteen months, therefore the age ranges of
participants varied from 4 to 7 year olds at the beginning of the study to 5 to 8 year
olds at its end.

5.2 - TEST-D Project: W ork Sequence
The project to develop an early screening battery began with an awareness of the
need of an early screening test developed in Ireland for Irish children. Following a
consideration of the theoretical literature, an original prototypical battery of subtests
was developed by the author. Cognisance was taken of the young age of the future
users of this battery, and that of participants involved in helping to develop the
screening battery.

To this purpose attempts were made to develop a suite of

attractive, colourful tests which would be varied and fun to do. During the TEST-D
subtest production phase two awards were given to the project. The first award was
from the National Rehabilitation Board (now subsumed under the National Disability
Authority) which saw the project as potentially preventative of literacy difficulties.
The TEST-D project also received the Sean Brosnahan Memorial Award for
Research into Learning Disabilities from the Irish National Teachers Organization
(INTO). This award was an important catalyst as it was followed by articles in the
INTO Journal ‘lnTouch’(2003) (Appendix C) and

in the

Primary Principals’
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Publication (INTO, 2003b), (Appendix C) and in the Retired Teachers Publication
(INTO, 2003a)(Appendix 0).

Following this publicity 804 teachers contacted the

writer with offers of help and requesting information.

5.2.1 - Pilot Study
Of the interested teachers some were selected in the Greater Dublin Area and
invited to an information meeting in the home of the researcher in February 2004.
The pilot project was explained and 20 of these teachers volunteered to be pilot test
administrators.

Furthermore, 10 of these volunteered to be test re-test pilot

administrators. At the meeting, teachers who wished to be involved collected a pack
containing:
a.

a printed description of the project (Appendix C)

b.

a letter of invitation to their school principals to

takepart in the project

(Appendix 0)
c.

an information letter for parents regarding the project (Appendix 0)

d.

a consent form for parents (Appendix C)

e.

a Volunteer Test Administrator Registration Form (Appendix 0)

Parent consent was obtained.

Because so many parents wished their child to be

involved a clarification note had to be issued (Appendix 0) stating that only five
children from each class would be selected.
One-hundred children were selected at random in schools.
Pilot Teachers were trained on subtest rationale and administrator scoring protocol
once every four weeks from February to June 2004. Data was gathered from child
performance on subtests and entered into SPSS Version 10.
This was analysed for floor/ceiling effects and test retest reliability. Results of this
are described in Chapter 5.

Following examination of the database and teacher

feedback, subtests were either progressed to the National study or modified, or
excluded from the study. 2 tests were added later to the Pilot. These were RAN
Digits and the Balance Test.

Following test/retest and floor ceiling analyses these

subtests were also included in the National Study.
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5.2.2 - National Study
In November 2004 teachers who had shown interest in involvement in the TEST-D
project following publicity, received a letter of information (Appendix C) and a
Volunteer Test Administrator registration form (Appendix C). They were invited to
attend a meeting in one of seven education centres around Ireland (Appendix C). A
full description of the TEST-D Project was offered and the commitment required was
outlined again.

Volunteer Test Administrator registration forms were distributed

along with:
Letters of information to each attending teacher’s School Principal
(Appendix C)
Letters of invitation to School Principals to involve their schools (Appendix
C)
An Information Sheet for Parents and Guardians re TEST-D
A Consent Form for Parents/Guardians (Appendix 10)
A form to record details of the children selected at random in the volunteer
teachers’ school. These were completed and returned with the first
tranche
of completed score-sheets following the first teacher/test
administrator training session.
One-thousand and forty-one children were selected for the TEST-D national study.
There

were 169

teachers in 163 schools all over Ireland involved as test

administrators.
5.3 - Training Teachers for the National Study
From January to June 2005, once per month, teachers were trained in subtest
rationale, test administration and scoring in relation to a particular tranche of
subtests. The performance scores for child participants were fed back one month
later as teachers came for training and received the next tranche of tests to
administer. Some teachers completed testing in a timely fashion while others took
considerably longer finishing up to eighteen months later.
All data was collected and entered in SPSS.

This was subjected to a Principal

Components Analysis (PCA), the results of which are described in Chapter 7.
5.4 - Test-retest Reliability and Floor/Ceiling Effects
Thissection describes the Pearson’s Product Moment Correlation co-efficient.
Floor/ceiling effects are also discussed.

The next section concerns a forensic

examination of test-retest reliability for all cases and for sub-sets thereof.

It also
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briefly discusses the nature of latency scores and relevant timing issues.

The

Laterality Test mentioned in Chapter 4 is also discussed in this section; this test was
intended for logistical rather than predictive reasons.
5.4.1 - Syllable Level Tasks
S A .l.a

-

Word Segmentation Task

The Word Segmentation Task was piloted on a sample of seventy-eight 4 to 7 year
olds. The maximum score possible was ten. The total mean score for the group
was 7.64, with 4, 5, 6 and 7 year olds scoring 7.40, 7.15, 7.93 and 8.00 respectively,
indicating developmental sensitivity. The fact that the mean score of the 4 year olds
is greater than that of the 5 year olds may be attributed to a small number of 4 year
olds in the sample; there were just five 4 year olds in comparison to twenty-six 5 year
olds. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.722, n=29, p<.01, indicating high test-retest reliability. When
the test was re-run excluding items 2 and 4 a stronger correlation emerged, r=.773,
n=29, p<.01. The bi-syllabic words WINDOW and DOCTOR were removed on the
grounds that their removal yielded the highest test-retest correlation of all possible
item combinations and thus a better level of reliability.
It was decided to include this task in the national study with the exclusion of items 2
and 4.
S A .l.b - Non-word Completion a t the Syllable Level

The Non-word Completion at the Syllable Level test was piloted on a sample of
ninety four 4 to 7 year olds. The maximum score possible was ten. The total mean
score for the group was 7.83, with 4, 5, 6 and 7 year olds scoring 5.09, 7.97, 8.33
and 9 respectively, indicating developmental sensitivity. The percentages of 4, 5 and
6 year olds scoring 5 or better were, 63.7%, 91.2%, and 97.9% respectively. This
constituted high scoring and a possible indication of ceiling effects.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a weak correlation between the
test retest results, r=.517, n=40, p<.01 indicating low test-retest reliability.
168

It was therefore decided to omit this task from the national study.
5.4.2 - Rhyme Awareness Tasks
5.4.2.a - Nursery Rhyme Task

The Nursery Rhyme Task was piloted on a sample of one-hundred 4 to 7 year olds.
The maximum score possible was ten. The 4 and 5 year olds scored equally well
(8.50) on this test.

There was a drop in performance for the 6 year olds (8.02),

although still reasonably high.

The 7 year olds performance showed a rather

dramatic drop (4.00), with 4 and 5 year olds scoring more than twice as well. The
total mean score for the group was 8.24, with 4, 5, 6 and 7 year olds scoring 8.50,
8.50, 8.02 and 4.00 respectively indicating ecological validity as this test is within the
daily experience of 4 and 5 year olds.

Knowledge of nursery rhymes represents

consolidated knowledge in long-term memory; it is possible that 7 year olds may
have forgotten their nursery rhymes, or possibly they were embarrassed by them.
No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.902, n=45, p<.01 indicating high test-retest reliability.
It was decided to include this task in the national study.
5.4.2.b - Rhyme Recognition 1

Rhyme Recognition Task 1 was piloted on a sample of one-hundred 4 to 7 year olds.
The maximum score possible was twelve. The total mean score for the group was
9.72, with 4, 5, 6 and 7 year olds scoring 6.30, 9.69, 10.43 and 11.00 respectively
indicating developmental sensitivity. No floor or ceiling effects were evident although
the seven year olds were approaching ceiling.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test retest results, r=.668, n=45, p<.01, indicating moderate test-retest reliability.
When the test was re-run excluding items 4 and 10 a stronger correlation emerged,
r=.746, n=44, p<.01.
It was decided to include this task in the national study excluding items 4 and 10.
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5.4.2.C - Timed Rhyme Generation Task

The Timed Rhyme Generation Task was piloted on a sample of seventy-eight 4 to 7
year olds. There was no maximum score as it was a rhyme fluency test. The total
mean score for the group was 4.69, with 4, 5, 6 and 7 year olds scoring 1.90, 4.04,
5.56 and 3.90 respectively indicating developmental sensitivity.

The fact that the

mean score of 7 year olds is lower than that of the 6 year olds may be attributed to
the small number of 7 year olds in the sample; there were just five 7 year olds, in
comparison to forty-one 6 year olds. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.837, n=33, p<.01 indicating high test-retest reliability.
It was decided to include this task in the national study.
5A .2.d

-

Untimed Rhyme Generation Task

The Untimed Rhyme Generation Task was piloted on a sample of eighty-eight 4 to 7
year olds.

The maximum score possible was ten.

The total mean score for the

group was 7.55, with 4, 5, 6 and 7 year olds scoring 4.80, 6.45, 8.59 and 5.00
respectively indicating developmental sensitivity. The fact that the mean score of the
7 year olds is lower than that of the 6 year olds may be attributed to the small
number of 7 year olds in the sample; there were just three 7 year olds, in comparison
to fifty-one 6 year olds. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a weak correlation between the
test retest results, r=.528, n=33, p<.01 indicating low test-retest reliability.
It was decided to exclude this task from the national study.
5.4.2.e Rhyme Recognition 2
-

Rhyme Recognition Task 2 was piloted on a sample of eighty-seven 4 to 7 year olds.
The total mean score for the group was 10.36, with 4, 5, 6 and 7 year olds scoring
7.80, 9.87, 10.96 and 10.25 respectively indicating developmental sensitivity. The
fact that the 7 year old mean score is lower than that of the 6 year olds may be
attributed to a small number of 7 year olds in the sample, four 7 year olds, in
comparison to forty-seven 6 year olds. No floor or ceiling effects were evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test retest results, r=.608, n=32, p<.01 indicating moderate test-retest reliability.
When the test was re-run excluding item 2 a strong correlation emerged, r=.B45,
n=30, p<.01.
It was decided to include this task in the national study with the exclusion of item 2.
It was also decided to move items 8 and 9 to the end of the task, as teachers
reported that children found them more difficult.
5.4.2.f- Rhyme Recognition Oddity Task

The Rhyme Recognition Oddity Task was piloted on a sample of seventy-eight 5 to 7
year olds.

The maximum score possible was ten.

The total mean score for the

group was 6.08, with 5, 6 and 7 year olds scoring 4.11, 6.56 and 7.36 respectively
indicating developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.700, n=41, p<.01, indicating high test-retest reliability.

It was

decided to include this task in the national study with the exclusion of item 9, which
proved to be too difficult. Almost 43% of participants were unable to process this
item.
5.4.3 - Phonemic Awareness Tasks
5.4.3.a - Non-word Completion a t Phoneme Level (NCP)

The NCP Task was piloted on a sample of ninety-four 4 to 7 year olds.

The

maximum score possible was ten. The total mean score for the group was 5.31, with
4, 5, 6 and 7 year olds scoring 1.91, 4.56, 6.62 and 5.00 respectively indicating
developmental sensitivity. The fact that the mean score for the 7 year olds is lower
than that of the 6 year olds may be attributed to a small number of 7 year olds in the
sample. There was only one 7 year old, in comparison to forty-eight 6 year olds. No
floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.737, n=45, p<.01 indicating strong test-retest reliability. When
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the test was re-run excluding items 5 and 8, a stronger correlation emerged, r=.808,
n=41, p<.01.
It was decided to include this task in the national study with the exclusion of items 5
and 8.
5.4.3.b - Phoneme Recognition

The Phoneme Recognition Task was piloted on a sample of eighty-four 4 to 7 year
olds. The maximum score possible was ten. The total mean score for the group was
8.39, with 4, 5, 6 and 7 year olds scoring 3.80, 8.00, 9.06 and 9.33 respectively
indicating developmental sensitivity.

No floor or ceiling effects were evident,

although 7 year olds were approaching the ceiling for this task.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.701, n=33, p<.01 indicating strong test-retest reliability.
While there was strong test-retest reliability it was decided to exclude this task from
the national study as the task demands were adequately covered by the alliteration
tasks which, as can be seen below, had a slightly greater reliability.
5.4.3.C Alliteration
-

The Alliteration Task was piloted on a sample of eighty-eight 4 to 7 year olds. The
maximum score possible was ten. The total mean score for the group was 7.47, with
4, 5, 6 and 7 year olds scoring 3.14, 6.94, 8.39 and 9.00 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.712, n=40, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4.3.d - A lliteration Oddity

The Alliteration Oddity Task was piloted on a sample of seventy-six 5 to 7 year olds.
The maximum score possible was ten. The total mean score for the group was 7.38,
with 5, 6 and 7 year olds scoring 5.05, 8.20 and 8.30 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.746, n=40, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study. Items 4 and 7 were moved
to the end of the task as teachers reported that the children found them rather
difficult.
5.4.3.e - In itia l Phoneme Deletion, Real Word Remaining, Training Task (IPD-RWRTT)

There has been a lot of discussion in the literature regarding the suitability of
phoneme deletion tasks for young school children. It was decided to include this test
as a training task to establish the phoneme deletion performance of 5 to 7 year olds.
This task was also used as a gating procedure, no participant who scored zero
progressed to the following six phoneme deletion tasks in this suite of tests.
The IPD-RWR-TT Task was piloted on a sample of seventy-eight 5 to 7 year olds.
The maximum score possible was eight. The total mean score for the group was
6.35, with 5, 6 and 7 year olds scoring 4.06, 6.94 and 7.42 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.750, n=40, p<.01, indicating strong test-retest reliability.
Since 5, 6 and 7 year olds scored averages of 4.06, 6.94 and 7.42 respectively it
was established that this task was within the capability of children of this age.
Therefore it was decided to exclude this training task in the national study and to
relocate training to demonstration and practice items in the Initial Phoneme Deletion
Task, the pilot of which is discussed next.
5.4.3.f- In itia l Phoneme Deletion, Real Word Remaining, Test A (IPD-RWR-A)

The IPD-RWR-A Task was piloted on a sample of seventy-six 5 to 7 year olds. The
maximum score possible was five. The total mean score for the group was 4.50,
with 5, 6 and 7 year olds scoring 3.75, 4.69 and 4.75 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test retest results, r=.662, n=41, p<.01, indicating moderate test-retest reliability
It was decided to include this task in the national study with the inclusion of a
demonstration item and practice items as discussed above.
5.4.3.g - In itia l Phoneme Deletion, Non-word Remaining, Test B (IPD-NWR-B)

The IPD-NWR-B Task was piloted on a sample of seventy-five 5 to 7 year olds. The
maximum score possible was five. The total mean score for the group was 3.33,
with 5, 6 and 7 year olds scoring 2.71, 3.44 and 3.77 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.838, n=41, p<.01, indicating strong test-retest reliability
It was decided to include this task in the national study.
5.4.3.h In itia l Phoneme Deletion fro m In itia l Consonant Cluster, Test C (IPD-ICC-C)
-

The IPD-ICC-C Task was piloted on a sample of seventy-three 5 to 7 year olds. The
maximum score possible was five. The total mean score for the group was 2.04,
with 5, 6 and 7 year olds scoring 1.13, 2.13 and 2.91 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.706, n=40, p<.01, indicating strong test-retest reliability
It was decided to include this task in the national study.
5.4.3.i - Final Phoneme Deletion, Real Word Remaining, Test D (FPD-RWR-D)

The FPD-RWR-D Task was piloted on a sample of seventy-three 5 to 7 year olds.
The maximum score possible was five.

The total mean score for the group was

2.84, with 5, 6 and 7 year olds scoring 2.00, 2.81 and 4.09 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test retest results, r=.595, n=41, p<.01, indicating moderate test-retest reliability.
Although there was only a moderate test-retest correlation it was decided to include
this task in the national study as it is part of a suite of phoneme deletion tasks, each
more difficult than the one before. This rationale also applies to Test E and Test F.
5 .4.3J - F in a l Phoneme Deletion, N on-w ord Rem aining, Test E (FPD-NW R-E)

The FPD-NWR-E Task was piloted on a sample of seventy-four 5 to 7 year olds.
The maximum score possible was five.

The total mean score for the group was

3.19, with 5, 6 and 7 year olds scoring 2.40, 3.30 and 3.75 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test retest results, r=.667, n=40, p<.01, indicating moderate test-retest reliability.
It was decided to include this task in the national study for the reasons stated above.
5.4.3.k - F in a l Phoneme Deletion, F in a l Consonant Cluster, Test F (FPD-FCC-F)

The FPD-FCC-F Task was piloted on a sample of sixty-nine 5 to 7 year olds. The
maximum score possible was five. The total mean score for the group was 2.51,
with 5, 6 and 7 year olds scoring 1.50, 2.68 and 3.09 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test retest results, r=.596, n=35, p<.01, indicating moderate test-retest reliability.
It was decided to include this task in the national study for the reasons stated above.
5.4.4 - Transcoding Tasks
5.4.4.a

-

L e tte r Knowledge

The Letter Knowledge Task was piloted on a sample of one-hundred 4 to 7 year
olds. There are three scores for this task, an upper-case score, a lower-case score.
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and a total score. The maximum score possible for each of these tests was twentysix, twenty-six and fifty-two respectively.
Upper-case Score

The total mean score for the upper-case condition was 21.86, with 4, 5, 6 and 7 year
olds scoring 15.94, 21.36, 24.59 and 26.00 respectively indicating developmental
sensitivity. No floor effects were evident although the 7 year olds reached ceiling on
this test as would be expected.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.958, n=45, p<.01 indicating strong test-retest reliability.
Lower-case Score

The total mean score for the lower-case condition was 21.23, with 5, 6 and 7 year
olds scoring 15.94, 20.76, 23.71 and 24.00 respectively indicating developmental
sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.942, n=45, p<.01, indicating strong test-retest reliability.
Total-score

The total mean score for the group was 43.06, with 5, 6 and 7 year olds scoring
31.94, 42.07, 48.24 and 50.00 respectively indicating developmental sensitivity. No
floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.964, n=45, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study with the exclusion of lower
case L and upper case i, (e.g. I, I ) as due to their visual similarity they were
confusing.
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5.4.4.b

-

L etter Sound A rra y

The Letter Sound Array Task was piloted on a sample of eighty-nine 5 to 7 year olds.
The maximum score possible was twenty-six. The total mean score for the group
was 17.37, with 5, 6 and 7 year olds scoring 14.31, 18.28 and 18.43 respectively,
indicating developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.862, n=51, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study with the addition of a
separate stimulus card for the children. Teacher feedback indicated that this would
facilitate the administration of the test.
5.4.4.C - Non-w ord Reading

The Non-word Reading Task was piloted on a sample of seventy-eight 4 to 7 year
olds. The maximum score possible was twenty-five. The total mean score for the
group was 9.04, with 4, 5, 6 and 7 year olds scoring 0.00, 4.47, 9.64 and 12.33
respectively, indicating developmental sensitivity.

No floor or ceiling effects were

evident; the zero score for 4 year olds is unlikely to be representative, as there was
only one 4 year old in the sample and therefore may not represent a floor effect.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.950, n=39, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study. Four changes were made to
a single phoneme in each of four items, these were; gorl to gorp, quank to quink,
smer to smef, and skelt to skelm.

These changes were due to: similarity to real

words in the case of gorl (girl), quank seemed to encourage inappropriate comments
among some boys, smer and skelt were changed due to pronunciation problems. An
important note was that the font was changed for the display card from Times New
Roman in the pilot study, to Ariel in the national study. This is because Ariel is the
predominant font used in children’s text books and is, therefore, more ecologically
valid.
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5.4.4.d Phonetic Spelling
-

The Phonetic Spelling Task was piloted on a sample of eighty 5 to 7 year olds. The
maximum score possible was 41. The total mean score for the group was 25, with 5,
6 and 7 year olds scoring 15, 26.89 and 31.07 respectively indicating developmental
sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.886, n=40, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4.5 - Memory Tasks
5.4.5.a D igit Span
-

The Digit Task was piloted on a sample of one-hundred 4 to 6 year olds.

The

maximum score possible was eighteen. The total mean score for the group was
6.35, with 4, 5, and 6 year olds scoring 5.25, 5.95 and 6.88 respectively indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.745, n=45, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study. Teacher feedback indicated
that the task would flow more easily using stimulus items presented by the test
administrators themselves, rather than by audio tape. Therefore the audio tape was
excluded from the task and teacher training for digit span administration was
included for the National Study.
5.4.5.b - Non-word Repetition

The Non-word Repetition Task was piloted on a sample of one-hundred 4 to 7 year
olds.

This test has a negative scoring system; the maximum possible score was

sixty which would indicate that the participant failed to correctly repeat any item. The
total mean error score for the group was 10.76, with 4, 5, 6 and 7 year olds scoring
24.11, 9.44, 9.48 and 8.50 respectively indicating developmental sensitivity. No floor
or ceiling effects were evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.707, n=45, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4.6 - Speed of Lexical Access
5.4.6.a - RAN Objects

The Rapid Automatized Naming (RAN) Objects Task was piloted on a sample of
eighty 4 to 6 year olds. As this is a timed test there is no maximum score. The total
mean score for the group was 64.77s, with 4, 5, and 6 year olds scoring 72.08s,
66.62s and 61.22s respectively indicating developmental sensitivity.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.760, n=49, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study. It is the opinion of the author
that potentially there is noise inherent in this task.

In some cases where a RAN

objects task appears in a screening battery, in the event that the child is not able to
name a certain item the test administrator teaches the name of the item and then
immediately proceeds with the RAN task. In the case of the learned item, it is to be
found in short-term, rather than long-term memory.

Since the task is a test of the

speed of lexical assess in long-term memory the teaching procedure creates “noise”.
The author has created a system of alternatives, whereby if the first item on a series
of loops is not named then a substitute item is offered. This system indicated that
there was naming difficulty relating to the following items: cup, window, teapot,
bottle, gate, out of an array of twenty items.

The substitute items for these were:

sun, snowman, crayon, flower, chair. Following the pilot these substitute items were
incorporated into a randomized array to be named. This is to be found on an A4
sized card. See figure below.
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Figure 5-1 - RAN Objects Stimulus Card - National Study
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5.4.6.b - RAN Digits
Table 3 - RAN Digits Age and Gender Mean Scores

Total Mean Score (n=19)
5 year olds mean Score (n=5)
5 year olds mean score (outlier excluded) (n=4)
6 year olds mean Score (n=12)
7 year olds mean Score (n=2)
Female mean score (n=9)
Female mean score (outlier excluded) (n=8)
Male mean score (n=10)

40.35
48.52
40.73
39.07
27.65
42.78
38.16
38.17

The RAN Digits task was piloted on a sample of 19 participants, aged 5 to 7 years.
The total mean latency was 40.35. Compared to this, the mean for the 5 year olds
indicated longer latencies as they scored above the group mean. An examination of
the box-plot indicated the presence of an extreme outlier with a score of 79.7. The
analysis was repeated excluding this (5 year old) participant, which reduced the
mean latency for the five year olds to 40.73. The mean scores for the 5, 6 and 7
year olds, (40.73, 39.07, 27.65 respectively) indicated expected diminishing latencies
and thereby developmental sensitivity. As the outlier was a female participant it was
decided to look at the mean scores for male and female participants.

Upon

examination it emerged that there were no differences in scores between male and
female participants on RAN Digits performance.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test retest results, r=.740, n=18, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4.7 - Spatial Memory Tasks
5.4.7.a - Finger Localisation

The Finger Localisation Task was piloted on a sample of eighty-nine 4 to 7 year olds.
The maximum score possible was thirty. The total mean score for the group was
23.78, with 4, 5, 6 and 7 year olds scoring 4.00, 21.05, 24.90 and 25.00 respectively
indicating developmental sensitivity. No floor or ceiling effects were evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.831, n=46, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4.7.b - S quirrel M em ory

The Squirrel Memory Task was piloted on a sample of ninety-nine 4 to 7 year olds.
The maximum score possible was twenty. The total mean score for the group was
7.58, with 4, 5, 6 and 7 year olds scoring 5.90, 7.29, 8.10 and 9.00 respectively,
indicating developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.758, n=45, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4. 7 .C - S quirrel Memory: F orw ard

The Squirrel Memory Task, Forward Condition was piloted on a sample of seventyseven 5 to 7 year olds. The maximum score possible was twelve. The total mean
score for the group was 3.30, with 5, 6 and 7 year olds scoring 2.53, 3.39 and 3.88
respectively, indicating developmental sensitivity.

No floor or ceiling effects were

evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test-retest results, r=.689, n=36, p<.01, indicating moderate test-retest reliability.
5.4.7.d - S quirrel Memory: Reverse

The Squirrel Memory Task, Reverse Condition was piloted on a sample of seventyfive 5 to 7 year olds. The maximum score possible was twelve. The total mean
score for the group was 3.04, with 5, 6 and 7 year olds scoring 1.97, 3.33 and 3.47
respectively, indicating developmental sensitivity.

No floor or ceiling effects were

evident.
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The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.720, n=35, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
5.4.8 - Cerebellar Tasks
5A.8.a - Copying Task

The Copying Task was piloted on a sample of eighty-nine 4 to 7 year olds. The
maximum score possible was ten. The total mean score for the group was 7.71, with
4, 5, 6 and 7 year olds scoring 5.50, 6.58, 8.41 and 8.50 respectively, indicating
developmental sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.756, n=45, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study with one minor change.
Teacher feedback indicated that item 5 constituted a visual problem; children saw
the shape as a letter b, so it was decided to amend the shape to remove this
ambiguity. Children were forming the letter b as opposed to a circle with a tangential
line. The shape was amended to that of a circle with a bisecting line protruding at
the top. See illustration below

Figure 5-2 - Amended Illustration for Copying Task - Item 5

5.4.8.b - Cubes Threading Task

The Cube Threading Task was piloted on a sample of eighty-four 4 to 7 year olds.
The maximum possible score was 12. The total mean score for the group was 5.92,
wiith 4, 5, 6 and 7 year olds scoring 4.00, 5.48, 6.31 and 6.00 respectively, indicating
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developmental sensitivity.

The lower mean score of the seven year olds may be

attributable to the fact that there were only 2 in the sample. No floor or ceiling effects
were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a weak correlation between the
test-retest results, r=.338, n=27, p=.085, indicating weak test-retest reliability.
It was decided to exclude this task from the national study.
5.4.8.C Dowel Placing Task
-

The Dowel Placing Task was piloted on a sample of eighty-eight 4 to 7 year olds.
The total mean latency score for the group was 35.41s, with 4, 5, 6 and 7 year olds
scoring 38.16s, 38.53s, 33.57s and 33.50s respectively, indicating developmental
sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.821, n=35, p<.01, indicating strong test-retest reliability.
It was decided to include this task in the national study.
Two scores were taken in the pilot study, one was a latency score and the other was
a precision point total. In relation to the precision point total, teachers felt that their
scoring was not accurate as too much was required of the administrators in too short
a time. They felt that a video camera would provide the type of accuracy needed on
this measure. For this reason it was decided to exclude the precision point measure
from the national study. The latency score was, however, included.
The Dowel Placing Task is an experimental one, which has the potential to provide
qualitative information about the motor behaviour of the participant, such as
manipulative skill, consistency of hand use, tremor, etc. The score-sheet records
teacher observations of a qualitative nature. While this information was not included
in the test-retest analyses it will be explored in future work and will be discussed in
Chapter 9.
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5.4.8.d - Six-Prong Task

The Six-Prong Task was piloted on a sample of eighty-four 5 to 7 year olds. The
total mean latency score for the group was 34.28 with 5, 6 and 7 year olds scoring
37.77, 33.62 and 30.85 respectively, indicating developmental sensitivity. No floor or
ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test-retest results, r=.576, n=45, p<.01, indicating moderate test-retest reliability.
Since this is an experimental test with a strong theoretical rationale it was decided to
retain this task in the national study in spite of its moderate test-retest reliability.
5.4.8.e - Articulation Rate Task

The Articulation Rate Task was piloted on a sample of ninety-nine 4 to 7 year olds.
The total mean latency score for the group was 10.06 s with 4, 5, 6 and 7 year olds
scoring 11.91s, 10.74s, 9.40s and 8.35s respectively, indicating developmental
sensitivity. No floor or ceiling effects were evident.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a moderate correlation between
the test-retest results, r=.677, n=45, p<.01, indicating moderate test-retest reliability.
In relation to the error score for this task the total mean error score for the group was
2.13 with 4, 5, 6 and 7 year olds scoring 4.03, 2.08, 1.70 and 4.42 respectively. The
high mean error score for 7 year olds can be attributed to a small group, n=4,
containing one outlier with a score of 10. No floor or ceiling effects were evident.
Feedback from teachers was that boys were rushing the test, and consequently may
have made more errors. An analysis of the performance, split by gender, indicated
that the teachers’ report was correct; boys scored an average of 2.16 errors, while
girls scored 2.09; also boy’s scores were faster than girls with a mean of 9.75 as
opposed to a mean of 10.49 for girls.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation between the
test-retest results, r=.801, n=45, p<.01, indicating strong test-retest reliability.
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It was decided to include this task in the national study.
5.4.8.f- Balance Test
The balance test was piloted on a small sample of 14 children aged 4 to 7 years. An
analysis of the data set produced a mean score of 3.5 for the single balance total
score, while that for the dual balance total score was 5.7, a difference of 2.2 between
the scores. The difference score, within a dual task paradigm, reflects the impact of
the secondary task. In this case the mean score for the difference is as expected, as
the dual task is more difficult than the primary task.
Table 4 - Table of Balance Statistics with EL (participant with extreme score) included in the analysis

14 cases with EL included
Single Task
Mean
3.5
Range
31.5
Minimum
0
Maximum
31.5

Dual Task
5.7
35.5
0
35.5

Difference Score
2.2
4
0
4

An examination of the data set indicated that one participant was an extreme outlier.
It was therefore decided to conduct the descriptive analysis excluding the outlier in
the interests of establishing a more reliable mean. The results of this analysis (see
Table 4 and Table 5) produced a mean score of 1.4 for the single task total score,
and 3.4 for the dual task total score, with a difference of 2 between the scores.
While the contribution of the outlier to the mean score for the single and dual tasks
had undue influence, it did not greatly affect the mean difference score. This score
again lay in the expected direction. As participants in both single and dual tasks
scored 0, indicating the ability of children of this age to complete the balance test, it
was considered suitable for the targeted age samples.
Table 5 - Table of Balance Statistics w ith EL (participant with extreme score) excluded from the analysis

13 cases excluding EL
Mean
Range
Minimum
Maximum

Single Task
1.4
7
0
7

Dual Task
3.4
12
0
12

Difference
2.0
5
0
5

A breakdown of performance by age indicated that the two 4 year olds in the study
had near perfect balance, in relation to the single task, while one of them had some
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difficulty with the dual task gaining a score of 4. Some 5 year olds demonstrated
perfect or near perfect balance on the single task.
The relationship between the test-retest results was investigated using Pearson
product-moment correlation coefficient. There was a strong correlation for the Single
Task One Foot Total score between the test-retest results, r=.928, n=14, p<.01,
indicating strong test-retest reliability. There was also a strong correlation for the
Dual Task One Foot Total score between test-retest results, r=.860, n=14, p<01,
indicating further strong test-retest reliability.
It was decided to include this task in the national study.
5.4.9 - Implications for Differing Retest Periods

During an extended encounter with the hard copy score sheets of the pilot study it
was discovered that some children appeared to be substantially older at time two
than they were at time one.

A forensic trawl through the time intervals between

testing time one and testing time two in the test-retest reliability study indicated that a
number of test administrators did not adhere to the time interval laid down in the
training sessions (not less than seven days, and not more than twenty-one days). It
was therefore decided to examine the scores obtained from children who were re
tested on a time interval of 7 to 40 days and 7 to 70 days. The number of elapsed
days between time one and time two were established using the exact chronological
age of the child at time of testing. Correlations for the total data set, 7 to 40 days
and 7 to 70 days can be seen in the table below. Tests that were retained in the
National Study are highlighted in the table, and the results of the re-examination
supported the previous decisions regarding inclusion/exclusion of such tests in the
battery.

Having established the correlations for the total data set and compared

them to the correlations for the time intervals of 7-40 days and 7-70 days. These
were essentially 2 sub-sets which contained participants from the total data set who
had been retested within these time frames. While any difference score greater than
.1 was a possible source of concern, it should be noted that any change in
correlations for sub-tests only served to confirm the initial decision relating to
inclusion/exclusion of tests from the National Study.
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Table 6 - Task test-retest correlations (Pearson's) for the total data set, and tw o further subsets, for 7 to 40 days and 7 to
70 days.

Retained tests are highlighted in the table below

Letter Knowledge Test/Retest; Upper Case
Letter Knowledge Test/Retest; Lower Case
Letter Knowledge Test/Retest: Total Score
Nursery Rhymes Test/Retest: Total Score
Rhyme Recognition Test/Retest (RR1); Total Score
Articulation Rate Test/Retest; average time
Articulation Rate Test/Retest; average errors
Spatial Memory Test/Retest: Total Score
Non-Word Completion, Syllable Level Test/Retest: Total
Score
Non-Word Completion, Phoneme Level Test/Retest: Total
Score
Copy Test/Retest: Total Score
Timed Rhyme Generation Test/Retest: (Average number
of Items)
Alliteration Test/Retest: Total Score
Phoneme Recognition Test/Retest; Total Score
Cube Threading Test/Retest; Total Cube Threading Score
Cube Threading Test/Retest: Number of Cubes Threaded
Dowel Placing Test/Retest: Precision Point Total
Dowel Placing Test/Retest: Speed of Dowel Placement
Word Segmentation Test/Retest: Total Score
Untlmed Rhyme Generation Test/Retest; Total Score
Rhyme Recognition 2, Test/Retest: Total Score
Initial Phoneme Deletion Real Word Remains TT
Test/Retest: Total
Initial Phoneme Deletion Real Word Remains TT
Test/Retest: Av.Time
Initial Phoneme Deletion Real Word Remains Test/Retest:
Total
Initial Phoneme Deletion Real Word Remains Test1:
Av.Time
Initial Phoneme Deletion Non Word Remains Test/Retest:
Total
Initial Phoneme Deletion Non Word Remains Test1:
Av.Time
Digit Span Test/Retest: Forward, Total Score
Non Word Repetition Test/Retest: Total Score
RAN Objects Test/Retest: Total Score
Initial Phoneme Deletion from Initial Consonant Cluster
Test/Retest: Total
Initial Phoneme Deletion from Initial Consonant Cluster
Test/Retest: Av.Time
Phoneme Deletion of Final Consonant Real Word Remains
Test/Retest: Total
Phoneme Deletion of Final Consonant Real Word Remains
Test/Retest: Av.Time
Final Phoneme Deletion Non Word Remains Test/Retest:
Total
Final Phoneme Deletion Non Word Remains Test/Retest:
Av.Time
Final Phoneme Deletion from Final Consonant Cluster
Test/Retest:Total
Final Phoneme Deletion from Final Consonant Cluster
Test/Retest: Av.Time
Rhyme Recognition Oddity Test/Retest: Total Score
6 Prong Test/Retest; Missed Prong
6 Prong Test/Retest; Time
Alliteration Oddity Test/Retest; Total

Total
Data
Set
.958
.942
.964
.908
.668
.677
.801
.758
.517

7
to
40
days
.960
.949
.969
.897
.715
.744
.711
.743
.521

7 to 70
days
.961
.950
.969
.899
.715
.682
.720
.728
.493

Biggest
Difference
Score
.003
.008
.005
.009
.047
.077
.090
.030
.024

.737

.720

.720

.017

.756
.837

.776
.889

.776
.837

.020
.052

.712
.701
.472
.338
.711
.821
.722
.528
.608
.750

.723
.703
.281
.458
.686
.839
.723
.558
.833
.755

.723
.702
.281
.458
.686
.839
.722
.564
.757
.722

.011
.002
.191
.120
.025
.018
.001
.036
.225
.028

245

174

.220

.071

.662

.743

.657

.081

.607

.595

.607

.012

.838

.841

.829

.009

.519

.471

.541

.048

.745
.707
.760
.706

.638
.706
.795
.826

.680
.687
.796
.731

.107
.020
.036
.120

.240

.136

.243

.104

.595

.756

.592

.161

.387

.399

.370

.017

.667

.685

.674

.018

.444

.316

.442

.088

.596

.608

.555

.041

.498

.301
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.197

.700
.825
.576
.746

.676
.825
.592
.777

.692
.825
.592
.760

.024
.000
.016
.031

188

Retained tests are highlighted in the table below

Letter Knowledge Test/Retest: Upper Case
Letter Knowledpe Test/Retest: Lower Case
Letter Knowledge Test/Retest: Total Score
Nursery Rhymes Test/Retest; Total Score
Rhyme Recognition Test/Retest (RR1); Total Score
Articulation Rate Test/Retest: average time
Articulation Rate Test/Retest: average errors
Spatial Memory Test/Retest: Total Score
Non-Word Completion, Syllable Level Test/Retest: Total
Score
Non-Word Completion, Phoneme Level Test/Retest: Total
Score
Copy Test/Retest: Total Score
Timed Rhyme Generation Test/Retest: (Average number
of Items)
Alliteration Test/Retest: Total Score
Phoneme Recognition Test/Retest: Total Score
Cube Threading Test/Retest: Total Cube Threading Score
Cube Threading Test/Retest: Number of Cubes Threaded
Dowel Placing Test/Retest: Precision Point Total
Dowel Placing Test/Retest: Speed of Dowel Placement
Word Segmentation Test/Retest: Total Score
Untimed Rhyme Generation Test/Retest: Total Score
Rhyme Recognition 2, Test/Retest: Total Score
Letter Sound Array Test/Retest; Total
Finger Localisation Test/Retest: Total Score
Non Word Reading Test/Retest: Total
Non Word Reading Test/Retest: Decoding Time Score
Phonetic Spelling Test/Retest: consonant sounds score
Phonetic Spelling Test/Retest; Vowel sounds score
Phonetic Spelling Test/Retest: Syllabic structure score
Phonetic Spelling Test/Retest: Total
Squirrel Memory Test/Retest: Forward Total
Squirrel Memory Test/Retest: Reverse Total
RAN digits - Total Score
Balance - One foot - Single task
Balance - One Foot - Dual Task
Balance - Impact of Semantic Judgement

Total
Data
Set
.958
.942
.964
.908
.668
.677
.801
.758
.517

7
to
40
days
.960
.949
.969
.897
.715
.744
.711
.743
.521

7 to 70
days
.961
.950
.969
.899
.715
.682
.720
.728
.493

Biggest
Difference
Score
.003
.008
.005
.009
.047
.077
.090
.030
.024

.737

.720

.720

.017

.756
.837

.776
.889

.776
.837

.020
.052

.712
.701
.472
.338
.711
.821
.722
.528
.608
.862
.831
.950
.676
.882
.870
.750
.886
.746
.720

.723
.703
.281
.458
.686
.839
.723
.558
.833
.896
.833
.953
.754
.913
.868
.757
.908
.695
.779
.740
.943
.860
.419

.723
.702
.281
.458
.686
.839
.722
.564
.757
.891
.836
.953
.754
.915
.875
.775
.912
.669
.777

.011
.002
.191
.120
.025
.018
.001
.036
.225
.034
.005
.003
.078
.033
.005
.025
.026
.077
.059

All items with correlations of .7 or better were carried forward to the national study,
with the exception of Phoneme Recognition and the Initial Phoneme Deletion, Real
Word Remaining Training Task.
The Phoneme Recognition Task, which examines knowledge of word onsets, is an
easy task. More challenging versions of this test, which have a good history in the
predictive literature, are the Alliteration and the Alliteration Oddity Tasks. It was felt
that these latter two tasks provide adequate coverage for the process being
examined. Therefore the Phoneme Recognition Test was excluded from the national
study.
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The Initial Phoneme Deletion, Real Word Remaining Training Task was included in
the pilot study in order to discover if children aged 4 to 7 years could segment at the
phoneme level. Mean scores were 6.35, 6.85 and 6.86 for all cases, 7 to 40 days
and 7 to 70 days respectively. Maximum possible score was 8. This indicated that,
in general, the children could segment at the phoneme level.

It was therefore

decided to omit this test from the national study and instead, to incorporate
demonstration and practice items at the beginning of each of the suite of six
phoneme segmentation tests.
The Non-word Completion at The Syllable Level, Cube Threading and Untimed
Rhyme Generation were excluded because their correlations fell below .7. The Digit
Span met the .7 convention for all cases, but dropped to .638 and .680 for 7 to 40
days and 7 to 70 days respectively. It was retained however, because of its long
history in the predictive literature (Newton & Thomson, 1982; Nicolson & Fawcett,
1996, 2004). A similar reasoning pertains to the retention of the Alliteration Oddity
test. While the initial correlation for all cases was exactly .7 it fell to .676 and .692 for
7 to 40 days and 7 to 70 days respectively. Again it was decided to retain this test
because of its long history in the literature (Bradley & Bryant, 1978; Bradley &
Bryant, 1983).
The Final Phoneme Deletion Non Word Remaining Test and the Final Phoneme
Deletion from Final Consonant Cluster Test both fell below the .7 convention, but
were retained as they are seen as part of an integrated suite of six phonemic
segmentation tasks (Rosner & Simon, 1971).
5.4.10 - Timing issues - regarding once off timing and stop/start timing of
multiple items w ithin a test.

In some tests a single latency was generated; for example dowel placement speed
required the timing of thirteen dowel placements. Other tests such as the phoneme
deletion tests A, B, C, D, E and F, required the timing of five separate items within
the same test, generating five latency scores which were then averaged.
The table below displays the test/re-test correlations for the latency score tests in
order to highlight the discrepancies in correlations between cumulative latency
scores and single latency scores.

It is noted that the correlations for the single

latency scores are superior indicating greater reliability in the measure.
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Table 7 - Illustrating reliabiiity issues particularly with multiple latency scoring items. A sub-set of Table 6 above.

Single Score Time Correlations
Articulation Rate Test/Retest: average tinne
Dowel Placing Test/Retest: Speed of Dowel Placement
RAN Objects Test/Retest: Total Score
6 Prong Test/Retest: Time
Non Word Reading Test/Retest: Decoding Time Score
Average Time Scores for multi-item tests
Initial Phoneme Deletion Real Word Remains Test1:
Av.Time
Initial Phoneme Deletion Non Word Remains Test1:
Av.Time
Initial Phoneme Deletion from Initial Consonant Cluster
Test/Retest: Av.Time
Phoneme Deletion of Final Consonant Real Word Remains
Test/Retest: Av.Time
Final Phoneme Deletion Non Word Remains Test/Retest:
Av.Time
Final Phoneme Deletion from Final Consonant Cluster
Test/Retest: Av.Time

Total Data Set

7 to 40 days

7 to 70 days

.677
.821
.760
.576
.676

.744
.839
.795
.592
.754

.682
.839
.796
.592
.754

.607

.595

.607

.519

.471

.541

.240

.136

.243

.387

.399

.370

.444

.316

.442

.498

.301

.491

An examination of the phoneme deletion time scores, which are multiple-type
latencies, indicated poor correlation levels (see table above). The poor correlation of
the multi-item tests appears to be an artefact of the stop/start and the brief duration
of the test item performance (Singleton, 1997; Singleton & Thomas, 1994). Despite
test-retest timing issues it was decided to retain the phoneme deletion tests as the
item scores had strong correlations. The timing reliability could be addressed in the
national study by exhorting the teachers and training them to be sharper on their
timings.
5.4.11 - Pilot tests run on a smaller sample

The RAN Digits and Balance tests were run later in the pilot, and with a smaller
sample. As these tests were run within the specified time constraints for the study,
only one set of correlations were needed. These test-retest correlations were strong
enough to warrant their inclusion in the national study. (See Table 8)
Table 8 - Subsequently added pilot subtests correlations.

RAN digits - Total Score
Balance - One foot - Single task
Balance - One Foot - Dual Task
Balance - Impact of Semantic Judgement

.740
.943
.860
.419

5.4.12 - Laterality Test

A Laterality Test was devised in order to establish the lateral dominance of each
child. Such a test would inform test administrators regarding their physical position
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in relation to the child when administering tests, e.g. depending on preferred hand
and/or foot etc. This test is not envisaged as a predictive test; its purpose was to
familiarize the child and test administrator with the testing situation, to allow the child
to experience a sense of fun relating to the tests and to establish laterality in each
child with a view to using this knowledge when required in later tests.

No

correlations were done based on the pilot and it was not used in a subsequent
Factor Analysis in the national study.

5.5 - The Test Battery for the National Study
The process described above determined which tests went forward to the National
Study. Table 9 sets out the names of these sub-tests.
Table 9 - Tests Retained in the National Study

1

Word Segmentation Test

2

Nursery Rhyme Test

3

Rhyme Recognition 1 Test

4

Rhyme Recognition 2 Test

5

Rhyme Recognition Oddity Test

6

Timed Rhyme Generation Test

7

Non-word Completion at the Phoneme Level Test

8

Alliteration Test

9

Alliteration Oddity Test

10

Initial Phoneme Deletion - Real Word Remaining - Test A

11

Initial Phoneme Deletion - Non-word Remaining - Test B

12

Initial Phoneme Deletion - From Initial Consonant Cluster - Test C

13

Final Phoneme Deletion - Real Word Remaining - Test D

14

Final Phoneme Deletion - Non-word Remaining - Test E

15

Final Phoneme Deletion - From Final Consonant Cluster - Test F

16

Letter Knowledge Test

17

Letter Sound Array Test

18

Non-word Reading Test
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19

Phonetic Spelling Test

20

Digit Span Test

21

Non-word Repetition Test

22

RAN Objects Test

23

RAN Digits Test

24

Finger Localisation Test

25

Spatial Memory Test

26

Squirrel Memory Test

27

Copying Test

28

Dowel Placing Test

29

Six Prong Test

30

Articulation Rate Test

31

Balance Test

5.6 - Conclusion
This chapter described the outline of work involved in developing schedules for the
TEST-D project.

The selection of children for both the pilot and national studies

were then described as well as the training of teachers for test administration. It has
also described the performance of the participants in the TEST-D prototypical battery
in the Pilot Study.

This process indicated the tests which should proceed to the

National Study. The next chapter presents descriptive statistics related to the Pilot
and National Studies.
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Chapter 6 - Descriptive Statistics
This chapter describes demographic details of the parents in the Pilot and National
Studies and of the schools from which the participants came.

It also describes

participant performance.

6.1 - Demographic Details of Schools
The schools that participated in the National Study were indirectly self-selected, as
the teachers that worked in those schools had volunteered to participate in the study.
There were schools from every county in Ireland with the exception of Kilkenny. A
breakdown of the participant schools by county can be seen in Figure 6-1 below.

Wicklow
Wexford
Westmeath
W aterford
Tipperary
Sligo
Roscommon
Offaly
Monaghan
Meath
Mayo
Louth
Longford
Limerick
Leitrim
Laois
Kildare
Kerry
Galway
Dublin
Donegal
Cork
Clare
Cavan
Carlow

13

10

10

24
15

0

10

15

20

25

30

Figure 6-1 - Number of Schools that took part in the National Study by county

Eighty-one percent of the participant schools were mixed gender, 9% were single
sex boys’ schools, 6% were single sex girls’ schools with the remaining 4% mixed
gender until 1®^ Class, when they reverted to single sex schools. See Figure 6-2.
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■ Girls

■ Mixed

■ M ixed Till 1 s t
Class

Figure 6-2 - Gender Breakdown of Participant Schools

In Ireland the Social Inclusion Unit of the Department of Education and Skills offers a
scheme that seeks to Deliver Equality of Opportunity in Schools (DEIS).

Within

DEIS the disadvantaged schools are categorized according to location (Urban/Rural)
and

degree

of

disadvantage

(Band

1

most

disadvantaged,

Band

2

less

disadvantaged). Of the participant schools, 75% were Non-DEIS), 17% Urban DEIS
and 8% Rural DEIS. See Figure 6-3.

17%
■ Non-DEIS

■ Rural
DEIS
■ Urban
DEIS

Figure 6-3 - Participant Schools by DEIS status

Of the DEIS schools that participated in the study 32% were Rural DEIS, 34% Urban
Band 1, and 34% Urban Band 2. See Figure 6-4.
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Rural DEIS

32%

34%

1URBAN BAND

1
URBAN BAND

2

34%

Figure 6-4 - DEIS Band breakdown

Figure 6-5 below illustrates the average number of special education children (boys
and girls) and the average number of children receiving learning support (boys and
girls) in each school type. The average number of Special Needs Assistants (SNAs
and the average Teacher/Pupil Ratio is also included.
350.00

Teacher Pupil Ratio

300.00
250.00

200.00
150.00

100.00

■ M ean
Nunnber of
Students
■ SNA's

50.00

■ 0-10
11-15
16-20

.00

Figure 6-5 - Overview of Mean Numbers of Students, SNA provision and Teacher Pupil Ratio Means for DEIS and NONDEIS Participant Schools

Teacher Pupil Ratio (TPR) levels were broken into four bands for ease of
comparison, Band 1 was a ratio between 0-10 (Very Low), Band 2 between 11-15
(Low), Band 3 between 16-20 (Medium) and Band 4 was 20 + (High).

The

Teacher/Pupil Ratios in Non-DEIS Schools are illustrated below in Figure 6-6. Only
7% Non-DEIS schools had a Teacher/Pupil ratio between 0 and 10, with 27% falling
between 11 and 15, and 56% in the 16 to 20 range.

Just 10% exceeded a

Teacher/Pupil ratio of 20.
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Figure 6-6 - Teacher Pupil Ratio (TPR) Levels in Non DEIS Participant Schools

By comparison the DEIS designated schools which participated in the National Study
(Figure 6-6) demonstrated much lower TPRs than their Non-DEIS counterparts.
Twenty-seven percent of DEIS schools fell below a TPR of 10, and 52% fell between
11 and 15.

A total of 15% were between 16 and 20, and 6% fell in the high 20

range. See Figure 6-7. For a further breakdown see Figure 6-8. Most of the DEIS
schools did not exceed a TPR of 20 with the exception of some from the Urban Band
2 designation. Generally a TPR below 16 is applicable, with 77% of all DEIS schools
achieving this. Rural DEIS schools achieve a TPR below 16 in 70% of cases. Urban
Band 1 DEIS 91% of the time and Urban Band 2 DEIS 75 %. See Figure 6-7 and
Figure 6-8.

15 % ^

^

27 %

52 %

Figure 6-7 - Teacher Pupil Ratio Levels in DEIS Participant Schools

0-10

■ 11-1 5

16-20

mzo+

Urban Band 1 TPR Bands
9%

Rural DEIS TPR Bands
20%

Urban Band 2 TPR
17%

3091

46%

Bands

17%

8%

45%
58%

50%
10-10 B n -15 ■ 16-20

■ 0-10 H 1 1-1 5 ■ 16-20

10-10 ■ 11-1 5 ■ 16-20 B20+

Figure 6-8 - Breakdown of TPR levels and DEIS Bands

The graph below illustrates the number of participant schools in each TPR Band,
broken down into DEIS categories. See Figure 6-9.
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0
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Figure 6-9 - Num ber of Participant Schools in each Teacher Pupil Ratio Band: Breakdown by DEIS Status

A total of 179 SNAs were working in participant schools. Just one of these worked in
a Non-DEIS school with the remaining 178 all working in DEIS designated schools.
A breakdown of the number of SNAs in each category of school can be seen below
in Figure 6-10.
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Figure 6-10 - Num ber of SNAs in participant schools: Breakdown by DEIS status

6.2 - Descriptive Statistics for Parents from the Pilot Study and the National
Study
Parents and guardians of the children that participated in both the Pilot Study (PS)
and the National Study (NS) completed questionnaires.

In both studies mothers

were more likely to be the parent that filled in the questionnaire (89% in the PS, 92%
in the NS).

Fathers also participated (11% in the PS, 6% in the NS), with 2% of

parents in the NS filling it in together. See Figure 6-11.

N a tio n a l S tudy Q u e s tio n a ire filled in
by:

Pilot Q uestionaire filled in by:

■ Father
■ Mother

■ Father
■ Foster Mother
Grandmother
Guardian
■ Mother
■ Parents

Figure 6-11 - W ho filled out the Parent Questionnaire?
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In answer to the question ‘Does Mother work outside the home, 56% (PS) and 57%
(NS) indicated that they did. Of those mothers who did work outside the home 33%
(PS) and 36% (NS) indicated that this work was full-time and 67% (PS) and 64%
(NS) were working part-time. See Figure 6-12 and Figure 6-13.

P ilot: Does M um w o rk o u ts id e th e
hom e?

N atio n al S tudy: Does Mum w o rk
outsid e th e home?

Figure 6-12 - Does Mother work outside the home?

Pilot: Is M um 's w o rk fu ll-tim e o r part'
tim e?

N atio n al Study: Is M um 's w o rk full
tim e or p a rt-tim e ?

■ Full T im e

■ Full T im e

■ Parttim e

■ P arttim e

Figure 6-13 - Is Mother's work full-time or part-time?
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In answer to the question ‘Does Dad work outside the home?’- 95% (PS) and 91%
(NS) indicated that they did. Of those who were working outside the home 93% (PS)
and 95% (NS) were working full-time. See Figure 6-14 and Figure 6-15.

Pilot: Does Dad w o rk outsid e th e
hom e?

N atio n al Study: Does Dad w o rk
o utsid e th e hom e?

9%

■Yes

•
•

■

No

91%

Figure 6-14 - Does Father work outside the home?

Pilot: Is Dad's w ork fu ll-tim e or parttim e?

■ Full-Tim e
■ Part-Tim e

National Study: Is Dad's work full
time or part-time?

■ Full-Time
■

Part-tim e

95 %

Figure 6-15 - Is Father's work full-time or Part-time?

A question on the parents’ highest level of education revealed that 44% (PS) and
43% (NS) of mothers gained their Leaving Certificate or equivalent qualification. The
Junior Certificate or equivalent was gained by 13% (PS) and 27% (NS) of mothers, a
professional qualification by 12% (PS) and 16% (NS), with 21% (PS) and 10% (NS)
gaining a university degree. Ten percent (PS) and 4% (NS) of mothers progressed
to a post-graduate degree. See Figure 6-16.
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N a tio n al Study: M um 's h ig h e s t level
o f education

Pilot: M um s h ig h est level o f
ed u catio n

10%

130/0

I J u n io r

4%

C ert

10%
2 7%

I Leaving

■ Leaving C e rt/ ALevels

C ert

21 %
Professional
Q u a lifica tio n

16%

Professional
Q u a lific a tio n s
U n iv e rs ity Degree

U n ive rsity Degree

44%

12%

■ Ju n io r/G ro u p
C e rt/ O -Levels

I Post

G raduate
D egree

■ Post G raduate
Degree

43%

Figure 6-16 - Mother's highest level of Education

Father’s level of education was also investigated, with 28% (PS) and 37% (NS) of
fathers gaining the Junior Certificate or equivalent, 20% (PS) and 32% (NS) of
fathers gained the Leaving Certificate of equivalent. Professional qualifications were
obtained by 22% (PS) and 13% (NS) of fathers.

University degrees by 24% (PS)

and 11% (NS) and a post graduate degree by 6% (PS) and 7% (NS). See Figure
6-17.

Pilot: Dads highset level of education

6%

National Study: Dads highest level of
education

■ Junior Cert

^ ^ ^ ^ 2 8 %
■ Leaving Cert

24%

7%

lJ u n io r/G ro u p
C e rt/ O Levels

11%
37%

Professional
Qualification

^

C e rt/ A

Levels
Professional
Q ualifications

13%

U niversity Degree

22%

I Leaving

U niversity Degree

■ Post Graduate
Degree

I Post
32%

Graduate
Degree

Figure 6-17 - Father's highest level of education
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6.3 - Descriptive Statistics for the tests used in the National Study
Table 10 sets out the names of the tests used in the National Study together with a
range of descriptive statistics.
Table 10- Descriptive Statistics from the National Study

Descriptive Statistics

Letter Knowledge Test1: Upper case letter: Total
Letter Knowledge Test1: Lower case letter: Total
Letter Knowledge Test1: Total Letter Knowledge
test score (upper & lower case totals combined)
Articulation Rate Test 1:
average time for
columns A, B & C
Articulation Rate Test 1:
average number of
errors for columns A, B & C
Nursery Rhymes Test 1: Total Score
Letter Sound Array Test 1: Total number fully
correct
Letter Sound Array Test1: total number fully and
partially correct
Letter Sound Array Test 1: Total number incorrect
6 Prong Test 1: time for 12 cube placement
6 Prong Test 1: Completely Missed Prong Score
Word Segmentation Test 1; Total Score
Spatial Memory Test 1: Forward Total Score
Rhyme Recognition Test 1; Total Score
Dowel Placing Test 1: B(b) Speed of Dowel
Placement
Non-Word Completion, Phoneme level Test 1:
Total Score
Timed Rhyme Generation Test 1: Average Timed
Rhyme Generation Score (Average number of
Generated Items)
Rhyme Recognition 2: Total Score
Digit Span: Forward, Total Score
Alliteration: Total Score
RANObjects2:Total Score
Finger Localisation:
hand visible-single finger
touched
Finger Localisation:
hand hidden-single finger
touched
Finger Localisation:
hand hidden - 2 fingers
touched
Finger Localisation: Total Score (of A, B & C)
Rhyme Recognition Oddity: Total Score
Non Word Repetition: Total Score
Alliteration Oddity Task 1: Total Score
Copy Test: Total Score
Initial Phoneme Deletion, Real Word Remaining:
Number of responses correct within time allowed
Initial Phoneme Deletion, Real Word Remaining:
Average time for correct responses within time
allowed
Initial Phoneme Deletion, Non Word Remaining:
Number of responses correct within time allowed
Initial Phoneme Deletion, Non Word Remaining:
Average time for correct responses within time
allowed
Initial Phoneme Deletion, Initial Constant Cluster:
Number of responses correct within time allowed

N
1037
1037
1037

Range Minimum Maximum
25
0
25
25
0
25
50
0
50

Mean
19.92
19.99
39.89

Std.
Deviation
7.169
6.260
13.212

1021

85.30

3.70

89.00

10.2605

3.61989

1020

10.00

.00

10.00

2.8691

3.33435

1033
1027

10
26

0
0

10
26

8.27
12.47

2.076
6.769

1027

26

0

26

17.54

7.331

1027
1034
1032
1020
1019
1021
1017

26
94.80
12
9
20
10
80.70

0
13.00
0
0
0
0
18.40

26
8.40
107.80 32.3858
12
.42
9
4.99
20
7.25
8.41
10
99.10 32.5568

7.318
8.73282
1.706
2.408
3.004
2.130
7.36133

938

8

0

8

4.36

3.054

1007

13.0

.0

13.0

4.473

2.7623

11
990
14
1000
11
995
999 223.50
986
8

0
0
0
13.40
2

11
9.96
14
6.80
11
6.79
236.90 60.8189
9.57
10

1.777
1.622
3.183
23.43941
1.014

990

10

0

10

8.16

1.848

988

10

0

10

5.37

2.382

991
999
998
994
998
917

28
9
54
10
10
5

2
0
0
0
0
0

30
9
54
10
10
5

23.03
5.54
11.42
7.20
7.89
4.42

4.295
2.168
9.724
2.681
1.997
1.093

901

9.90

.10

10.00

1.9445

1.33259

769

5

0

5

3.59

1.853

677

10.00

.00

10.00

1.9922

1.63798

722

5

0

5

2.45

1.801
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Descriptive Statistics
N
Initial Phoneme Deletion, Initial Constant Cluster:
Average time for correct responses within time
allowed
Non_Word_Reading Total
Phoneme Deletion Final Consonant, Real Word
Remaining: Number of responses correct within
time allowed
Phoneme Deletion Final Consonant, Real Word
Remaining: Average time for correct responses
within time allowed
Final Phoneme Deletion- Non-words Remaining:
Number of responses correct within time allowed
Final Phoneme Deletion- Non-words Remaining:
Average time for correct responses within time
allowed
Final Phoneme Deletion from Final Consonant
Clusters: Number of responses correct within
time allowed
Final Phoneme Deletion from Final Consonant
Clusters: Average time for correct responses
within time allowed
Phonetic Spelling: Total Score
RAN Digits Test 2: Total RAN Digits Score
Squirrel Memory: Forward total score for all levels
Squirrel Memory: Reverse total score for all levels
Balance Test: Add scores from lines A and B to
find Total One Foot Balance, Single Task: Total
Deviation
Balance Test: Add Scores from lines C and D to
get Total One Foot, Dual Task Score: Total
Deviation
Balance Test: Balance Deterioration for One Foot
Balance, subtract scores on Row Y from Row Z:
Total Deviation
Valid N (listwise)

579

Range Minimum Maximum
9.90
.10
10.00

Mean

Std.
Deviation

2.1099

1.56603

648
762

25
5

0
0

25
5

10.33
3.36

7.932
1.909

642

9.80

.20

10.00

2.2769

1.64920

733

5

0

5

3.54

1.760

646

9.80

.20

10.00

2.1520

1.54052

775

5

0

5

2.89

1.844

641

9.90

.10

10.00

2.2673

1.68938

964
41
961 301.10
958
10
935
9
91.0
951

0
13.90
0
0
.0

41
21.93
315.00 43.7350
3.05
10
2.57
9
4.614
91.0

11.920
27.17490
1.701
1.729
6.8204

950

98.5

-.5

98.0

5.454

8.0333

950

73.0

-19.0

54.0

.874

4.6389

313

The mean scores for each age group and the cohort mean score are further
elaborated in the figures below.
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6.3.1 - Syllable Level Tests

I

■ Cohort Mean Score
■ 4 Year Old's Mean Score
5 Year Old's Mean Score
■ 6 Year Old's Mean Score

Word
Segm entation
Test

Nursery Rhyme
Test

Rhyme
Recognition 1
Test

Rhyme
Recognition 2
Test

Rhyme
Recognition
Oddity Test

Tim ed Rhyme
Generation Test

Figure 6-18 - M ean scores for the 6 syllable level tests for the total cohort and those for the constituent cohort ages of 4,
5 and 6 year olds. It can be clearly seen that there was a gradual am elioration of scores w ith age.

6.3.1.a - Word Segm entation Test

A large cohort of 1,020 children took the Word Segmentation Task which had a
maximum possible score of 8. There were 139 four year olds, 449 five year olds and
432 six year olds. The mean score for the full cohort was 4.99, with

4,5 and 6year

olds scoring a mean of 4.02, 4.71 and 5.60 respectively.
6.3.1.b

-

Nursery Rhyme Test

The Nursery Rhymes Test was administered to 1,033 children, this test had a
maximum possible score of 10. There were 138 four year olds, 459 five year olds
and 436 six year olds. The mean score for the full cohort was

8.27, with4, 5 and 6

year olds scoring a mean of 7.96, 8.26 and 8.38 respectively.
6.3.1.c - Rhyme Recognition 1

The Rhyme Recognition 1 Test was administered to 1,021 children, this test had a
maximum possible score of 10. There were 140 four year olds, 449 five year olds
and 432 six year olds. The mean score for the full cohort was

8.41, with4, 5 and 6

year olds scoring a mean of 7.36, 8.07 and 9.09 respectively
6.3.1.d Rhyme Recognition 2 Test
-

The Rhyme Recognition 2 Test was administered to 990 children, this test had a
maximum possible score of 11. There were 135 four year olds, 433 five year olds
and 422 six year olds. The mean score for the full cohort was 9.96,with 4, 5and

6

year olds scoring a mean of 9.18, 9.86 and 10.31 respectively.
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6.3.1.e - Rhyme Recognition Oddity Test
The Rhyme Recognition Oddity Test was administered to 999 children, this test had
a maximum possible score of 9. There were 138 four year olds, 437 five year olds
and 424 six year olds. The mean score for the full cohort was 5.54, with 4, 5 and 6
year olds scoring a mean of 4.46, 5.18 and 6.27 respectively. This appears to be a
more challenging test within the syllable level test group as the mean for the six year
olds indicated that they had more than 2 items incorrect on average.
6.3.1.f- Timed Rhyme Generation Test
The Timed Rhyme Generation Test was administered to 1,007 children. There were
136 four year olds, 445 five year olds and 426 six year olds. The mean number of
items generated in 30 seconds for the full cohort was 4.47, with 4, 5 and 6 year olds
scoring a mean number of 3.23, 3.83 and 5.53 items respectively.

6.3.2 - Phonemic Awareness Tests

■ Mean Score: Full Cohort
■ Mean Score: 4 Year Olds
Mean Score: 5 Year Olds
■ Mean Score: 6 Year Olds

Non-word
Completion at
the Phoneme
Level Test

Alliteration
Test

Alliteration
Oddity Test

Figure 6-19 - M ean score in Phonemic Awareness Tests for the total cohort and for the constituent age cohorts of 4, 5
and 6 year olds. It can be clearly seen th a t the scores increase w ith age.

6.3.2.a - Alliteration Test
The Alliteration Test was administered to 995 children, this test had a maximum
possible score of 10. There were 135 four year olds, 435 five year olds and 425 six
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year olds. The mean score for the full cohort was 6.79, with 4, 5 and 6 year olds
scoring 4.47, 6.29 and 8.04 respectively.
6.3.2.b A lliteratio n Oddity Test
-

The Alliteration Oddity Test was administered to 994 children, this test had a
maximum possible score of 10. There were 138 four year olds, 436 five year olds
and 421 six year olds. The mean score for the full cohort was 7.20, with 4, 5 and 6
year olds scoring 5.77, 6.53 and 8.36 respectively.

Note: According to the

Test Administration Protocol none of the Phoneme

Segmentation tests that follow were to be administered to 4 year olds on the grounds
that they were developmentaly unsuitable for this age group. Despite this guideline
some teachers administered these tests to 4 year olds.
6.3.2.C - Non-w ord Completion: Phoneme Level Test

The Non-word Completion: Phoneme Level Test was administered to 938 children,
with a maximum possible score of 8. There were 64 four year olds, 443 five year olds
and 431 six year olds. The mean score for the full cohort was 4.36, with 4, 5 and 6
year olds scoring a mean number of 1.92, 3.58 and 5.51 items respectively.

■ M e a n S c o re; Full C o h o rt
■ M e a n S c o re; 4 Y e a r Olds
M ea n S c o re; 5 Y e a r Olds
■ M ea n S c o re: 6 Y e ar Olds

In itia l P h o n em e

In itia l P h o n em e

In itia l P h o n em e

Final P h o n em e

F inal P h o n em e

F inal P h o n em e

D ele tio n - Real W ord

D e le tio n - N o n -w o rd

D e le tio n - F ro m

D e le tio n - Real W ord

D e le tio n - N o n -w o rd D e le tio n - From Final

R em a in in g - Test A -

R em a in in g - Test B -

In itia l C o n so n an t

R e m a in in g - T es t D -

R e m a in in g - T es t E -

C o n s o n a n t C lu s te r -

C lu s te r - Test C -

N u m b e r C o rre c t

N u m b e r C o rre c t

T est F - N u m b e r

N u m b e r C o rrec t

N u m b e r C o rre c t

Figure 6-20 - M ean scores for Phoneme Deletion Tests for the total cohort and the constituent age cohorts of 4, 5 and 6
year olds. Im provem ent of scores w ith age is apparent.
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6.3.2.d In itia l Phoneme Deletion: Real W ord Rem aining: Test A: N u m b er Correct
-

The Initial Phoneme Deletion: Real Word Remaining: Test A was administered to
917 children, with a maximum possible score of 5. There were 64 four year olds, 423
five year olds and 404 six year olds. The mean score for the full cohort was 4.42,
with 4, 5 and 6 year olds scoring a mean of 3.92, 4.22 and 4.73 respectively.
6.3.2.e - In itia l Phonem e Deletion: Non-w ord Rem aining: Test B: N u m b er Correct

The Initial Phoneme Deletion: Non-word Remaining: Test B was administered to 769
children, with a maximum possible score of 5. There were 61 four year olds, 330 five
year olds and 378 six year olds. The mean score for the full cohort was 3.59, with 4,
5 and 6 year olds scoring a mean of 2.25, 3.24 and 4.11 respectively.
6.3.2 .f- In itia l Phonem e Deletion: In itia l Consonant Cluster: Test C: N um ber Correct

The Initial Phoneme Deletion: Initial Consonant Cluster: Test C was administered to
722 children, with a maximum possible score of 5. There were 53 four year olds, 314
five year olds and 355 six year olds. The mean score for the full cohort was 2.45,
with 4, 5 and 6 year olds scoring a mean of 1.79, 2.05 and 2.91 respectively.
6.3.2.g - F in al Phoneme Deletion: Real W ord Rem aining: Test D: N u m b er Correct

The Final Phoneme Deletion: Real Word Remaining: Test D was administered to
762 children, with a maximum possible score of 5. There were 64 four year olds, 329
five year olds and 369 six year olds. The mean score for the full cohort was 3.36,
with 4, 5 and 6 year olds scoring a mean of 2.61, 2.99 and 3.81 respectively.
6.3.2.h - F in a l Phoneme Deletion: N on-w ord Rem aining: Test E: N u m b er Correct

The Final Phoneme Deletion: Non-word Remaining: Test E was administered to 733
children, with a maximum possible score of 5. There were 61 four year olds, 311 five
year olds and 361 six year olds. The mean score for the full cohort was 3.54, with 4,
5 and 6 year olds scoring a mean of 2.74, 3.32 and 3.87 respectively.
6.3.2.i - F in a l Phoneme Deletion: F in al Consonant Cluster: Test F: N um ber Correct

The Final Phoneme Deletion: Final Consonant Cluster: Test F was administered to
775 children, with a maximum possible score of 5. There were 65 four year olds, 336
five year olds and 374 six year olds. The mean score for the full cohort was 2.89,
with 4, 5 and 6 year olds scoring a mean of 2.00, 2.45 and 3.44 respectively.
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I Mean
I Mean
Mean
I Mean

Initial Phoneme
Deletion - Real
Word Remaining Test A - Average
Time

Initial Phoneme
Deletion - Non
word Remaining Test B - Average
Time

Initial Phoneme
Deletion - From
Initial Consonant
Cluster - Test C Average Time

Final Phoneme
Deletion - Real
Word Remaining Test D - Average
Time

Final Phoneme
Deletion - Non
word Remaining Test E - Average
Time

Score:
Score:
Score;
Score:

Full Cohort
4 Year Olds
5 Year Olds
6 Year Olds

Final Phoneme
Deletion - From
Final Consonant
Cluster - Test F Average Time

Figure 6-21 - Phoneme Deletion Tests Latency M ean Scores for total cohort and for the constituent age cohorts of 4, 5
and 6 year olds.

6.3.2.J - In itia l Phoneme Deletion: Real Word Remaining: Test A: Average Time

The Initial Phoneme Deletion: Real Word Remaining: Test A was administered to
901 children. There were 87 four year olds, 412 five year olds and 402 six year olds.
The mean score for the full cohort was 1.94, with 4, 5 and 6 year olds scoring a
mean of 2.31, 2.10 and 1.70 respectively.
6.3.2.k - In itia l Phoneme Deletion: Non-word Remaining: Test B: Average Time

The Initial Phoneme Deletion: Non-word Remaining: Test B was administered to 677
children. There were 42 four year olds, 282 five year olds and 353 six year olds. The
mean score for the full cohort was 1.99, with 4, 5 and 6 year olds scoring a mean of
2.80, 2.19 and 1.73 respectively.
6.3.2.1 - In itia l Phoneme Deletion: In itia l Consonant Cluster: Test C: Average Time

The Initial Phoneme Deletion: Initial Consonant Cluster: Test C was administered to
579 children. There were 37 four year olds, 235 five year olds and 307 six year olds.
The mean score for the full cohort was 2.10, with 4, 5 and 6 year olds scoring a
mean of 2.64, 2.15 and 2.02 respectively.
6.3.2.m - Final Phoneme Deletion: Real Word Remaining: Test D: Average Time

The Final Phoneme Deletion: Real Word Remaining: Test D was administered to
642 children. There were 46 four year olds, 261 five year olds and 335 six year olds.
The mean score for the full cohort was 2.28, with 4, 5 and 6 year olds scoring a
mean of 2.56, 2.27 and 2.25 respectively.
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6.3.2.n - F in al Phoneme Deletion: Non-w ord Rem aining: Test E: Average Tim e

The Final Phoneme Deletion: Non-word Remaining: Test E was administered to 646
children. There were 48 four year olds, 268 five year olds and 330 six year olds. The
mean score for the full cohort was 2.15, with 4, 5 and 6 year olds scoring a mean of
2.01, 2.29 and 2.06 respectively.
6.3.2.0

-

F in al Phoneme Deletion: F in al Consonant Cluster: Test F: Average Tim e

The Final Phoneme Deletion: Final Consonant Cluster: Test F was administered to
641 children. There were 44 four year olds, 259 five year olds and 338 six year olds.
The mean score for the full cohort was 2.26, with 4, 5 and 6 year olds scoring a
mean of 2.63, 2.46 and 2.07 respectively.

6.3.3 - Transcoding Tests

I Mean Score: Full Cohort
I Mean Score; 4 Year Olds
Mean Score: 5 Year Olds
I Mean Score: 6 Year Olds

Letter

Letter

Letter

Knowledge
Test - Upper

Knowledge
Lower

Knowledge
Test - Total

L etter Sound
Array Test
Total Fully
Correct

Letter Sound

L etter Sound

Array Test
Total Fully &
Partially

Array Test Total Incorrect

Figure 6-22 - Transcoding Tasks: M ean Scores for total cohort and for the constituent age cohorts of 4, 5 and 6 year olds.

6.3.3.a - L etter Knovi^ledge Test: Upper

The Letter Knowledge Test: Upper was administered to 1037 children, with a
maximum possible score of 25. There were 140 four year olds, 461 five year olds
and 436 six year olds. The mean score for the full cohort was 19.92, with 4, 5 and 6
year olds scoring a mean of 13.09, 18.53 and 23.58 respectively.
6.3.3.b L etter Knowledge Test: Low er
-

The Letter Knowledge Test: Lower was administered to 1037 children, with a
maximum possible score of 25. There were 140 four year olds, 461 five year olds
and 436 six year olds. The mean score for the full cohort was 19.99, with 4, 5 and 6
year olds scoring a mean of 14.28, 18.68 and 23.21 respectively.
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6.3.3.C - Letter Knowledge Test: Total
The Letter Knowledge Test: Total was administered to 1037 children, with a
maximum possible score of 50. There were 140 four year olds, 461 five year olds
and 436 six year olds. The mean score for the full cohort was 39.89, with 4, 5 and 6
year olds scoring a mean of 27.37, 37.21 and 46.75 respectively.
6.3.3.d - Letter Sound A rray Test:
The Letter Sound Array Test: was administered to 1027 children, with a maximum
possible score of 26. There were 139 four year olds, 457 five year olds and 431 six
year olds. Three scores were derived from the children’s performance on this test.
The first score relates to the number of letters the sound of which the children knew
precisely. The mean fully correct score for the full cohort was 12.47, with 4, 5 and 6
year olds scoring a mean of 8.50, 11.67 and 14.59 respectively. In the case of some
letters some children knew the sound associated with the letter but produced that
sound slightly incorrectly. The mean fully and partially correct score for the full cohort
was 17.54, with 4, 5 and 6 year olds scoring a mean of 11.37, 15.84 and 21.34
respectively.

In order to determine where children said they did not know, or

produced a fully incorrect sound for the letter an incorrect score was produced. The
mean incorrect score for the full cohort was 8.40, with 4, 5 and 6 year olds scoring a
mean of 14.43, 10.15 and 4.61 respectively.
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S pelling

Test

Test

D igit S pan
Test

N o n -w o rd
R e p e titio n

RAN

RAN D igits
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Figure 6-23: Transcoding Tests, Phonological M em ory Tests and Speed of Lexical Access Tests: M ean Scores for the total
cohort and for the constituent age cohorts of 4, 5 and 6 year olds.

6.3.3.e - Non-word Reading Test

The Non-word Reading Test was administered to 648 children, with a maximum
possible score of 25. There were 44 four year olds, 241 five year olds and 363 six
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year olds. The mean score for the full cohort was 10.33, with 4, 5 and 6 year olds
scoring a mean of 4.95, 8.05 and 12.49 respectively.
6.3.3 .f- Phonetic Spelling Test

The Phonetic Spelling Test was administered to 964 children, with a maximum
possible score of 41. There were 132 four year olds, 424 five year olds and 408 six
year olds. The mean score for the full cohort was 21.93, with 4, 5 and 6 year olds
scoring a mean of 12.22, 18.55 and 28.58 respectively.
6.3.4 - Phonological M em ory Tasks
6.3.4.0 - D igit Span Test

The Digit Span Test was administered to 1,000 children, with a maximum possible
score of 18. There were 138 four year olds, 438 five year olds and 424 six year olds.
The mean score for the full cohort was 6.80, with 4, 5 and 6 year olds scoring a
mean of 5.99, 6.62 and 7.26 respectively.
6.3.4.b - Non-word Repetition Test

The Non-word Repetition Test was administered to 998 children, with a maximum
possible score of 60. There were 136 four year olds, 439 five year olds and 423 six
year olds. The mean score for the full cohort was 11.42, with 4, 5 and 6 year olds
scoring a mean of 15.24, 12.57 and 9.00 respectively.
6.3.5 - Lexical Access Speed Tests
6.3.5.a - RAN Objects Test

The RAN Objects Test was administered to 999 children. There were 138 four year
olds, 436 five year olds and 425 six year olds. The mean score for the full cohort
was 60.82, with 4, 5 and 6 year olds scoring a mean of 71.27, 64.26 and 53.89
respectively.
6.3.5.b - RAN Digits Test

The RAN Digits Test was administered to 961 children. There were 129 four year
olds, 426 five year olds and 406 six year olds. The mean score for the full cohort
was 43.73, with 4, 5 and 6 year olds scoring a mean of 59.83, 49.31 and 32.77
respectively.
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6.3.6 - Spatial Memory Tests
6.3.6.a - Finger Localisation Test
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Figure 6-24 - Finger Localisation Tests: M ean Scores for total cohort and for the constituent age cohorts of 4, 5 and 6
year olds.

The Finger Localisation Test; was administered to 986 children. There were 133 four
year olds, 457 five year olds and 431 six year olds. The mean score for the the Hand
Visible Condition was 9.57, with 4, 5 and 6 year olds scoring a mean of 9.3, 9.5 and
9.74 respectively. The mean score for the the Hand Hidden, Single Finger Touched
condition was 8.16, with 4, 5 and 6 year olds scoring a mean of 7.45, 7.86 and 8.7
respectively. The mean score for the the Hand Hidden, Two Finger Touched
Condition was 5.37, with 4, 5 and 6 year olds scoring a mean of 4.3, 4.98 and 6.11
respectively. The mean total score for the total cohort was 23.03, with 4, 5 and 6
year olds scoring a mean of 20.99, 22.29 and 24.44 respectively
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6.3.6.b - Squirrel Memory Test

Mean Score: Full Cohort
Mean Score: 4 Year Olds
Mean Score: 5 Year Olds
Mean Score: 6 Year Olds

Spatial
Mem ory Test

Squirrel
Memory Test
- Forward

Squirrel
Mem ory Test
- Reverse

Figure 6-25 - Spatial M em ory Tests: M ean Scores for total cohort and for th e constituent age cohorts of 4, 5 and 6 year
olds.

The Squirrel Memory Test was administered to 1,019 children, with a maximum
possible score of 20. There were 139 four year olds, 450 five year olds and 430 six
year olds. The mean score for the full cohort was 7.25, with 4, 5 and 6 year olds
scoring a mean of 5.42, 6.88 and 8.23 respectively.
6.3. 6.C Sq uirrel M em ory Test: F o rw ard
-

The Squirrel Memory Forward Test was administered to 958 children, with a
maximum possible score of 12. There were 132 four year olds, 425 five year olds
and 401 six year olds. The mean score for the full cohort was 3.05, with 4, 5 and 6
year olds scoring a mean of 2.17, 2.76 and 3.65 respectively.
6.3.6.d - Sq uirrel M em ory: Reverse

The Squirrel Memory Reverse Test was administered to 935 children, with a
maximum possible score of 12. There were 126 four year olds, 416 five year olds
and 393 six year olds. The mean score for the full cohort was 2.57, with 4, 5 and 6
year olds scoring a mean of 1.64, 2.19 and 3.26 respectively.
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6.3.7 - Cerebellar Tests
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Figure 6-26 - Cerebellar Tests: M ean Scores for the total cohort and for the constituent age cohorts of 4, 5 and 6 year
olds.

6.3.7.a - Copying Test

The Copy Test was administered to 998 children, with a maximum possible score of
10. There were 138 four year olds, 435 five year olds and 425 six year olds. The
mean score for the full cohort was 7.89, with 4, 5 and 6 year olds scoring a mean of
6.31, 7.54 and 8.75 respectively.
6.3.7.b - Dowel Placing Speed Test

The Dowel Placing Speed Test was administered to 1,017 children. There were 139
four year olds, 447 five year olds and 431 six year olds. The mean score for the full
cohort was 32.56, with 4, 5 and 6 year olds scoring a mean of 36.93, 33.58 and
30.01 respectively.
6.3. 7 .C - Six Prong Test (Tim e)

The Six Prong Test (Time) was administered to 1,034 children. There were 139 four
year olds, 459 five year olds and 436 six year olds.

The mean score for the full

cohort was 32.39, with 4, 5 and 6 year olds sconng a mean of 36.97, 33.39 and
29.87 respectively.
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6.3.7.d - Six Prong Test: Number Missed

The Six Prong Test: Number Missed was administered to 1,032 children, with a
maximum possible score of 12. There were 139 four year olds, 459 five year olds
and 434 six year olds. The mean score for the full cohort was .42, with 4, 5 and 6
year olds scoring a mean of .44, .55 and .27 respectively.
6.3.7.e - Articulation Rate Test: Average Time

The Articulation Rate Test: Average Time was administered to 1,021 children. There
were 138 four year olds, 452 five year olds and 431 six year olds. The mean score
for the full cohort was 10.26, with 4, 5 and 6 year olds scoring a mean of 10.80,
10.55 and 9.78 respectively.
6.3.7.f - Articulation Rate Test: Num ber of Errors

The Articulation Rate Test: Number of Errors was administered to 1,020 children,
with a maximum possible score of 10. There were 138 four year olds, 452 five year
olds and 430 six year olds. The mean score for the full cohort was 2.87, with 4, 5
and 6 year olds scoring a mean of 3.77, 3.08 and 2.35 respectively.
6.3.8 - Balance Tests

■ Mean Score: Full Cohort
■ Mean Score: 4 Year Olds
Mean Score: 5 Year Olds
■ Mean Score: 6 Year Olds

Balance Test
- One Foot Single Task

Balance Test
- One Foot Dual Task

Balance Test
- Im p a c t of
Dual Task

Figure 6-27 - Balance Tests: M ean Scores for the total cohort and for the constituent age cohorts of 4, 5 and 6 year olds

6.3.8.a - Balance Test: Single Task

The Balance Test: Single Task was administered to 951 children. There were 131
four year olds, 421 five year olds and 399 six year olds. The mean score for the full
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cohort was 4.61, with 4, 5 and 6 year olds scoring a mean of 5.88, 4.95 and 3.84
respectively.
6.3.8.b - Balance Test: Dual Task

The Balance Test: Dual Task was administered to 950 children. There were 131 four
year olds, 420 five year olds and 399 six year olds. The mean score for the full
cohort was 5.45, with 4, 5 and 6 year olds scoring a mean of 6.82, 5.82 and 4.62
respectively.
6.3.8.C Balance Test: Im pact o f Dual Task
-

The impact of the secondary task on the childrens scores is derived from the
difference in performance between the single and dual task scores above. The mean
score for the full cohort was .87, with 4, 5 and 6 year olds scoring a mean of 1.05,
.93 and .73 respectively.
Descriptive statistics for the total cohort, and those for the 4, 5 and 6 year olds are
available in Table 11 below.
Table 11 - Descriptive Statistics for total cohort, and for age cohorts of 4, 5 and 6 year olds.

Mean
Score:
Full
Cohort

Mean
Score: 4
Year
Olds

Mean
Score:
Year
Olds

Word Segmentation Test

4.99

4.02

4.71

5.60

Nursery Rhyme Test

8.27

7.96

8.26

8.38

Rhyme Recognition 1 Test

8.41

7.36

8.07

9.09

Rhyme Recognition 2 Test

9.96

9.18

9.86

10.31

Rhyme
Test

Recognition

Oddity

5.54

4.46

5.18

6.27

Timed
Test

Rhyme

Generation

4.47

3.23

3.83

5.53

Non-word Completion at the
Phoneme Level Test

4.36

1.92

3.58

5.51

Alliteration Test

6.79

4.47

6.29

8.04

Alliteration Oddity Test

7.20

5.77

6.53

8.36

Test Name

Mean
5 Score:
Year
Old’s

6
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Test Name

Mean
Score:
Full
Cohort

Mean
Mean
Score: 4 Score:
Year
Year
Olds
Olds

Mean
5 Score:
Year
Old’s

Initial Phoneme Deletion - 4.42
Real Word Remaining - Test
A - Number Correct

3.92

4.22

4.73

Initial Phoneme Deletion Real Word Remaining - Test
A - Average Time

1.94

2.31

2.10

1.70

Initial Phoneme Deletion - 3.59
Non-word Remaining - Test
B - Number Correct

2.25

3.24

4.11

Initial Phoneme Deletion Non-word Remaining - Test
B - Average Time

1.99

2.80

2.19

1.73

Initial Phoneme Deletion - 2.45
From
Initial
Consonant
Cluster - Test C - Number
Correct

1.79

2.05

2.91

Initial Phoneme Deletion From
Initial
Consonant
Cluster - Test C - Average
Time

2.10

2.64

2.15

2.02

Final Phoneme Deletion Real Word Remaining - Test
D - Number Correct

3.36

2.61

2.99

3.81

Final Phoneme Deletion - 2.28
Real Word Remaining - Test
D - Average Time

2.56

2.27

2.25

Final Phoneme Deletion Non-word Remaining - Test
E - Number Correct

3.54

2.74

3.32

3.87

Final Phoneme Deletion - 2.15
Non-word Remaining - Test
E - Average Time

2.01

2.29

2.06

6
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Final Phoneme Deletion - 2.89
From
Final
Consonant
Cluster - Test F - Number
Correct

2.00

2.45

3.44

Final Phoneme Deletion - 2.26
From
Final
Consonant
Cluster - Test F - Average
Time

2.63

2.46

2.07

Letter
Upper

Knowledge

Test

-

19.92

13.09

18.53

23.58

Letter
Lower

Knowledge

Test

-

19.99

14.28

18.68

23.21

Letter Knowledge Test - Total

39.89

27.37

37.21

46.75

Letter Sound Array Test Total Fully Correct

12.47

8.50

11.67

14.59

Letter Sound Array Test Total Fully & Partially Correct

17.54

11.37

15.84

21.34

Letter Sound Array Test Total Incorrect

8.40

14.43

10.15

4.61

Non-word Reading Test

10.33

4.95

8.05

12.49

Phonetic Spelling Test

21.93

12.22

18.55

28.58

Digit Span Test

6.80

5.99

6.62

7.26

Non-word Repetition Test

11.42

15.24

12.57

9.00

RAN Objects Test

60.82

71.27

64.26

53.89

RAN Digits Test

43.73

59.83

49.31

32.77

Finger Localisation Test - 9.57
Hand Visible - Single Finger
Touched

9.30

9.50

9.74

Finger Localisation Test Hand Hidden - Single Finger
Touched

8.16

7.45

7.86

8.70

Finger Localisation Test Hand Hidden - Two Fingers
Touched

5.37

4.30

4.98

6.11

Finger Localisation Test Total Score

23.03

20.99

22.29

24.44
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Spatial Memory Test

7.25

5.42

6.88

8.23

Squirrel
Forward

Memory

Test

-

3.05

2.17

2.76

3.65

Squirrel
Reverse

Memory

Test

-

2.57

1.64

2.19

3.26

Copying Test

7.98

6.31

7.54

8.75

Dowel Placing Test - Speed

32.56

36.93

33.58

30.01

Six Prong Test - Time

32.39

36.97

33.39

29.87

.42

.44

.55

.27

Six Prong Test Prong

Missed

Articulation Rate
Average Time

Test

-

10.26

10.80

10.55

9.78

Articulation Rate
Average Errors

Test

-

2.87

3.77

3.08

2.35

Balance Test - One Foot Single Task

4.61

5.88

4.95

3.84

Balance Test - One Foot Dual Task

5.45

6.82

5.82

4.62

Balance Test Dual Task

.87

1.05

.93

.73

Impact of
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Chapter 7 - Factor Analysis - Statistics and Theoretical Discussion
7.1 - Introduction
Chapter 7 describes Principal Components Analysis (RCA) of the TEST-D data set.
A number of factor solutions were attempted. Each solution is briefly discussed both
from a statistical and theoretical position. Finally, a seven factor solution is
considered acceptable from a theoretical and statistical point of view. Each factor is
discussed from the perspective of loading strength, theoretical reasons for the
loading, and the possibility that it might be a latent variable for dyslexia.

7.2 - Factor Analysis Results - Discussion of 5 Factor Solution
Total scores were used as a general rule.

This applied to most of the variables.

Sub-scores were utilised where they measured different process levels within the
same test.

For instance there are three conditions (levels of difficulty) within the

Finger Localisation Test. One condition involves vision and somatosensory memory
(Hand Visible condition).

A second condition involves occluding the hand (Hand

Hidden condition). Here there is no vision to aid finger identification; the participant
can only feel the sensation of a finger being touched which is viewed as a more
challenging test. This is somatosensory memory, which is purely Magnocellular. In
the third condition, the hand is hidden and two fingers are touched simultaneously.
This is viewed as more challenging still and is theoretically a magnocellular process.
The two subsections of The Squirrel Memory Test is a similar case. The Squirrel
Memory, Forward test is a test tapping magnocellular memory for location, possibly a
pure visuo-spatial sketch pad (VSSP) test.

This was always meant to be a

standalone test tapping VSSP.
The Squirrel Memory, Reverse test taps magnocellular function as well as possible
CE function. The simultaneous involvement of VSSP and CE makes this reverse
segment of the Squirrel Memory Test probably more difficult than the forward test. It
was always seen as separate from Squirrel Memory Forward.

For these reasons

these apparent sub-scores are entered as separate variables in the PCA.
The requirements of The Balance Tests also relate to different levels of test
demands. The Single Balance Test taps cerebellar function wherein the participant
can concentrate on balancing. In contrast to this the Dual Test Balance makes the
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same balancing demand but with a simultaneous semantic judgement test which
prevents the participant from concentrating on balancing. Since this is, theoretically,
more difficult it makes sense to view that result as a separate sub-score. For these
reasons two balance test sub-scores were entered into the PCA.
Forty-six variables were subjected to PCA using SPSS Version 16.

These 46

variables included all total scores from the various measures in the battery and the
sub-scores described above. Prior to performing the PCA, the suitability of data for
factor analysis was assessed.

Inspection of the correlation matrix revealed the

presence of many coefficients of .3 and above. The Kaiser-Meyer-Oklin value was
.92, exceeding the recommended value of .6 (Kaiser, 1970, 1974) and Barlett’s Test
of Sphericity (Barlett,

1954)

reached

statistical

significance,

supporting

the

factorability of the correlation matrix.
PCA revealed the presence of ten components with eigenvalues exceeding 1,
explaining 29%, 6.7%, 5%, 3.9%, 3.5%, 3.2%, 2.7%, 2.6% 2.3% and 2.3% of the
variance respectively, with a total of 61.28% of the variance explained.
inspection of the scree plot revealed a break after the fifth component.

Scree Plot
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Figure 7-1 - Scree Plot revealing a break after the fifth component.
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A Factor Analysis was conducted forcing a five factor solution. Then, in an iterative
fashion 3 items were removed.

These were 6 Prong: Completely Missed Prong

Score, Articulation Rate Test Time Score and Finger Localisation Hand Visible
Single Finger Touched Score.

These items were removed as they did not load

above .3 on any of the factors.
The remaining 43 variables were again subjected to PCA using SPSS Version 16.
Prior to performing the PCA, the suitability of data for factor analysis was assessed.
Inspection of the correlation matrix revealed the presence of many coefficients of .3
and above. The Kaiser-Meyer-Oklin value was .92, exceeding the recommended
value of .6 (Kaiser 1970, 1974) and Barlett’s Test of Sphericity (Bartlett 1954)
reached statistical significance, supporting the factorability of the correlation matrix.
A Varimax rotation with Kaiser Normalisation was employed.
The five components explain 30.7%, 7.2%, 5.3%, 4.2%, and 3.8% of the variance
respectively, with a total of 51.09% of the variance explained. The loadings for the 5
Factor solution are set out in Table 12 below.
The five factor solution is theoretically robust in relation to the first four factors, in that
Factor One is an Associative Factor, Factor Two is a Rhyme/Memory Factor, Factor
Three is a Phonemic Factor, Factor Four is a Phonological Speed Factor.

Factor

Five appears to be a Cerebellar/Magnocellular Factor. As this analysis is intended to
be used in a future blockwise regression, the restriction of so many sub-tests across
two theoretical domains to the same factor may compromise the predictive
possibilities for a future regression.
Table 12 - Rotated component matrix for 5 factor solution, with loadings less than .3 suppressed.

Component

1

Letter Sound Array T e s ti: total number fully and partially correct

.851

Letter Sound Array Test 1; Total number incorrect

-.849

Letter Knowledge T e s ti: Lower case letter: Total

.818

Letter Knowledge T e s ti: Upper case letter: Total

.809

Letter Sound Array Test 1: Total number fully correct

.710

Phonetic Spelling: Total Score
Alliteration: Total Score

2

3

.595

.342

.526

.518

.490

.329

4

5
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Component

1

RAN Digits Test 2: Total RAN Digits Score

-.454

2

.762

Rhyme Recognition 2: Total Score

.715

Rhyme Recognition Oddity: Total Score

.638

Timed Rhyme Generation Test 1: Avg. Score (Avg. No. of Gen Items)

.593

Initial Phoneme Deletion, RWR: No. of responses correct within time

.558

Digit Span: Forward, Total Score

.527

Word Segmentation Test 1: Total Score

.521

Non Word Repetition: Total Score

-.505
.459

.442

Articulation Rate Test 1: average number of errors for columns A, B & 0

-.414

RANObjects2:Total Score

-.339

.328

No. of responses correct

.741

Phoneme Deletion Final Consonant, RWR: Number of responses correct
within time allowed

.722

Initial Phoneme Deletion, Initial ConClus: Number of responses correct
within time allowed

.651

Final Phoneme Deletion- NWR: Number of responses correct within time
allowed

.627

Non-Word Reading Total

.341

Non-Word Completion, Phoneme level Test 1: Total Score

.453

Initial Phoneme Deletion, NWR:
time allowed

Number of responses correct within

.432

Final Phoneme Deletion- NWR:
within time allowed

Average time for correct responses

.744

Final Phoneme Deletion from Final ConClus: Avg time for correct resp’s
within time allowed

.741

Phoneme Deletion Final Consonant, RWR: Avg. time for correct resp’s
within time allowed

.711

Initial Phoneme Deletion, Initial
responses within time allowed

Avg. time for correct

.651

Initial Phoneme Deletion, NWR:
within time allowed

Average time for correct responses

.642

Initial Phoneme Deletion, RWR:
within time allowed

Average time for correct responses

.594

ConClus:

5

.482

Nursery Rhymes Test 1: Total Score

Final Phoneme Deletion from Final ConClus:
within time

4

-.359

Rhyme Recognition Test 1: Total Score

Alliteration Oddity Test 1: Total Score

3

.607
.378

.474
.440
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Component

1

2

3

4

5

Balance Test: Total One Foot Balance, Single Test: Total Deviation

-.771

Balance Test: Total One Foot, Dual Test Score: Total Deviation

-.759

Squirrel Memory; Reverse total score for all levels

.365

6 Prong Test 1: time for 12 cube placement

-.443

Squirrel Memory: Forward total score for all levels

.380

Dowel Placing Test 1: B(b) Speed of Dowel Placement
Copy Test: Total Score

.439
-.424

.387

.381

.397

Spatial Memory Test 1: Forward Total Score

.376

Finger Localisation: hand hidden - 2 fingers touched
Finger Localisation: hand hidden-single finger touched

.462

.332
.321

.359
.350

If this were a purely statistically based decision, a five factor solution would be
appropriate. But this project is not only about a simple description of the tests that
are used, it is also about looking to the future; it is about allowing the variables to be
used in a later regression analysis, if appropriate. In the five factor solution four of
the five principal components have two strengths in their favour - that they are
theoretically robust and have the potential to be predictors. The fifth factor suffers by
having too many theoretically disparate potential predictors loading onto the same
factor thus shortening the odds in a future regression of the predictive possibilities of
these sub-tests (see Table 13 below). The two Balance Tests would more valuably
exist as a separate factor, being measures of static cerebellar function, which has
the potential to discriminate between discrepant and non-discrepant poor readers as
well as discriminating between both types of poor readers and normally developing
readers (Singleton, 1997; Singleton & Thomas, 1994). The Spatial Memory, Squirrel
Memory and Finger Localisation Tests could be extremely valuable predictors in their
own right and may benefit by being part of a less constrained solution. The lowloadings of these tests would support the fact that they should be considered as a
separate factor. A similar argument can be made for the Six Prong, Dowel and Copy
Tests, which are dynamic cerebellar tests, and may have the potential to
discriminate between poor readers in general, and normally-developing readers
(Fawcett, Nicolson, & Maclagan, 2001).
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Table 13 - Loading on the fifth factor

Balance Test: Total One Foot Balance, Single Test: Total Deviation

-.771

Balance Test: Total One Foot, Dual Test Score: Total Deviation

-.759
.365

Squirrel Memory: Reverse total score for all levels

-.443

6 Prong Test 1: time for 12 cube placement
.380

Squirrel Memory: Forward total score for all levels

.387

.397

.381

.376

Spatial Memory Test 1: Forward Total Score
.332

Finger Localisation: hand hidden - 2 fingers touched
Finger Localisation: hand hidden-single finger touched

.439
-.424

Dowel Placing Test 1: B(b) Speed of Dowel Placement
Copy Test: Total Score

.462

.321

.359
.350

Due to the lack of theoretical coherence of the fifth factor it was considered prudent
to investigate the feasibility of a seven factor solution. It is suggested that a seven
factor solution may be more appropriate as it may retain those elements which are
considered important for prediction, and may even allow additional variance to be
explained.

Small elements that look unimportant from the point of view of

percentage variance explained may however be theoretically important from the
point of view of prediction.

7.3 - Factor Analysis - 7 Factor Solution Discussion
A Factor Analysis was conducted forcing a seven factor solution.

Then, in an

iterative fashion 3 items were removed as they did not load above .3 on any of the
factors.

These were 6 Prong: Completely Missed Prong Score, Articulation Rate

Test Time Score and Finger Localisation Hand Visible Single Finger Touched Score.
The remaining 43 variables were re-examined imposing a seven factor solution in
order to allow for a more theoretically flexible solution.
The seven components extracted explain 30.7%, 7.2%, 5.3%, 4.2%, 3.8%, 3.3% and
2.7% of the variance respectively, with a total of 57.17% of the variance explained.
The seven factor solution produced the same initial four factors; the fifth factor from
the five factor solution has loaded onto three distinct and theoretically sound factors.
Factor Five appears to be a Spatial Memory Factor, Factor Six a Motor Speed Factor
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and Factor Seven is a Balance Factor. The factor loadings are set out in Table 14 at
the end of this chapter.
7.3.1 - Factor 1 - The Visual-Verbal Correspondence Factor

Factor One appears to be a Visual-Verbal Correspondence Factor because all of the
sub-tests which load on it, in one form or another, involve correspondences. For
example, the three Letter Sound Array variables which have high loadings on this
factor (.867, -.866 and .724, see table at end of chapter), involve providing a
phonological value to a printed grapheme.
correspondence.

It is about a grapheme/phoneme

It is a similar case for the Letter Knowledge Tests, Lower and

Upper Case, which also have similar value loadings at .801 and .790 respectively.
These sub-tests provide the participant with a grapheme and the participant is
required to provide a corresponding letter name or sound or word/character. The
Phonetic Spelling Test (.616) engages the encoding process, which essentially
involves the conversion of sounds into their corresponding graphemes. It should be
noted that this variable has a triple loading across the First (.616), Second (.329) and
Third (.460) Factors (Visual-Verbal Correspondence Factor, Rhyme/Memory Factor,
Phonemic Factor). This triple loading is not surprising; what these factors have in
common is phonological awareness. The Alliteration Test has a double loading on
Factors One (.541) and
Correspondence

Factor

Two
is

(.470).

interesting;

Its relevance to the
alliteration

essentially

Visual-Verbal
is

about

the

segmentation of the onset of words and the ability to recognise the commonality or
correspondence across them.

The Non-word Completion at the Phoneme Level

Test has a triple loading (.482, .375, .408 on the fist second and third factors) and
involves the ability to hear the sounds in a word and to provide the phoneme which
corresponds to the final phoneme of that word.

This triple loading is theoretically

sound. The Initial Phoneme Deletion, Non-word Remaining (.470 on Factor One)
requires the participant to listen to a word and to provide the corresponding
remaining non-word when the initial sound has been deleted. This item also loads
on Factor Three (.367); this is unsurprising as it is, after all, a phonemic
segmentation test. The Alliteration Oddity Test has a primary loading on the VisualVerbal Correspondence Factor and an almost equal loading on the Rhyme/Memory
Factor (.468, .466 respectively). The Alliteration Oddity Test requires the participant
to recognise the commonality across three words on the grounds that they have
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similar onset.

S/he must provide the oddity word which does not have the

corresponding onset. The Rhyme/Memory Factor engages the participant’s ability to
segment words before the peak and coda which produce the rhyme.
There are three variables which have a secondary loading on Factor One. They can
be justified theoretically.

Non-word Reading has its main loading on Factor Three

(.568), the Segmentation Factor and a secondary loading on the Visual-Verbal
Correspondence Factor (.384). It is entirely logical that this would be so; The Non
word Reading Test involves the decoding process; that is the ability to provide the
sequence of sounds, each of which corresponds to the printed grapheme and the
ability to blend these into the printed non-word. The Copying Test has its primary
loading on Factor Five (.417, the Spatial Factor), but why does it have a secondary
loading on the Visual-Verbal Correspondence Factor (.374)? At first this appears
rather puzzling. However the answer lies in the idea of correspondence; the Copying
Test requires the participant to view a geometric shape, to note lines, slopes and
angles and to draw the corresponding lines which replicate them.

It is extremely

interesting that the RAN Digits Test loads onto the Visual-Verbal Correspondence
Factor in a secondary way (-.406).

Even though it is a timed test, what the test

essentially requires is for the participant to provide the corresponding label for each
digit in the array.
7.3.2 - Is the Visual-Verbal Correspondence Factor a Potential Latent Variable for
Dyslexia?

The first factor to be extracted was named a Visual-Verbal Correspondence Factor.
It is useful to consider if the Visual-Verbal Correspondence Factor might be a
potential latent variable for dyslexia.
In their lives dyslexics experience inordinate difficulty in putting verbal labels onto
symbols. They have extraordinary difficulty in what is essentially paired-associate
learning. For example, one of the earliest characteristics of dyslexics is difficulty in
learning the sound and names of letters, both upper- and lower-case.

Indeed it is

common to meet dyslexics of ten or eleven years of age who do not know the correct
labels of ‘J’ or ‘G’ and confuse ‘V’ and ‘F’ on a regular basis. They also fail to know
the sounds of the short vowels. This persistent lack of visual-verbal correspondence
knowledge is mentioned by Pringle Morgan (1896) in relation to the now famous
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Percy in an early mention of dyslexia. “The greatest difficulty was found in teaching
the boy his letters, and they thought he never would learn them” (p. 1378).
Because dyslexics have a visual-verbal correspondence difficulty they do not have
good “word-attack skills’’. They have difficulty decoding unfamiliar words. Slow or
poor word decoding poses ongoing difficulty for dyslexics for many years. In fact two
thirds of all studies of novel word reading indicate that dyslexics have difficulty
reading unfamiliar words. The one third of studies which did not show this difficulty
was found to be methodologically flawed (Rack, Snowling, & Olson, 1992).
Many dyslexics who have this visual-verbal correspondence problem usually dislike
reading and avoid it at all costs. They are on record as saying ‘Td rather clean out
my room” or ‘Td rather clean the bath than read”.
behaviour when decoding.

Dyslexics have characteristic

They may start to decode a word such as “mother”.

They see the ‘m’ and then, using top down contextual clues, will guess and say
‘Mammy’. Likewise they read ‘home’ for ‘house’.
The Visual-Verbal Correspondence Factor works in the verbal-visual labelling
direction too. Dyslexics may know what they want to say but they are unable to map
the sound onto the corresponding visual label (letter). In other words they are very
poor spellers.

Their written work may be spare and even poor.

They may have

good oral language but be unable to spell the words they wish to use. Thus where
they wish to say and spell ‘enormous’ they will write ‘big’ simply because they can
spell ‘big’. This can be a life-long condition.

Indeed university students, so-called

“compensated dyslexics”, continue to be very poor spellers all through their studies
and beyond.
For these reasons it is argued that visual-verbal correspondence is a core difficulty
for many dyslexics and may be a potential latent variable for dyslexia.
7.3.3 - Factor 2 - Rhyme/Mem cry
Consistent with the theoretical discussion earlier in this thesis all rhyme tests load on
to the same factor.

This is therefore supportive of the fact that they are valid

measures of this construct.

It is interesting that both Rhyme Recognition Tests -

Rhyme Recognition 1 and Rhyme Recognition 2 (with loadings of .752 and .707)
have the highest loadings on the factor. They engage the same process of coarse229

grained segmentation involving the peak and coda of the word. Both tests require
the participant to recognise the commonality of the vowel and its following consonant
across rhyming pairs.

In addition to segmentation there is a memory facet to the

rhyming process, in that rhyme engages short-term phonological memory. In order
to choose the rhyming pair the participant must remember the sound pattern of the
stimulus rhyme in order to select the similar sound pattern in the target item. This is
so for the two Rhyme Recognition tests.
The Rhyme Recognition 1 test delivers illustrated rhyme items in a fashion akin to
that of nursery rhymes. The participant is required to remember the stimulus rhyme
and to choose the target from an illustrated array of items. The Rhyme Recognition
2 Test requires the child to focus explicitly on illustrated items and to choose the
target which rhymes with the stimulus item.
The Rhyme Recognition Oddity Test (with a loading of .603) requires the participant
to choose the illustrated item which does not rhyme with the target. Again this has a
short-term phonological memory facet. The participant is required to remember and
recognise the sound patterns in the three items which rhyme, and then to choose the
target which is phonologically different.
The Timed Rhyme Generation (with a loading of .559) requires the participant to
generate a list of items which are phonologically similar in their peak and coda from
a wide domain of word and non-word possibilities. Again the phonological memory
of coarse-grained phonological units is the driving force behind the Rhyme
Generation Test.
Interestingly, the two measures of short-term phonological memory (Non-word
Repetition Test and

Digit Span Test) load exactly similarly (.536) on the

Rhyme/Memory Factor.
memory.

They are both measures of short-term phonological

Non-word Repetition is traditionally viewed as a measure of short-term

phonological memory. However there is a long-term phonological memory aspect to
Non-word Repetition.

Children with wide language experience will have implicit

knowledge of common phonotactic patterns in long-term memory. Such knowledge
may facilitate repetition of the stimulus novel words. Digit Span is also a measure of
the phonological store. While it is commonly viewed also, as a measure of short
term phonological memory there is a long-term phonological aspect to the Digit Span
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test. Digits are over-learned items and are held in L-TM; such long-term knowledge
may help participants who have experience of these limited domain items.
The Word Segmentation Test (with a loading of .530) requires the participant to
attend to the presented two-syllable word, ( e.g. ‘cowboy’), and to remember that it
can be split into two syllabic segments, the second of which is then deleted. The
participant must then remember and produce the first syllable.

It was very

interesting to find that the Initial Phoneme Deletion: Real Word Remaining Test
loaded (.522) onto the Rhyme/Memory Factor. In this test the participant is required
to listen to an illustrated word and to choose from an array of illustrated words which
segment remains, (e.g. hill without the /h/ says?). While this test is ostensibly an
Initial Phonemic Segmentation Test, it is likely that many children viewed it as a
rhyming test.
It is also interesting that the Nursery Rhymes Test loads onto the Rhyme/Memory
Factor (.480).

Nursery Rhyme knowledge is a function of experience and is

consolidated in L-TM.

The final variable to load onto the Rhyme/Memory Factor

(with a value of -.451) is the Articulation Rate Test: Average Number of Errors. It is
reasonable that it should load onto this factor.

While it engages the ballistic

articulatory process, performance is, perhaps, helped by knowledge of phonological
patterns from L-TM.
Phonological memory skill in both long- and short-term memory are vital to the
reading process, both from the point of view of decoding/encoding and full text
comprehension.

It is also widely acknowledged that individuals who have poor

memory capacity, or who do not rehearse, usually have literacy problems. Those
who experience long-term phonological memory problems experience difficulty at the
semantic and comprehension levels.
7.3.4 - Reasons for Co-loading of Rhyme and Memory Tests

It is interesting but not surprising that the rhyming and memory tests load onto the
same factor. All rhyming tests loaded uniquely onto the second factor. So also did an
initial phoneme segmentation test: Initial Phoneme Segmentation: Real Word
Remaining with a loading of .522.
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The loading of this phoneme deletion test onto the same factor as the Rhyme Tests
is not surprising as many children may have viewed this as essentially a rhyme test.
For example, in the Initial Phoneme Deletion: Real Word Remaining test, the
children were required to say/choose from an array of illustrations, the illustrated
word which remains when its initial phoneme is deleted (e.g when /h/ is deleted from
‘hiir, what word remains?). Since the initial phoneme is the word onset, the
remaining segment of the one syllable word is its rime.

For this reason, the

participants may have considered the test as essentially a rhyme test.
The Verbal Memory Tests loaded uniquely onto the Second Factor also.

These

were Digit Span, Non-word Repetition and Nursery Rhymes, with loadings of .536, .536 and.480 respectively.

It is not surprising that these two categories of test -

rhyme and memory loaded onto the same factor. After all, taken at their most
fundamental, rhyme tests are essentially tapping (very) recent memory for just-heard
large-unit sound patterns in the rime position of words (Jill / hill; wool / full).

No

matter what the test demands are, whether it is (implicit) Rhyme Recognition or
explicit Rhyme Production, similar sounding patterns must be recognized and/or
produced. This can only be done if the memory for the (large) sound unit acts as an
anchor in memory, against which other candidate sounds must be compared. When
the two patterns coincide (in memory) then rhyme is recognized. Rhyme generation
is a more difficult test as the range of possibilities in the (infinite) domain may be put
forward as candidates. Only those candidates with the same rime pattern as the
stimulus item held in S-TM are the correct candidates for Rhyme Generation.
The role of memory remains important for each rhyme test (despite almost all rhyme
tests being illustrated, in order to reduce the memory load for children). In the Rhyme
Recognition tests 1 and 2, the child is presented with three possible items, one of
which will rhyme with a stimulus item. The child is therefore required to segment the
given words at the rime level and decide which rime matches the rime of the stimulus
item. The rime of each word is composed of the peak and coda. These two sub
components of the rime must be held in S-TM as a unit, then compared and
contrasted to the rime of the stimulus item, for which agreement at peak and coda
levels must be achieved in order for each test item to be completed. These two items
- the stimulus and target - must be held in S-TM and then indicated verbally or by
pointing out each item before the test is satisfactorily completed. Similarly, in the
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Rhyme Oddity test, wherein the children identify the non-rhyming word from a group
of four verbally presented and illustrated words. The child is required to compare and
contrast the sub-components of the rime in each case, hold each in S-TM memory,
then compare and contrast them, group those with the same peak and coda
together, hold them in short-term memory and contrast them with the oddity which
may differ only at the level of peak, or coda, or both. Then this word is held in S-TM
and indicated verbally or by pointing that it is the oddity.
A memory component is to the forefront of the cognitive processing required to
complete the Timed Rhyme Generation Test. Here the individual is required to hold a
stimulus word in memory, segment its rime and generate rhymes from L-TM to
match it. The familiarity with phonological representations contained in similar rimes
in L-TM and the ease with which these rimes can be drawn from L-TM determines
the scoring prowess of the individual in this test.
Tests with lower loadings, such as Non-word Repetition, required the exact
reproduction from S-TM of a similar, just-presented sound pattern which is held as a
phonological code in S-TM. Similarly, increasingly long digit string sequences (which
are phonological sound patterns) also place heavy demand on storage capacity of
S-TM. While both Non-word Repetition and Digit Span both tap the phonological
store of S-TM, they both also involve L-TM processes. Digits are highly familiar,
over-learned items. These highly familiar and distinctive phonological forms of digit
names may also be tapping consolidated phonological forms and knowledge in LTM. The redintegration process can access such phonological forms in L-TM to
refresh the memory trace. The memory of the phonological pattern may be able to
achieve refreshment to aid digit-string recall. The Non-word Repetition test also
accesses L-TM, in that phonotactic information about oral gestures in L-TM aids
performance on this test.
The Articulation Rate Test requires multiple reproductions of a complex sound
pattern from S-TM. Long-term memory also comes into play in the Articulation Rate
Test.

Within the phonological representations in L-TM, as in the Non-word

Repetition Test, there will be knowledge of common phonotactic patterns and
gestures. This knowledge may be accessed in the Articulation Rate Test. Similarly,
the Nursery Rhymes Test accesses consolidated knowledge in L-TM. Children are
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required to have an ear for jingles and rhymes and to recall lines of common nursery
rhymes which are represented in L-TM and may be accessed to complete the test.
The Rhyme Tests, which have the higher loading on the Second Factor, show good
internal coherence.

The Memory Tests show good internal coherence but lower

loadings. Both Alliteration Tests also load onto the Rhyme/Memory Factor. This is to
be expected as there is a role for memory in this test. In the Alliteration Test, the
child is presented with a stimulus word and three illustrated words, one of which is
the target. Here, the individual must segment the stimulus word at the onset level,
disregard its rime and hold the onset in S-TM. Then the child is required to visit each
word in turn, shear off the onset, compare/contrast it to the stimulus onset in S-TM,
recognize the commonality among them and hold these two phonologically similar
onsets in S-TM. S/he must then indicate these two either verbally or by pointing in
order to satisfactorily complete the test.
A similar role is played by S-TM in the Alliteration Oddity Test. Here the child is
required also to shear off the onset of each of the four presented and illustrated
words. These must be compared and contrasted, all the while holding each word’s
onset in S-TM. The commonality across three of these must be recognized and
remembered as a group. The item which is not held in that S-TM group is thus the
Oddity in the Alliteration Test.
Memory also plays a role in the Non-word Completion: Phoneme Level Test. Here
the participant is presented with a whole non-word. The test administrator then
segments the word between the peak and the coda presenting only the onset and
peak (body) to the participant,

(e.g “This is a LUB. I say /LU/ and you say what

sound to finish the word?”). To perform this test the participant must retrieve the
coda phoneme from S-TM.
Interestingly, phonetic spelling also loaded on to the Second Factor. This test also
involves a memory component: for example, to spell a word such as ‘FIREPLACE’, a
child may segment the word into two syllables - ‘FIRE’ and ‘PLACE’ and then
attempt to retrieve the graphemic values for each phoneme from long-term
association memory. The same process is required to spell ‘PLACE’ phonetically.
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In Naming Factor Two cognisance is taken of the higher loadings of the Rhyme
Tests.

However, Memory Tests are also well represented on this factor loading.

Normally one would be inclined to name the Factor a Rhyme Factor. But memory
also plays a strong role in rhyme and is already represented in its own right. For
those reasons it was decided to call this Factor a Rhyme Memory Factor.
It may be apt at this stage to ask the question: is the Rhyme Memory Factor a
potential latent variable for dyslexia?
7.3.5 - Is the Rhyme Memory Factor a Potential Latent Variable for Dyslexia?

Here it is argued that the Rhyme/Memory factor is a potential latent variable for
dyslexia. Parents report that their children who later became dyslexic did not have
an interest in rhymes and jingles like their siblings. Teachers note that the children
in the early years’ classrooms do not seem to see the connection between rhymes
and the rime pattern in word families. Teachers notice these children cannot group
words from rhyme families together. These children do not enjoy poetry or nursery
rhymes like the other children.
Older children also seem to be insensitive to rime. When asked to group words that
sound alike, they have trouble with this and their aversion to poetry may follow them
into adolescence and beyond.

Many dyslexics do very poorly in spelling because

they fail to hear the recurring sound pattern in words which is very often a
dependable pattern of letter strings (light, sight, might).

Similarly, they have poor

sight vocabulary and thus, poor fluency because they fail to notice the recurring letter
pattern from the spelling pattern. Dyslexics therefore are noted by teachers not to
show a developmental trend in spelling and sight vocabulary like their peers.
This rhyme difficulty in dyslexics may determine the remedial curriculum they
experience in Learning Support. They are trained in rhyme awareness and have the
visual and auditory recurring pattern of the rime pointed out to them. Furthermore,
when they are conceptually and practically aware of the rhyme/rime connection they
complete dictation exercises to ensure full acquisition of the concept and application
of rhyme.

School-children of all ages who are dyslexic can learn the concept of

rhyme well if they have concrete materials such as plastic letters to see, hear and
feel the rhyme/rime structure of words.

Moreover, learning support teachers
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surround dyslexics with ‘word-family’ charts in an attempt to help them appreciate
how rhyme is structured and bolster their understanding of its connection to print.
7.3.6 - Factor 3 - The Phoneme Segmentation Factor
There were five subtests which loaded onto the third factor. These had a heavy to
moderate loading (.752 to .568). The heaviest loading came from the subtest
Phoneme Deletion of Final Consonant: Real Word Remaining (.752). This was
closely followed by the subtest Phoneme Deletion from Final Consonant Cluster
(.729). The third Final Phoneme Deletion Test: Non-word Remaining (.697) also
loads onto this factor. The test involving Initial Phoneme Deletion from an Initial
Consonant (.592) also loads onto this third factor. As already described, the other
two Initial Phoneme Deletion Tests, which could be construed as Rhyme Tests,
loaded onto the second Rhyme/Memory Factor. The last subtest to load onto the
third factor is the Non-word Reading Test with a loading of .568. This had a
secondary loading on Factor 1 (.384).
It is most interesting that the four Phoneme Deletion subtests (which remained after
two of the suite loaded onto Factor 2) loaded uniquely onto the same factor. This
suggests a degree of coherence in the subtests. The fifth subtest had its primary
loading onto the third factor but had a secondary loading (.384) onto the first factor
(seen as a Visual-Verbal Correspondence Factor).
The four remaining Phoneme Deletion Tests loaded uniquely onto the third Factor.
There is a strong theoretical reason that they should do so. The three Final
Phoneme Deletion Tests load onto the same factor because they require the
participant to listen to a one-syllable word, analyse it, so that when the final phoneme
is deleted the child must respond saying the remaining segment. Final Phoneme
Deletion is thought to be more difficult than Initial Phoneme Deletion. The form er test
requires the participant to segment across the rime unit of the word - a unit which is
thought to be a psychologically real unit for early school goers. Normally the rime
unit is an intact entity. Requiring young school goers to segment across it may be
difficult. Thus, in the Deletion of the Final Consonant (from, for example the word
‘Goal’) the rime /-ol/ of the word ‘Goal’ is deleted to produce the real word ‘go’. A
similar difficulty awaits the participant when also the rime unit is expected to be
breached in the Final Phoneme Deletion: Non-word Remaining Test. Here again, the
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child is required to delete the final sound from a word such as ‘wall’ but here the
remaining onset and peak do not leave a real word. Therefore it will not have a
lexical address and may be difficult for the participant.
The third Phoneme Deletion Test involves deletion of the final consonant from a final
consonant blend. The remaining segment could be a real word or a non-word. These
three final deletion tests all had the highest factor loadings indicating coherence
within these tests. The Phoneme Deletion Test which had the lowest loading (.592)
was the Initial Phoneme Deletion Test from an Initial Consonant Cluster. This may
also have been a difficult test for the participants. Developmentally speaking,
children are thought to develop rhyme awareness as pre-readers. Onset awareness
develops about that time or slightly later. Here children understand that the word ‘cat’
can be divided between the /c-/ and the /-at/. This seems to be the natural or
psychological reality of phonological awareness level of young school goers.
However, the Initial Phoneme Deletion Test from an Initial Consonant Cluster
breaches this natural location of segmentation and shifts it one place to the left.
Thus, the word is expected to be segmented, not before the peak but between the
onset consonants in the consonant cluster wherein the first consonant is sheared off.
This requires the child to retain the second consonant with the rime in responding.
Thus to delete the /b/ from ‘block’, the correct response is ‘lock’. Many young (prereading) children may not be able to analyse ‘block’ and know that the /b/ can be
separated from the /I/. Instead, they may view the onset /bl-/ as inseparable units.
There is a good theoretical reason why the Non-word Reading Test would load onto
the third factor. As previously stated, segmentation tests require participants to listen
to a word and to analyse it to the extent that are able to manipulate and delete a
single sound unit. The Non-word Reading Test requires a similar level of phonemic
analysis. Here the participant is required to view a non-word, which does not have a
lexical address. It can only be decoded by addressed phonology. Therefore the word
is analysed by grapheme: for each grapheme a corresponding phoneme is provided
and the sounds are additively sequenced until the product of that decoding process
can be produced. Indeed there is a great deal of evidence that these two processes,
phonetic segmentation (analysis) and letter-sound correspondence (in synthesis) are
the two necessary emergent speech sound phonological sensitivity processes to be
linked to print experience for literary acquisition (Byrne, 1998).
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The Non-word Reading Test has a secondary loading onto the first Factor, the
Visual-Verbal Correspondence Factor. As is clear from the First Factor discussion,
this factor has subtests

loadings that require visual-verbal translation

and

correspondence. As already described, this is exactly what seems to be happening
in Factor Three where the printed non-word is analysed (decoded) into its constituent
phonemes which additively produce the spoken non-word.
In naming the third factor it is noted that four out of five of the subtests which are
loaded onto this factor are concerned with phoneme deletion which is a fine-grained
type of analysis.
The fifth test which loads onto the third factor is also concerned with analysing a
printed non-word into its constituent sounds before it can be decoded. For these
reasons it is decided to call the factor the Phoneme Segmentation Factor.
At this stage it is apt to consider if Phoneme Segmentation is a potential latent
variable for dyslexia?
7.3.7 - Is the Phoneme Segmentation Factor a Potential Latent Variable for
Dyslexia?

Teachers of class subjects are confronted by students who appear to be intelligent
but who, nevertheless, are poor at reading and spelling. Learning Support Teachers
are fully conscious that many of these poor readers and spellers do not have
sophisticated phonological awareness. Dyslexics particularly may not understand
how, or be able to segment words into their smallest sounds in order to be able to
spell what they want to say.
Dyslexics have difficulty with phonemic segmentation because they find it difficult to
stop attending to the semantic value of running speech or words and to attend to the
phonological value instead. The most fine-grained level of phonological awareness is
phoneme awareness. In terms of level alone dyslexics have difficulty. They have an
added difficulty because of co-articulatory effects. In running language, words are
usually embedded in phrases and sentences, which in turn are embedded in whole
discourse. Consequently word-sounds are “overcrowded” by sounds which precede
and follow them.
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Besides having co-articulatory based difficulties which prevent the dyslexic child from
being able to distinguish phonemes, they are frequently unable to tell where sounds
occur in a word. For example, many dyslexics will not know where the /c/ sound
appears in the word ‘tractor’. Dyslexics have other phonological problems which can
cause them to feel isolated from their classmates. For example, they are usually
unable to play word games involving exchanging sounds from one location in a word
to another. They may be unable to reverse phonemes in a word (‘nip’) to produce a
different word (‘pin’). Similarly they are unable to exchange the initial phonemes of
successive words (‘Chuck Berry’) to give different words (Buck Cherry). They will
especially not be able to engage in Pig Latin games which bring a secret language to
“insiders” who can do it and enjoy it. Pig Latin involves taking the initial phoneme
from a word, placing it at the end of the word and then adding ‘-ay’. Thus snow would
become ‘nowsay’. Older children who are developing normally enjoy this ‘secret’
language. However, dyslexics can only watch from the sidelines.
Dyslexics are very poor spellers. They know what they want to say but they cannot
segment their desired words into phonemes in order to engage in transcription of
single phonemes to their corresponding graphemes. They experience this difficulty at
an early age. But their problem does not go away. They have persistent problems
right through secondary school. Indeed one of the accommodations offered to
dyslexic examination candidates is a grammar and spelling waiver. Their spelling
remains dysphonetic even into university for those who reach that level. University
lecturers experience the poor spelling of dyslexics on a regular basis. Gilroy and
Miles (1996) in their book Dyslexia at College offer advice to university lecturers on
dealing with such poor spelling.
The work of Bradley and Bryant (1978; 1983) sensitized teachers to the need to
address these phonemic segmentation deficits in dyslexia. Lundberg at al. (1980)
also contributed positively by sensitising teachers and suggesting therapy for
dyslexics in phoneme segmentation in a playful class setting.
Training in phonemic segmentation and categorisation can enhance phonological
awareness development to the extent that dyslexic children can make significant
reading and spelling progress. Hatcher, Hulme and Ellis (1994) also showed how to
bring ‘added-value’ to phonemic segmentation teaching. If concrete materials are
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used and the phonemes being taught or segmented are indicated or identified in
print in the environment, then children as young as first graders can make significant,
enduring, literacy gains. This multi-sensory approach is known to be especially
successful for teaching dyslexics.
Educational authorities are convinced that phonological and phonemic awareness
training fosters literacy development. Consequently such therapy has become part of
the curriculum especially for the Learning Support setting. Well-informed Learning
Support teachers build time into the curriculum which is specifically dedicated to
phonemic segmentation teaching in order to promote acquisition of the alphabetic
principle and develop reading and spelling accuracy.
For all the above reasons the phoneme segmentation factor is considered a potential
latent variable for dyslexia.
7.3.8 - Factor 4 - The Phoneme Segmentation Speed Factor

The six phonemic segmentation latencies all load onto the same factor. All variables
are measures of the automaticity of phonemic segmentation. For that reason they
load on Factor Four, which warrants the name Phoneme Segmentation Speed
Factor.
Many authors would view the speed of information processing as most important for
literacy acquisition, (Denckla & Rudel, 1976; Torgesen, 2001; Wolf, Bally, & Morris,
1986; Wolf & O'Brien, 2001). Their main preoccupation is with the reading fluency in
the interests of good levels of comprehension, which after all is the objective of the
reading process.
For the most part the Fourth Factor has a unique loading from the all latency scores
of the Phoneme Segmentation Tests. There are six timed tests in all, three involving
initial phoneme deletion, while the remaining three involved latency of final phoneme
deletion. The highest loading (.729) was from the Average Time for Correct
Responses in the Final Phoneme Deletion from a Final Consonant Cluster. This was
closely followed by an almost identical loading (.722) from Average Time for Correct
Responses in Initial Phoneme Deletion from an Initial Consonant Cluster. It is
interesting that these two tests have such similar loading. One test requires the
participant to shear off the initial phoneme from an initial consonant cluster leaving a
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word beginning with a consonant. The Final Phoneme Deletion Test requires the
deletion process but this time from the final consonant in a final consonant cluster.
Clearly these test latencies are tapping similar processes.
A similar pattern is seen in the latency loading for the Final Phoneme Deletion Non
word Remaining (.687) and Initial Phoneme Deletion Non-word Remaining (.675)
Test.

Clearly these entail similar test demands. The latency pattern loadings are

similar also for both Initial Phoneme Deletion: Real Word Remaining (.650) and Final
Phoneme Deletion: Real Word Remaining (.648).
Only the latency score (Phoneme Deletion of Final Consonant: Real Word
Remaining) did not have a unique loading. There was a secondary loading (.360) on
the Third Phoneme Segmentation Factor. Consistent with the theoretical discussion
earlier in the thesis, all latency scores for the Phoneme Deletion Tests load onto the
same factor and is therefore supportive of the fact that they are a valid measure of
this construct.
The six phonemic segmentation latencies all load onto the same factor as all
variables are measures of the automaticity of phonemic segmentation. As is clear
from the theoretical discussion on the PDH and the DAD/CC hypothesis as well as
the recent treatment of phoneme segmentation in the Third Factor, phonemic
segmentation is a key skill in acquiring the ability to read alphabetically. In terms of
learning theory, to be able to bring that skill to automatic levels is the goal; thus
cognitive processing capacity is not engaged in decoding/encoding but is available
for the global comprehension process. Automaticity brings skill to the procedural
level of knowledge and information processing. Many authors view the speed of
information processing as most important for literacy acquisition (e.g., Denckla &
Rudel, 1976; Torgesen, 2001; Wolf, et al., 1986; Wolf & O'Brien, 2001).
Since all latencies for the Phoneme Deletion Tests load on to the same factor, the
Factor may therefore be named the Phoneme Segmentation Speed Factor.
7.3.9 - Is the Phoneme Segmentation Speed Factor a Potential Latent Variable for
Dyslexia?

It is safe to argue that the Phoneme Segmentation Speed Factor is potentially a
latent variable for dyslexia. It is well-known that dyslexics process information slowly.
241

This slow processing in phonemic segmentation is evidenced every day in every
classroom and place where writing/spelling takes place. In the writing process
dyslexics are known to be very poor at spelling and produce work which is of a very
low level. Yet their oral discourse may be of normal standard. Dyslexics have trouble
processing heard words and they have difficulty segmenting even their own speech
at the level of its finest grain - at the level of the phoneme. They especially cannot
segment quickly at the phonemic level. Yet, that is what is required to write an essay.
They are expected to assemble ideas, put a structure on these, and elaborate the
structure and the ideas in an interesting way. Because dyslexics have trouble
segmenting words at the phonemic level and especially have difficulty segmenting
phonemes very quickly, they tend to write words and sentences that they can spell.
Thus, though they might use the word “enormous” or “gigantic” in oral discourse, in
their written work they may choose to write the word “big” simply because they can
spell it from visual memory.
In textbooks about dyslexia, readers are often shown samples of dyslexics’ written
work which may extend to a paragraph or two for, say, a ten year old dyslexic. It is
clear from an error analysis of their work that they are often unable to encode all the
sounds in a word. Also, any teacher/lecturer, who has given timed dictation or written
work to a dyslexic, will discover that dyslexics find timed exercise particularly
punishing. Dyslexics will need dictation to be repeated more than once as they
process the dictated material slowly probably due to slow phonemic segmentation.
Their free writing is no exception. Even though they know what they want to say they
segment their language slowly and thus encode it slowly. Consequently the volume
of their composition is low.
For the reasons stated above it can be argued that phoneme segmentation speed is
a potential latent variable for dyslexia.
An important development in therapy for dyslexics which is recently available to
schools is the Fast ForWord® programme (Merzenich, Jenkins, Tallal, & Miller,
1996) which addresses the known speed of phonemic segmentation and co
articulation deficits in dyslexics. Tallal has proposed for many years that speed of
processing of speech was difficult for dyslexics. She argued that it was the fast
transitions in speech which were problematic for them. Therefore the Tallal Team
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has produced a commercial programme to help dyslexics with rapid phonemic
transitions and segmentation. Essentially, the dyslexic is required to attend to words
which are temporarily elongated so that the phonemes are easily audible. When skill
levels of phoneme recognition are at an acceptable level, the inter-phonemic
transitions are shortened until that particular skill level is achieved. By tiny, timereduction gradations, dyslexics are taught to attend to phonemic transitions in words
at speeds which gradually approximate to those of normal discourse.
Research by Merzenich, Jenkins, Johnston, Schreiner, Miller, and Tallal, (1996) has
shown that dyslexic phonological awareness can be ameliorated by stretching the
transitions between speech sounds. Gradually, with slower elongated sound
transition, children can hear these sounds of words much clearer. This can lead to
amelioration of phonemic segmentation and phoneme transition speed.

From the

above it is clear that dyslexics have trouble with speed of phonemic segmentation.
Therefore it is potentially a latent variable for the condition.
7.3.10 - Factor 5 - Spatial Memory

Both Squirrel Memory Tests load almost equally onto Factor Five; Squirrel Memory
Forward loaded to a value of .646 and Squirrel Memory Reverse at .643. Several
authors (Pickering, Gathercole, Hall, & Lloyd, 2001) have called for the fractionation
of the visuo-spatial sketchpad (Baddeley, 1986) in S-TM. The spatial aspect of the
sketchpad deals with the ‘where’ of the sketchpad in working memory.

Squirrel

Memory, Forward, measures the ability to remember the location of items or events;
similarly Squirrel Memory, Reverse, requires the same memory process. However, it
possibly engages the Central Executive as it requires memory of a sequence of
locations but in reverse, a type of working spatial memory. Both Finger Localisation
Tests load onto the same factor.

Finger Localisation: Hand Hidden, Two Fingers

Touched condition yielded a loading of .634.

Finger Localisation: Hand Hidden,

Single Finger Touched loaded .606. These two tests are measures of vibro-tactile
sensitivity which is thought to engage the magnocellular system.

The Spatial

Memory Test (.513) is an experimental, highly stylised version of the Squirrel
Memory Test. It is possible that it too engages the magnocellular system. The Copy
Test (.417) is quintessentially a test of ability to reproduce figures, many of which
involved enclosed spaces. It requires visual attention to size, line distance, slope and
junction. For these reasons it, too, loads onto Factor Five. The Copy Test is viewed
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as a cerebellar test of visuo-motor coordination and control within cerebellar theory.
The cerebellum is a magnocellular structure. Because all tests appear to be
magnocellular/cerebellar in nature they load onto the same factor.

It is decided to

call Factor Five a Spatial Memory Factor. All of the tests in this factor, as well as
being Magnocellular/cerebellar in nature, challenge the visual attention and
localisation processes which are thought to be important in reading.
7.3.11 - Is Spatial Memory a Potential Latent Variable for Dyslexia?

There are important visual aspects to reading such as the subtle, visual details of
letter shape and order which must be identified.

In English, the multiplicity of

irregular spellings means that precise visual sequencing is important for reading.
Many dyslexics have problems reading irregularly spelled words because reading
these successfully requires accurate processing of their visual form. However, some
dyslexics have visual reading problems. They have unstable fixation problems with
their eyes. When some dyslexics are told to fixate on a letter, they ‘hunt’ around the
letter more than normally developing individuals. Some dyslexics also complain of
double-vision. This is known to be caused by convergence problems - the two eyes
function in a parallel fashion rather than converging on the target - hence the double
vision reported by dyslexics. Similarly, their processing of space is impeded by their
anomalous eye-pursuit movements. Importantly for reading, the binocular vergence
control of dyslexics is significantly less stable than in normally-developing children.
The stability of their visual perception during fixation in reading is compromised.
Consequently, dyslexics complain that words and letters seem to move around the
page, particularly in and out of the plane of the paper. Letters appear to merge and
cross over each other. Lines of print have been reported to fluctuate and move over
each other. Even apparent columns of print seem to alternate with seeming pillars of
print-free paper.
vision.

This independent, unintentional eye movement causes double

While this makes word reading difficult it is particularly damaging when a

child reaches the phonological alphabetic stage of learning to read. At this stage
s/he has to inspect each letter separately and sequentially in order to map sounds
onto it. If the letters are perceptually unstable this will be confusing and dyslexics’
decoding or sound mapping will be poor.

They will consequently make visual

reading errors. They sound out confused, overlapping letters and words with which
their unstable mind’s eye presents them.

Consequently they produce bizarre
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nonsense words. These dyslexics are usually better at phonological segmentation
than at visual analysis. Thus they are able to read regular words. They are unable
to recruit phonological skill to decode irregular words, which are generally not
conducive to decoding. These are produced by remembering their visual form from
orthographic memory. Because of unstable orthographic memory for the spelling of
irregular words, visual dyslexics who have an M-cell (spatial memory) problem may
tend to use their (stronger) phonological ability to spell the words phonetically. Thus,
teachers found that dyslexics may regularise the spelling of irregular words.

For

example, they may spell ‘experience’ as ‘egspiriens’.
The spatial memory processing problem impedes dyslexics’ ability to localise and
sequence all small targets.

Dyslexics are poor at locating small objects within a

small area and, importantly, they are inaccurate when deciding whether two lines are
oriented at the same angle. This can compromise their performance in Geometry,
Design, and Technical Drawing. In Art, if required to make a recurring pattern using
small objects in a given sequence, they may confuse the sequence.
The Spatial Memory deficit may be expressed in at-risk dyslexics when they are
learning the shapes of letters. Young at-risk dyslexics seem to take longer to learn
letter shapes and their letter names. Even when they are given letters to manipulate
in a haptic way they may fail to sense the size, edges etc. of the letters.

Infant

teachers, in addressing this problem, frequently resort to using letters made from
various materials which have a coarse surface grain, in order that the children can
sense the surface of these letters and in their letter formation, they can sense
direction of movement. Sandpaper letters can help this situation. Possibly, sensory
memory of the coarse grain of sandpaper aids the recognition of the letters from a
spatial perspective.
Children who have short-term spatial memory problems may also be compromised in
acquisition of arithmetic skills. They may be unsure as to place-value of digits and
may also be unsure about place-value in relation to the four mathematical
operations.

Their difficulties with knowing left from right can also add to this

mathematics-related difficulty.
Various therapies and specialised equipment may be used to address these
difficulties. Grids using columns for various place-values such as hundred, tens and
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units are commonly used in classrooms on a daily basis to make concrete
scaffolding techniques available to dyslexics to support them because of their spatial
memory difficulties.
Easing dyslexics’ spatial difficulties is of interest to educationalists.

Examination

boards offer solutions such as increasing the size of print and enlarging the spaces
between letters in examination papers in order to keep the ‘movement’ of adjoining
letters from breaching the ‘territory’ of neighbouring letters. Another solution which
appears to be particularly beneficial to children under ten years of age is left eye
monocular occlusion for up to four months.

It eliminates fluctuating double vision

thus eliminating letter or digit transposition.

This treatment appears to improve

binocular control permanently and helps children learn to read.

It also appears to

increase reading fluency.
For all the reasons stated above a Spatial Memory Factor seems to be a potential
latent variable for Dyslexia.
7.3.12 - Factor 6 - The Motor Speed Factor

The Six Prong Test is a measure of motor reaching-speed for the placement of
twelve cubes on a series of six prongs, and is thought to be a cerebellar test.
loads onto Factor 6 with a value of .702.

It

This is an experimental test, as is the

Dowel Placing Test, which is also a measure of motor reaching speed, and which
also loads onto this factor, with a value of .682. An exactly similar loading is found
for both RAN Tests (.424). Wolf and Bowers (1999) consider RAN Digits as a test of
Magnocellular function. Other authors, who are proponents of the PDH, would see it
as a test of speed of lexical access, as they do the RAN Objects Test.

It is

interesting that they load onto the same factor as the Prongs and Dowels Tests,
which are considered cerebellar tests. Possibly what these tests have in common is
engagement of the Magnocellular system through the motor speed aspect of their
execution. The Prongs and Dowels Tests are motor speed tests. However the RAN
Objects and Digits, while they are measures of the speed of lexical access, probably
within magnocellular function, obviously have an articulatory speed aspect to the
naming process.

For these reasons Factor Six may be called the Motor Speed

Factor.
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Motor speed is important in the acquisition of literacy. Nicolson and Fawcett (1999)
set out the ontogenetic causal chain to explain three criterial measures, how
cerebellar function can account for reading, spelling and writing performance.
Four subtests loaded in a strong to moderate manner onto Factor 6. The 6 Prong
Test had the highest loading (.702) while the Dowel Placing test loaded (.682) onto
the same factor. Both RAN Objects and RAN Digits had identical loadings (.424).
The RAN digits had a secondary loading on the First Factor (- .408).
All four subtests loading onto Factor 6 are motor latency scores and are closely
related to motor and cerebellar function. This is consistent with the theoretical
discussion in Chapter 2. This is therefore supportive of the fact that they are valid
measures of this construct.
There are theoretical reasons why these tests load onto the same factor.

The

Prongs Test requires the participant to reach into space, take a series of 12
perforated cubes, one at a time, and place them, under stress of speed, on a series
on 6 prongs, 2 to each prong. Likewise, the Dowels Test requires the participant to
reach into space, place 13 dowels, at speed, onto the slots on a heavy board. Again
this is thought to tap cerebellar function. Both RAN tests have an identical loading.
Both are tests of speed of lexical access. These RAN tests may be related to
magnocellular function in line with Wolf and Bowers (1999) who feel that the
alphanumeric nature of the (closed domain) RAN Digits is more likely to be a
magnocellular function test. Magnocells have large axons and are specially
structured for rapid processing. It is also true that the cerebellum is a magnocellular
structure. The connection with magnocellular function may be the reason why these
tests load onto the same factor. Another reason could be ascribed to the long loops
which stretch from the cerebellum to Broca’s area. This area can recruit the
associative areas in order to construct articulation programmes and the automaticity
required in such programming could be controlled by the cerebellum.
Developmentally, it is known that early manual and articulatory skills develop in step.
(Ramsay, 1984). In line with this, Locke (1993) speculates that the co-occurrence of
manual and articulatory milestones may be ascribed to early development of left
hemisphere cortical control over precisely timed muscular movements needed for
reaching and speech. It is possible that this linkage remains and that the two tests
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(Prongs and Dowels) which concern arm/hand motor-speed are possibly still linked
to oral speed function through magnocellular/cerebral function.
Since all four tests seem to be related in some way with motor speed of the arm (for
placing) or the articulators (for naming) it is therefore decided to name this factor the
Motor Speed Factor.
7.3.13 - Is the Motor Speed Factor a Potential Latent Variable for Dyslexia?

Dyslexics perform motor tests at a slower pace than normally-developing children.
For example their speech rate is slower which has a detrimental effect on their S-TM
span and subsequently, on reading skill. The slow articulation rate also negatively
affects how they recite tables. Dyslexics are known to be made miserable by such a
task and even teachers themselves devise ways to reduce the anguish of dyslexic
children in relation to learning tables.
Dyslexics often have difficulty in quickly naming objects. They use semantic
paraphasias and circumlocutions to name items, the names of which are already in
their L-TM. They seem to have an impaired timing mechanism rendering them
unable to name items rapidly.
Poor naming speeds affect reading fluency because slow speed is a symptom of
difficulty in automating the reading process and it points to an underlying impairment
in the way dyslexics’ vocabulary is laid down in L-TM.

They seem to be slow at

articulating the items they want to name. The speed of articulation problem affects
their ability to “sing off” tables and poems in their early school years. Saying tables is
the bugbear of many dyslexics who, even as adults do not ‘know’ or cannot recite
tables.
It is widely recognised that dyslexics produce a low volume of written work compared
to their peers. When their work is examined it is often found to be littered with
crossed out words, poor spellings and badly laid out phrases. Handwriting is often
found to be poor. When observing a dyslexic who is writing, especially if s/he has
motor problems, the writing instrument moves slowly across the page, even in the
case of older dyslexics. The muscle tension may be too high and the pen
consequently digs into the paper slowing the writer still more. Dyslexics frequently
omit words in their written work as the dyslexic’s thought process outstrips his motor
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processing in the hand’s pyramidal tract cells (voluntary motor system) which control
the script.
Timed tests and examinations are particularly punishing for dyslexics. Cognisance is
taken of this by the State Examinations Board and consequently extra time is allotted
to dyslexics who write and process slowly.
Because they have slow motor speed dyslexics cannot capitalise on the usual kind
of kinaesthetic learning which teachers use to help children bring any skill to
automatic levels. In normal circumstances spellings are learned, often by writing
them as well as spelling out the letters at speed. Dyslexic children may not be able to
keep pace due to slow motor speed. Their peers on the other hand, can with time,
bring spellings of individual words to procedural learning levels. Dyslexics therefore
do not automatise spelling to the desired level.
Their slow motor speed in writing means dyslexics show particular difficulty at dual
task processing when in normal circumstances they would be able to write
automatically.

They may be unable to listen with understanding while taking

adequate notes or they may be unable to concentrate on both the spelling and the
content of what they write. This also pertains to note-taking at college. Dyslexics may
not be able to listen and speedily take notes at the same time. Consequently,
disability officers may identify a note-taking “buddy” for dyslexics. An alternative is for
lecturers to provide notes through the intranet, so that dyslexics and others can listen
at lectures in the knowledge that notes will be provided.
Dyslexics have difficulty in setting up rhythm and maintaining it in music. They may
manage with one hand/finger involved in rhythm creation but alternating hand rhythm
and an asynchronous pattern are very often beyond them. Such disability can cause
dyslexics to feel isolated; they may be excluded from school musical performances
and bands/orchestras. This may be a great disappointment to them as this area of
school life would otherwise offer them a sanctuary from the academic stream of their
education in which they often do badly.
Dyslexics’ speed of reaction can also be slower than that of their peers. They may be
slower to come in on cue in musicals/stage performances. This can also be an
isolating factor setting them apart from class colleagues.
249

It is clear that dyslexics suffer the effect of poor motor speeds in their daily lives
which tend to isolate and possibly embarrass them. For this reason it is a potential
construct of dyslexia.
7.3.14 - Factor 7 - Balance

Both balance variables load almost equally onto the seventh factor. The One Foot
Balance: Single Test (.916) engages the cerebellar system and measures the
participant’s ability to maintain balance while fixating on a single red dot. The One
Foot Balance: Dual Test (.912) engages the same cerebellar process, but puts it
under additional strain as attention is engaged concurrently in a semantic judgement
test.
Certain authors (Fawcett & Nicolson, 1992; Nicolson & Fawcett, 1990; Yap & van der
Leij, 1994) argue that balance, a motor skill, is representative of a motor skill
automatization process. It is an example of cerebellar function in motor learning and
as such is a measure of the health of the cerebellar system. Since both Balance
Tests load on to the same factor it warrants the name Balance Factor.
7.3.15 - Is the Balance Factor a Potential Latent Variable for Dyslexia?

Parents, who closely observe their children, report balance problems in young
children who later turn out to be dyslexic. These children were slow in meeting motor
milestones. They may have been slow to sit up independently in their baby bed, and
must be propped up longer than their non-dyslexic siblings. Similarly, they were
slower to crawl. They “shuffled” on their bottoms for longer as they were slower to
stand. They “cruised” holding on to furniture for longer. Continuing with this motordelay, they walked later than their non-dyslexic siblings.

They failed to use a

scooter, as they had to stand on one leg only, while pushing themselves along.
Another reason why they failed to balance on a scooter is that when enough forward
momentum was built up, they were required to stand, with both feet close together
on the scooter, forming a very narrow base on which to balance while moving. In
play-parks they avoided balance-beam walking and they also eschewed walking on
asymmetric wooden log walls.
Many dyslexics have difficulty learning to ride a bicycle and learning to roller-blade is
also problematic. In fact some dyslexics never master cycling a bicycle.
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Teachers also report that dyslexics have balance problems. In the playground
dyslexics never volunteer to be the “blind man” in blindman’s buff as they appear to
need vision to maintain balance. They also avoid playing hopscotch in the school
playground as this requires balancing on one leg. Furthermore, they tend to fall more
easily than other children and may have difficulty regaining balance once they have
lost it. They prefer to walk/play on the tarred surface playground than an uneven
ground and they walk with shorter steps probably to control their balance problems.
Dyslexics’ balance does not improve much as they get older. Children in late
childhood and early adolescence continue to display balance

problems in

gymnastics class; they do poorly on beam balance in static and dynamic balance
and may never represent their school in gymnastics competition.
In all the behaviours mentioned above some dyslexics may evidence the balance
problems described. Thus, balance may be described as a potential latent variable
for dyslexia.

7.4 - Conclusion
This chapter described the Seven Factors which were extracted from the TEST-D
data set. It also described the factor loadings and the theoretical reasons for factor
loadings. Each factor was then named according to high factor loading. Finally it
was argued and evidence was offered, that each Factor may be a potential latent
variable for dyslexia.
The next chapter puts the factors to the test in 5 case studies.

It examines the

power of the factors in predicting the literacy scores of students who are performing
poorly in aspects of literacy close to their tenth birthday.
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Table 14 - Seven factor solution, with values lower than .3 suppressed.

Rotated Component Matrix - 7 Factor Solution - with values below .3 suppressed
Component
1

2

3

.460

Letter Sound Array: total no. fully and partially correct

.867

Letter Sound Array: Total number incorrect

-.866

Letter Knowledge: Lower case letter: Total

.801

Letter Knowledge: Upper case letter: Total

.790

Letter Sound Array: Total number fully correct

.724

Phonetic Spelling: Total Score

.616

.329

Alliteration: Total Score

.541

.470

Non-Word Completion, Phoneme level; Total Score

.482

.375

Initial Phoneme Deletion, NWR: No. correct within time

.470

Alliteration Oddity: Total Score

.468

6

7

.408

.466
.752

Rhyme Recognition 2: Total Score

.707

Rhyme Recognition Oddity: Total Score

.603

Timed Rhyme Generation: (Avg. No. Generated Items)

.559

Non Word Repetition: Total Score

-.536

Digit Span: FonA/ard, Total Score

.536

Word Segmentation Test 1: Total Score

.530

Initial Phoneme Deletion, RWR: No. correct within time

.522

Nursery Rhymes: Total Score

.480

Articulation Rate: avg. number of errors

-.451

Phoneme Del. FinCons, RWR: No. correct within time

.752

FinPhonemeDel - FinConClus: No. correct within time

.729

Final Phoneme Deletion - NWR: No. correct within time

.697

Initial PhonDel, InitialConClus: No. correct within time

.592
.384

5

.367

Rhyme Recognition 1: Total Score

Non-Word Reading Total

4

.568

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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Rotated Component Matrix - 7 Factor Solution - with values below .3 suppressed
Component
1

2

3

4

Final Phoneme Deletion from Final ConClus: Avg time

.729

Initial Phoneme Deletion, Initial ConClus; Avg time

.722

Final Phoneme Deletion - NWR: Average time

.687

Initial Phoneme Deletion, NWR: Average time

.675

Initial Phoneme Deletion, RWR: Average time

.650

PhonemeDel. FinCons, RWR: Average time

-.360

5

.646

Squirrel Memory: Reverse total score for all levels

.643

Finger Localisation: hand hidden - 2 fingers touched

.634

Finger Localisation: hand hidden-single finger touched

.606

Spatial Memory Test 1: Forward Total Score

.513
.374

.417

6 Prong Test 1: time for 12 cube placement

.702

Dowel Placing Test 1: B(b) Speed of Dowel Placement

.682

RANObjects2:Total Score

.424

RAN Digits Test 2: Total RAN Digits Score

-.406

7

.648

Squirrel Memory: Forward total score for all levels

Copy Test: Total Score

6

.424

Balance Test: Total One Foot, Dual Test Score

.916

Balance Test: Total One Foot Balance, Single Test

.912

Extraction Method: Principal Component Analysis.
Rotation Method: Varimaxwith Kaiser Normalization.
a. Rotation converged in 7 iterations.
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Chapter 8 - Five Case Studies
8.1 - Introduction
Figure 1 on page 1 of this thesis illustrates that the project to develop the Trinity
Early Screening Test for Dyslexia (TEST-D) is a multi-phase process.

Earlier

chapters of this thesis describe the processes dedicated to designing, illustrating and
developing the theoretically based subtests, piloting these subtests and developing a
refined and reduced screening battery.

Phase 1 of TEST-D involved the battery

being administered in a National Study to 1041 four to seven year old participants in
163 schools all over Ireland. Data were harvested and analysed. The final process
in Phase 1, described in Chapter 7, involved a Principal Components Analysis (PCA)
of the TEST-D data set.

A 7 Factor solution was considered acceptable from a

theoretical and statistical perspective.

There followed a discussion on the factor

naming, factor loading strength of individual sub-test scores and the possibility that
each factor may be a latent variable for dyslexia.
Phase 2 of the TEST-D project involved a predictive validation study. Phase 2 took
place from 2008 to 2010 as each participant approached his/her tenth birthday.
Skilled sessional and supervising psychologists were employed to perform a
cognitive and literacy assessment of those 861 participants whose parents, following
informed consent, allowed them to remain in Phase 2 of the study.
The subject of this chapter is case studies based on five participants from the
validation sample. They will have sub-test scores from Phase 1 and cognitive and
academic achievement scores from Phase 2. The performance of each of the five
cases will be considered from the perspective of their cognitive learning potential and
their literacy achievement at about ten years of age.

The possibility that their
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cognitive status and literacy achievement could be explained by their factor scores at
four, five or six years will then be discussed.
8.1.1 - Cognitive Assessment

For measuring cognitive ability the Wechsler Intelligence Scale for Children - Fourth
UK Edition (WISC-IV^'^) was the test instrument of choice as it is widely used by Irish
educational psychologists in schools for measuring learning potential. In the TESTD validation process five measures of learning potential were taken using the WISCIV. These were:
1. Full Scale IQ/General Ability Index (GAI)
2. Verbal Comprehension Index (VCI)
3. Perceptual Reasoning Index (PRI)
4. Working Memory Index (WMI)
5. Processing Speed Index (PS!)
8.1.2 - Academic Achievement Assessment

The Wechsler Individual Achievement Test -

Second UK Edition (WIAT-II^^)

(Wechsler, D. 2005), was chosen to measure academic achievement.

It was

selected because it is widely used by Irish psychologists. It also has an important
strength in that it has been co-normed with the WISC-IV and thus offers the potential
for discovering discrepancy between learning potential and actual academic
achievement.
Measures of academic achievement were taken through administration of the
following WIAT-II subtests:
1. Word Reading
2. Reading Comprehension
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3. Pseudo-word Decoding
4. Spelling
5. Written Expression
6. Listening Comprehension
7. Reading Speed
With regard to the WIAT-II*^^, there was a reservation concerning the Reading
Comprehension subtest in relation to its sensitivity.

Anecdotal evidence from

practising educational psychologists indicated that this was a difficult task especially
for poor readers and that it may not be adequately measuring their Reading
Comprehension.

To manage this risk the Sentence Comprehension Test (Blue

Form) of the Wide Range Achievement Test, 4^^ edition, (WRAT4) (Wilkinson &
Robertson, 2006), was also used to measure reading comprehension.
8.1.3 - The Validation Process

The cognitive and achievement measurement data which were secured by the
psychologists was transformed into an SPSS file. The psychologists also gathered
demographic data from interviews with parents prior to the psycho-educational
assessment.

This was also entered in an SPSS file, together with the TEST-D

subtest data and Factor scores from Phase 1 of the TEST-D project. The body of
data was to be subjected to multivariate multiple regression analysis for each age
group to test the strength of the prediction between factor scores and four measures
of literacy i.e. WIAT-II Reading Standard Score, WIAT-II Spelling Standard Score,
WIAT-II Comprehension Standard Score, and WRAT-4 Comprehension Standard
Score. Other measures were also taken. However due to thesis limitations only the
standard scores of the 4 subtests named above will be discussed here.

(The
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aforementioned multivariate multiple regression analyses have already been carried
out and will be published elsewhere).
With cognitive and achievement data on over 800 participants secured, it may be
interesting to randomly select some of these participants for case study with a view
to (a) focussing on their literacy achievement close to their tenth birthday and (b) to
considering how well the seven factors performed in predicting their literacy
achievement at 4, 5 or 6 years. But first it is useful to state the variance explained by
each factor (see Table 1).
Table 15 - Factor Names and % of Variance Explained

Factor Name

% Variance Explained
30.7

Factor 1: Visual Verbal Correspondence
Factor 2: Rhynne/Memory

7.2

Factor 3: Phoneme Segmentation

5.3

Factor 4: Phoneme Segmentation Speed

4.2

Factor 5: Spatial Memory

3.8

Factor 6: Motor Speed

3.3

Factor 7: Balance

2.7

The Visual-Verbal Correspondence Factor explains 30.7% of the variance. This is
an important factor.

The variables which load onto this factor appear to be

concerned with visual-verbal correspondence which is a key process in literacy.
Since the first factor explains so much of the variance the sub-tests which load on to
it have the potential to explain the poor performance of dyslexic students in literacy.
The Rhyme/Memory Factor explains 7.2% of the variance. The variables which load
onto this factor are all concerned with long- and short-term memory for sounds. The
Phoneme Segmentation Factor explains 5.3% of the variance.
Segmentation Speed Factor explains 4.2% of the variance.

The Phoneme

The Spatial Memory
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Factor explains just 3.8% of the variance.

The Motor Speed Factor explains just

3.3% of the variance. The Balance Factor explains just 2.7% of the variance.
It is interesting to examine cases of students who have poor literacy performance
and to examine how well these factors, and the variables which load on them, can
explain the literacy achievement of students aged about 10 years.
8.1.4 - Case Study Selection Procedure
Three 5 year olds were selected to represent one each of lower IQ, average IQ and
higher IQ.
performance.

This would facilitate a discussion of the role of IQ in sub-test
The selection procedure also allowed for selection of children of

average intelligence but differing in age. Thus one 4, 5 and 6 year old of average IQ
was randomly selected in order to examine the role of age/development on subtest
performance.

The 5 year old of average IQ was common to each of these two

groups.
The five case studies are presented below.
8.2 - Five Case Studies
8.2.1 - Case Study 1: EB
EB is male, in fourth class and was aged 9 years and 9 months when he became a
participant in the TEST-D validation process.

Prior to the psycho-educational

process at his school, EB’s mother provided the following details to the administering
psychologist.
8.2.l.a - Background details

EB is the younger of two children. EB’s mother described her pregnancy with EB as
full term. She experienced a normal birth. He suffered from colic as a baby and did
not sleep normally for 10 months. EB reached all developmental milestones within
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normal limits. His mother reported that EB’s sight and hearing are normal and his
general health is very good as is his linguistic, social and emotional development.
There is no reported history of literacy difficulties in EB’s immediate or extended
family.

EB is not in receipt of learning support and has not been previously

assessed.
EB’s mother teaches music in a part-time capacity outside the home. She left full
time education at 18 years after her Leaving Certificate.

However she regularly

attends further education classes including classes in parenting, computers, painting
and interior design. EB’s father is a full-time factory worker.

His job has a heavy

reading requirement. He left full-time education at 17 years of age after his Junior
Certificate. He attends computer classes in further education.
The psychologist reports that EB is of average height for his age and is well built.
Throughout the assessment EB attended and co-operated well. Good rapport was
established between participant and psychologist. He worked diligently and was well
motivated throughout the assessment.

The psychologist considers that the

measures taken are a good representation of EB’s ability and achievements.
8.2.l.b - Cognitive Assessment ofEB

The 10 core subtests of the WISC- IV were administered to EB. His performance in
these subtests is set out in Table 16 below.
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Table 16 - WISC-IV 10 core subtests organised according to index measured, skill measured, EB's scaled score and ability
range. Index standard scores and Full Scale IQ are also shown for EB

WISC-IV
Index
names,
Index
Standard Scores and
Percentiles
Verbal Comprehension Index
(VCI)

Subtest name

Scaled score
(minimum 1,
maximum
19)

Similarities

15

Vocabulary

8

Comprehension

11

Ability
Range

Ability measured
Verbal reasoning and concept
formation; ability to classify
and categorise words
Ability
to
define
words;
learning ability and long term
memory
Understanding of social rules,
verbal common sense

VCI Standard Score = 106
(66’^ percentile)
Perceptual Reasoning Index
(PRI)

Memory

Index

Block Design

8

Picture Concepts

14

Matrix Reasoning

11

Non-verbal
deductive
reasoning; working from a
whole to its component parts
Abstract
and
categorical
reasoning ability
Visual information processing;
abstract reasoning skills

Speed

Index

Average

Average
Superior
Average
Average

Digit Span

11

Letter
Number
Sequencing

10

Auditory Sequential Memory;
Working Memory
Sequencing ability; Short term
and working memory; auditory
memory

WMI Standard Score = 102
(55'^ percentile)
Processing
(PSI)

Average

Average

PRI Standard Score = 106
(66*'' percentile)
Working
(WMI)

Superior

Average
Average

Average

Coding

5

Symbol Search

9

Visual Scanning; hand-eye
co-ordination
Speed of visual search; visual
discrimination

Borderline
Average

PSI Standard Score = 83
(13"’ percentile)

Low Average

Full Scale IQ Standard Score
= 102 (55'^ percentile)

Average

8.2.1.C - Wise - IVperformance discussion

An examination of EB’s performance on the WISC-IV ten core sub-tests indicates
that he performed in the Average range in all indices except that of Processing
Speed.

His Verbal Comprehension Index (VCI) was 106 (66^^ percentile).

Perceptutal Reasoning Index (PRI) was also 106 (66*^ percentile).

His

EB’s Working

Memory Index (WMI) was 102 (55^^ percentile). His Processing Speed Index (PSI)
was 83 (13^^ percentile) which is in the Low Average range. There are 2 sub-tests
within the PSI.

On one of them, Symbol Search, EB earned a scaled score of 9
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which is in the Average range. In contrast the Coding sub-test indicates processing
weakness for EB with a scaled score of 5 which is in the Borderline range. The
Coding sub-test is a test of short-term visual memory, horizontal and vertical ocular
movement, visual scanning and hand-eye co-ordination, under pressure of time.
These skills are frequently used in the classroom. Poor levels of this speed and skill
may cause difficulty for children who are dyslexic.

The effect of the poor Coding

performance reduces the processing speed to the Low Average range.

Slow

processing speed may be responsible for dyslexic type difficulties.
A Full Scale !Q Score (FSIQ) of 102 was earned by EB based on his sub-test scaled
scores. This score is in the Average range and at the 55*^ percentile.
8.2.l.d - Academic Achievement Assessment

Since the WISC-IV and the WIAT-II are co-normed it is possible to predict the WIATII language and literacy scores which EB should achieve from his FSIQ score of 102.
The predicted standard scores expected in the literacy and language tests
administered to EB range from 102 to 104.

When EB was administered the 7

literacy and language subtests of the WIAT-II his actual standard achievement
scores range from 85 to 102. These are set out in Table 17 below.
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Table 17 - EB's predicted and actual WIAT-II scores, levels of significance and frequency of difference in the normative
sample. EB's WRAT4 Reading Comprehension score is also shown.
Frequ ency

W IA T-II

of

W IA T-II

W IS C -IV

A ca d e m ic

W IA T-II

C ritical

A cade m ic

A b ility

ach ie vem e nt

Actual

values at

S ignifican t

ach ie vem e nt

S tandard

predicted

S tandard

th e . 01

status

s ub test

Score

s tan dard

S core

level

D ifference

D ifference
in
N orm ative
S am ple

score

Word Reading

102

104

85

19

7.95

Yes

4%

Reading

102

104

100

2

8.83

No

>25%

Spelling

102

103

87

16

8.52

Yes

10%

Pseudo-word

102

103

92

11

7.54

Yes

15-20%

102

102

101

1

8.53

No

>25%

102

104

102

2

12.68

No

>25%

102

103

93

10

8.92

Yes

>25%

—

103

Comprehension

Decoding
Written
Expression
Listening
Comprehension
Oral Expression
WRAT4 Reading

—

—

Comprehension

Due to pressure of word restriction in this thesis only the literacy and language sub
test scores which show a significant deficit between predicted and actual literacy
scores, and occur with a frequency of less than 20% will be discussed, as they
indicate Specific Learning Difficulty (Dyslexia).

As is clear from Table 17 the

subtests which show significant discrepancy are Word Reading, Pseudo-word
Decoding and Spelling.
8.2.l.e - Word Reading

In the Word Reading sub-test EB was required to read 35 isolated words of
increasing difficulty. He made 15 errors. An analysis of EB’s errors indicates:
•

visual sequencing errors {desing for design, choir for unique - the latter error
suggests that EB began with the word-segment 'give'according it a hard I d sound
followed by a long / sound and made a visual error calling the ‘n' an Irl sound)
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•

letter omissions {smudee for smudge, oxgen for oxygen)

•

visual error / letter confusion {columer for column - here again EB appears to
visually confuse ‘n’ for /r/)

•

lack of letter sound knowledge {ratem for rhythm - lack of knowledge of /// sound
for y )

•

stress errors {ager for ajar, apolegee for apology, depute for deputy, pateetic for
pathetic)

•

final letter processing failure {cutleer for cutlery, cleans for cleanse)

•

medial-word processing error {photograph for phonograph) - this appears to be a
visual search failing with EB guessing the more common word.
In the Word Reading subtest it was predicted from his FSIQ standard score that EB
would earn a standard score of 104.

He actually earned a standard score of 85.

The discrepancy between predicted and actual achievement standard scores is 19
which is significantly larger than the critically significant score of 7.95. This 19-point
discrepancy occurs in the normative sample with a frequency of 4%. This indicates
that EB has a significant Specific Learning Difficulty in Word Reading (Dyslexia).
8.2.1 .f- Reading Comprehension

The Reading Comprehension sub-test involved reading four passages which were
timed. The combined latency for these passages was 311 seconds. This latency
exceeds the 222-second latency required to categorise a reader as belonging to
Quartile 1 or the very slowest group of readers.
8.2.1.g - Pseudoword Decoding

EB was required to read 55 pseudo-words in an attempt to determine his
phonological decoding ability.

Pseudo-words do not have a lexical address and
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must generally be read by phonological decoding.

Of the 55 pseudo-words, EB

decoded 30 correctly. An analysis of his errors indicates difficulty with, or lack of
knowledge of:
•

vowel digraphs {snee for snay, doree for droy, clat for clait. bron for broan, gluet
for gloat)

•

short vowel sound confusions {clutch for clotch)

•

consonant blends {doree for droy, inferictin for infrections)

•

long/short vowel confusion {cheed^or ched)

•

long vowel word visual patterns {fid for fide, jod for jode)

•

sequencing errors {fild for flid, tellreticy for tellitry, imotinion for imotional)

•

syllable synthesis {mudg-er for mudger)

•

consonant insertions {stribe for stibe)

•

consonant digraph confusions {chef for shafe)

•

visual errors {and for cind)

•

“foreign” morpheme difficulty {osti for ostique)

•

/s/ IshI confusion {retasment for retashment)

•

Word-medial letter omissions {unfrdig for unfrodding. racini for rastinity, tomigley
for tomingly)
EB did not attempt to decode the pseudo-words hefle and cefe.
In the WIAT-II Pseudoword Decoding subtest it was expected that EB would achieve
a standard score of 103 based on his FSIQ. He actually achieved a standard score
of 92.

This 11-point discrepancy is significant at the .01 level as it exceeds the

critical score of 7.54. A discrepancy of 11 occurs in the normative sample with a
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frequency of 15% to 20%.

This indicates that EB is experiencing a significant

Specific Learning Difficulty in Phonological Processing.
8.2.1.h - WIAT-IISpelling

EB was required to spell 20 words of which he spelled 11 correctly. An analysis of
EB’s spelling errors indicated difficulty with:
•

homonyms {now for know)

•

maintaining ‘hard’ /g/ {gess for guess)

•

phonetic spelling {ruf for rough, whisi for whistle, dezine for design, eser for easier)

•

visual memory errors {count for couldn't, streth for strength)
Based on his FSIQ score, in the WIAT-II Spelling sub-test it was expected that EB
would earn a SS of 103.

He in fact earned an actual SS of 87.

This leaves a

discrepancy of 16 which is significantly larger than the critically significant score of
8.52 (p< .01).

This 16-point discrepancy occurs in the normative sample with a

frequency of 10%.

This indicates that EB has a significant Specific Learning

Difficulty or Dyslexia in Written Language (Spelling).
The above analysis of EB’s performance at 9 years 9 months on WIAT-II Word
Reading, Reading Speed, Pseudoword Decoding and Spelling indicates that he is
performing significantly below his appropriate levels in these vital literacy areas. It is
interesting to ask if his performance at 9 years 9 months could be predicted by his
performance on the TEST-D subtests.
subtests were administered to him.

EB was 4 years 6 months when these

His scores were entered into the TEST-D

database with the scores of the other participants.
In order to examine the possible predictive potential of each variable within each
factor, the factor loadings and EB’s raw scores are set out in Table 18 together with
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the mean total cohort score and the mean for the 4 year olds group. These are
arranged according to their factor loading.
Table 18 - EB's subtest raw scores, 4 year olds' group subtest mean scores, and total cohort subtest mean scores
arranged according to factor loading

Factor
1
Variables:
Correspondence

Visual

Verbal

Letter Sound Array: Total number fully and
partially correct
Letter Sound Array: Total number incorrect
Letter Knowledge: Lower Case Total
Letter Knowledge: Upper Case Total
Letter Sound Array: Total Number fully correct
Phonetic Spelling
Alliteration: Total score
Non Word Completion at the Phoneme Level
Total Score
Initial Phoneme Deletion Non Word Remaining:
Number correct within time
Alliteration Oddity: Total Score

Variable
loading

EB’s
variable raw
score

.867
-.866
.801
.790
.724
.616
.541
.482

14
9
14
12
11
11
6
n/a

.470
.468

n/a
4

Variable mean
score: 4 year
olds

Total
cohort
mean
score

11.37

17.54

14.42
14.28
13.09
8.50
12.22
4.47

8.40
19.99
19.92
12.47
21.93
6,79

n/a 1.92*

4.36

n/a 2.25*

3.59

5.77

7.20

7.36
9.18
4.46
3.23
15.24
5.99
4.02

8.41
9.96
5.54
4.47
11.42
6.80
4.99

n/a 3.92*

4.42

7.96
3.77

8.27
2.87

2.17
1.64

3.05
2.57

4.30

5.37

Factor 2 Variables: Rhyme / Memory Factor
Rhyme Recognition 1: Total
Rhyme Recognition 2: Total
Rhyme Recognition Oddity: Total
Timed Rhyme Generation: Average number
Non Word Repetition Total
Digit Span: Forward Total
Word Segmentation: Total
Initial Phoneme Deletion Real Word remaining:
Number correct within time
Nursery Rhymes
Articulation Rate: Average Number of errors
Factor 5 Variables: Spatial Memory Factor

.752
.707
.603
.559
-.536
.536
.530
.522

Squirrel Memory Forward Total
Squirrel Memory Reverse Total
Finger Localization Hand Hidden: 2 fingers
touched simultaneously
Finger Localization Hand Hidden: Single finger
touched
Spatial Memory Task
Copying Test: Total
Factor 6 Variables: Motor Speed Factor

.646
.643
.634

6 Prong Test: Total Time
Dowel Placement Speed
RAN Objects
RAN Digits
Factor 7 Variables: Balance Factor

.480
-.451

6
8
5
2
8
6
5
n/a
8
0.33

2
2
5

,606

7.45

8.16

.513
.417

9
4
6

5.42
6.31

7.25
7.89

.702
.682
.424
.424

36.7s
38s
72s
103s

36.97s
36.93s
71.27s
59.83s

32.39s
32.56s
60.82s
43.73s

5.88
4.61
One Foot Balance: Single Task Score
.916
19.5
6.82
5.45
One Foot Balance: Dual Task Score
.912
17.5
*According to the test administration protocol 4 year olds were not to receive phoneme level subtests. Some test
administrators administered phoneme level tests to 4 year olds despite instruction to the contrary. Hence the availability
of a mean group score for this age group.

8.2.1A Factor 1: Visual-Verbal Factor - Variable Predictive Potential
-

From their loading on the common Visual-Verbal Correspondence Factor it is
expected that the Factor 1 variables will vary together. However that is not the case
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when the inter-variable raw scores of EB are compared.

From an examination of

Table 18 it can be clearly stated that EB’s raw scores on each variable are lower
than the mean for the whole cohort on each of these variables. However the same
cannot be said when EB’s score on each variable is compared to the mean for the 4
year olds on that same variable. (Two variables in this Factor are not considered as,
by design, the 4 year olds were not to receive the Non-word Completion at the
Phoneme Level sub-test or the Initial Phoneme Deletion test.

However some

teachers administered these subtests to 4 year olds despite the administration
protocol).
Table 18 indicates that in some cases EB’s raw score is superior to the 4 year olds’
mean score for that sub-test (14 versus 11.37 for Letter Sound Array: total fully and
partially correct; 6 versus 4.47 for Alliteration; 11 versus 8.50 for Letter Sound Array:
Total Number Fully Correct). EB knows more letter sounds than the mean for his
group as he got only 9 items incorrect whereas the mean number of letters not
known by his peers was 14.43. It is possible that EB was taught extremely well in
Letter Sounds and Alliteration in Junior Infants thus explaining his higher sores.
These scores are not, therefore, good predictors of EB’s literacy difficulty.

EB’s raw

scores for other sub-tests were lower than those same sub-test mean scores for the
4 year olds. For example, 12 versus 13.09 for Letter Knowledge Upper-Case Total,
11 versus 12.22 for Phonetic Spelling and 4 versus 5.77 for Alliteration Oddity.
Letter Knowledge Lower-Case Total is also marginally lower (14 versus 14.28).
It is worth considering those sub-tests on which EB scored lower than his group
mean and examining them as possible predictors of dyslexia.

For example EB’s

performance on Phonetic Spelling (loading .616) is already lower than that of his
peers at 4 years of age. His encoding difficulties may be pointing to difficulties to
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come. At 9 years 9 months there is a 19-point discrepancy between expected and
actual WlAT-jj Spelling scores.

An error analysis of EB’s WIAT-II Spelling

performance revealed that he made phonetic spelling errors and a homonym error
when he chose to spell knew as new.

In this case poorer visual-verbal

correspondence in the 4 year old EB’s Phonetic Spelling pointed to later difficulties
with spelling.

Phonetic spelling requires the writer to segment the sounds of a

regular word in order to encode it. Thus EB’s Alliteration Oddity score (loading .468)
may also be pre-empting EB’s poor standard score in WIAT Spelling in that the
alliteration oddity process also involves segmentation.

In the case of both Letter

Knowledge Upper- (loading .790) & Lower-Case (loading .801), these sub-test
scores were also poorer for EB than for his peers at 4 years of age. These poorer
scores may be heralding the kind of difficulties seen in some WlAT-ll Pseudoword
Decoding errors for example in the vowel sound confusion error clutch for clotch.
EB’s lack of knowledge of the letter y in Letter Knowledge Upper- & Lower-Case at 4
years of age is robust in that it is still absent at 9 years 9 months. For example in
Word Reading he omits the y in oxygen (oxgen) and confuses it with the sound /a /
(ratem) for rhythm. Neither does he know its sound in cutlery.
In the case of EB his sub-test scores fail to vary together. Those that are lower than
the group scores could arguably be predictive of his dyslexic difficulties.

The

predictor potential for Factor 1 is limited however.
It must be remembered that literacy and language difficulties differ across dyslexics.
Not all dyslexics have phonological difficulties.
phonological difficulties.

Some dyslexics may have limited

EB is clearly capable of learning some visual-verbal

correspondence as his Letter Sounds were superior to the group mean. However
the preponderance of EB’s reading and pseudoword decoding errors relate to
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probable visual-type errors. Therefore it will be argued later that the visual memory
sub-tests of Factor 5 may offer a more valid explanation of EB’s literacy performance
at 9 years 9 months of age.
The performance of EB on Factor 2 Rhyme/Memory sub-tests and their status of
varying together are considered next.
8.2.1.) - Factor 2: Rhyme/Memory Factor

A comparison of the mean scores for 4 year olds and the total cohort indicate that
the former are lower than the latter for all variables as in the Visual-Verbal
Correspondence Factor.

Again there appears to

be a dichotomy in the

Rhyme/Memory Factor for EB. Of the 9 sub-tests which were administered to 4 year
olds (the Initial Phoneme Deletion -

Real Word Remaining was not to be

administered to 4 year olds) 3 of the 4 Rhyme sub-tests vary together if EB’s
performance is considered compared to that of his 4 year old peers. EB’s sub-test
scores are inferior for Rhyme Recognition 1 (6 versus 7.36), Rhyme Recognition 2 (8
versus 9.18), Timed Rhyme Generation (2 versus 3.23).

Only his Rhyme

Recognition Oddity is marginally better (5 versus 4.46).
In EB’s case the sub-tests which have a strong memory aspect appear to vary
together in that his performance on these tests is superior to the mean scores for
those of his peer group.

He made only 8 repetition errors compared to his peer

group’s 15.24. He also makes fewer articulation rate errors (0.33 compared to 3.77).
Word Segmentation (5 versus 4.02) is better while Nursery Rhymes (8 versus 7.96)
and Digit Span (6 versus 5.99) are marginally superior.
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Thus there appears to be a fault-line in the Rhyme/Memory Factor with EB having
poorer Rhyme sub-test scores and superior memory scores compared to this group
peers.
The poorer rhyme score at 4 years of age is not consistent with the WIAT-II Word
Reading errors made by EB, as his errors on the latter test relate to irregular words
which usually are recognised by visual memory rather than by analogy. Reading by
analogy, it is generally argued, supports reading of regular words. However the poor
rhyme scores offer data consistent with the poor WIAT-II pseudoword decoding
errors which are more or less open to reading by analogy.

For example being

unsure of the peak and coda sound pattern of ‘day’ or ‘boy’ may make it less likely to
lead to the visual memory for the respective letter patterns involved in each word
and thence would make it less likely that WIAT-II pseudowords such as ‘snay’ and
‘droy’ would be correctly decoded.
With regard to the sub-tests which have a short-term memory aspect to them and
which indicate superior performance by EB when compared to his peers, these offer
data consistent with EB’s average working memory index of 102. The Digit Span
test is common to TEST-D and to WISC-IV at 9 years. This average WISC-IV score
is consistent with the cognitive difficulty in Coding (Borderline score of 5 on a scale
of 1 to 19) and EB’s score of 6 compared to his 4 year old group mean of 5.99.
There is a dichotomy in the capacity of the sub-tests which load on the
Rhyme/Memory Factor to vary together. Generally speaking the rhyme sub-tests covary and offer data consistent with some of the WIAT-II Pseudoword Decoding
performance of EB. The sub-tests with a short- and long-term memory aspect also
tend to vary together in that they have superior scores compared to the mean. The
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Digit Span in particular is consistent with the average range Working Memory Index
score of EB 5 years later.
The Phoneme Deletion sub-tests which loaded onto the Phoneme Deletion Factor
(Factor 3) and the Phoneme Deletion Speed Factor (Factor 4) were not, by design,
to be administered to 4 year olds including EB. Some teachers administered them to
a limited number of 4 year olds which accounts for the (shaded) mean score in Table
18 in the previous chapter. These sub-tests were not administered to EB and will not
be considered here.
In the following considerations of factors it will be argued that performance in the
sub-tests which load onto these factors are consistent with the kind of literacy and
language difficulties experienced by EB five years later.
8.2.l.k - Factor 5: The Spatial Memory Factor

An examination of Table 18 indicates that the 4 year olds’ mean scores are lower
than those of the total cohort.

It also indicates that EB’s scores for the variables

which load onto the Spatial Memory Factor do not vary together. His scores for 3
variables are lower than the mean score for 4 year olds in Squirrel Memory Forward
(2 versus 2.17), Spatial Memory (4 versus 5.42) and Copying Test (6 versus 6.31).
EB’s scores on the remaining subtests are superior to the mean group score for
these tests. The poorer performance of EB on Squirrel Memory Forward, Spatial
Memory and Copying are consistent with the literacy difficulties EB experienced at 9
years 9 months.
These sub-tests are possibly theoretically magnocellular in nature.

Research

presented in Chapter 2 indicates that some dyslexics have faulty magnocellular
systems which can affect any body modality. The visual magnocellular system of
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some dyslexics has been shown to have a disordered magnocellular function
especially for location. Having a poor sequential memory for the (visual) location of
objects at 4 years of age may evolve into poor sequential memory for the
orthographic pattern in words especially irregular words. Poor (magnocellular) visual
function may also lead to double vision and disordered perception. This has been
cogently argued by the Oxford Group (e.g., Stein & Fowler, 1981, 1985).

Letters

may appear to drift on the page and cause misreading of words. Line junction may
be perceptually compromised. Such visual perceptual difficulties may well account
for the poor Word Reading and

Pseudoword

Decoding evidenced in EB’s

performance on WIAT-II subtests. It may also explain the Spelling errors of EB.
When discussing and analysing EB’s Word Reading performance at 9 years it was
found that he made 7 categories of errors.
arguably magnocellular visual-type errors.

Five of these error categories are

These were visual sequencing errors

(e.g. desing, for design), letter omissions (e.g. oxgen for oxygen) visual error/letter
confusion (e.g. columner for column), final letter processing failure (e.g. cutleer for
cutlery), medial-word processing error (e.g. photograph for phonograph - possibly a
visual search error).
Visual type errors were also to be found in EB’s WIAT-II Pseudoword Decoding and
are consistent with poor visual memory scores at 4 years.

For example the

consonant blend error may have been caused by letter drift in doree for droy with the
‘o’ drifting from the post-r position to pre-r position. A very good example of letter
drift is shown when EB said 'and' for ‘cind - here the c and / of cind drifted together
to make ‘and'. This is possibly a magnocellular difficulty. EB also made medial-word
letter omissions (e.g. unfrdig for unfrodding).
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Visual-type sequential errors at 4 years of age are consistent with EB’s poor
performance in WIAT-II Spelling at 9 years 9 months. Clearly EB has a tendency to
spell phonetically and produced errors which showed that he is capable of
sound/symbol conversion.
working well.

In connectionist parlance his phonetic processor is

However, the same cannot be said for his orthographic (visual)

memory for spelling especially for irregular words {new for knew, gess for guess, ruf
for rough, whisi for whistle, streth for strength). Thus spatial sequencing errors at 4
years are consistent with poor visual sequential memory in WIAT-II spelling
performance 5 years later.
EB performed poorly compared to peers on three of the variables which loaded onto
the Spatial Memory Factor. It was argued that these three tests possibly involved
magnocellular (visual) function which may be disordered in EB at 4 years and are
consistent with his poor performance in Word Reading, Pseudoword Decoding and
Spelling at 9 years of age.
8.2.1.1 - Factor 6: M otor Speed Factor

Table 18 indicates that the 4 year olds’ mean scores are slower than those of the
total cohort. A consideration of EB’s scores at 4 years in comparison to the mean
score of the 4 year old group indicates that the variables which loaded onto the
common factor varied together.

In just one sub-test EB scored marginally better

than the 4 year group mean (6 Prong Test - total time, 36.7 versus 36.97). In the
remaining three sub-tests EB’s latency was longer than the group mean (Dowel
Placement Speed 38 versus 36.93, RAN Objects 72 versus 71.27 and RAN Digits
103 versus 59.83). Clearly this factor appears to perform well from the point of view
of covariance. The inferior performance of EB at 4 years of age in speed of motor
movement in Dowel Placing or speed of naming items such as objects and digits is
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consistent with EB’s poor WISC-IV Coding SS and poor paragraph reading speed in
the WIAT-II described earlier. It was found that EB was in the slowest category of
readers. EB’s slow reading speed at 9 years 9 months is consistent with his slow
speed of motor function at 4 years.

Similarly in WISC-IV Coding the (lack of)

precision and speed of hand-eye coordination is consistent with slow motor speed at
4 years. The Sheffield Group has argued that the cerebellum is subtly disordered in
dyslexics and that any skill may be compromised by the subtle anomalous
cerebellum. Thus the slow motor function in Dowel Placement, RAN Objects and
RAN Digits at 4 years of age could evolve into slow scanning, hand-eye coordination
and slow word reading and naming at 9 years 9 months. A consideration of RAN
Digit performance may be useful here. EB’s latency is 103 seconds compared to the
group mean of 59.83. Wolf and Bowers (1999) have argued that RAN Digits is a
closed-domain, possibly magnocellular process, involving digit-recognition and
naming, following visual processing of line slope and junction. The same process
may be involved in letter recognition.

Thus slow digit-naming at 4 years could

potentially predict poor reading speed at 9 years 9 months.

Similarly, the Coding

test, involves line junction and slope, speed recognition and pattern, in order to
produce

symbol

language).

values

corresponding

to digits

(possibly mediated

through

In this way poor motor speed latencies offer data consistent with poor

coding at 9 years 9 months.
8.2.l.m - Factor 7: Balance Factor

Table 18 indicates that both balance scores for the 4 year olds’ group mean are
poorer than those of the full cohort. Both of EB’s balance scores are much poorer
than the corresponding mean scores for 4 year olds. However, EB’s wobble points
are higher for the primary task than for the dual task. He appears to be improving
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with practice which, theoretically, runs against the expected direction. Nevertheless,
EB has very poor balance indeed. Could the poor balance variables which exhibit
poor automatic primitive skill, explain later difficulty in literacy? In Word Reading EB
is having difficulty in making this an automatic skill. Words need to be read and are
frequently incorrectly decoded rather than reading them by sight as part of an
automatic visual memory process which gains in speed with practice. Similarly EB is
in the Quartile 1 category of slowest readers. He is failing to bring continuous text
reading to automatic levels at 9 years of age when his peers are probably in the
orthographic stage of reading development. Thus EB’s poor balance performance at
4 years may potentially herald his non-automatic literacy performance at 9 years 9
months.
A cumulative table will be built up over the course of these five case studies.
Variables, which offer data consistent with poor literacy levels in Phase 2, are
registered on the cumulative table through the course of the case studies. This table
(Table 34)) can be found at the end of this chapter.
This case study has examined EB’s Factor performance as potential predictors of
literacy in a 4 year old of average IQ. That of a 5 year old will be examined next.
8.2.2 - Case Study 2: SM

SM is male, in fourth class and was aged 9 years 8 months when he became a
participant in the TEST-D validation process.

Prior to the psycho-educational

process at his school, SM’s mother provided the following details to the
administering psychologist.
8.2.2.a - Background details

SM is the youngest of three children and was born 6 weeks prematurely by
caesarean section.

SM had 3 blood transfusions and both mother and baby
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remained in hospital longer than usual. SM was a bottom shuffler. He crawled at 18
months and walked a little late. His speech developed within normal time-limits. SM
had inconsistent health up to the age of 3. He suffered from tonsillitis and eczema.
Hearing and vision were normal. He had difficulty dressing himself and is still not
good at tying laces but can ride a bike.

He has a slight lisp. SM likes drama,

gymnastics and street dancing but has no interest in contact sports.
SM dislikes school and interacts with only one friend at a time. He needs help with
homework and receives Learning Support in school.

He has been previously

assessed by a psychologist from the National Educational Psychological Services
(NEPS) who found that he had mild dyslexia.
SM’s mother works full-time in the home. She left full-time education at 19 years
having gained the Leaving Certificate.

She rarely attends further educational

classes. SM’s father left school at 16 after the Intermediate Certificate. However he
returned to part-time education and now works full-time in a technical capacity. He
has a heavy reading requirement at work.

There is no reported history of

reading/spelling difficulties in SM’s immediate or extended families.
8.2.2.b - Cognitive Assessment of SM

The 10 core tests of the WISC- IV were administered to SM.

His performance in

these sub-tests is set out in Table 19 below.
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Table 19 - SM; WISC-IV 10 core subtests organised according to index measured, skill measured, SM's scaled score and
ability range. Index standard scores and Full Scale IQ are also shown for SM

WISC-IV
Index
names,
Index
Standard Scores and
Percentiles
Verbal Comprehension Index
(VCI)

Subtest name

Scaled score
(minimum 1,
maximum
19)

Similarities

10

Vocabulary

8

Comprehension

10

Ability measured
Verbal reasoning and concept
formation; ability to classify
and categorise words
Ability
to
define
words;
learning ability and long term
memory
Understanding of social rules,
verbal common sense

VCI Standard Score = 96
(39'^ percentile)
Perceptual Reasoning Index
(PRI)

Memory

Index

Average

Average
Average
Average

Block Design

10

Picture Concepts

15

Matrix Reasoning

10

Non-verbal
deductive
reasoning; working from a
whole to its component parts
Abstract
and
categorical
reasoning ability
Visual information processing;
abstract reasoning skills

PRI Standard Score = 110
(75*^ percentile)
Working
(WMI)

Ability
Range

Average
Superior
Average
High Average

Digit Span

10

Letter
Number
Sequencing

9

Auditory Sequential Memory;
Working Memory
Sequencing ability; short term
and working memory; auditory
memory

Average
Average
Average

WMI Standard Score = 97
(42"*^ percentile)
Processing
(PSI)

Speed

Index

Coding

6

Symbol Search

8

Visual Scanning; hand-eye
co-ordination
Speed of visual search; visual
discrimination

Low Average
Average

PSI Standard Score = 83
(13"’ percentile)

Low Average

Full Scale IQ Standard Score
= 97 (42nd percentile)

Average Range

8.2.2.C - WISC-IV: Discussion

The final index in Table 19 is the Processing Speed Index (PSI). Within this index
the Coding test is remarkable in that it is the only sub-test which is below the
average range. SM earned a Coding score in the Low Average range.

This is a

timed test which required SM to write symbols which correspond to digits according
to a supplied key. The Coding test examines short-term visual memory, horizontal
and vertical ocular movements, visual scanning and hand-eye coordination under
pressure of time.

As mentioned earlier in the case of EB, these are frequently-
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required classroom skills, and if in deficit may cause difficulty for children with
dyslexia, especially in such activities as copying from the board or working from a
key or value-table.

In contrast to SM’s performance in Coding, his performance in

Symbol Search is in the Average range. This is also a timed test. Overall, SM’s PS!
standard index score is 83 which is in the Low Average range and at the 13^^
percentile. The PSI stands in sharp contrast to the VCI, PRI and WMI which are in
the Average or High Average ranges.

Slow processing speed may be responsible

for dyslexic-type difficulties (e.g., Tallal & Stark, 1982).

A Full Scale IQ Score (FSIQ) of 97 was earned by SM based on his sub-test scaled
scores. This score is in the Average range and at the 42^^ percentile. All 4 index
scores contribute to the FSIQ.

However since there was too much intra-index

variation in the PRI the FSIQ is not used by convention. Instead the VCI is used by
the psychologist to make literacy predictions for the WIAT-II.
Due to WISC-IV and WIAT-II co-norming, a VCI of 96 predicts that all SM’s literacy
standard scores (SS) should range from 97 to 98. When SM was administered the
seven WIAT-II literacy and language subtests his actual standard achievement
scores ranged from 83 to 111. These are set out in Table 20 below.
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Table 20 - SM's predicted and actual WIAT-II scores, levels of significance and frequency of difference in the normative
sample. SM's WRAT4 Reading Comprehension Score is also shown.
WIAT-II

Frequency

WIAT-II

WISC-IV

Academic

WIAT-II

Critical

Academic

Ability

achievement

A c tu a l

values at

Significant

achievement

Standard

pre d icte d

Standard

the .01

status

subtest

Score

standard

Score

level

Difference

of
Difference
in
Normative

score

Sample

Word Reading

96

98

83

15

10.33

Yes

10%

Reading

96

97

91

6

11.11

No

—

Spelling

96

98

83

15

10.55

Yes

10-15%

Pseudoword

96

98

93

5

10.00

No

96

98

101

-3

11.15

No

""

96

97

111

-14

14.49

No

""

Oral Expression

96

98

91

7

11.39

No

—

WRAT4 Reading

—

—

85

—

Conn prehension

Decoding
Written
Expression
Listening
Connprehension

Comprehension

An examination of Table 20 indicates that SM had a significant discrepancy between
his predicted and actual scores in WIAT-II Word Reading and Spelling.

In all the

other subtests he performed above expectations or the difference between predicted
and actual achievement was insignificant.

SM’s WIAT-II Reading Comprehension

SS is not significantly below expectation.

However he is one standard deviation

below average in the WRAT4 Sentence Comprehension. This latter test and the
WIAT-II Reading and Spelling tests which show a significant discrepancy will be
discussed in the next section as they indicate Specific Learning Difficulty.
8.2.2.d - Word Reading

In the Word Reading sub-test SM was required to read 35 isolated words of
increasing difficulty. He accumulated 17 errors/failures. An analysis of SM’s errors
indicates:
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•

visual perceptual errors {clown for column, cutlerj for cutlery)

• visual sequencing errors {clown for column, patchlc for pathetic)
• word-medial letter onnissions {tumble for thumbnail, run for ruin)
• syllable omission (cor for courage)
• syllable synthesis failure {do - zing for dozing)
•

emphasis errors {deputty for deputy)

•

digraph difficulty {posee for poise)
At least 3 of these category errors could possibly be construed as visual-type errors.
These include visual perceptual errors (where letters such as w and m, or y and j are
confused), visual sequencing errors, and word-medial (visual) letter omissions. Such
difficulty may possibly be ascribed to a magnocellular difficulty in the visual system
(e.g., Stein & Talcott, 1999; Stein, Talcott, & Witton, 2001).

Further weight to this

argument comes from SM’s score on Pseudoword Decoding which indicates good
phonological decoding.

The remainder of the error categories could possibly be

ascribed to lack of reading experience or phonological awareness.
As can be seen from Table 20 in the Word Reading subtest it was predicted from his
Verbal Comprehension Index of 96 that SM would earn a standard score of 98. He
actually earned a SS of 83. The discrepancy between predicted and actual Word
Reading standard scores is 15 which is significantly larger than the critically
significant score of 10.33. This 15-point discrepancy occurs in the normative sample
with a frequency of 10%. This indicates that SM has a significant Specific Learning
Difficulty in Word Reading (Dyslexia).
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8.2.2.e - W IAT-II/W RAT4 Reading Comprehension

Although SM performed well in WIAT-II Reading Comprehension he did not perform
well in the WRAT4 Sentence Comprehension Test. He earned a SS of 85 which is
one standard deviation below average. It is possible that SM was supported in his
WIAT-II comprehension of whole paragraphs due to a bootstrapping effect of
language.

In contrast he can rely only on a sentence or two in order to aid his

comprehension in WRAT4 Sentence Comprehension.

It is therefore possible that

SM did less well in WRAT Sentence Comprehension than in WIAT-II Reading
Comprehension as there is less written language to support his comprehension.
8.2.2.f - Spelling

SM was required to spell 24 words each of which was presented in the context of a
sentence. SM spelled 15 of these incorrectly. Analysis of his errors indicate that SM
tends

to spell

rufe/rough,

phonetically (e.g. jumed/jumped,

climed/climbed,

codent/couldn’t,

curlis/careless,
whisle/whistle,

gese/guess,
dowth/doubt,

seling/ceiling, apsents/absent, acsept/accept).
Thus

SM’s visual orthographic

processing

appears

faulty.

He

prefers

the

phonological route to spelling. He also appears to have omitted the:
•

post vocalic r in charge, spelling it as chage

•

nasalised n, spelling strength as thre

•

short / in easier, spelling it as easer

As is clear from Table 20, based on SM’s Verbal Comprehension Index score of 96,
it was expected that SM would earn a Spelling SS of 98. He actually earned an SS
of 83. This leaves a discrepancy of 15 which is significantly larger than the critically
significant score of 10.55 (p<.01) and occurs in the normative sample with a
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frequency of 10-15%.

This indicates that SM has a Specific Learning Difficulty

(Dyslexia) in Written Language (Spelling). Table 20 indicates that SM is performing
significantly below his appropriate level in Word Reading and Spelling. Furthermore
Table 20 also indicates that SM performed in the Low Average range in the Coding
subtest which is a timed test of symbol/digit correspondence involving eye-hand
coordination and visual scanning.
It is interesting to consider if SM’s poor literacy performance at 9 years 8 months
originates in his performance on the TEST-D variables.
SM was aged 5 years 4 months when TEST-D sub-tests were administered to him.
His scores were entered in to the TEST-D database with the scores of the other
participants. Following the 7 factor solution proposed in the previous chapter, it was
argued that each factor could potentially be a latent variable for dyslexia.

The

remainder of this case study examines SM’s scores at 5 years 4 months and
examines the variables’ factor loading and potential to explain the literacy and
cognitive difficulties experienced by SM at 9 years 8 months.
The TEST-D variable raw scores of SM are set out in Table 21 together with the
mean total cohort score and the mean for the 5 year olds’ age group. These are
arranged according to their factor loading.
Table 21 - SM's subtest raw scores, 5 year olds' group subtest mean scores, and total cohort subtest mean scores
arranged according to factor loading.

Factor
1
Variables:
Visual-Verbal
Correspondence
Letter Sound Array: Total number fully and
partially correct

Variable
loading
.867

Letter Sound Array; Total number incorrect

-.866

Letter Knowledge: Lower Case Total

.801

Letter Knowledge: Upper Case Total

.790

Letter Sound Array: Total Number fully correct

.724

Phonetic Spelling

.616

Alliteration: Total score

.541

Variable
mean
score: 5 year olds

Total cohort
mean score

15.84

17.54

20

10.15

8.40

5

18.68

19.99
19.92

SM’s variable
raw score
6

5

18.53

6

11.67

12.47

0

18.55

21.93

0

6.29

6.79
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Non Word Completion at the Phoneme Level
Total Score
Initial
Phoneme
Deletion
Non
Word
Remaining: Number correct within time

.482

Alliteration Oddity: Total Score

.468

.470

3.58

4.36

3.24

3.59

6.53

7.20

8

8.07

8.41

10

9.86

9.96

4

5.18

5.54

3

3.83

4.47

31

12.57

11.42

5

6.62

6.80

0

4.71

4.99

4.22

4.42

10

8.26

8.27

0

3.08

2.87

2.99

3.36

2.45

2.89

3.32

3.54

2.05

2.45

8.05

10.33

2.46s

2.26s

2.15s

2.10s

2.29s

2.15s

2.19s

1.99s

2.10s

1.94s

gating
procedure

2.99s

3.36s

2

2.76

3.05

1

2.19

2.57

4.98

5.37

7.86

8.16

5

6.88

7.25

7

7.54

7.89

58s

33.39s

32.39s

6
gating
procedure
4

Factor 2 Variables: Rhyme / Memory Factor
Rhyme Recognition 1: Total

.752

Rhyme Recognition 2: Total

.707

Rhyme Recognition Oddity: Total

.603

Timed Rhyme Generation: Average number

.559

Non Word Repetition Total

-.536

Digit Span: Forward Total

.536

Word Segmentation: Total

.530

Initial Phoneme Deletion Real Word remaining:
Number correct within time

.522

Nursery Rhymes

.480

Articulation Rate: Average Number of errors

-.451

4

Factor 3 Variables: Phoneme Segmentation
Phoneme Deletion of Final Consonant: Real
Word Remaining: Total Correct within time
Final Phoneme from final Consonant Cluster:
Total Correct within time
Final Phoneme Deletion: Nonword Remaining
Number correct within time
Initial Phoneme Deletion from Initial Consonant
Cluster: Total Correct within time
Non-word Reading: Number Correct
Factor 4 Variables: Phoneme Segmentation
Speed
Final Phoneme Deletion from Final Consonant
Cluster: Average time for correct items
Initial Phoneme Deletion from Initial Consonant
Cluster: Average time for correct items
Final Phoneme Deletion: Nonword Remaining
Average time for correct items
Initial Phoneme Deletion: Nonword Remaining
Average time for correct items
Initial Phoneme Deletion: Real words remaining
Average time for correct items
Phoneme Deletion of Final Consonant Real
Word Remaining: Average time for correct
items

.752
.729
.697
.592

gating
procedure
gating
procedure
gating
procedure
2

.568

gating
procedure

.729

gating
procedure
2.49s

.729
.687
.675
.650
.648

gating
procedure
gating
procedure
3.2s

Factor 5 Variables: Spatial Memory Factor
Squirrel Memory Forward Total

.646

Squirrel Memory Reverse Total

.643

Finger Localization Hand Hidden: 2 fingers
touched simultaneously
Finger Localization Hand Hidden: Single finger
touched

.634

Spatial Memory Task

.513

Copying Test: Total

.417

2
.606
8

Factor 6 Variables: Motor Speed Factor
6 Prong Test: Total Time

.702

Dowel Placement Speed

.682

RAN Objects: Total

.424

RAN Digits: Total

.424

38.1s

33.58s

32.56s

85.1s

64.26s

60.82s

65.9s

49.31s

43.73s

6

4.95

4.61

13.5

5.82

5.45

Factor 7 Variables: Balance
One Foot Balance: Single Task Score

.916

One Foot Balance: Dual Task Score

.912
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8.2.2.g - Factor 1: Visual-Verbal Correspondence

A comparison of the Factor 1 mean total cohort scores and mean 5 year olds’ group
scores shows that the scores of the 5 year olds are lower than those of the total
cohort in all variables.

At an individual level in all but one variable (Non-word

Completion at the Phoneme Level) SM performed at a lower level than his peers.
Thus, generally it can be said in the case of SM, that the Visual Verbal
Correspondence variables vary together; all the variables, save one, have low
scores in a rather dramatic fashion in some cases. For example SM scored only 6 in
Letter Sound Array (loading .724) whereas his peers scored an average of 11.67. In
Letter Sound Array: fully and partially correct (loading .867) he knows only 6 sounds
whereas his peers know an average of 15.84.

For both Letter Knowledge Upper-

and Lower-Case (loading .790 and .801 respectively) he knows only 5 letter names,
sounds or representative characters while his age peers know 18.53 and 18.68
respectively. At 5 years of age SM is unable to earn a score for Phonetic Spelling
(loading .616) whereas his peers earn 18.55. This augurs very poorly for SM as it is
thought that Phonetic Spelling drives literacy.
.541) while his peers earn on average 3.24.

SM scores 0 in Alliteration (loading
Surprisingly he scored 4 in the

Alliteration Oddity (loading .468) compared to group mean of 6.43.

Despite his

performance on the more primitive segmentation tasks SM earned a surprising 6 in
Non-word Completion at the Phoneme Level compared to 3.58 for the 5 year old
mean. SM failed to register a score in Initial Phoneme Deletion (loading .470) as he
did not get past the gating procedure; however his peers scored an average of 3.24.
This indicates that SM has difficulty segmenting phonemes.

This variable may

potentially be a predictor of later literacy difficulties. We will meet similar situations
where deletion tasks load on other factors which will be discussed later.
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It can be argued that SM’s poor performance on literacy tests may have its origins in
the poor performance on the Visual-Verbal Correspondence Factor variables. The
WIAT-II

Word

Reading

error

analysis

shows

evidence

of

visual-verbal

correspondence confusion when SM showed letter inversion and confusion when
mistaking w/m and y/j. SM’s early poor letter knowledge could be robust, enduring
until he is 9 years 8 months.

Poor letter knowledge or poor single letter-sound

associations may have developed to involve difficulty with digraphs as evidenced by
SM in Word Reading at 9 years 8 months.
decode early may never catch up.

It is known that children who do not

They read less, and due to lack of reading

experience, may evidence the syllable stress errors made by SM in Word Reading.
Because SM may read less, he is unable to achieve average levels of sentence
comprehension in the WRAT4 test. Similarly his performance in Spelling indicated
that he uses sound-symbol encoding of a phonetic, simple nature to spell words
which have a sophisticated orthographic pattern (e.g. codent/couldn’t, seling/ceiling).
The Visual-Verbal Correspondence Factor is an important factor as it explains 30.7%
of the variance. Many variables have been mentioned which offer data consistent
with SM’s difficulties. Their loadings ranged from weak to high (.470 to .867) on the
factor. The factor therefore may have the potential to explain some of the literacy
difficulties of SM. However many of SM’s difficulties appear to be visual in nature
and may possibly be better explained by other variables.
8.2.2.h - Factor 2: Rhyme/Memory Factor

A comparison of the Rhyme/Memory mean total cohort scores and mean 5 year olds’
group scores show that the 5 year olds’ mean scores are lower than those of the
total cohort in all variables. SM’s raw scores are poorer than the group mean for 7 of
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the 10 loading variables.

He scored surprisingly well in Nursery Rhymes, Rhyme

Recognition 2 and Articulation. The WIAT-II errors in literacy made by SM are not
consistent with early performance on these variables.

However poor memory for

sounds sequences may be consistent with the omission of the / in easier and the p
devoicing error in apsents for absence in WIAT-II Spelling.

Thus TEST-D sound

sequence subtests such as Digit Span: Forward and Non-word Repetition may offer
data consistent with later WIAT-II Spelling scores. SM made 31 errors in Non-word
Repetition compared to just 12 for the group mean. He scored just 5 for Digit Span
compared to 6.62 for the group mean.

These variables load (.536 and -.535

respectively) on the Rhyme/Memory Factor giving them a moderate loading on the
factor which may potentially explain later spelling difficulties.
Memory for sounds is also important in Word Segmentation and Initial Phoneme
Deletion: Real Word Remaining.

SM failed to score in Word Segmentation

compared to 4.71 for the group mean. He scored below the group mean (4 versus
4.22) for Initial Phoneme Deletion: Real Word Remaining.

These variables have

moderate loadings (.530 and .522 respectively) on the factor and offer data
consistent with SM’s later spelling problems.
8.2.2A - Factor 3: Phoneme Segmentation

Table 21 indicates that the 5 year olds’ group mean for all variables which load onto
Factor 3 are all lower than those for the total cohort. As already mentioned each
phonemic segmentation task had a gating procedure; a child needed to score on at
least one practice item in order to progress to the test items. SM earned a score of 2
on Initial Phoneme Deletion from an Initial Consonant Cluster (loading .592). In all
other Phoneme Segmentation tests he failed to score in the gating procedure. The
mean scores for the Factor Variables for the 5 year olds indicate that at least some
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of them could segment phonemes. SM found this a most difficult task. In all but one
task he failed to progress past the gating procedure and thus failed to register a
score.

The fact that his peers succeeded where SM failed indicates that these

Factor 3 variables may be potentially flagging dyslexia. Phoneme Segmentation is
an important phonological manipulation process when encoding. In the one sub-test
on which he did score the factor loading is moderate (.592). This sub-test may offer
data consistent with the spelling difficulties encountered by SM at 9 years 8 months.

8.2.2.} - Factor 4: Phoneme Segmentation Speed
From Table 21 it is clear that the 5 year olds’ mean latencies are longer than those
for the full cohort save for the final variable. Unfortunately SM was unsuccessful in
getting past the gating procedure in four sub-tests.

He has registered a latency

score on only two variables - Initial Phoneme Deletion: Real Word Remaining
(loading .650, latency 3.2 versus 2.10) and Initial Phoneme Deletion from Initial
Consonant Cluster (loading .729, latency 2.49 versus 2.15).

The latency of

phonemic manipulation is a window on an important skill for spelling. SM is not as
good as his peers at this skill.

These loadings potentially render the factor a

moderately important predictor of dyslexia for SM as his scores on the subtests in
this factor offer data consistent with his WIAT-II Spelling results.

8.2.2.k - Factor 5; Spatial Memory
An examination of the Factor 5 variables (Table 21) indicates that the 5 year olds’
mean scores are lower than those of the full cohort. SM’s raw scores are lower than
his group means in all but one sub-test where his score is marginally superior (8
versus 7.86 in Finger Localisation: Hand Hidden Single Finger touched). The sub
tests which load onto the Spatial Memory factor may offer data consistent with SM’s
poor word reading and spelling scores at 9 year 8 months because they challenge
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the visual attention and localisation processes which are thought to be important in
reading.
An error analysis of SM’s Word Reading found that he made visual category errors
which may be magnocellular in nature (for example visual-perceptual errors, visual
sequencing errors, word-medial letter omissions).
The visual processes involved in recognising letters and sequencing letters and letter
groups may be faulty in SM. Squirrel Memory: Forward and Reverse and Spatial
Memory, in which SM scored lower than the group mean, have moderate loadings
on the factor (.646 and .643 and .513 respectively).

SM performs poorly in these

and could be consistent with the apparent visual memory processing difficulties
evidenced in Word Reading 4 years later.
The Finger Localisation Tasks are theoretically measures of vibro-tactile sensitivity.
Children use this sense while manipulating objects such as plastic letters and their
physical sequence in words.

However the sensitivity of knowing and feeling the

sequence of letters in irregular words is important in English Word Reading.

SM

made 17 reading errors in Word Reading. Some of these may possibly be due to
poor memory for letter edges, line and slope.

Thus Finger Localisation Hand

Hidden: 2 Fingers Touched Simultaneously may be associated with this difficulty.
This variable loads .634 onto the Spatial Memory Factor making it an important
potential predictor of SM’s subsequent reading difficulties.
The Copying Task is a test of ability to reproduce figures, many of which involve
enclosed spaces. It is a test of visuo-motor co-ordination and control. When one
examines SM’s letter formations in the Spelling task one is struck by the immature
nature of the print. His letter formation is poor generally and lower-case letters are
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as high as ascenders in many cases. The spatial location of the letters is poor with
some letters not touching the lines. Spaces are not enclosed (as in formation of a
and p), in apsents. SM scores below his peers in this task which loads .417 on the
factor. This variable could potentially be a useful early indicator of poor pen-craft.
In the WIAT-II Spelling Test it is clear that SM depends on the phonological route to
(inappropriately) spell words which do not lend themselves to regular sound-symbol
correspondences.

Words such as rough and couldn’t should be produced by

remembering their visual form from orthographic memory. Because of the unstable
orthographic memory for the spelling of irregular words (possibly due to letter drift)
SM tended to use his stronger phonological ability to spell words phonetically. This
visual deficit may possibly be heralded by SM’s poor performance in comparison to
peers in Squirrel Memory: Forward and Reverse and Spatial Memory which have
moderate loadings (.646, .643 and .513 respectively) on the Spatial Memory Factor.
Thus this factor performs moderately well and may offer data consistent with later
literacy difficulties.
8.2.2.1 - Factor 6: Motor Speed

An examination of Table 21 indicates that for all variables which load onto the Motor
Speed Factor, the 5 year olds mean latencies are longer than those for the full
cohort. SM’s latencies are much longer than those of his peers (58s compared to
33.39s for 6 Prong Speed, 38.1s compared to 33.58s for Dowel Placement, 85.1s
compared to 64.26s for RAN Objects and 65.9s compared to 49.31s for RAN Digits).
It was found that in the WISC-IV assessment that SM scored in the Low Average
range for the Coding subtest (Table 19) which is a timed test involving visual
scanning and hand-eye coordination at an early age. SM is performing poorly on

289

tests involving hand-eye coordination under pressure of time. We see this in the 6
Prong Speed and Dowel Placement Speed. These two variables load heavily on the
Motor Speed Factor (.702 and .682 respectively).

This loading could potentially

make the factor an important source of prediction of slow processing speed which is
known to be quite common in dyslexics. The WIAT-II Reading Speed exhibited by
SM indicated that he was in the second slowest category of reader.
Whether readers use the orthographic processor (visual recognition) or the
phonological processor (assembled phonology) they must name the word which has
been recognised to aid comprehension. This can be done only by accessing the
semantic processor (Seidenberg & McClelland, 1989). If a reader is slow to access
the semantic processor then reading speed and possibly comprehension may be
compromised. It was found that SM’s Reading Comprehension in the WRAT 4 was
a SS of 85 (13^^ percentile). These literacy scores at 9 years may be associated with
poor semantic latency processes at 5 years.

It was found that SM’s performance

was slower than his peer group mean on RAN Objects (loading .424) and RAN Digits
(loading .424). These variables assess the speed of lexical access in LTM. Thus
these factor loadings may add weight to the argument that the Motor Speed Factor
may potentially perform well as a dyslexia predictor.
8.2.2,m Factor 7:Balance
-

An examination of Table 21 indicates that, for both variables which load onto the
Balance Factor, the 5 year olds’ means are higher than those for the full cohort.
Also, SM’s scores are higher than those for the 5 year olds’ means. Specifically in
One Foot Balance: Single Task, SM scored 6 wobble points compared to 4.95 for the
5 year olds’ mean score. Similarly in One Foot Balance: Dual Task SM scored 13.5
wobble points compared to the 5 year olds’ group mean of 5.82. Clearly SM has
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poorer balance than his peer group. Moreover he is worse than peers when required
to balance and perform a simultaneous semantic judgement task. These single and
dual variables load heavily (.916 and .912) onto the Balance Factor. The Balance
tasks are theoretical measures of cerebellar health.

Evidence from the research

literature indicates that dyslexics have poor balance and concomitant difficulties in
many areas including reading and coordination. Schmahmann and Sherman (1998),
describing the cerebellar cognitive affective syndrome, demonstrated many cognitive
and executive function deficits in cerebellar patients including impaired visuo-spatial
organisation. It is clear from the WIAT-II Spelling Test that SM has poor handwriting.
As described he makes no attempt at script. Letter formation and letter placement is
poor. This poor pen-craft may potentially be heralded by SM’s poor balance.

His

poor Word Reading may possibly also originate in poor cerebellar performance such
as in balance tasks.

Fulbright et al. (1999) demonstrated that the cerebellum is

involved in reading and that it differentially activates according to the component
processes of word identification in reading, such as phonological assembly and
semantic processes.

The literacy processes of WIAT-II Word Reading (SS 83),

Spelling (SS 83), and WRAT 4 Reading Comprehension (SS 85) indicate significant
levels of discrepancy between SM’s predicted and achievement scores.

A

cerebellum with subtle anomalies of balance may potentially herald poor word
reading, poor phonological assembly and poor reading latencies in SM at 9 years.
Since the balance variables load so heavily (.916 and .912) on the Balance Factor
this latter may potentially be a powerful indicator of dyslexia.
The cases discussed so far relate to a 4 and 5 year old of average intelligence. The
following case study concerns a 6 year old of average intelligence.
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8.2.3 - Case Study 3: JN
JN is male, in 4th class and was aged 10 years 4 months at the time of psychoeducational assessment.

His mother provided

the following

details to the

administering psychologist.

8.2.3.a - Background details
JN is the 4^^ of 5 children. In his early years he was cared for by both parents who
did not work outside the home. Recently however, JN’s father has left home, is living
nearby and frequently sees the family. No information is available regarding parental
education.
JN’s mother reported that her pregnancy was full term. JN’s birth was induced and
he was born without incident. JN crawled and walked within normal time limits. He
was accident-prone but not overactive. JN suffered from asthma and ear, nose and
throat conditions as a young child.
coordination is described as normal.

His vision and hearing are normal and his
JN ’s mother reported that “he drags his

sentences” and that “people are waiting for a long time for him to tell a story”. JN
gets bored easily, for example, when watching TV.
siblings.

He tends to fight with his

His mother also reports that he has difficulty concentrating and learning

Irish. He dislikes school and homework is a constant difficulty. JN was previously
assessed but, in his mother’s opinion, the supports put in place “did not make a
difference”. He receives Learning Support in reading 3 times per week.

JN’s mother reported that he is the most troublesome of her 5 children and that there
are 2 pages of reports on his bad behaviour in school.

He is verbally abusive in

school and also displays bad behaviour at home.
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8.2.3.b - Cognitive Assessment ofJN

The 10 core tests of the WISC- IV were administered to JN.

His performance in

these subtests is set out in Table 22 below.
Table 22 - WISC-IV 10 core subtests organised according to index m easured, skill m easured, JN's scaled score and ab ility
range. Index standard scores and Full Scale IQ are also shown fo r JN

WISC-IV
Index
names,
Index
Standard Scores and
Percentiles
Verbal Comprehension Index
(VCI)

Subtest name

Scaled score
(minimum 1,
maximum
19)

Similarities

8

Vocabulary

10

Comprehension

9

Ability measured
Verbal reasoning and concept
formation; ability to classify
and categorise words
Ability
to
define
words;
learning ability and long term
memory
Understanding of social rules,
verbal common sense

VCI Standard Score = 95
(37‘^ percentile)
Perceptual Reasoning Index
(PRI)

Memory

Index

Average

Average
Average
Average

Block Design

9

Picture Concepts

9

Matrix Reasoning

11

Non-verbal
deductive
reasoning; working from a
whole to its component parts
Abstract
and
categorical
reasoning ability
Visual information processing;
abstract reasoning skills

PRI Standard Score = 98
(45''' percentile)
Working
(WMI)

Ability
Range

Average
Average
Average
Average

Digit Span

9

Letter
Number
Sequencing

13

Auditory Sequential Memory;
Working Memory
Sequencing ability; short term
and working memory; auditory
memory

Average
High Average
Average

WMI Standard Score = 104
(61®’ percentile)
Processing
(PSI)

Speed

Index

Coding

10

Symbol Search

12

Visual Scanning; hand-eye co
ordination
Speed of visual search; visual
discrimination

Average
High Average

PSI Standard Score = 106
(66*^ percentile)

Average

Full Scale IQ Standard Score
= 100 (50'^ percentile)

Average

Table 22 indicates all indices and Full Scale IQ are in the Average range. Therefore
JN appears to have the cognitive scaffolding necessary for academic achievement.
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8.2.3.C - Academic Achievement Assessment (W IAT-II)

From JN’s FSIQ score of 100 it can be predicted that he should achieve SS 100 in all
areas.

When JN was administered the 7 literacy and language sub-tests of the

WRAT-II his actual achievement SS ranged from 75 to 100. These are set out in
Table 23 below.
Table 23 - JN's predicted and actual WIAT-II scores, levels of significance and frequency of difference in the normative
sample. JN's WRAT4 Reading Comprehension SS is also shown.
W IA T-II
W IAT-II

W IS C -IV

A ca d e m ic

W IA T-II

A cade m ic

A b ility

ach ie vem e nt

Actual

achievem ent

S tandard

predicted

subtest

Score

stan dard

F requ ency o f

C ritical
values a t

S ignifican t

D ifference in

S tand ard

the .01

status

N orm ative

S core

le ve l

D ifference

S am ple

score

Word Reading

100

100

75

25

7.95

Yes

1% - 2 %

Reading

100

100

92

8

8.83

No

>25%

Spelling

100

100

77

23

8.52

Yes

3%

Pseudoword

100

100

80

20

7.54

Yes

4 % -5%

100

100

94

6

8.58

No

"■

100

100

94

6

12.68

No

100

100

100

0

8.92

No

Comprehension

Decoding
Written
Expression
Listening
Comprehension
Oral Expression
WRAT4 Reading

—

—

97

—

—

No

Comprehension

As with previous cases of EB and SM, only the literacy and language sub-test scores
which show a significant deficit between predicted and actual literacy scores, and
which occur with a frequency of less than 20% will be discussed as they indicate
Specific Learning Difficulty (Dyslexia). Table 23 indicates significant deficit in Word
Reading, Spelling and Pseudoword Decoding.

Although Reading Comprehension

shows a marginal discrepancy, the frequency of difference in the normative sample
is greater than 25%. Since this level of difference is not rare it will not be further
discussed. JN’s WRAT4 Reading Comprehension SS is 97 (42"^ percentile, and so

294

will also not be considered). An analysis of errors in Word Reading, Pseudoword
Decoding and Spelling may reveal difficulties experienced by JN.
8.2.3.d - Word Reading

In the Word Reading sub-test JN was required to read 34 isolated words of
increasing difficulty.

He made 22 errors which included mostly (apparent) visual

errors but also phonological and errors of word emphasis. JN’s errors are set out
below.
• visual word-end errors {know/known, reethan/rhythm, ideel/ideally, cleans/cleanse,
desigeg/design)
• visual word-medial errors {froctan/fraction, equical/equal, aplee/apology,
photographic/phonograph, patic/pathetic, pair/pier, enjoy/enough)
• visual word-initial errors [vin/ruin, hord/chord)
• visual sequencing errors {culm/column, culterlee/cutlery, unquiet/unique)
• error of emphasis {ajer/ajar)
• consonant blending {somege/smudge)
According to Table 23 an SS of 100 is predicted from JN’s WISC-IV FSIQ score. JN
actually earned a Word Reading SS of 75. The discrepancy is significantly higher
than the critically significant score of 7.95. This 25-point discrepancy is rare and
occurs in the normative sample with a frequency of 1% to 2%. This indicates that JN
has a severe Specific Learning Difficulty in Word Reading (Dyslexia).
8. 2.3.e - Reading Comprehension

The Reading Comprehension sub-test involved reading four passages which were
timed. The combined latency for these passages was 329 seconds which exceeded
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the 222-second latency required to categorise a reader as belonging to Quartile 1 or
the very slowest category of readers. This makes JN a very slow reader indeed.
8.2.3.f- Pseudoword Decoding

JN was required to read 46 pseudowords in an attempt to determine his phonological
decoding ability.

Of the 46 pseudowords JN decoded, he made 24 errors.

An

analysis of his errors indicates:
• short and long vowel confusion {thage/thag, cloakech/clotch, flide/flid, chide/ched,
chaque/chag, stibe/stib, chind/cind)
• vowel digraph difficulty {wim/waim, clide/clait)
• consonant-vowel digraph difficulty (scew/scaw)
• phonological sequencing difficulty {infretiens/infrections, restisemet/retashment,
unfording/unfrodding)
• final e difficulty {sylee/silly/syle, sotee/sote, ostiquee/ostique)
• visual perceptual difficulty with letters {ruchid/ruckid, cloakech/cloch) and letter
inversions {boom/poom, mant/maut)
• c/ch confusion (chind/cind)
• soft ‘c and soft ‘g’ difficulty {chind/cind, muder/mudger)
• a voicing error (rid/rith)
JN did not attempt to decode the pseudowords pragment and gloit.
As can be seen in Table 23 in Pseudoword Decoding, JN was predicted to achieve
SS 100 based on his FSIQ. He actually achieved SS 80. This 20-point discrepancy
is significant as it exceeds the critical score of 7.54 and occurs in the normative
sample with a frequency of 4% to 5%. This indicates that JN is experiencing a
severe Specific Learning Difficulty in Phonological Processing.
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8.2.3.Q Spelling
-

JN was required to spell 15 words presented in the context of sentences. He spelled
5 words correctly. An analysis of JN’s errors indicated:

• ‘soft g’ difficulty (charg/charge)
• visual memory difficulty (knew/know)
• phonetic spelling {kirleas/careless,

gess/guess,

cklemed/climbed,

ruef/rough,

counted/couldn% dizien/design)
There were two refusals (owe, whistle).

According to Table 23 based on his FSIQ score, in the WIAT-II Spelling sub-test it
was expected that JN would earn SS 100.

He actually earned an SS of 77. This

leaves a discrepancy of 23 which is significantly larger than the critically significant
score of 8.52 (p<.01) and occurs in the normative sample with a frequency of 3%.
This indicates that JN has a severe Specific Learning Difficulty in Written Language
(Spelling).
The above standard scores and analyses of JN’s performance at 10 years 4 months
on WIAT-II Word Reading, Reading Speed, Pseudoword Decoding and Spelling
indicates that he is experiencing significant specific difficulties. It is interesting to ask
if these difficulties in this boy of average intelligence may be associated with his
performance on the TEST-D subtests which were administered to him in Phase 1 of
the project when he was 6 years 3 months. His scores on the TEST-D battery were
entered into the TEST-D database with the scores of the other participants. In order
to examine the possible predictive potential of each variable within each factor, the
factor loadings and raw scores of JN are set out in Table 24 together with the mean
total cohort score and the mean for the 6 year olds’ age group. These are arranged
according to their factor loading.
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Table 24 - JN's subtest raw scores, 6 year olds' group subtest mean scores, and total sample mean scores arranged
according to factor loading
Factor
1
Variables:
Visual-Verbal
Correspondence
Letter Sound Array: Total number fully and
partially correct
Letter Sound Array: Total number incorrect
Letter Knowledge: Lower Case Total
Letter Knowledge: Upper Case Total
Letter Sound Array: Total Number fully correct
Phonetic Spelling
Alliteration: Total score
Non Word Completion at the Phoneme Level
Total Score
Initial Phoneme Deletion Non Word Remaining:
Number correct within time
Alliteration Oddity: Total Score
Factor 2 Variables: Rhyme / Memory Factor
Rhyme Recognition 1: Total
Rhyme Recognition 2: Total
Rhyme Recognition Oddity: Total
Timed Rhyme Generation: Average number
Non Word Repetition Total
Digit Span: Forward Total
Word Segmentation: Total
Initial Phoneme Deletion Real Word remaining:
Number correct within time
Nursery Rhymes
Articulation Rate: Average Number of errors
Factor 3 Variables: Phoneme Segmentation
Phoneme Deletion of Final Consonant: Real
Word Remaining: Total Correct within time
Final Phoneme from final Consonant Cluster:
Total Correct within time
Final Phoneme Deletion: Nonword Remaining
Number correct within time
Initial Phoneme Deletion from Initial Consonant
Cluster: Total Correct within time
Non-word Reading: Number Correct
Factor 4 Variables: Phoneme Segmentation
Speed
Final Phoneme Deletion from Final Consonant
Cluster: Average time for correct items
Initial Phoneme Deletion from Initial Consonant
Cluster: Average time for correct items
Final Phoneme Deletion: Nonword Remaining
Average time for correct items
Initial Phoneme Deletion: Nonword Remaining
Average time for correct items
Initial Phoneme Deletion: Real word remaining
Average time for correct items
Phoneme Deletion of Final Consonant Real
Word Remaining: Average time for correct items
Factor 5 Variables: Spatial Memory Factor
Squirrel Memory Forward Total
Squirrel Memory Reverse Total
Finger Localization Hand Hidden: 2 fingers
touched simultaneously
Finger Localization Hand Hidden: Single finger
touched
Spatial Memory Task
Copying Test: Total
Factor 6 Variables: Motor Speed Factor
6 Prong Test: Total Time
Dowel Placement Speed
RAN Objects: Total
RAN Digits: Total
Factor 7 Variables: Balance
One Foot Balance: Single Task Score
One Foot Balance: Dual Task Score

Variable
loading
.867
-.866
.801
.790
.724
.616
.541
.482

JN ’s variable
raw score
24
2
23
19
22
34
10
7

.470
.468
.752
.707
.603
,559
-.536
.536
.530
.522

5
8
10
11
6
8
2
7
8

Variable
mean
score: 6 year olds

Total cohort
mean score

21.34

17.54

4.61
23.21
23.58
14.59
28.58
8.04

8.40
19.99
19.92
12.47
21.93
6.79

5.51

4.36

4.11

3.59

8.36

7.20

9.9
10.31
6.27
5.53
9.00
7.26
5.60

8.41
9.96
5.54
4.47
11.42
6.80
4.99

4.73

4.42

8.83
2.25

8.27
2.87

3.81

3.36

3.44

2.89

3.87

3.54

.480
-.451

5
10
0.33

.752

3

.729

5

.697

5

.592

5

.568

18

.729

5.8s

.729

2.8s

.687

2.4s

.675

1.6s

.650

2.2s

.648

1.66s

.646
.643
.634

4
5
7

.606

9

.513
.417

7
7

.702
.682
.424
.424

29s
19s
48.9s
65s

30.01s
29.87s
53.89s
32.77s

32.39s
32.56s
60.82s
43.73s

.916
.912

4.5
4.0

3.84
4.62

4.61
5.45

2.91

2.45

1.49

10.33

2.07s

2.26s

2.02s

2.10s

2.06s

2.15s

1.73s

1.99s

1.7s

1.94s

2.25s

3.36s

3.65
3.26

3.05
2.57

6.11

5.37

8.70

8.16

8.23
8.75

7.25
7.89
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8.2.3.h - Factor 1: Visual-Verbal Correspondence
In examining Table 24 a comparison of Factor 1 mean full cohort scores and mean 6
year olds’ group scores show that the latter are superior to the former in all cases.
When JN’s scores are compared to the 6 year olds’ group mean a varied picture
emerges.
Beginning at the lower factor loadings it is clear that JN is superior to the group
mean in 5 of the 6 lowest loading variables.

Clearly he is performing well in the

visual-verbal correspondence processing involved in these variables. In all variables
related to Letter Sound Array JN is superior to the group mean. He appears to have
been very well taught in this area. He knows the sounds of 22 letters perfectly when
his peers know an average of 14.59.

This however, is not the case for Letter

Knowledge where he was required to produce a letter name, sound or character to
represent an upper-case and lower-case letter. JN chose to provide letter names.
Compared to the group mean for Upper-Case Letters, JN scores poorly (19 versus
23.58). He also scores below the full cohort mean of 19.92. In the actual test he
fails to provide names for the visually similar capital letters G and C and U, V and Y.
He also mistakes E for/A.
In Letter Knowledge Lower-Case JN knows marginally fewer letters than the peer
age mean.

Specifically he may be experiencing problems with visually similar

letters. He confuses j as g and cannot name y. The process involved in visually
discriminating line-slope and junction can be difficult for some learners.

Indeed

some of JN’s severe specific learning difficulty may be associated with his poor
score in the Letter Knowledge Upper- and Lower-Case sub-tests.
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The Word Reading analysis previously discussed indicates that JN’s difficulties in
reading 22 of 34 words may be ascribed to visual processing difficulties such as
visual word-end (5 errors), word-medial (7 errors), word-initial (2 errors) and visual
sequencing (3 errors).
JN’s severe phonological processing difficulty as evidenced in WIAT-II Pseudoword
Decoding may possibly be ascribed to poor visual memory processes.

While JN

knows the sounds of single letters as evidenced in his superior performance in Letter
Sound Array at 6 years, he has difficulty with letter combinations (both vowel
digraphs and consonant-vowel digraphs).
Decoding analysis.

This is clear from the Pseudoword

Perhaps his visual memory of digraph combinations may

possibly be at the root of his difficulty. In The Pseudoword Decoding test JN also
has a visual perceptual difficulty with letters.

He mistakes k in ruckid for h (probably

a line slope and junction error). Furthermore he inverts p in poom to get b in boom.
Similarly, he inverts u in maut to get n in mant.
In WIAT-II Spelling also, poor visual memory processes may be evident. The error
analysis above indicated poor memory for common sequences {cklemed/climbed). It
also indicates visual memory difficulty for the vowel-consonant digraph -ew.
Furthermore, it is clear that JN cannot depend on his visual memory for letter
sequences in spelling and so inappropriately spells phonetically (e.g ruef/rough,
dizien/design).

From age 6 his phonetic spelling is strong as he scored 34 in

Phonetic Spelling compared to the group mean 28.58. Thus, the WIAT-II literacy
behaviour of JN may be associated with his performance in Letter Knowledge Upperand Lower-case at 6 years.
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At the beginning of this discussion it was noted that JN scored marginally lower (8)
than the group mean (8.36) on Alliteration Oddity (loading .468) which requires
prototypical

phonemic

segmentation

and

phonological

memory.

Phoneme

Segmentation is a vital process for spelling in particular, in order that verbal-visual
correspondence or encoding may occur. Even though JN scores marginally lower
than the group mean it is still a good score.

It is possible that JN used this

segmentation skill in conjunction with his strong phonetic spelling skills to produce
the high number of WIAT-II phonetic spelling errors.
Within Factor 1, Letter Knowledge Upper- and Lower-Case have high loadings (.790
and .801 respectively). Alliteration Oddity has a weaker loading of .468. Thus, these
variables accord power to Factor 1 as they offer data consistent with the 10 year old
JN’s Word Reading, Pseudoword Decoding and Spelling difficulty at 6 years.
8.2.3.i Factor 2: Rhyme Memory
-

In Table 24 a comparison of Rhyme Memory mean total cohort scores with those of
the 6 year olds’ mean scores indicate that in all variables the 6 year old group means
are superior to those of the full cohort.
A comparison of JN’s scores with those of the 6 year olds’ group mean indicates that
JN is superior to the latter in all variables except Digit Span and Rhyme Recognition
Oddity.

Both of these sub-tests involve auditory short-term memory. Rhyme

Recognition Oddity required JN to consider the rime of four words, to remember the
commonality of sound across them and to isolate the word which does not contain
the common rime. Digit Span is a test of short-term phonological memory which is
important for many literacy processes including reading, spelling and reading
comprehension. JN’s poor performance in WIAT-II literacy may possibly be partially
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ascribed to JN’s poor phonological memory processes. For example JN was found
to be in the slowest category of readers.

It is possible that decoded/recognised

words could not be remembered and had to be re-read. This is often reported by
slow readers.

Poor phonological memory could possibly also compromise JN’s

Word Reading. For example in decoding smudge he erroneously places the vowel o
between the consonants s and m and omits the d to get “somege”.
Phonological memory sequencing difficulties may be evident in JN’s Pseudoword
Decoding.

He has neglected to include the Ikl sound in infrections.

He has

forgotten/mistaken the /shl sound in retashment, called it Is/ and brought it to an
earlier word position before the t. He confuses / for a and finally omits the Ini sound.
Similarly he produces the word “unfording” for unfrodding.

This may be a

phonological memory problem.
Just two variables loading onto Factor 2 offer data consistent with JN’s literacy
performance at 10 years. Digit Span and Rhyme Recognition Oddity have moderate
factor loadings of .536 and .603 respectively.

This suggests that Factor 2 may

potentially have moderate power to account for JN’s literacy performance 4 years
later.
8.2.3J Factor 3: Phoneme Segmentation
-

In Table 24 a comparison of the Phoneme Segmentation variables’ mean total cohort
scores with those of 6 year olds’ means indicates that in all variables the 6 year old
group means are superior to those of the full cohort. A comparison of JN’s scores
with the means of his peer group indicates that he is superior in ail but Deletion of
Final Consonant: Real Word Remaining.

In that task he gets 3 items correct. An

examination of his performance indicates that he also got the practice items correct.
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The two items which are incorrect may possibly be ascribed to forgetting the task
requirements - he produced a similar or rhyming word {bean/in; goal/gull) instead of
the remaining word segment.
JN’s errors may possibly be ascribed to poor attention which is comorbid in many
dyslexics. Poor attention when decoding may lead to decoding errors as evidenced
in JN’s performance.

Similarly, poor attention when reading continuous text may

account for poor comprehension and/or slow reading speed which is evident in JN’s
Quartile 1 reading speed performance.

The variable Phoneme Deletion of Final

Consonant: Real Word Remaining has a moderately high loading of .752 on the
Phoneme Segmentation factor.

This suggests that the factor may have only

moderate power as a potential forecaster of JN’s literacy difficulties. The fact that
poor attention rather than phoneme segmentation difficulty may be associated with
JN ’s poor score may further compromise the power of the Phoneme Segmentation
factor.
8.2.3.k - Factor 4: Phoneme Segmentation Speed
With reference to Table 24 a comparison of Phoneme Segmentation Speed mean
total cohort scores and mean 6 year olds’ group scores show that the latter latencies
are lower than the former in all variables.
In the case of JN it can be said that his performance was superior to the younger SM
in that he recorded latencies in all phoneme segmentation subtests. A comparison
of JN’s scores indicates longer latencies on all of the 6 subtests than the group
mean. He is slower in Phoneme Deletion from Initial and Final Consonant Clusters.
He is also slower in Final Phoneme Deletion: Non-word Remaining and in Initial
Phoneme Deletion: Real Words Remaining.

This latter sub-test is the first of the
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suite of phoneme deletion tests to be administered to the participants, JN may have
found this phonological manipulation process difficult at first but then realised that it
could be processed like a rhyming task {hill without the Ihl says ill). Certainly the
sequence of within-task latencies indicates a diminution from 5s through 2s to 1s.
Recognising that the same process holds in the second task could explain JN’s
relatively shorter latency compared to the mean in Initial Phoneme Deletion: Non
Word Remaining (1.6s versus 1.73 s) compared to the first test to be administered in
the suite. Obviously JN found it easy to segment a word in order to produce a real
word when the word domain was provided for him. This could explain his superior
performance in Phoneme Deletion of Final Consonant: Real Word Remaining (1.66s
versus 2.25s). The longest latencies shown by JN relate to deletion from Final and
Initial Consonant clusters (5.8s versus 2.07s and 2.8s versus 2.02s respectively).
These are the more difficult tasks in the phonemic segmentation suite of tests. They
also have the highest loadings on the factor (.729). Final Phoneme Deletion: Non
word Remaining also appears to be difficult (loading .687, 2.4s versus 2.06s).
Many authors within the PDH of dyslexia argue that phoneme segmentation ability
facilitates the learning of sound-symbol correspondences which in turn leads to
reading development. It is clear that JN can segment words into phonemes. In fact
his performance is superior to that of the 6 year old group mean on 5 of 6 phoneme
segmentation tasks.

Yet he is a poor reader as is seen from Word Reading,

Pseudoword Decoding and Reading Speed. The answer to this apparent anomaly
may lie in the speed of phonemic segmentation in which JN is slower.

The poor

reading speed (Quartile 1) could possibly be ascribed to less-than-automatic
segmentation speeds. Thus sound-letter and letter-sound correspondences which
are less-than-automatic may make reading and spelling hard work for JN. It makes
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one mindful of Adams (1990) who wrote “the most critical factor beneath fluent word
reading is the ability to recognise letters, spelling patterns, automatically and visually.
The central goal of all reading instruction - comprehension, depends critically on this
ability” (p. 54).
In the Phoneme Segmentation Speed Factor, variables which show longer latencies
than the 6 year olds’ group mean have moderate loadings ranging from .650 to .729.
These moderately high loadings may augur well for the factor power in the potential
indication of literacy difficulties.
8.2.3.1 - Factor 5: Spatial Memory

An examination of Table 24 reveals superior performance for the 6 year olds’ means
compared to those of the full cohort in all variables. However JN is superior to his
age group means on the variables loading heaviest on the factor (.606 to .646). In
contrast JN’s performance is poorer than the group mean for Spatial Memory
(loading .513) and Copying (.417). The Spatial Memory Task is arguably a highly
stylised test of visual memory for locations, while the Copying Test examined JN’s
ability to reproduce shapes with regard to line slope and junction (possibly a
magnocellular-cerebellar function).

It is possible that JN’s inferior Word Reading

may be associated with faulty visual memory for the location for letters. Faulty visual
memory for the order of letters compromises the action of the visual processor in
irregular word reading.

When the word picture is unclear the reference point for

comparison is imperfect in visual memory.
In Word Reading, line junction errors are possibly in evidence.

For example the

word ruin is decoded as vin. It is unclear whether it is the line junctions at the top of
the letter r or whether it is the u which is mistaken for the letter v/.

Similarly in
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Pseudoword Decoding JN appears to confuse a t in clotch for a /c in clockech and
confuses a /c for a A? in ruchid/ruckid.
In Word Reading, possible poor memory for letter location may be associated with
bizarre word production (e.g. culterlee/cutlery).
Having imperfect memory for letters or letter patterns may compromise reading
speed and could possibly explain JN’s poor reading rate. The Factor 5 variables on
which JN scored below the group mean have low to moderate loadings.

Copying

has a weaker loading (.417) while the Spatial Memory loading is moderate at .513.
Thus the power of Factor 5 is weak to moderate in its potential to predict JN’s
literacy difficulty.
8.2.3.m - Factor 6: Motor Speed Factor

An examination of Table 24 indicates that the 6 year olds’ group mean in Factor 6
have shorter latencies than those of the full cohort for all variables. JN’s latencies
are shorter than those of the 6 year olds’ means in three higher loading variables.
Only in Ran Digits is JN slower than the group mean. In fact he is twice as slow. He
made no naming error and had no naming failures. He is simply more than twice as
slow as the group mean for the speed of lexical access.
Wolf and Bowers (1999) argue that rapid naming of alphanumeric items may be a
magnocellular process in a closed domain of items concerned with line location,
slope and junction. The RAN Digits Test may be a case in point. JN performs very
poorly on this sub-test. He may have difficulty accessing the verbal labels for digits.
Since he made no errors, clearly their names are present, but the speed of lexical
access is poor. JN’s reading speed performance may possibly be compromised by
such difficulty in lexical access. Even if he decodes words correctly, accessing L-TM
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for their labels may be slow. This may also be associated with the marginal difficulty
in WIAT-II Reading Comprehension and reading rate. The line junction errors are
already mentioned above in relation to Word Reading.
Authors such as Wolf and Bowers (1999) are at pains to stress that dyslexics may
have both phonological difficulties in conjunction with rapid naming difficulties (the
Double Deficit Hypothesis). Other dyslexics may have either phonological difficulties
or lexical access speed difficulties alone. Therefore these authors argue that RAN
tests should be included in screening tests. RAN Digits is the only sub-test loading
on Factor 6 to offer data consistent with JN’s literacy difficulties. The variable has a
low loading (.424) thereby reducing the potential power of the factor.
8 .2.3.n - Factor 7: Balance

An examination of Table 24 indicates that the means for the 6 year olds’ balance
scores are superior to those of the full cohort. They have fewer wobble points. JN
on the other hand performed more poorly than his peer group on both balance tasks.
However he has a better score on the more difficult dual task balance than on single
task balance. The dual balance task was administered after the single balance task.
JN appears to be showing practice effects.

Yet he has poorer balance than his

peers.
The Balance Task represents a test of automatisation of a primitive skill. JN has
poorer automatic balance than his group age peers. It may thus be indicating at an
early age that JN may be at risk for dyslexia.
Those who read fluently and automatically tend to read early. Those who do not
read fluently tend to avoid reading, consequently widening the literacy gap, and
failing to reach automatic decoding levels. JN appears to be such a student.

He
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hates school and is in the slowest category of readers.

He m akes frequent reading

errors and spells badly. It is possible that poor reading fluency and failure in reading
to automatic levels may be associated with JN ’s levels of automatic balance which
are worse than those of his peers. If the balance scores are adequately representing
JN ’s automaticity levels, then their very heavy factor loadings of .916 and .912
potentially m ake that factor a powerful early latent variable for JN ’s dyslexic literacy
performance.
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8.2.4 - Summary: Potential Factor Prediction across Age: IQ held Constant
(Average IQ)
8.2.4.a - Factor 1: Visual-Verbal Correspondence

Variables loading on Factor 1 offer data consistent with the literacy difficulties of a 4,
5 and 6 year old student of average intelligence. For EB, the 4 year old student, the
factor loadings range from moderate to high (.468 to .801). This association also
exists for the 5 year old SM. All variables except one show poor performance in SM,
these variables load from moderate to high (.468 to .867). For the 6 year old, JN,
just 3 variables offer data consistent with his later literacy difficulties. These provide
moderate (.468) to high (.801) loadings on the factor. Thus Factor 1 offers data
consistent with a moderate to high association with literacy difficulties in all three
cases of children with an average IQ.
8.2.4.b - Factor 2: Rhyme M em ory

The Rhyme variables offer data consistent with EB’s literacy difficulties.
loadings are moderate (.559 to .752).

The

For SM seven of ten rhyme and memory

variables were associated with literacy difficulties. These loaded .522 to .752. For
JN the association is split between rhyme and memory with two tests loading .536
and .603.

This suggests that the Rhyme/Memory Factor may be moderately

associated with later literacy difficulties in all three cases.
8.2.4.C Factor 3: Phoneme Segm entation
-

Factor 3 is not applicable to EB. All variables were associated with SMs literacy
difficulties (moderately loading range .568 to .752). Only one variable offered data
consistent with JN’s difficulty, this was Phoneme Deletion of Final Consonant: Real
Word Remaining (moderate loading .752).

These loadings imbue Factor 3 with

potentially moderate predictive power.
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8.2.4.d - Factor 4

Factor 4 variables were not applicable to EB. For the 5 year old SM there are two
moderately loading variables (.650 and .727).
factors load moderately (.650 to .729).

Equally for the 6 year old JN the

Such loadings indicate that Factor 4 may

have a moderate potential predictive power.
8.2A.e Factor 5
-

For EB and SM the low to moderate loading range (.417 to .646) suggest that the
factor may have low to moderate power in potentially predicting their later literacy
difficulties. It has weaker factor loadings (.417 and .513) for potential prediction of
JN’s difficulties.
8.2.4.f- Factor 6

Factor 6 has low to moderate loadings (.424 to .702) for the variables associated
with the later literacy difficulties of 5 year old SM, and a weaker loading (.424) for the
variable (RAN Digits) associated with the later literacy difficulties of 6 year old JN
and 4 year old EB.
8.2.4.g - Factor 7

In all three cases, variables within the Balance Factor offer data consistent with later
literacy difficulties (high loadings of .916 and .912). The Balance Factor may be a
potentially powerful predictor of later literacy difficulties.
8.2.5 - Potential Predictors of Dyslexia across Age: IQ being held constant

The performance of the three children on cognitive and achievement measures close
to their 10^^ birthday indicated that they have dyslexia. A retrospective examination
of their performance on the TEST-D battery indicated that some sub-test scores
were poorer than the mean for their age cohort. This suggests that these particular
sub-tests may be potential predictors of dyslexia. These sub-tests (discussed within
the factor in which they load) which prospectively flagged poor literacy performance
are listed below.
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8.2.5.a

Factor 1

-

Letter Knowledge Upper- and Lower-Case and Alliteration Oddity offered data
consistent with poor literacy performance across all three ages.
8.2.5.b - Factor 2

No one variable was associated with the dyslexic children in all three ages.
8.2.5 .C - Factors

Factor 3 variables were not applicable to EB.

Only Phoneme Deletion of Final

Consonant: Real Word Remaining offered data consistent with the performance of
the 5 and 6 year olds.
8.2.5.d Factor 4
-

Factor 4 variables were not applicable to EB. Latency for Initial Phoneme Deletion:
Real Word Remaining and Initial Phoneme Deletion from an Initial Consonant
Cluster were associated with literacy difficulty in SM and JN.
8.2.5.e Factors
-

Spatial Memory and Copying offered data consistent with the performance of all 3
poor readers.
8.2.5 .f- Factor 6

RAN Digits was associated with ail three students’ later performance.
8.2.5.g Factor 7
-

Single Task Balance and Dual Task Balance provided data consistent with all three
performances.
The above named sub-tests which provide data consistent with later poor literacy
performance are set out in Table 34 at the end o f this Chapter.
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8 .2 .6 -Case Study 4: MW

MW is female, in 4th class and was aged 10 years 8 months at the time of psychoeducational assessment.

Her mother provided the following details to the

administering psychologist.
8.2.6.0 - Background details

MW is the youngest of 3 children. She is cared for by both parents. Her father is a
skilled manual worker.

Her mother works part-time outside the home and has

successfully passed the Leaving Certificate examination.
MW’s mother reported that her pregnancy was full-term. The birth was normal.
achieved all milestones within normal limits.

MW

MW suffers from asthma and

consequently misses school. Her mother describes MW as outgoing with plenty of
friends. MW is described as well-coordinated and can take care of herself. She can
ride a bike. She is described as having good language and articulation. Her English
is reported to be good but MW has problems learning Irish. Her mother reports MW
has difficulty with maths for which she got learning support in her earlier school
years. MW does not like her teacher and has recently become unhappy in school.
She has difficulty with homework and finds it hard to settle to apply herself. MW has
never been previously assessed.
The psychologist reported that MW lost attention regularly during the assessment.
However, attention was easily regained.

MW was described as very uninterested

during the assessment.
8.2.6.b Cognitive Assessment o f M W
-

The 10 core tests of the WISC- IV were administered to MW. Her performance in
these sub-tests is set out in Table 25 below.
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Table 25 - M W : WISC-IV core subtests organised according to index measured, skill measured, M W 's scaled score and
ability range. Index standard scores and Full Scale IQ are also shown for M W .

WISC-IV
Index
names,
Index
Standard Scores and
Percentiles
Verbal Comprehension Index
(VCI)

Subtest name

Scaled score
(minimum 1,
maximum
19)

Similarities

6

Vocabulary

4

Comprehension

6

A bility
Range

A bility m easured
Verbal reasoning and concept
formation; ability to classify
and categorise words
Ability
to
define
words;
learning ability and long term
memory
Understanding of social rules,
verbal common sense

VCI Standard Score = 73
(4’*' percentile)
Perceptual Reasoning Index
(PRI)

Memory

Index

Borderline
Low Average
Borderline

Block Design

7

Picture Concepts

7

Matrix Reasoning

4

Noverbal
deductive
reasoning; working from a
whole to its component parts
Abstract
and
categorical
reasoning ability
Visual information processing;
abstract reasoning skills

PRI Standard Score = 75
(5’*' percentile)
Working
(WMI)

Low Average

Low Average
Low Average
Borderline
Borderline

Digit Span

11

Letter
Number
Sequencing

4

Auditory Sequential Memory;
Working Memory
Sequencing ability; short term
and working memory; auditory
memory

Average
Borderline
Low Average

WMI Standard Score = 86
(18®’ percentile)
Processing
(PSI)

Speed

Index

Coding

8

Symbol Search

7

Visual Scanning; hand-eye co
ordination
Speed of visual search; visual
discrimination

Average
Low Average

PSI Standard Score = 85
(16’^ percentile)

Low Average

Full Scale IQ Standard Score
= 73 (4’^ percentile)

Borderline

Table 25 indicates several areas of concern in relation to MW’s performance. Within
the VCI, two scores (Similarities and Comprehension) are in the Low Average range.
In contrast, MW’s vocabulary is in the Borderline range. This can be associated with
difficulties in reading comprehension and creative writing. Overall MW’s VCI is in the
Borderline range.
In her PRI MW has two scaled scores in the Low Average range.

However her

Matrix Reasoning Skills are in the Borderline range. This suggests that MW may
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have difficulties with visual information processing.

Overall MW’s PRI is in the

Borderline range.
MW indicates a strength in her short-term auditory and working memory. Her Digit
Span Score is 11 and in the normal range.

In contrast her working memory for

alpha-numeric material (Letter-Number Sequencing) is in the Borderline range. This
may cause decoding and comprehension difficulties in her school work. Overall her
WMI is 86 and in the Low Average range. MW’s PSI sub-test scaled scores are 8
and 7 respectively. Her overall PSI is in the Low Average range.
These index scores contribute to the Full Scale IQ score of 73, which is in the
Borderline range and at the fourth percentile.
The psychologist reported that MW’s attention drifted and she was disinterested
during the assessment.

The assessment may therefore be an underestimate of

MW’s learning ability.
8.2. 6 .C - Academic Achievement Assessment (W IA T -II)

From MW’s FSIQ score of 73 it can be predicted that she should achieve SS 81-90
in areas of literacy assessed.

When MW was administered the 7 literacy and

language sub-tests of the WIAT-II her actual achievements ranged from 65 to 98.
These scores are set out in Table 25 below.
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Table 26. - M W 's predicted and actual WIAT-II scores, levels of significance and frequency of difference in the normative
sample. M W 's WRAT4 Reading Comprehension SS is also shown.
WIAT-II
WIAT-II

WISC-IV

Academic

WIAT-II

Critical

Academic

Ability

achievement

A c tu a l

values at

Significant

Difference in

achievement

Standard

p re d icte d

Standard

the .01

status

Normative

subtest

Score

standard

Score

level

Difference

Frequency of

Sample

score
Word Reading

73

83

87

-4

7.95

No

Reading

73

82

80

2

8.83

No

Spelling

73

85

90

-5

8.52

No

Pseudoword

73

86

98

-12

7.54

Yes

No deficit

73

90

65

25

8.58

Yes

5%-10%-

73

83

79

4

12.68

No

—

Oral Expression

73

89

84

5

8.92

No

—

WRAT4 Reading

—

—

89

—

Comprehension

Decoding
Written
Expression
Listening
Comprehension

Comprehension

As with previous case studies, only the literacy and language sub-test scores which
show a significant discrepancy between predicted and actual literacy scores, and
which occur with a frequency of less than 20% will be discussed, as they may
indicate Specific Learning Difficulty (Dyslexia).
Table 26 indicates that MW’s performance in Word Reading and Spelling are slightly
ahead of the score predicted from her FSIQ.

However the difference between

predicted and actual achievement is not significant.
Listening

She is performing below

expectation

in Reading Comprehension,

Comprehension

Expression.

The discrepancies here are also not significant.

and Oral

MW is performing

statistically significantly above expectation in Psudoword Decoding.

There is a

significant discrepancy of 25 standard points between predicted and actual scores in
Written Expression based on MW’s FSIQ. This discrepancy is discussed below.

315

8.2.6.d - WIAT-II Written Expression

MW is unusual in that she performs above expectations in Spelling, yet her Written
Expression score is significantly discrepant from her expected score. A FSIQ of 73
would predict that MW should earn an SS of 90 in Written Expression. She actually
earns an SS of 65 which is 25 points below expectation.

This discrepancy is

significant (p < .01) and occurs in the normative sample with a frequency of 5-10%.
This indicates that MW has a severe Specific Learning Difficulty in Written
Expression.
An analysis of her Written Expression is worthwhile.

A number of sub-tasks

contribute to the Written Expression score. These are Word Fluency, Sentences and
Paragraph Writing (scored according to Rubrics of Mechanics, Organisation, and
Vocabulary).
Word Fluency

In the Word Fluency task MW is required to write a list of round objects in sixty
seconds. She manages to score just 6 points which places her in Quartile 1 (the
slowest category). It is possible that MW is not able to access her semantic memory
for vocabulary and item names as well as she would like. It is also quite possible
that her Borderline Vocabulary WISC-IV score of 4 may be compromising her facility
with creative language.
Sentences

The first part of the Sentences subtest requires MW to combine two provided
sentences into one sentence which mean the same thing. Here MW scores 4 out of
12.

She can obviously combine sentences by using the “and” conjunction.

The

second part of the sentences task requires MW to write one well-written sentence
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describing a picture without using “and”. Another task requires her to describe a
picture using the word “however”. While MW earns half marks in the first part of the
task (where she is allowed use “and”) she scores 0 where “and” use is disallowed.
Paragraph

Here MW is required to write 5 to 10 good sentences beginning “My favourite game
is .... “. MW wrote only two words. She was awarded 1 point (from a total of 9) in
Mechanics and 0 in each of Organisation and Vocabulary. Her score of 6 overall in
Word Fluency translates to SS 65.

This leaves a large 25-point deficit which is

significant in the normative sample with a frequency of 5-10%.
It is worthwhile attempting to identify the origin of MW’s poor Written Expression
score. As mentioned earlier she earned a Borderline scaled score of just 4 in her
WISC-IV Vocabulary test. This could potentially compromise her ability to generate
words and ideas and be creative in her written work despite her obvious Spelling skill
which is in the Average range (SS 90). Clearly this vocabulary deficit needs to be
addressed in Learning Support in MW’s school.

MW may also be experiencing a

problem with organisation in short-term memory. She earned a very poor Borderline
score of 4 in her ability in remembering alpha-numeric items in numerical and
alphabetical order. This task challenges working memory as it puts a load on the
Central Executive.

It is possible that MW is unable to scroll across items in

phonological memory as is required by this task.

There is a hint in her WIAT-II

Spelling performance which suggests that this is the case. When spelling the work
“absence" MW tries to segment the word into its phonemic segments, and, scrolling
across the word’s sound sequence, she tries to write them in the correct order. She
correctly writes the initial letter a then exchanges the next 2 letter places s &. b.

She
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knows that an ‘e n ’ sound is necessary.

However, she provides it twice (possibly a

scrolling error). She provides the letters ts to complete the word.

Possibly her working memory and phonological scrolling process fail her again when
she writes “a cce p t as “accpet”. Clearly MW ’s working memory difficulty needs to be
also addressed in Learning Support in her school. These were not the only literacy
difficulties evidenced in MW. She also had difficulty with reading speed.

8.2.6.C Reading Comprehension
-

In WIAT-II and WRAT4 Reading Comprehension MW performs to expectations
based on her FSIQ.

However she was found to be a very slow reader (Quartile 1

categorisation) as she took 304 seconds to read the four required passages.

It is

quite possible that MW ’s poor vocabulary and poor working memory, as previously
discussed, may have slowed her comprehension ability.

Many authors such as

Torgesen (2001) and W olf (2001) have called for more dedicated work on reading
fluency in order to address these needs. It is worth considering MW’s performance
on Test-D and asking if there was a hint of this poorer later performance in Written
Expression and slow reading speed in this student of Borderline intelligence (FSIQ
73).
The connection between WISC-IVAA/IAT-II scores and earlier performance in Test-D
will be considered next.

Since MW and the next case are 5 year olds, the

relationship between the full cohort and 5 years olds’ means will not be examined
again as they have already been examined in the case of SM. First, Table 27 will be
examined to discover how MW performed compared to the 5 year olds’ group mean.
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Table 27 - MW's Test-D scores
Factor
1
Variables:
Correspondence

Visual-Verbal

Letter Sound Array: Total number fully and
partially correct
Letter Sound Array: Total number incorrect
Letter Knowledge: Lower Case Total
Letter Knowledge: Upper Case Total
Letter Sound Array: Total Number fully correct
Phonetic Spelling
Alliteration: Total score
Non Word Completion at the Phoneme Level
Total Score
Initial
Phoneme
Deletion
Non
Word
Remaining: Number correct within time
Alliteration Oddity: Total Score
Factor 2 Variables: Rhyme / Memory Factor
Rhyme Recognition 1: Total
Rhyme Recognition 2: Total
Rhyme Recognition Oddity: Total
Timed Rhyme Generation: Average number
Non Word Repetition Total
Digit Span: Forward Total
Word Segmentation: Total
Initial
Phoneme
Deletion
Real
Word
remaining: Number correct within time
Nursery Rhymes
Articulation Rate: Average Number of errors
Factor 3 Variables: Phoneme Segmentation
Phoneme Deletion of Final Consonant: Real
Word Remaining: Total Correct within time
Final Phoneme from final Consonant Cluster:
Total Correct within time
Final Phoneme Deletion: Nonword Remaining
Number correct within time
Initial
Phoneme
Deletion
from
Initial
Consonant Cluster: Total Correct within time
Non-word Reading: Number Correct
Factor 4 Variables: Phoneme Segmentation
Speed
Final Phoneme Deletion from Final Consonant
Cluster: Average time for correct items
Initial
Phoneme
Deletion
from
Initial
Consonant Cluster: Average time for correct
items
Final Phoneme Deletion: Nonword Remaining
Average time for correct items
Initial Phoneme Deletion: Nonword Remaining
Average time for correct items
Initial
Phoneme
Deletion:
Real
words
remaining
Average time for correct items
Phoneme Deletion of Final Consonant Real
Word Remaining: Average time for correct
items
Factor 5 Variables: Spatial Memory Factor
Squirrel Memory Forward Total
Squirrel Memory Reverse Total
Finger Localization Hand Hidden: 2 fingers
touched simultaneously
Finger Localization Hand Hidden: Single
finger touched
Spatial Memory Task
Copying Test: Total

Variable
loading

MW's variable
raw score

.867
-.866
.801
.790
.724
.616
.541
.482

13
13
22
25
12
8
5
0

.470
.468
.752
.707
.603
.559
-.536
.536
.530
.522

15.84

17.54

10.15
18.68
18.53
11.67
18.55
6.29

8.40
19.99
19.92
12.47
21.93
6.79

3.58

4.36
3.59

6.53

7.20

9
9
7
2.5
7
6
0

8.07
9.86
5.18
3.83
12.57
6.62
4.71

8.41
9.96
5.54
4.47
11.42
6.80
4.99

4.22

4.42

8.26
3.08

8.27
2.87

2.99

3.36

2.45

2.89

3.32

3.54

.752

0

.729

not attempted

.697

gating procedure

.592

0

.568

gating procedure

.729

not administered

.729

no correct ans no
av time

.687

gating procedure

.675

1s

.650

3s

2.05

2.45

8.05

10.33

2.46s

2.26s

2.15s

2.10s

2.29s

2.15s

2.19s

1.99s

2.10s

1.94s

2.27s

3.36s

2.76
2.19

3.05
2.57

4.98

5.37

7.86

8.16

6.88
7.54

7.25
7.89

gating procedure

4
1
4

.606
.513
.417

Total cohort
mean score

3.24

5
10
0

.646
.643
.634

mean
year

1
5

.480
-.451

.648

Variable
score: 5
olds

7
7
7
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Factor 6 Variables: Motor Speed Factor
6 Prong Test: Total Time
Dowel Placement Speed
RAN Objects: Total
RAN Digits: Total
Factor 7 Variables: Balance
One Foot Balance: Single Task Score
One Foot Balance: Dual Task Score

.702
.682
.424
.424

28 s
24 s
34.5s
91 s

33.39s
33.58s
64.26s
49.31s

32.39s
32.56s
60.82s
43.73s

.916
.912

4.5
1

4.95
5.82

4.61
5.45

8.2.6.f- Factor 1: Visual - Verbal Correspondence M W

Clearly MW has been well taught. She has learned the identity of letters through the
Letterland system. She is superior to her peer group in the number of upper- and
lower-case letters which she knows. She knows marginally more pure letter sounds
than her peers. In all other variables which load onto Factor 1 MW performs below
the group mean.

For Letter Sound Array: total fully and partially correct (loading

.867) MW scored only 13 compared to the group mean of 15.84.
She got 13 Letter Sounds incorrect (loading -.866) compared to 10.15 for her peers.
This appears to translate to her Phonetic Spelling performance (loading .616): she
appears poorer at using sound-letter correspondence.

However her problem here

may relate more to vocabulary difficulties rather than encoding difficulties. A note
added to MW’s score sheet by the Test-D administrator read as follows “At the
outset child was disinterested and put off by the fact that she didn’t know the word so didn’t put in much effort after that”. Clearly Vocabulary knowledge appears to be
an issue for MW even at this early age. Her slow reading speed and poor written
expression mentioned earlier may be associated with her score of 8 (compared to
the age cohort mean of 18.55) for the Phonetic Spelling Test.

MW scored 5

compared to 6.29 for the group mean on Alliteration (loading .541) and also 5
compared to 6.53 for Alliteration Oddity (loading .468). Alliteration and Alliteration
Oddity are prototypical phonemic segmentation processes.

It is not surprising

therefore that MW’s performs poorly on the more difficult Phonemic Segmentation
Tasks. She scored just 1 on Initial Phoneme Deletion: Non-word Remaining (loading
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.470). In fact she provided rhymes rather than remaining word segments in 4 out of
5 cases. Her score of 1 compared to the group mean of 3.24 indicates that MW is
unable to segment at the phonemic level.

She scored 0 compared to 3.58 for the

group mean on Non-word Completion at the Phoneme level (loading .482).
testing administrator notes that she did not understand the task.

The

Phonemic

Segmentation is considered an important phonological skill which allows the early
reader access to learning letter-sound values. If MW is slow to learn these values,
or does not bring them to automatic levels of knowledge then reading speeds may
be slow. Similarly this lack of letter sounds may impact on MW’s creative writing skill
as evidenced in her poor Written Expression.

The variable loadings which are

associated with MW’s poor reading speed and literacy performance range from
moderate to high (.468, .470, .482, .541, .616, -.866, .867).

Thus the variables

loading on the factor offer data consistent with MW’s poor reading speed and Written
Expression.
8.2.6.g Factor 2: Rhyme/Memory
-

The Rhyme/Memory Factor presents a rather varied picture.

MW has superior

performance compared to peer means in the rhyme tasks except for the Timed
Rhyme Generation (2.5 versus 3.83, loading.559).

This is consistent with the

argument that MW has poor performance in open-domain tasks. The tasks in which
she succeeds offer options for the solution (e.g. in Rhyme Recognition she is
provided with target and distracters). In contrast, when MW is required to generate
rhyming items, she must delve into her semantic and phonological memory for items
which are not before her. This processing difficulty is consistent with her failure to
write the names of many round objects or to generate ideas on her favourite game
as required in the paragraph creative writing task.
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At 5 years MW could not segment words into syllables at all. In Word Segmentation
(loading .530) MW scored 0 compared to the group mean (4.71). It is possible that
the vocabulary aspect of her WISC-IV performance could be related to her poor
performance in Word Segmentation.

A note from the Test-D Administrator states

that she “did not understand the concept and lost heart. I think she was confused by
the pictures and thought there was some dividing to be done on the object and not
the word”. Clearly MW has a difficulty with the language of the task directions. She
simply has not understood the vocabulary or she may be unready for language at the
metalinguistic level.
MW also scored below her group mean on Digit Span (loading .536). Thus the factor
seems to divide along memory and item generation tasks producing poor scores in
MW at 5 years. These variables are moderate (.530, .536 and .559) in their loading.
This makes the factor potentially moderately successful in its association with future
difficulties in MW when she is 5 years older.
8.2.6.h - Factor 3: Phonemic Segmentation

In some tests MW did not progress to the test items due to the gating procedure or
because a sub-test was not attempted. In other sub-tests MW succeeded in getting
past the gating procedure such as in Phoneme Deletion of Final Consonant: Real
Word Remaining (loading .752) and Initial Phoneme Deletion from Initial Consonant
Cluster (loading .592).

Nevertheless, she failed to score on either on these

important sub-tests (compared to her peers whose mean scores were 2.99 and 2.45
respectively).
Phonemic segmentation is necessary if students are to become flexible readers.
However phonemic segmentation failure is not serious in a 5 year old as,
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developmentally, they are still phonologically immature.

Children who are reading

can segment phonemes with much greater facility as reading and phonemic
segmentation have a reciprocal relationship.
Phonemic

segmentation

failure

may

potentially

indicate

future

difficulty

in

phonological decoding. It is clear that MW has difficulty with reading fluency at 10
years.

This may relate to poor phonemic segmentation at 5 years of age.

The

variables where MW failed to score load moderately on the factor (.568 to .752).
This gives the factor a moderate power as a potential predictor of MW’s reading 5
years later.
8.2.6A - Factor 4: Phoneme Segmentation Speed

MW registered 2 latencies in Factor 4 sub-tests.

Initial Phoneme Deletion: Real

Word Remaining is the first phoneme deletion task of the sub-test suite to be
administered. The segmentation process of this sub-test (loading .650) is apparently
construed by her as a rhyming task and so is relatively easy for her. Nevertheless,
she is slower than her peer group mean (3s versus 2.10s).

By the time she

segments in the next sub-test (which also appears to have been construed as a
rhyming task) she is, on average, faster than her peer group mean (loading .675).
The one Factor 4 variable which offers data consistent with later literacy difficulties
(Initial Phoneme Deletion: Real Word Remaining, loading .650) may indicate
moderate predictive potential.
8.2.6.] - Factor 5: Spatial Memory

According to Table 27 MW appears to have superior spatial sequence recall
compared to her peer group in Squirrel Memory; Forward and in the Spatial Memory
Task (4 versus 2.76 and 7 versus 6.88 respectively). However, where the Central
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Executive is required for spatial memory, MW has poorer capacity. For example she
can remember only 1 sequence of locations in Squirrel Memory: Reverse (loading
.643) compared to the peer-group mean of 2.19.
function

is consistent with

This poor Central Executive

her Borderline score in WISC-IV Letter-Number

Sequencing which puts a heavy load on the Central Executive. It is also consistent
with MW’s Borderline WISC-IV Matrix Reasoning score of 4. This sub-test involves
visual infonnation processing/ability to see and remember visual patterns.
MW scores marginally below her peer-group mean (7 versus 7.54) on Copying
(loading .417). This is arguably a test of magnocellular/cerebellar function of line
junction-precision and hand-eye coordination.

She evidences poor performance on

the intersection of vertical and horizontal lines when copying item 3. There is an
oblique line break in an otherwise good triangle. There is line overshoot beyond the
top and bottom angles of the diamond (item 10). MW’s Copying performance may
be heralding her rather loose pen-craft. She uses a mixture of print and script in her
spelling and many line placements and junctions are inappropriate (e.g. in the c, l,m
and b junctions of climbed, and in the e and s junctions in careless).
Poor memory for location of objects or line may potentially also be heralded by MW’s
ability to remember which finger (combination) was touched. MW scored below her
peer mean on the Finger Localisation Task (Single Finger and Two Fingers
Touched, loading .606 and .634 respectively). The loadings of variables which are
associated with later difficulties in MW would suggest that Factor 5 has a moderate
potential predictive power (.417 to .643).
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8.2.6.k - Factor 6: M otor Speed Factor

On three of the four variables which load on Factor 6 (Prongs, Dowels and RAN
Objects) MW’s latencies are superior to her group means.

She performs

unexpectedly well in RAN Objects despite her difficulty with vocabulary and ability to
generate names of round objects. In contrast MW is more than twice as slow as her
peer-age mean in RAN Digits (loading .424).

As in JN’s case she is possibly

experiencing difficulty in rapid perceptual processing of line slope and junction and
thus may be experiencing great difficulty in naming digits even in such a limited
domain as digits 1 to 5. The Matrix Reasoning Task in WISC-IV is concerned with
visual processing of pattern that encompasses direction and slope. MW’s Borderline
score of 4 in that task may be associated with poor RAN Digit speed and slow lexical
access to digit labels 5 years earlier. In MW’s case it would appear that RAN Digits
may have moderate potential predictive power.
8.2.6.1 - Factor 7: Balance

MW performs better than the age-group mean on both Balance tasks. The trend of
MW’s score runs counter to the theory that dyslexics are poor at balancing when
they are prevented from concentrating on the balance task as in Dual Task Balance.
In fact when MW is prevented from concentrating on balance she records a superior
score to Single Task Balance. She is showing a practice effects which is unusual in
the case of dyslexics who take a long time to achieve automatic balance. However
MW is described by her mother as well coordinated and interested in sports. Factor
7 variables do not appear to be associated with later literacy difficulties in MW.
Therefore Factor 7 has apparently little or no potential for prediction in relation to
MW.
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8.2.7 - Case Study 5: CH
CH is male, in 4th class and was aged 9 years 11 months at the time of psychoeducational assessment.

His mother provided

the following

details to the

administering psychologist.

8.2.7.a - Background details
CH is the younger of 2 children.

He was a full-term baby and was adopted from

abroad at 7 months. CH’s adopted mother reported that he met all developmental
milestones within normal limits. He attended school from age 4. He is described as
a sociable, friendly child who has good work habits.
swims and plays soccer, gaelic football and tennis

He is well coordinated.

He

He has good energy levels and

plays a lot outside with his dog. He loves chess and doing Lego designs. He plays
a limited amount of computer games and also plays educational, electronic games.
CH has no reported language problems.

He attends a school where Irish and

English have equal standing. CH, his sister and their father use Irish at home.
CH lives in an education-oriented household. Both parents completed the Leaving
Certificate and have engaged in further education.

CH’s mother works in an

educational setting. His father is an electronic technician. CH’s mother supervises
homework each evening. Homework includes Maths, English and Irish reading and
spellings.
CH’s parents became concerned at his lack of literacy progress in 2^^^ class. He was
mixing up letters such as d/b and not breaking words into syllables. He got 1.5 hours
per week Learning Support in school for eighteen months.

However, in January

2008 this support was removed. In its place he received an in-class, 6 -8 week block
of paired tutoring.

CH’s parents privately commissioned a psycho-educational

assessment which did not reveal any particular difficulties.

At that time CH also
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received extra phonological and literacy support at home from his mother 3 times per
week. CH is reported to be very happy in school. He likes his teacher. For reading
he likes to read comics.
In the present study, a note is provided by the administering psychologist in relation
to CH.

During the assessment CH spoke quickly when responding to WISC-IV

items.
The

In WIAT-II Spelling he called out the letters first and then wrote the word.
psychologist

considers

the

psycho-educational

assessment

a

valid

representation of CH’s learning potential and achievement.

8 .2 .7 .b

-

Cognitive Assessm ent o fC H

The 10 core tests of the WISC- IV were administered to CH.

His performance in

these subtests is set out in Table 28 below.
Table 28 - CH: WISC-IV 10 core subtests organised according to index measured, skill measured, CH's scaled score and
ability range. Index standard scores and Full Scale IQ are also shown for CH.

WISC-IV
Index
names,
Index
Standard Scores and
Percentiles
Verbal Comprehension (VCI)

Subtest name

Sealed score
(minimum 1,
maximum
19)

Similarities

13

Vocabulary

10

Comprehension

12

Ability measured
Verbal reasoning and concept
formation; ability to classify
and categorise words
Ability
to
define
words;
learning ability and long term
memory
Understanding of social rules,
verbal common sense

VCI Standard Score = 108
(70*^ percentile)
Perceptual Reasoning Index
(PRI)

High Average

Average
High Average
Average

Block Design
Picture Concepts
Matrix Reasoning

PRI Standard Score = 117
(87'" percentile)

Ability
Range

14
13
11

Non
verbal
deductive
reasoning; working from a
whole to its component parts
Abstract
and
categorical
reasoning ability
Visual information processing;
abstract reasoning skills

Superior
High Average
Average
High Average
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WISC-IV
Index
names,
Index
Standard Scores and
Percentiles
Working
(W M I)

Memory

Index

Subtest name

11

Digit Span
Letter
Sequencing

Scaled score
(minimum 1,
maximum
19)

Number

13

Ability
Range

Ability measured
Auditory Sequential Memory;
Working Memory
Sequencing ability; short term
and working memory; auditory
memory

Speed

Index

High Average

High Average

W MI Standard Score = 110
(75" percentile)
Processing
(P S I)

Average

Coding

Symbol Search

16

13

Visual Screening; hand-eye
co-ordination
Speed of visual search; visual
discrimination

Very Superior

High Average

Superior

PSI Standard Score = 126
(96*^ percentile)

Superior

Full Scale IQ Standard Score
= 120 (91®' percentile)

Table 28 indicates no areas of real concern in CH’s performance.

However, it is

noteworthy that just 3 of his scores are in the Average range, namely Vocabulary,
Matrix Reasoning and Digit Span.

In comparison, all other scores are in the High

Average, Superior or Very Superior range. CH’s FSIQ is in the Superior range at
120 (91^^ percentile).
8.2. 7 .C - Academic Achievement Assessment (WIA T -II)

From CH’s FSIQ score of 120 it can be predicted that he should achieve SS 107-113
in all areas of literacy.

When CH was administered the 7 literacy and language

subtests of the WIAT-II his actual achievements ranged from 87 to 127.

These

scores are set out in Table 29.
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Table 29 - CH's predicted and actual WIAT-II scores, levels of significance and frequency of difference in the normative
sample. CH's WRAT4 Reading Comprehension SS is also shown.
WIAT-II
WIAT-II

WISC-IV

Academic

WIAT-II

Frequency o f

Critical

Academic

Ability

achievement

A c tu a l

values at

Significant

Difference in

achievement

Standard

p re d icte d

Standard

the .01

status

Normative

subtest

Score

standard

Score

level

Difference

Sample

score
Word Reading

120

113

94

19

7.95

Yes

4%

Reading

120

113

105

8

8.83

No

“

Spelling

120

111

87

24

8.52

Yes

Pseudoword

120

110

98

12

7.54

Yes

15

120

107

101

6

8.58

No

“

120

112

111

1

12.68

No

“

120

108

127

- 19

8.92

Yes

no deficit

Comprehension

2

% -

3%
%

Decoding
Written
Expression
Listening
Comprehension
Oral Expression
WRAT4 Reading

112

Comprehension

As with previous case studies, only the literacy and language sub-test scores which
show a significant deficit between predicted and actual literacy scores, and which
occur with a frequency of less than 20% will be discussed, as they may indicate
Specific Learning Difficulty (Dyslexia).
Table 29 indicates that CH is experiencing significant difficulty in Word Reading,
Spelling and Pseudoword Decoding.

His performance on these sub-tests will be

examined in detail below.
8.2.7.d - Word Reading

CH was required to read 47 words of which the first 16 were quickly and correctly
read. Twelve words, which were presented later, were read correctly.
CH

produced

syllables but failed

to

synthesise them

(cor...age,

Four times
col...um,

in...fam...ous, top...o...graph...y). CH’s reading errors indicated difficulty with:
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• Word-medial visual processing {thumble / thumbnail, pathec / pathetic,
treaterous / treacherous)
• Word-final visual processing {depute / deputy, acquired / acquire, navy /
naive).
•

ch difficulty {chord / chord - where the first ch sounds as in cheese)

• S o ft‘c' difficulty {vi inity / vicinity)
According to Table 29 CH’s SS of 120 predicted that he should achieve SS 113 in
Word Reading.

He actually achieved SS 94 which leaves a discrepancy of 19

points. This discrepancy is greater than the critical score at the p< .01 level of 7.95.
It is a severe, rare discrepancy and occurs with a frequency of just 4% in the
normative sample. This indicates that CH has a severe Specific Learning Difficulty in
Word Reading.
8.2.7.e - Spelling

In WIAT-II Spelling CH was required to spell 20 words of increasing difficulty. Each
word was presented in the context of a sentence. CH spelled 11 words correctly.
His errors relate to:
• Orthographic memory for morphenes {carles / careless, counet/ couldn’t)
•

Phonetic spelling (gess / guess, whisel / whistle, desine / design, strenth /
strength)

•

Homophones {oh / owe)

•

Formation of comparative {easer / easier)

•

Past tense - long vowel spelling pattern {ridding / riding)

According to Table 29 CH’s SS of 120 predicted that he would achieve a SS of 111
in Spelling.

He actually achieved SS 87 which leaves a discrepancy of 24 points.

This discrepancy is greater than the critical score at the p< .01 level of 8.52. It is a
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severe, rare discrepancy and occurs with a frequency of 2% to 3% in the normative
sample. This indicates that CH has a severe Specific Learning Difficulty in Written
Language (Spelling).
8 .2 .7 .f- Pseudoword Decoding

In Pseudoword Decoding CH was required to decode 55 non-words. Of these he
read 36 correctly. CH’s errors relate to
•

Letter reversals {dim / bim)

•

Short vowel sounds (right / rith, chaug / chag)

•

Long vowel pattern {gub / gube)

• Word-medial omissions {in...ions/ infrections)
• Visual sequencing (nesia / nesai, siy/syie, stote / sote, goiit/gioit)
•

‘Soft c ’ sound (l<ind / cind, ch i/ cefe)

• Vowel digraphs {moat / maut, goiit / gioit)
•

Decoding not attempted {tuffie, ostique, heffle, tellitry, hefle, tomingiy)

According to Table 29 CH’s SS of 120 predicted that he would achieve a SS of 110.
He actually achieved a SS of 98 which leaves a discrepancy of 12 points.
discrepancy is greater than the critical score at the p< .01 level of 7.54.

This
It is a

significant discrepancy which occurs with a frequency of 15% in the normative
sample. This indicates that CH has a Specific Learning Difficulty in Phonological
Processing.
8 .2 .7.g - Reading Comprehension

In Reading Comprehension (WIAT-II) CH is performing at appropriate levels (SS
105).

He is also performing

Comprehension.

at appropriate

levels in WRAT4

Sentence

CH is possibly benefitting from his high intelligence (FSIQ 120)
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and/or the boot-strapping effect of his good language (VC! 108). He may use topdown processing to enhance his Reading Comprehension despite significantly
reduced scores in the sub-component processes of reading comprehension such as
isolated word reading and phonological processes. CH also reads quickly: he is in
the fastest category of readers (Quartile 4).
From Table 29 it is clear that CH shows 3 distinct areas of literacy difficulty: Word
Reading, Spelling, and Pseudoword Decoding.
This is unexpected bearing in mind his superior FSIQ of 120. Students in Ireland
such as CH can be excluded from Learning Support in school as their achievement
scores do not fall below the 10*^ percentile.

At a time of scarce resources these

students may be neglected, thereby rarely reaching their full potential. They need to
access help for these specific areas of difficulty through creative organisation of the
General Allocation Model of Learning Support (DES Circular 02/ 2005). It is useful to
consider these areas of WIAT-II difficulty and to consider the possibility that they
may be associated with Test-D performance when CH was 5 years of age. For this
purpose, CH’s subtest raw scores will be tabled and compared to those of the full
cohort and to those of the 5 year olds’ group mean to indicate any variables on which
he may have performed poorly.
CH’s Test-D scores are set out in Table 30.
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Table 30 - CH: Subtest Raw Scores, 5 year olds' group sub-test mean scores, and
total sample mean scores arranged according to factor loading
Factor

1

Variables:

Visual-Verbal

Correspondence
Letter Sound Array: Total number fully and

Variable

CH’s variable

loading

raw score

.867
19

partially correct

Variable

mean

score: 5 year olds

Full

cohort

mean score

15.84

17.54

Letter Sound Array: Total nunnber incorrect

-.866

6

10.15

8.40

Letter Knowledge: Lower Case Total

.801

24

18.68

19.99

Letter Knowledge: Upper Case Total

.790

24

18.53

19.92

Letter Sound Array: Total Number fully correct

.724

18

11.67

12.47

Phonetic Spelling

.616

25

18.55

21.93

Alliteration: Total score

.541

10

6.29

6.79

Non Word Completion at the Phoneme Level

.482

3.58

4.36

3.24

3.59

5

Total Score
Initial

Phoneme

Deletion

Non

Word

.470
5

Remaining: Number correct within time
.468

9

6.53

7.20

Rhyme Recognition 1: Total

.752

10

8.07

8.41

Rhyme Recognition 2: Total

.707

11

9.86

9.96

Rhyme Recognition Oddity: 1otal

.603

7

5.18

5.54

Timed Rhyme Generation: Average number

.559

8

3.83

4.47

Non Word Repetition Total

-.536

0

12.57

11.42

Digit Span: Forward Total

.536

8

6.62

6.80

Word Segmentation: Total

.530

8

4.71

4.99

4.22

4.42

Alliteration Oddity: Total Score
Factor 2 Variables: Rhyme / Memory Factor

Initial

Phoneme

Deletion

Real

Word

.522
5

remaining: Number correct within time
Nursery Rhymes

.480

10

8.26

8.27

Articulation Rate: Average Number of errors

-.451

0

3.08

2.87

.752

- gating

2.99

3.36

2.45

2.89

3.32

3.54

2.05

2.45

8.05

10.33

Factor 3 Variables: Phoneme Segmentation
Phoneme Deletion of Final Consonant; Real
Word Remaining: Total Correct within time
Final Phoneme from final Consonant Cluster:

procedure
.729

Total Correct within time
Final Phoneme Deletion: Nonword Remaining

.697

Number correct within time
Initial

Phoneme

Deletion

- gating
procedure
- gating
procedure

from

Initial

.592

Consonant Cluster: Total Correct within time
Non-word Reading: Number Correct

- gating
procedure

.568

0
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Factor 4 Variables: Phoneme Segmentation Speed
Final Phoneme Deletion from Final Consonant Cluster; Average time for

.729

- gating

2.46s

2.26s

2.15s

2.10s

2.29s

2.15s

2.19s

1.99s

2.10s

1.94s

2.27s

3.36s

procedure

correct items
Initial Phoneme Deletion from Initial Consonant Cluster: Average time for

.729

- 0 items correct

correct items
.687

Final Phoneme Deletion: Nonword Remaining

- gating
procedure

Average time for correct items
Initial Phoneme Deletion: Nonword Remaining

.675

1.1s

.650

4.4s

.648

- gating

Average time for correct items
Initial Phoneme Deletion: Real words remaining
Average time for correct items
Phoneme Deletion of Final Consonant Real Word Remaining: Average time

procedure

for correct items
Factor 5 Variables: Spatial Memory Factor
Squirrel Memory Forward Total

.646

5

2.76

3.05

Squirrel Memory Reverse Total

.643

3

2.19

2.57

Finger Localization Hand Hidden: 2 fingers touched simultaneously

.634

10

4.98

5.37

Finger Localization Hand Hidden: Single finger touched

.606

8

7.86

8.16

Spatial Memory Task

.513

10

6.88

7.25

Copying Test: Total

.417

8

7.54

7.89

6 Prong Test: Total Time

.702

17s

33.39s

32.39s

Dowel Placement Speed

.682

23s

33.58s

32.56s

RAN Objects: Total

.424

46.4s

64,26s

60.82s

RAN Digits: Total

.424

34.1s

49.31s

43.73s

One Foot Balance: Single Task Score

.916

3

4.95

4.61

One Foot Balance: Dual Task Score

.912

4

5.82

5.45

Factor 6 Variables: Motor Speed Factor

Factor 7 Variables: Balance

The connection between WISC-IVAA/IAT-II scores and earlier performance in Test-D
will be considered next.
8.2.7.h - Factor 1: Visual - Verbal Correspondence CH

In examining Table 30 a comparison of Factor 1 mean total cohort and mean 5 year
olds’ group scores show that the former are superior to the latter in all cases. When
CH’s scores are compared to the 5 year olds’ group means, CH is superior in his
performance in all Factor 1 variables.

He shows no weakness in any sub-test.
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Thus, the WISC-IV superior performance at 9 years 11 months is consistent with
superior Test-D performance four years earlier.

There is no connection between

CH’s dyslexic performance in WIAT-II sub-tests and his performance on the
variables which load onto the Visual-Verbal Correspondence Factor. Thus, Factor 1
is apparently not associated with later literacy difficulties in CH.
Within the Word Reading test it was found that CH made many errors, apparently of
a visual processing nature, at the word-medial and word-final positions.
errors may be due to inadequate/imperfect visual processing.

These

Four years earlier

when performing the Letter Sound Array test, it was found that CH had difficulty with
visually confusable letters such as p/q, b/d, g j and u/y. This seems to be an ongoing
visual-type difficulty for him. Indeed, it was mentioned as a cause of concern by his
mother prior to the psychological assessment.

It was also evident in his letter

reversal error dim/bim in WIAT-II Pseudoword Decoding.

It is possible that such

early visual confusion could develop into the kind of difficulty which causes CH to
have less developed orthographic memory for words and lead him to inappropriately
depend on phonetic spelling as a strategy (e.g. gess/guess, whisel/whistle) in WIATII Spelling.
8.2.7.i Factor 2: Rhyme/Memory
-

A comparison of Rhyme/Memory mean total cohort scores with those of the 5 year
olds’ mean scores indicates that in all variables the 5 year olds’ group means are
inferior to those of the full cohort. A comparison of CH’s scores with those of the 5
years olds’ group means indicates that CH is superior in his performance in all
variables. This is consistent with his superior WISC-IV performance at 9 years 11
months. In the WISC-IV Digit Span test (in the fonA/ard sequence aspect of the test),
CH earned 10 points and showed that he can remember a sequence of 6 digits. In
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Test-D Digit Span 4 years earlier he could also remember a sequence of 6 digits
before the test was discontinued. CH has therefore not progressed in the capacity of
his short term memory in 4 years. Indeed it has been already stated that his WISCIV Digit Span score is anomalous to other WISC-IV scores which range from high
average to very superior.

This may have literacy implications for CH; short-term

auditory memory is important in many classroom activities such as word reading,
reading comprehension and spelling.

In WlAT-il Word Reading, Spelling and

Pseudoword Decoding no obvious phonological or auditory sequencing errors are
evidenced.

Therefore variables associated with Factor 2 are not consistent with

CH’s later poor literacy scores.
8.2.7.j Factor 3 - Phoneme Segmentation
-

A comparison of Phoneme Segmentation variable mean total cohort scores with
those of 5 year olds’ means indicates that the former are superior to the latter in all
variables.

For CH’s scores it can be said that for all variables he performs very

poorly never getting past the gating procedure. In all 4 phoneme segmentation tasks
which load onto the third factor CH does not score on any practice item even when
the item is repeated.

Apparently, he is unable to segment at the phoneme level.

This is common in children who are not yet readers.

CH may be on the cusp of

learning to decode as in the Non-word Reading test he scores 1 on the practice
items which allows him to attempt the main body of the Non-word Reading test.
However he scores below his peers on this (0 versus 8.05). Knowledge of phoneme
segmentation allows the learner access to letter-sound correspondences which in
turn facilitates access to the printed word (Adams 1990; Beaton 2004). Since CH is
scoring below the peer group mean scores on these tasks, these may be associated
with literacy difficulty in this intelligent student. The segmentation tasks represented
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here may be prototypical of the type of developed segmentation skills required in
later literacy.

For this reason the 5 variables v^hich load onto the phoneme

segmentation factor (.568 to .752) may provide moderate power in potentially
identifying CH’s literacy difficulties.
8.2.7.k - Factor 4 - Phoneme Segmentation Speed

A comparison between full cohort means and those for the 5 year old group indicates
that the former are superior to the latter in all latencies save the last variable. Only 2
scores are available for a comparison between CH’s performance and that of the 5
year olds’ group mean scores.

However these latencies relate to rhyming as

opposed to phoneme segmentation. Nevertheless, OH performed worse than peers
on Initial Phoneme Deletion: Real Word Remaining (.650).

Because he is an

intelligent boy CM may have concluded that the second test of the suite of six tests
also involved rhyming. CH got all responses correct and provided an average item
speed of 1.1 seconds. However he is faster than the group mean score on Initial
Phoneme Deletion: Non-word Remaining. Therefore, Factor 4 relies on a single
variable with a moderate loading (.650) to possibly identify CH as a poor reader.
8.2.7.1 - Factor 5 - Spatial Memory

An examination of Table 30 reveals superior performance for the total cohort means
compared to those for the 5 year olds’ group. Compared to the latter CH performed
extremely well in all sub-tests. These tests are arguably grounded in magnocellular
theory.

Those who make visual-type errors in literacy may also perform poorly in

these tasks. From the various error analyses done on CH’s WIAT-II difficulties it is
clear that CH made visual-type processing errors in Word Reading and Pseudoword
Decoding (visual sequencing errors and word-medial omissions). However there is
no apparent association between these errors at 9 years 11 months and CH’s
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performance on the arguably magnocellular subtests which load onto the fifth factor.
Therefore Factor 5 does not appear to provide data consistent with CH’s later
literacy difficulties.
8.2.7.m - Factor 6 - M otor Speed

The same pattern obtains for Factor 6 as obtained for Factor 5. The total cohort
means are faster than those of the 5 year olds’ group mean scores. Similarly CH’s
scores are superior for all variables compared to those of the group means.

No

association can be established between CH’s WIAT-II performance and that of TestD Factor 6 variables.
8.2.7.n Factor 7- Balance
-

From Table 30 it is clear that the mean scores of the total cohort, the 5 year olds’
group and CH’s scores are all consistent with the DAD hypothesis: that dual task
balance will show higher wobble points as those who are dyslexic will have inferior
balance when prevented from concentrating on the task. The 5 year olds’ group
means indicate higher wobble points compared to those of the full cohort.
Surprisingly, CH, who is dyslexic, has fewer wobble points compared to the 5 year
olds’ group mean for both balance tasks. Since no variable identified CH as a
dyslexic it can be said that Factor 7 potentially has poor predictive power in relation
to CH.
8.2.8 - Summary: Potential Factor Prediction across IQ:

Age Held Constant

(Syears)
8.2.8.a - Factor 1 - Visual-Verbal Correspondence

Factor 1 provides data consistent with the literacy difficulties of MW (Borderline IQ
73) and SM (Average IQ 97). Seven of 10 variables are consistent with the literacy
difficulties of MW while 9 of 10 variables are consistent with the literacy difficulties of
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SM. In both cases the factor loadings range from .468 to .867. In contrast Factor 1
does not appear to be associated with the literacy difficulties of CH (High IQ 120).
8.2.8.b - Factor 2 - Rhyme/Memory

Seven of 10 variables loading on Factor 2 provide data consistent with the literacy
difficulties of SM (Average IQ). The variable loadings range from .522 to .752. Only
3 variables loading on Factor 2 provide data consistent with the literacy difficulties of
MW (Low IQ). These variables had loadings of .530 to .559. As with Factor 1 this
Factor does not appear to be associated with the literacy difficulties of the highly
intelligent CH.
8.2.8.C - Factor 3 - Phoneme Segmentation

Factor 3 provides data consistent with the literacy difficulties in the case of SM
(Average IQ) and CH (High IQ). All 5 variables (loadings .568 to .752) are consistent
with their literacy difficulties. There is diminished association for the student of low
ability (MW), as data from only 2 variables are consistent with her literacy problems
(loading .592 to .752).
8.2.8.d - Factor 4 - Phoneme Segmentation Speed

One variable (Initial Phoneme Deletion: Real Word Remaining, loading .650) in
Factor 4 provided data consistent with the literacy difficulties of all three 5 year olds
regardless of intelligence. One further variable (Initial Phoneme Deletion from Initial
Consonant Cluster, loading .729) provided data consistent with the literacy difficulties
of SM (Average IQ).
8.2.8.e - Factors 5, 6 and 7 - Spatial Memory, M otor Speed and Balance

Data from Factors 5, 6 and 7 are not associated with the literacy difficulties of CH (IQ
120). In contrast 5 of the 6 variables loading (.417 to .646) on Factor 5 provide data
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consistent with the difficulties of SM (Average IQ). Four of 6 variables loading (.417
to .643) on Factor 5 are associated with the difficulties of MW (Low IQ). Three of 4
variables loading (.424 to .682) on Factor 6 provide data consistent with the literacy
difficulties of SM (Average IQ). Just one variable (loading .424) is associated with
the literacy difficulties of MW (Low IQ).

The Balance Factor (Factor 7) does not

appear to be associated with the literacy difficulties of both MW (Low IQ) and CH
(High IQ). In contrast both variables loading (.912, .916) on Factor 7 provide data
consistent with the literacy difficulties of SM (Average IQ).
8.2.8.f- Potential Predictor Variables

Eight variables loading on 4 different Factors provide data consistent with literacy
difficulties in children in a systemic way. The variables which are associated with
literacy difficulties across the three ages of average IQ students are set out in Table
31 below.
Table 31 - Potential Predictor Variables: Across Age, Average IQ
EB

SM

JN

4

5

6

Letter Knowledge: Lower Case Total

X

X

X

Letter Knowledge: Upper Case Total

X

X

X

Alliteration Oddity: Total Score

X

X

X

Spatial Memory Task

X

X

X

Copying Test: Total

X

X

X

X

X

X

One Foot Balance: Single Task Score

X

X

X

One Foot Balance: Dual Task Score

X

X

X

Factor 1 Variables: Visual-Verbal Correspondence

Factor 5 Variables: Spatial M emory Factor

Factor 6 Variables: Motor Speed Factor
RAN Digits: Total
Factor 7 Variables: Balance
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Three variables loading on 2 factors provided data consistent with literacy difficulties
across IQ in children aged 5 years. See Table 32 below.
Table 32 - Potential Predictor Variables: Across IQ, Age 5
MW

SM

Low IQ

Average IQ

High IQ

X

X

X

X

X

X

X

X

X

Factor 3 Variables: Phoneme Segmentation
Phoneme Deletion of Final Consonant; Real Word Remaining: Total Correct within

CH

time
Initial Phoneme Deletion from Initial Consonant Cluster: Total Correct within time
Factor 4 Variables: Phoneme Segmentation Speed
initial Phoneme Deletion: Real Word Remaining
Average time for correct items

Two variables provide data consistent with literacy difficulties across IQ and possibly
across age. The administration protocol indicated that 4 year olds were not to be
tested on Phonemic Segmentation Tests for developmental reasons. Unfortunately
this curtails the possibility for systemic association between the variables listed in
Table 33 and future literacy performance.
Table 33 - Potential Systemic Predictor Variables across Age and IQ

Phoneme Deletion of Final Consonant: Real Word Remaining: Total Correct within

EB

SM

JN

MW

4

5

6

5

NA

X

X

X

NA

X

X

X

CO

Factor 3 Variables: Phoneme Segmentation

CH
5
X

X

X

X

time
Factor 4 Variables: Phoneme Segmentation Speed
Initial Phoneme Deletion: Real Word Remaining
Average time for correct items

341

Table 34 - Summary Table

IQ held constant at

Age held constant at 5

average

years

EB

SM

JN

MW

SM

CH

4

5

6

5

5

5

Letter Sound Array: Total number fully and partially correct

X

X

X

Letter Sound Array: Total number incorrect

X

X

X

Factor 1 Variables: Visual-Verbal Correspondence

Letter Knowledge: Lower Case Total

X

X

X

X

Letter Knowledge: Upper Case Total

X

X

X

X

X

Letter Sound Array: Total Number fully correct
Phonetic Spelling

X

Alliteration: Total score
Non Word Completion at the Phoneme Level Total Score

NA

Initial Phoneme Deletion Non Word Remaining: Number correct

NA

X

X

X

X

X

X

X
X

X

X

within time
X

X

Rhyme Recognition 1: Total

X

X

Rhyme Recognition 2: Total

X

Alliteration Oddity: Total Score

X

X

X

X

Factor 2 Variables: Rhyme / Memory Factor

X

Rhyme Recognition Oddity: Total
Timed Rhyme Generation: Average number

X

X

X

Digit Span: Forward Total

X

Word Segmentation: Total

X

X
X

X

Non Word Repetition Total

Initial Phoneme Deletion Real Word Remaining: Number correct

X

X
X

X

X

X

X

NA

X

X

within time

X

Nursery Rhymes
Articulation Rate: Average Number of errors
Factor 3 Variables: Phoneme Segmentation
Phoneme Deletion of Final Consonant: Real Word Remaining:

NA

X

NA

X

NA

X

NA

X

NA

X

X

X

X

X

X

X

X

X

X

X

X

X

Total Correct within time
Final Phoneme from final Consonant Cluster:
Total Correct within time
Final Phoneme Deletion: Nonword Remaining
Number correct within time
Initial Phoneme Deletion from Initial Consonant Cluster: Total

X

Correct within time
NonWord Reading: Number Correct
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Factor 4 Variables: Phoneme Segmentation Speed
Final Phoneme Deletion from Final Consonant Cluster: Average time for correct items

NA

X

Initial Phoneme Deletion from Initial Consonant Cluster: Average time for correct items

NA

Final Phoneme Deletion: Nonword Remaining

NA

X

NA

X

X

X

X

Average time for correct items
Initial Phoneme Deletion: Nonword Remaining
Average time for correct items
initial Phoneme Deletion: Real Word Remaining

NA

X

X

X

X

X

Average time for correct items
Phoneme Deletion of Final Consonant Real Word Remaining: Average time for correct items

NA

X

Factor 5 Variables: Spatial Memory Factor
Squirrel Memory Forward Total

X

X

X

Squirrel Memory Reverse Total

X

X

X

Finger Localization Hand Hidden: 2 fingers touched simultaneously

X

X

X

X

Finger Localization Hand Hidden: Single finger touched
Spatial Memory Task

X

X

X

Copying Test; Total

X

X

X

X
X

X

Factor 6 Variables: Motor Speed Factor
6 Prong Test: Total Time

X

X

Dowel Placement Speed

X

X

X

RAN Objects: Total

X

X

X

RAN Digits: Total

X

X

X

One Foot Balance: Single Task Score

X

X

X

X

One Foot Balance: Dual Task Score

X

X

X

X

X

X

Factor 7 Variables: Balance
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Chapter 9 - Conclusion
9.1 - Introduction
This chapter describes the limitations of the design and procedures. The strengths
of the study are then described. Future Work is required to progress the TEST-D
project. This is described next. The import of the development of the TEST-D
screening measure within an Irish and international context is then discussed in.
Reflective remarks are made to conclude this study.

9.2 - Limitations of the TEST-D Battery
There are many limitations to the TEST-D Battery. Organizationally these can be
best discussed under the categories of (a) Design Limitations (b) Logistical
Limitations (c) Sampling Limitations (d) Content Limitations, and (e) Sub-test
Imperfections.
(a)

Design Limitations

(i)

The Snapshot Approach

One of the main disadvantages of a battery such as the TEST-D Battery is that it is
administered once. It attempts to predict which children may experience dyslexiarelated difficulties later in their school careers on the basis of static variables (e.g.
rapid naming, prongs, dowels) measured on a once-off basis.

Authors such as

Byrne, Fielding-Barnsley and Ashley (2000) opine that a general progress parameter
or learning rate parameter that measures the response to initial stages of reading
instruction and later development throughout the school career of the child, needs to
be factored into accounts of literacy disability.

Byrne et al. feel that this would

counter the tendency to conceptualise development in terms of static variables such
as rhyme or S-TM measured on a once-off basis. These authors reported the results
of grade 5 children who were in a longitudinal evaluation of a phonological training
programme. They contrasted the outcome measures of intervention training in their
ability to predict reading performance after pre-school instruction 6 years previously.
These outcome measures were phoneme identity and the number of sessions
necessary before each child was rated as secure in his / understanding of phoneme
identity.

Byrne et al. (2000) found that rate of response to instruction predicted

aspects of literacy growth independent of, and probably in excess of, the level of
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phoneme awareness achieved after training. Hindson et al. (2005) also found that
the number of sessions required by the participants to complete training reflected a
learning parameter independent of IQ.

Measuring the intensity of teaching and

intervention and the number of sessions to reach proceduralisation of knowledge
may better highlight the learning deficit than simple “snapshot” sub-test performance.
How well children learn need not be assessed outside an early screening battery. In
their Kindergarten Screening Battery, Belkin and Sugar (1985) included a sub-test
measuring ability to learn new information. The inclusion of such a sub-test would
bring a predictive battery into line with learning theory and the most modern
conceptualisation of dyslexia as a learning disability. Children who take a long time
to learn a skill to automatic levels may be more easily identified by such a test.
9.2.1 - Logistical Limitations

There were logistical limitations to the development of the TEST-D battery. One of
these related to time-tabling for TEST-D administration.
9.2.2 - Time-Tabling Difficulties

The administration of TEST-D in schools in general was not allowed for, and time to
administer TEST-D was not formally set aside. Staff time was not formally allocated
for test administration, although test administration permission was sought by and
secured by volunteer teacher test administrators in their own schools. Hard-pressed
teachers, who already had a busy timetable, created the time to administer the tests.
Following awareness-raising regarding the need for a quiet testing environment,
many teachers administered sub-tests early in the morning before school began or at
convenient times during the day, when, for example, visiting trainee-teachers could
take over for teaching practice.
It is possible that test-administration at different times of day may have caused a
degree of noise in the data. However, many of the test administrators were Learning
Support or Resource Teachers who administered sub-tests in their own quiet
resource room.
9.2.3 - Lack of Environmental Control

In developing a test battery the most desirable situation is that the test would be
administered to participants in as similar an environment as possible. Some workers
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go to extraordinary lengths to achieve this. For example, Satz and Friel (1972) used
a trailer measuring 8 ft by 35 ft. and transported it to the grounds of each school to
ensure environmental replication.

This measure was not realistic for the

development of the TEST-D battery.

Instead TEST-D battery administration took

place in schools which each participant attended.

The degree of tranquillity and

environmental suitability was the responsibility of each test-administrator who was
exhorted in each training session to ensure that the testing environment was quiet
and that testing sessions were undisturbed.
9.2.4 - Designation of Date of Testing

The TEST-D study did not take cognisance of discrepant amounts of schooling
affecting test battery results.

In some predictive battery developments, Day of

Testing designations were accorded to each participant.

For example in the Satz

and Friel (1972) study data were collected on 20 schools and 86 school days
between October and March. In order to determine whether discrepant amounts of
schooling affected the test battery results, Day of Testing designations ranging 1 86 were assigned to each participant. The TEST-D project did not accord such a
designation and so the lack of designation may have affected the data.

However,

Satz and Friel (1972) found that the High and Low Risk criterion groups did not differ
significantly on Day of Testing. Therefore the omission may not be a serious one.
9.2.5 - Pencil-and-Paper Test Limitations

Most TEST-D sub-tests are delivered by pencil and paper format, using instruments
such as stop-watches to measure performance.

Also the delivery of sub-test

presentation was by different individuals, albeit using specified test administration
directions delivered in a vade mecum format: when to say a phrase and how to say it
were specified.

Nevertheless, if computer assessment had been used, this would

have accorded greater uniformity in presenting tests and greater accuracy in
measuring responses. It would also have been faster as computer assessment can
give results immediately. Computer delivery would have reduced the photocopying
workload for the test administrators.
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9.2.6 - Sampling Limitations
9.2.6.a - Teacher - Test Administrators and Child Participants

The Test Administrators involved in administering TEST-D sub-tests were all trained
skilled teachers.

However, they were not selected at random.

Rather they were

self-selected. Following publicity about the project to develop TEST-D, hundreds of
teachers contacted the writer.

250 teachers in all were invited to attend an

information meeting in their catchment area. One hundred and sixty-nine teachers
self-selected and became involved.
administered in their schools.

They sought permission for TEST-D to be

If the school principal agreed then the school was

invited to be involved in the development of TEST-D. The test administrator then
became responsible for random selection of up to 3 males and 3 females in mixed
schools, and up to 6 participants in same-sex schools. Thus, although participants
were chosen at random in their schools, the teacher sampling by self-selection
rendered participant selection quasi-random at best.

Moreover, the writer cannot

conclusively say that the participants were selected at random, as they were not
selected by her. However, the fact that the teachers were volunteers and received
no pay, might indicate their commitment to education in general, and to the
education of children with disability in particular. These committed teachers would
be more likely to adhere to research protocols and follow training directions or follow
directions as laid down in the manual.
The participants could be described as an unselected population in that they did not
belong to any particular group or background such as the siblings or children of
dyslexics. Some authors (e.g. Satz and Friel, 1972) are of the opinion that a much
greater return for effort comes from selecting males only on the grounds that greater
numbers of males may later become dyslexic.

Other workers prefer to select

children with an intrinsic risk for dyslexia by virtue of belonging to a family in which
there are dyslexic members. Selection of such a population more or less guarantees
that a screening test would identify more children with language-related difficulties
and thus receive a higher return for effort. However, the TEST-D sampling was of an
unselected population which is arguably more ecologically valid and naturalistic.
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9.2.7 - Content Limitations

There are content limitations in the TEST-D study.

These limitations pertained

mostly to omissions but really return to the difficulty in that there is a lack of definition
of dyslexia.

Since there is no agreed definition of what dyslexia is, then there is

difficulty in how to identify it and how to screen for it. Early screening test developers
run the risk of omitting tests that might be important.

In this regard TEST-D is no

exception.
The test battery can be criticized for the exclusion of language tests (other than RAN
tests). For example there are tests in the TEST-D battery which test letter sounds
and letter names/characters. There is also a blending test in the form of non-word
reading. However, most reading takes place in the context of connected text. The
TEST-D battery, in an attempt to predict which child will become dyslexic has
concentrated on bottom-up, atomistic approaches to reading.

But reading is an

integrative process and young readers are known to benefit more from contextual
effects than older readers (West & Stanovich, 1978).

It is possible that young

children who may be poor readers in the early school years may eventually develop
complementary strategies to develop reading skills.
context.

One such strategy is using

Dyslexics in particular use contextual facilitation for print comprehension.

One aspect of context is vocabulary.
9.2.8 - Absence of Vocabulary Tests

There is no Vocabulary Test in the TEST-D battery. However, such a test may have
aided identification of children at-risk for dyslexia. Hindson et al. (2005) found that
their families at risk (FAR) children and Non-FAR children were clearly distinguished
by vocabulary scores, particularly for expressive vocabulary with an effect size close
to 1. Expressive vocabulary is one of the best predictors of early reading progress
when measured prior to, or early in school years (Scarborough, 1998). The absence
of a Vocabulary Test may have weakened the predictive power of the TEST-D
battery.
9.2.9 - Absence of an Orthographic (Visual) Test

There is no orthographic test in the TEST-D battery. This may be a serious error.
An Orthographic Test such as a Word Matching Test is a measure of beginning
orthographic skill and requires the processing of written symbols and symbol
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sequences independently of the ability to name them.
orthographic

processing

was

also

one

of three

Badian (1994) found that
variables that were

best

discriminators of individual good and poor readers in grades 1 and 2. The omission
of a Word Matching Test may have undermined the predictive potential of the TESTD battery for identifying visual dyslexics in particular. These dyslexics have severe
problems in accessing the lexicon on a visual/orthographic basis (Stanovich, 1988).
9.2.10 - Central Executive (CE) Verbal Test Omitted

In the TEST-D battery there should be a verbal test of the CE. As it stands there is
only a non-verbal CE test (i.e. The Squirrel Memory: Reverse). CE tests appear to
hold a powerful control and supervisory mechanism in many WM functions
(Baddeley, 1986; Baddeley & Hitch, 1974).

A useful WM test involving CE

processing such as backwards digit recall test appears to be a very good
discriminator of children with learning disabilities.
9.2.11 - Over-Representation of Phonological Awareness (PA) Tests

Many PA tests have been included in the TEST-D Battery.

Their presence

recognises the long course of PA development and the ages of the TEST-D
participants (4 to 7 years). In terms of PA development, children vary greatly in their
PA levels between these ages. Nevertheless many levels of rhyme, alliteration, and
phonemic segmentation are represented in TEST-D. Indeed there may be an overrepresentation. Besides, (Snowling, 1987) makes the point that the possession of
adequate PA does not ensure that reading and spelling will be successfully acquired.
Children who are good decoders may in fact be hampered by very good decoding
and fail to benefit from their semantic knowledge.

Thus they lose their ability to

comprehend text.
Another problem arises from over-reliance on PA tests.

In the TEST-D battery

children may be identified as at-risk of dyslexia on foot of the PA sub-tests. Because
of the ethical dilemma inherent in early screening, teachers are statutorily required
(by 2012) to put an early intervention programme into action immediately to address
the deficits exposed by early screening. However, it is well known that performance
in PA tests is susceptible to remediation (Lundberg, Frost, & Petersen, 1988). As a
result of intervention in PA training, children may attain normal levels of PA
achievement and letter knowledge. Criterion testing in reading may not any longer
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reflect the PA deficit which was exposed at screening.

The child will then be

considered compensated and possibly will no longer be even considered dyslexic.
Moreover, with improved reading, s/he is likely to lose learning support or resource
teaching if s/he had it previously.
As well as content limitations there are imperfections in the form and scoring of some
of the sub-tests. These are described below.
9.2.12 - Sub-test Imperfections
The Balance Test is a difficult test to administer and score from the point of view of
resources available to the teacher.

In the TEST-D Balance Test, teachers gauge

and score the balance performance of the participant in relation to arm, body and
foot perturbation from a static, close body line using only the naked eye and a stop
watch.

They also needed an assistant to run the CD player for the semantic

judgement test in the dual test condition.

Nicolson & Fawcett (1990) used split

screen monitors and two video cameras, one trained separately on hands and
another on feet.

Such equipment level is not available in the ordinary classroom.

Neither is the highly specialised equipment used by Moe-Nilssen et al. (2003).
These workers used triaxial piezo resistante accelometer and a PCMCIA data logger
to measure the balance performance of their participants.
In the TEST-D Balance Test children’s balance time was calibrated to their age. The
required balance duration at most was 24s (with just one 8 year old participant
required to balance for 30s). Thus, a lot of scoring had to take place in a brief period
of time.

Good balancers would not pose a scoring problem.

However, poor

balancers may deviate wildly from the centre body line and may be difficult to score
accurately.
Yap and van der Leij (1994) also had access to computer generated tones for
stimulus, and production video recordings for each experimental balance session, so
that arm and leg movements could be recorded for analysis. Stoodley et al. (2005)
had access to computerized motion tracking equipment which greatly facilitated
accurate scoring.

All in all, this scoring technology stands in stark contrast to the

low-tech scoring method of the TEST-D Balance Test.
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The same problem applies to the Finger Localization Test. In the TEST-D Test the
administrators stimulated the upturned finger pads of the child’s hand with a wooden
dowel.

In contrast, the Stoodley, Talcott, Carter, Witton, and Stein (2000) used

sinusoidal vibration pulses applied to an index finger pad using a 2 mm diameter
probe attached to an electromagnetic vibration generator. This contrast between low
tech. and high tech. equipment probably has implications for the accuracy of the
scoring in the Finger Localization Test in TEST-D.
In the Articulation Test in Wolff, Cohen and Drake (1984) these authors had access
to analogue polygraph recorders with integrated paper readouts. Similarly Fawcett
and Nicolson used a microphone digitiser and computer Sound Edit Programme. In
contrast to this the TEST-D administrators audio-recorded time and error scores with
a stop watch and pencil/paper recording.
As well as equipment deficits there may be problems related to scoring systems (e.g.
in the Balance test). The measurement scale may be far too coarse-grained to give
a sensitive measure of posture. Furthermore, the degree of sway/deviation from the
centre body line is dependent on clinical judgement rather than on objective
measurement.

A further weakness in the Balance Tests is that bilateral arm

movements may happen so frequently that test administrators may have difficulty
scoring the postural instability in the foot/leg area as well as in the upper body.
However, the scoring as it is, is the best achievable in ordinary classroom
circumstances.

Fawcett,

Nicolson

and

Maclagan

(2001)

underscore

methodological difficulty in relation to the static cerebellar tests -

the

“they are

notoriously difficult to operationalize and quantify” (p. 131).
A further limitation of the TEST-D Balance Test relates to the secondary test (in this
case the Semantic Judgement Test).

The Dual Task Paradigm first monitors

performance on the primary motor task by itself and then introduces the secondary
Semantic Judgement Task to be used simultaneously with the primary task.

The

normal procedure is to then monitor performance of both components of the dual test
and to analyse these. In the TEST-D Balance Test, performance on the secondary
test was noted but not recorded or analysed.

This may have compromised the

predictive nature of the test.
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Further scoring limitations pertain to the Non-word Reading Test. The scoring of the
Non-word Reading test may have been too stringent.

The child was required to,

silently or aloud, perform grapheme-phoneme transcoding and synthesize these
phonemes to pronounce the presented non-word. One point was awarded for each
transcoded and blended word, after Snowling, Stothard & Maclean (1996). Perhaps
a superior scoring system may be that of Hindson et al. (2005) who scored one point
for each letter transcoded. The TEST-D researcher could have followed the Hindson
et al. scoring system and also awarded a further point for each non-word correctly
synthesized.
The content of the Non-word Reading Test may also have compromised its
predictive nature particularly in the area of onset clusters which are to be found in
monosyllabic items 11-20 and in bi-syllabic items 22 and 23. These may have been
difficult for these young children.
9.2.13 - The Scoring of Timed Tests

A further scoring limitation pertains to methodological limitations involved in timed
tests.

Even though teachers were trained and the need for timing precision was

stressed, it is possible that the latency scores may not have been perfectly accurate
due to human and technical reasons.

On the human level, teachers may not

start/stop the watch at the precise time that the child may have started/stopped the
process being timed.
Some latency scores relate to one start and stop in timing. This applies to both RAN
Tests, Dowels, Prongs, Digit Span to name but a few. Other tests required timing
performance on each separate item within the test.

Such case involves the 6

Phoneme Deletion Tests. This constitutes a lot of stopping/starting and may sum up
to a great deal of inaccuracy.

Certainly, in the pilot study it was found that the

correlations for these multiple-item tests were not as high as for single timing a test.
Singleton and Thomas (1994) and Singleton (1997) comment on the unreliability of
timed tests and the difficulty in administering them, even for psychologists. Instead
they recommend the use of computers where test administration and timing
accuracy is much more accurate, and time-efficient, especially for complex cognitive
functions such WM, if they are to achieve predictive accuracy.
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There may be “noise” also in the way the Non-word Repetition Test was
administered. The test administrator is seated beside the child. Normally, in other
similar tests the administration places a hand over her mouth to present the non
words to be repeated. In TEST-D the test administrator did not place a hand over her
mouth as the child was seated beside her.
unnecessary.

Mouth occlusion was thought

However, the child may have noted phonotactic clues from her,

although this is unlikely.
A final limitation may apply to the format of the Letter Knowledge Test. In the TESTD battery Letter Knowledge was assessed using a name, sound or character recall.
It would perhaps have been preferable to use a multiple-choice recognition format in
which, for each letter shown, a row of four lower-case letters is presented and the
participant is required to point to the letter name said by the tester.

In previous

research (Byrne & Fielding-Barnsley, 1991) reported the recognition paradigm to be
more sensitive than letter name recall.
So far this Chapter has discussed the limitations to the TEST-D Study. However, the
writer feels that there are strengths in the study also. These are discussed next.

9.3 - Strengths of the TEST-D Study
There are strengths in the TEST-D Study also.

The first of these relates to the

sample size and interpretation of results.
9.3.1.a

-

Large Sample

The sample size of over 1000 children avoids generalizing from an over-small pool of
children. It may allow clear interpretation to be taken from the National Study Data.
Also it may bring a good return for effort if 3-5% of the population may be dyslexic.
Thus it may allow 30-50 children to be identified.
9.3.1.b - A ll Socio-Economic Status (SES) groups

Participants in the National Study attended schools in inner city areas in different
cities across the country, in suburban schools, small towns and villages. Children
from rural schools were also included.
In the Pilot Study, which took place in the Greater Dublin Area, participants attended
schools in the inner city, large suburban housing estates, affluent suburbs and in
rural settings. While socio-economic status (SES) was not reported for the purposes
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of this thesis, enriched data is available (for future work) allowing consideration of
parents’ SES and educational levels.

This large sample may allow valid

interpretation to be drawn from results.
9.3.1.C - English-Speaking Sample

In both Pilot and National Studies, only children for whom English is their mother
tongue were selected for inclusion. This may reduce “noise” in the data set.
9.3. l.d

-

Committed Skilled Test Adm inistrators

The Pilot and National Studies involved highly skilled teachers who were committed
to the project. Recently retired teachers were also involved.

It is likely that these

test administrators adhered to test protocols as set down in the Test Administrator’s
Manual. Only two of the 169 teachers left the study, and this was for health reasons.
They nominated replacements who were trained by the writer.
9.3.1.e - M ultivariate Design / Theoretically Eclectic

The Multivariate design of the TEST-D battery is a real strength as is its theoretically
eclectic structure.
All major theoretical domains are represented providing the possibility that children
with phonological, visual, information processing and motor deficits may be
identified.
There are many PA tests in the battery providing essentially a health-check in the
phonological development of participants aged 4 to 7 years.
present because of their predictive potential.

All such tests are

These tests run from large-unit

phonological tests (syllabic level), through intermediate phonological skill levels
involving alliteration, to the smallest phonological unit-size Cognisance is taken of various phonological processes also.

the phoneme.

The tests involve

recognition, production and manipulation. Phonological processing is also tested in
the form of memory tests.
Other tests of a motor and spatial nature bring another dimension to the battery. The
inclusion of these is necessary as phonological processes are susceptible to
amelioration.

Motor, visual and spatial tests are robust and not so susceptible to

improvement. Therefore motor and spatial tests may be more robust predictors than
the phonological tests.
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The RAN Tests may also be robust predictors as demonstrated by Wolf, Bally and
Morris 1986 (Chap. 4).

The presence of phonological and RAN tests has the

potential to identify all three categories of dyslexics as set out in the DDH. The RAN
tests may also identify the speed of lexical access/magnocellular dyslexics (Wolf and
Bowers, 1999).

Motor tests are robust identifiers and are not as open to

amelioration. Therefore the eclectic nature of the battery has the potential to identify
many types of dyslexics.
Because it uses the multivariate approach the TEST-D battery has the potential to
determine the combination of variables that would best predict each criterion in the
future. It also has the potential to compare the ability of direct variables (skill related
tests such as rhyming and segmentation) and indirect variables (measures of ability
such as memory, articulation speed) to predict academic performance and later
reading ability.
The TEST-D battery attempts to address the range of deficits evidenced in dyslexia
especially in the three criterial measures of reading, writing and spelling.

The

presence of phonological and memory tests, together with motor and speed of
information processing tests has the potential to identify children who may
experience difficulty with these three criterial measures.
9.3.l . f - Objective Measures

Scoring of most of the subtests is fully objective.

Therefore there is little or no

possibility of interpretation differences between testers.
The scoring of the Shape Copying Test could arguably be partially subjective.
However, great care was taken with scoring specification and test performance for
each participant was scored by the researcher.
Subjectivity may creep into the scoring procedure in the Balance Test. To bring as
much uniformity as possible into the scoring system, training was given in scoring
procedure and this was specified in a manual. Furthermore, the test administrator
was guided by a child-size diagram which was affixed to the wall behind the child to
aid in gauging deviation from the centre body line.
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9.3. l.g - Direct Measures o f Skills /A chievem ent

The TEST-D sub-tests include direct measures of skill and achievement which may
be useful for efficient pursuit of follow-up testing, referrals and pre-referral
interventions. This has implications for educational planning; for example, in TESTD there are direct measures of Upper- and Lower-Case Letter Naming which are
highly predictive of reading achievement.

Rhyme,

phonemic blending and

segmentation are also required for acquisition of early reading (Stanovich, 1991).
Knowing the child’s skill levels in these will greatly assist in the educational planning
for these children especially those with low levels of such knowledge.
9.3.1.h Robust and Culture-Fair Predictors
-

The TEST-D battery includes assessment sub-test processes which are less
dependent upon developmental sequence of taught skills.

Potentially robust

predictors are represented by the RAN tests and by Non-word Repetition tests. The
degree of cultural and environmental bias in test performance is considerably
lessened for information processing items such as RAN.

Storage of items in

memory is independent of environmental influences. These tests have the potential
to identify “at risk” dyslexics, and the processes that they tap (such as speed of
lexical access and phonological coding respectively) appear to be persistent deficits
and may be still identifiable in middle and late childhood and beyond.
Working memory tests provide a relatively culture-fair method of assessment of
cognitive abilities. The TEST-D battery also includes other cultural-fair motor tests
such as Balance, Articulation Rate, Finger Localization, Dowels, Prongs and Shape
Copying.
9.3.l . i - Phonological Tests Free o f Mem ory

Many phonological tests are accompanied by illustrations. This method makes for a
purer test of phonological awareness without “noise” from memory processes.

By

providing illustrations the participant may focus on phonological processes and
remain free of memory burden.
9.3.1.j Potential fo r an Index o f Dyslexia
-

With this battery it is possible to show how a particular participant performs on any
test relative to the group mean score for that test. Profiles can be formed for each
child showing strengths and weaknesses in any of the domains of phonological,
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sensory, speed or motor processes. Possibly standard scores can be derived from
the TEST-D National data-set to assess relative incidence and overlaps of possible
different dyslexia subtypes. Since all tests in the battery are theoretically driven, the
data-set has the potential to be the basis for an index of dyslexia.

A range of

indicators of dyslexia may be drawn up in phonological and speed of processing
tests, and magnocellular and cerebellar system operations.
9.3.l . k

-

Language Independent Sub-tests

Many sub-tests are language free such as Spatial and Squirrel Memory (Forward,
Reverse), Finger Localization, Shape Copying, Dowels, Prongs and Balance. These
subtests may be used as predictors for children for whom English is not a mother
tongue. Even the Non-word Repetition test could be used across foreign language
users. Similarly repetition of “Pedalbin” in the Articulation Rate test could be used on
its face value.

Even the Laterality Test, although not viewed as a predictive test,

may be used to get foreign language children “into the groove”.
9.3.1.1 - A Potentially Complete E xplanation

This theoretically driven battery engages all explanations of dyslexia.

It thinks big

and aims for a complete explanation of the complex developmental problem which is
dyslexia.
9.4 - Future W o rk

At the beginning of this thesis it was mentioned that the development of the TEST-D
battery was part of a larger project to develop an early screening test for dyslexia.
In Chapter 3 there was a detailed discussion on the difficulties which relate to early
screening tests, in particular their lack of accuracy. A case was made for securing
enriched date in order to enhance the accuracy of early screening.
questionnaires were devised to secure such data.

Two

These, and the future work

related to them, are described below.
9.4.1 - Parent Questionnaire

The Pilot Study teachers were informally interviewed regarding the possibility that
parents might answer questions relating to categories about family structure, child’s
physical development, language and language activities, family history of dyslexia,
child’s relaxed time a home, parents’/carers’ work and education and general
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questions about the child.

Teachers indicated that parents might answer such

questions and that if there were family literacy issues that they would be happy to
help parents complete questionnaires.

They also suggested that teachers might

complete a similar form. Therefore Likert Scale Questionnaires were prepared, one
for Parents and a slightly shorter one for teachers (Appendix C).
Teacher category questions related to child’s health and school attendance, social
and emotion status, child’s speech and language, past history of dyslexia in the
family, motor coordination, visuo-spatial development and class behaviour.
Having such information would hugely enrich the early screening battery and may
reduce the level of false positives and negatives. For example, if the child is read to
or uses books a lot, then the child’s ensuing enriched vocabulary can be used to
bootstrap weak phonological skills. The child may be able to use world knowledge,
vocabulary or good comprehension to scaffold poor decoding in order to read to
acceptable levels. Similarly knowing about a family’s dyslexia may be inherited by
the next generation can flag a child from Day 1 in school leading to teacher vigilance
on Response to Intervention (RTI) observations.

Furthermore, knowledge about

parent education level can enhance prediction. In fact having all this enriched data
can enhance the predictive power of the screening battery (Badian, 1990).
Teachers’ input is also important. They can rate a child very well and compare their
performance to that of similar aged children in relation to speech and language,
motor and visuo-spatial behaviour and play activities. They can also rate the child’s
health, attendance, social and emotional status.

This can be combined with

screening to enhance prediction as shown in Chapter 3.
Future work will be concerned with both these Likert Scales and relating them to
findings of the TEST-D battery, and possibly enhancing its predictive power.
9.4.1.a - Analysing Dowels Qualitative Data (Untimed Observations)

When the Dowels Test was administered, there was a familiarisation phase when the
child placed the dowels and the test administrator observed the child. At this time
qualitative observations were noted. These observations may be important as they
relate to ability to manipulate the dowels.

Also note is taken of the presence of

tremor and the child’s ability to cross the midline. Analyses of these observational
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aspects of the Dowel Test will be complete in future work, as this may enhance
prediction.
9.4.1.b - Criterion Assessment

In the normal course of developing an early screening test, after the first data-set has
been created at Time 1, criterion testing needs to take place in Time 2.

It is an

important requirement that there is sufficient temporal separation between the initial
test probe and criterion reading assessment in later years (Satz et al.,1978).

At

TEST-D criterion assessment there will be at least two years temporal separation for
the older National Study participants and even in some cases five years for the
younger participants between initial test probe and criterion testing.
TEST-D criterion literacy assessment is comprehensive: isolated word reading, full
text comprehension, reading fluency, writing quality and fluency and spelling are
assessed. Full psycho-metric assessment will also be completed.
9.4.1.C - Identifying the Predictive Tests: Block-wise Regression Analysis

The next key challenge facing the Test-D variables is the extent to which
performance on the sub-tests, and factors, can predict learning achievement at a
later stage of development i.e. predictive validity. In order to test the hypothesis that
performance on Test-D is correlated with the acquisition of written language skills,
the current achievements of a cohort of children who were tested on Test-D in 2005
and 2006 will be assessed using standardised tests of achievement (WIAT II, 2005;
WRAT 4, 2006) and learning potential (WISC-IV, 2003). The WIAT II has an
important strength in that it has been co-normed with the WISC IV and the key
interest here is the discrepancy between learning potential and attainment.
The data will be analysed using a multivariate multiple block-wise logistic regression
analysis. The differences between participants learning potential and attainment in
terms of standard scores will be used as the dependent variables and the Test-D
variables as the independent variables. Age, gender and learning potential, as
represented by performance on the WISC IV, will be treated as covariates or control
variables. Nine dependent variables relating to each of the WIAT II sub-tests will be
included in the analysis. The independent variables will be entered block wise based
on the results of the current study to test the predictive power of each identified
group of variables. Learning achievement will be characterized in three ways. Firstly,
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the simple difference between attainment and learning potential in terms of standard
scores will be used. Secondly, participants who have difference scores which are
relatively uncommon (probability <5%) based on discrepancy tables will be specified
as those experiencing written language difficulties. A categorical variable will be
created which groups the participants into two levels i.e. participants experiencing no
difficulties with written language and participants with difficulties. Thirdly, those
students whose attainment scores fall below the 12^*^ and 2"^ percentile will be
classified as experiencing written language difficulties and a categorical variable to
reflect this will be generated. This corresponds to the current distinction between low
and high incidence special educational needs being used by the National Council for
Special Education.
On the basis of these analyses it is intended to create a battery of tests, based on
the Test-D variables and factors, that can be made available to teachers of younger
children that can help them to identify learners who may be at risk of specific written
language difficulties.
Subsequent to the production of this early screening test, it is envisaged that an
intervention study, using randomised controls, will be required to determine whether
it is possible to intervene early to ameliorate potential learning difficulties and support
the acquisition of written language skills of learners who have been identified by
Test-D as having processing difficulties that could impede their learning.

9.5 - Import for the availability of TEST-D within an Irish and International
Context
If the TEST-D early screening measure is proven to be effective as a screening tool
for those at risk of dyslexia this may have significance at national and intemational
levels.
The potential relevance of the TEST-D screening measure to current Irish Education
policy and practice is well supported. TEST-D has the potential to deliver an early
asessment service to young learners and their teachers.
The use of assessment tools is demanded by Irish Policy and Irish Legislation. The
possible availability of TEST-D for early screening fulfills a need in staged
assessment in the Irish Education System.

For example the Report of the Task
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Force on Dyslexial (2001) proposed that assessment, identification and intervention
be inplemented in a staged manner.

The Report outlined a four-stage model of

identifiction of learning difficulties arising from dyslexia. During stage one of literacy
teaching (aged 4 to 5 years) the class teacher should focus on pre-reading and
emerging literacy skills to identify those not developing normally.

If teaching is

modified and the difficulty persists then the individual is identified as at-risk of literacy
acquisition failure.

If the difficulty persists at stage 2 (6 to 7 years) when formal

reading instruction has begun, it is recommended that screening or diagnostic tests
are administered by the class teacher to establish the exact nature of the learning
difficulty. The Report of the Task Force noted that assessment instruments adapted
to the Irish context were difficult to find and those that existed were not normed to an
Irish population.

The potential availability of TEST-D developed on an Irish

population may fulfill this need. Moreover the large battery of sub-tests which are
concerned with pre-reading skills may allow the identification of areas of failure in
pre-reading.

Their identification would in turn inform teaching modifications and

early intervention.
The Education Act (1998) gave learning disabled students equality of access to and
participation in Irish schools. It required schools to provide education for students
acording to their needs and abilities. In the early school years of a child with Special
Educational Needs (SEN) the potential availability of TEST-D could measure the prereading skills of such children with a view to developing an Individual Education Plan
(lEP).

The lEP could inform teaching regarding short-term targets along with the

material/resources needed to address these targets.
TEST-D may potentially be able to provide for the legal demands made on class
teachers under the EPSEN Act (2004) in relation to children with SEN including
dyslexia. A key requirement of the EPSEN Act is for a continuum of assessment.
The class teacher is held legally responsible for the educational welbeing of the child
with SEN and is required to establish the child’s learning needs by screening with a
suitable instrument. The screening process would then provide information towards
the development of an lEP for that child.
The potential availability of TEST-D may also be significant to the terms for the
National Council for Special Education (NCSE) Implementation Report. The report
361

emphasises the importance of early intervention and focuses on the responsibility of
the class teacher in administering early screening measures. It also focuses on the
use of early-stage diagnostic tests and/or supplementary teaching by the learning
support teacher. It is possible that TEST-D, if proven reliable and valid, may allow
the early years teacher to identify these young learners at-risk of literacy failure with
a view to specific intervention and prevention.
The potential availabilty of TEST-D may facilitate the staged assessment approach
as set out in DES policy in its recommendation to schools in Special Education
Circular 24/03 (DES, 2003). Here the recommendation is for allocation of resources
to SEN learners at an early age.
provided before they fail.

Learners need to be identified and support

The potential identification of poor pre-reading skills by

TEST-D administration may inform planning towards provision of such support
leading to the avoidance of failure.
Recently the Education Research Centre has published the Drumcondra Tests of
Early Literacy (DTEL) (ERC, 2010). The DTEL aims to provide teachers with the
screening tool and diagnostic tests for use with emerging readers at the end of
Senior Infants/beginning First Class. The DTEL is in two parts. The Drumcondra
Test of Early Literacy-Screening (DTEL-S) aims to identify learners who are
encountering difficulties in learning to read.
comprehension.

It assesses word recognition and

The Drumcondra Test of Early Literacy-Diagnostic (DTEL-D)

provides further diagnostic assessment of those learners who score poorly on DTELS.

It aims to provide further diagnostic assessment in relation to phonological

awareness (PA), phonological working memory, knowledge of letters and letter
sounds thereby informing instruction of these learners.
The potential availability of TEST-D may complement the thrust of DTEL-S in that
the former has further potential to test other competencies which are associated with
difficulties in literacy acquisition.

These include verbal processing speed, spatial

memory, motor speed and balance.

Furthermore TEST-D is designed to screen

children between the ages of 4 and 6 and therefore can be used with Junior Infants.
This potential is in tune with the National Council for Curriculum and Assessment
(2005) which recommends diagnostic assessment at the earliest possible stage with
a view to early intervention. The Council recommended the use of screening tests
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among a range of assessment approaches to support early years teachers in making
informed decisions in relation to the teaching of literacy skills in young learners. The
many TEST-D sub-tests, which may have the potential to identify specific areas of
pre-literacy failure and, which offer signposts to intervention, may be able to secure
su ch information for teachers.
There is a need for enhanced knowledge about literacy and assessment among
early-years teachers. As mentioned in Chapter 3 the DES Inspectorate reported that
the provision of a coherent approach to the assessment and monitoring of children’s
progress was very weak and required significant development.

The majority of

teachers experienced significant difficulty in organising assessment information
about individual children. This lack of coherence could be possibly contributing to
po'or literacy levels in disadvantaged areas.
Levels of teachers’ knowledge about early literacy processes is of concern to the
Department of Education and Skills. In their Draft National Plan to Improve Literacy
anid Numeracy in Schools (2010) the DES compares current practice in Ireland with
policies and interventions in other countries which empasise teacher understanding
of early literacy acquisition, development and consolidation. The Draft National Plan
concludes that more emphases must be placed on pre/ and in-service teacher
education on the effective use of assessment data to identify priorities and actions in
relation to literacy and numeracy acquisition.

This theme is echoed in the

government strategy for the next decade in its policy paper (DES, 2011).

The

strategy sees literacy and numeracy as urgent national priorities for the Irish
educational system. To improve literacy and numeracy the government will ‘‘improve
the professional skills of those who teach in our ECCE (Early Childhood Care and
Education) settings and schools in the teaching of literacy and numeracy in planning
and delivering rich learning activities, in accessing and monitoring progress and in
usiing assessment information to inform the next steps for learners” (p. 14).

The

strategy wishes to ensure that Initial Teacher Education “programmes for primary
te^achers provide adequate time for courses and learning experiences that will
develop and assess all student teachers’ understanding and ability to apply current
kmowledge,

strategies and methodologies in areas including ... the use of

as'.sessment for formative ... purposes especially for literacy and numeracy” (p.34).
The TEST-D screening measure may have a role in assessment for literacy learning.
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As it stands, the prototypical test battery represents many areas of pre-literacy skills
e.g. phonology, verbal memory, verbal processing speed, among others.

If the 5

case studies described in the last chapter are representative of the predictive
potential of TEST-D (and if teachers can be appraised of the theory and rationale of
these sub-tests in pre and in-service training) then TEST-D, if reliable and valid, may
inform teaching practice for literacy. A recent personal communication from policy
makers stated that TEST-D was a seminal influence for government policy on
formative assessment or assessment for learning (AfL). They have also promised to
provide funding for development of the beta version of TEST-D.
The Draft Plan and the National Strategy highlight the need for the earliest possible
identification of childrens’ difficulties through evidence based assessment systems.
For example, the National Strategy underscores the “need to identify children’s
learning needs as early as possible" (p.49).

These systems can provide early

indicators of the difficulties of young learners and allow early intervention through
provision of appropriate learning opportunities to young school children.

The

National Strategy is concerned at the possible tardiness of intervention at the senior
infant stage “at present Department of Education and Skills policy focuses such
intervention at the senior infants stage. However, offering intervention only at this
stage may be too late for many children” (p.49).

If TEST-D has the potential to

predict dyslexia it may be able to contribute to the aspirations of the National
Strategy in two ways.

It may afford early years teachers a theoretically sound

measure which may identify children at-risk of literacy difficulties. These measures
may point to interventions to be implemented to resolve early literacy skills in
children as young as 4 years of age.

From 2012 the National Strategy wishes to

improve the use of assessment information to support better teaching and learning in
literacy and numeracy for individual children by supporting “ the development and
publication of assessment tools to assist ECCE practicioners and teachers of infants
to monitor and report on the progress that children in ECCE settings and infant
classes are achieving” (p.81).

This will allow the implementation of "intervention

strategies in the second term in junior infants for those students identified as having
difficulty inliteracy and numeracy and provide in class support from learning support
teachers” (p81).

In essence TEST-D may offer an assessment tool which provides

information about learning to guide literacy teaching and learning. No such Irish test
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is currently available to identify the skills needed for fluent reading and to intervene
early. The potential availibility of TEST-D will give policy makers a head start in this
endeavour.
The

NCSE

Implementation

Report noted that early identification

of needs

interventions and provision were below requirements. The Report also remarked on
the need to develop an infrastructure for early identification, intervention and
prevention through allocation of resources at an early stage. TEST-D may have the
potential to answer this need.
The NCCA (2008) is concerned at the mind set of early educators that assessment
and teaching are separate practices. According to earlier evidence (NCCA, 2005)
early years educators are unsure of aspects of assessment practice such as how to
focus their observations and how to use information gleaned to plan future learning.
Dunphy (2008) is of the opinion that early childhood practitioners need to think
differently about the relationship between teaching, learning, curriculum and
assessment.

Only then are they likely to appreciate that assessment is not

something that happens after learning but rather that happens in learning. A central
concern is the need to support practitioners to approach assessment of early
learning with enthusiasm and confidence in order to make sound judgements about
children’s learning and to identify ways to support and extend that learning.
Professional preparation and skill development in competent early assessment and
learning on a day-to-day basis are necessary. Should TEST-D reach the stage of
development where it is considered a reliable and valid screening tool for the risk of
literacy difficulties, it may have a role in enhancing the knowledge of teachers and
their observations.

It would give the opportunity for focused intervention through

selection of specific materials and structuring learning to meet different needs of
individual tearners.

It may thus offer support to schools in implementing an

assessment policy in February of the second school year (Dunphy, 2008) as part of
the school plan.
While all the above observations relate to the Irish context, within the international
context similar needs are felt. Within international education there is a great need for
early screening. In international schools across the world the children of ex-patriot
families are educated. Families move across international borders every few years.
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Consequently their children move to different schools.

English is the common

language of the vast majority of these schools along with the language of the country
in which the school is situated. It these contexts, early screening is important. This
screening should be tempered by information from cultural and other sources, with a
view to teaching that meets the needs of the individual child.
Shepard, Kagan & Wurtz (1998) suggest a set of principles which may be useful in
guiding practice and policy for the assessment of young children’s learning in the
international education setting. The principles stress that assessment should:
•
•
•
•
•

bring benefits to children
be tailored to a specific purpose and be reliable, valid and fair for purpose
be designed to recognise that assessment reliability and validity increase with
age
be linguistically appropriate recognising that all assessments are measures of
language and
include parents as a valued source of assessment information.

TEST-D may have a role in early years assessment in international settings.

If it

comes through the reliability and validity trials, to which it is due to be subjected, it
may offer support to international educators in the early assessment for learning.
Besides the phonological awareness measures there are culture-fair measures such
as prongs, dowels, articulation rate, spatial and squirrel memory and balance.

If

these sub-tests survive reliability and validity trials to form the refined screening test,
then they may have the potential to aid the assessment for learning policy of
international schools.
The theme of assessment for learning is taken up by Rose (2009). He states that
there is a sense of lack of urgency in the system for taking action to provide for the
child who is not making progress in early literacy and causes parental anxiety. Rose
argues that the Department for Children, Schools and Families (DCSF) should select
teachers for specialist training to provide improved expertise across local authorities
and schools in shared partnership. These teachers’ expertise would be available to
schools in their search for targetted instruction.

Rose is not a supporter of early

screening tests, he mentions the unreliability of early screening tools and opines that
a better way of identifying children at risk of reading difficulty and dyslexia is to
observe and assess their responses to pre- and early-reading activities in
comparison to their typically developing peers.

Rose stresses the need for
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comsiderable knowledge and pedagogical expertise in teachers of Key Stage One
children. They “must know what to look for when observing children’s progress in
learning to read.

They also need to know how to adjust their teaching to take

account of childrens’ particular difficulties and lack of progress” (Rose, 2009, p.54).
If the results of the five case studies are representative of the results of the study as
a whole a refined, reliable and validated TEST-D may be able to offer support to
teachers in structuing their observations of pre-reading activities. Sub-tests such as
Lestter Knowledge involve foundation knowledge important for emergent literacy. The
skills involved in Alliteration Oddity may provide a measure of childrens’ pre-reading
segmentation ability. The Phoneme Deletion and Phoneme Deletion Speed Tests
offfer objective measures of recognised predictors of literacy difficulties. Observation
and objective knowledge gleaned from childrens’ learning and the persistence of
thteir difficulties could inform targetted intervention.

Singleton (2009) argues that

intervention programmes which systematically prioritise phonological skills for
re.ading and writing are effective for teaching reading to children.

The culture-fair

ta sks of the TEST-D battery, such as copying and RAN Digits may provide educators
with the means to identify those who have difficulties besides phonological
dilfficulties.

Thus the (surviving) TEST-D sub-tests can be mined to enhance

personalised assessment for learning.

9..5.1 - Conclusion
This section has offered observations on policy, educational and legal contexts
which have brought the need for assessment for learning to the fore in Ireland.
Assessment for learning in international educational contexts is also necessary. In
both of these situatons TEST-D may have the potential to offer support should it
survive the reliability and validation process through which it must go.

In Britian

thiere are several screening tests available to the early-years educator. It is possible
th.at those or aspects of them including TEST-D may support teachers in providing
objective measures of childrens’ pre-reading skills with a view to instruction targetted
on the learning needs of the individual child.
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9.6 - Retrospective Reflection on the Research Process and Products
The many years teaching experience and attempts to remediate the literacy
difficulties of dyslexics convinced the writer of the need to intervene early in the
learning of dyslexics in order to prevent The Matthew Effect’. A reading of the
literature informed the writer of the existence of successful early screening tests.
The knowledge that such early screening tests were available in other jurisdictions
led to the sanguine belief that the development of a similar test was possible. This
would empower Irish teachers to prevent the worst effects of reading failure in
children. At this time DEST (1996) was available. Would it be useful to approach
the authors of DEST with a view to developing norms for an Irish population? A
discussion among collegues indicated resistance to DEST (1996).

Teachers

indicated that, in their view, phonological awareness was poorly represented in the
test battery. They preferred to use their own observations to screen children in their
classes. For that reason it was decided to focus on developing an early screening
test in order that an objective, Irish-developed, early screening instrument might be
available to early-years teachers.

An award from the Irish National Teachers

Organisation (INTO) proved a mixed blessing. Following the award, publicity led 804
teachers to volunteer their services in developing the project. The self-selection of
the teachers indicated their commitment to the TEST-D project.

This led to their

schools and the children in these schools also being involved as participants
following informed consent. The disadvantage of this meant that teacher and school
selection were potentially introducing hidden biases in the national sample. It would
have been preferable to approach the DES with a view to seeking permission to
contact schools in order to discover if the schools were willing to be part of the
project.

A cross-section of SES schools and school types could then have been

selected with a view to reflecting Irish society at large. This would have led to a
controlled selection of school, teacher and child participants.
Some of the self-selected schools were chosen for the pilot study in the greater
Dublin area. At an information meeting 20 teachers volunteered to be pilot study test
administrators.

Ten of these were to be test-retest reliability administrators.

Reflection on the organisation and running of the pilot study, especially in relation to
the test-retest aspect, suggests possible improvements such as better control over
the random selection of the children as this was carried out by the volunteer teachers
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actcording to the instructions of the researcher.

It cannot definitely be said that

selection was random as selection was not carried out by the researcher. It would
haive been preferable to enter the trial participants in a database and select them by
randomised selection. The same criticism pertains to the national study.
Another potential problem area relates to the distribution of sub-tests and to the
hairvesting of data. The earlier tests in the battery were administered and returned in
go>od time along with teacher comments on how the sub-tests might be improved.
However, the test-retest administrators were carrying a heavy load as they were
obliged to carry out twice as much work as the other test administrators.

These

te;achers are hard-pressed in the normal school day. The extra burden of testing and
th<en retesting led some teachers to lose track of what they had and had not
adlministered. Some administrators would test before the holidays and then may not
haive had enough time to retest before the holidays. Over the summer period this
m<eant that more than 60 days could intervene between testing and retesting of a
suib-test. This interlude proved too long, because of, for example, developmental
imiprovements in the child, and led to the loss of data from the data set.

It would

h^ve been preferable to have a check-in process during the course of the test
administration. Such a check-in procedure would have alerted the researcher to any
delay in completion of test-retest within the 21 day time-frame.
Two sub-tests were added to the pilot test battery, these were RAN Digits and the
Balance Task. The latter task was piloted and re-tested on just 14 children aged 4 to
6 years.

The RAN Digits Task was piloted and re-tested on 20 children, one of

whom became ill. These participant numbers are very small and must be considered
as a less-than-representative participant sample, as well as perhaps a somewhatwfeak basis from which to derive generalisations regarding test-retest reliability.
N(evertheless a surprisingly large body of tests survived the test-retest reliablity
stiudy.

Consequently a significant test load awaited test administrators in the

national study.
Diuring the national study there were also areas of difficulty of a research and
personal nature.

The researcher addressed groups of teachers in 7 education

centres around Ireland.

The schools and teachers who wished to be part of the

stfudy again self-selected making the participants in the national study a somewhat
369

uncontrolled sample.

The national study teachers were hugely committed to the

project which was inspirational. Many travelled long distances at their own expense
such was their keeness and their avowed need for an early screening test.
The demands of the school year impinged on some teachers’ ability to complete the
testing.

A constant check-in around the country identified most areas where

administrator help was needed, and the researcher travelled across the country to
complete the data harvesting process when necessary. While the study was to have
been completed in summer 2005, the time-line extended from January 2005 to
October 2006.

This was in part due to personal bereavement and illness which

caused some delay in completing the research. Reflection on the logistics of this
phase of the study suggests that it might have been preferable to have explored a
smaller number of sub-tests.

Alternatively it might have been preferable to have

each test administrator test fewer children.
At the start of the TEST-D project funds had been privately promised for
development of the test into Phase 2 (validation phase), a phase which was never
intended to be a part of this thesis. However, just as the national study was nearing
completion the funds were withdrawn as the funder had begun to experience
financial difficulties.

A search for alternative funding was unsuccessful until

November 2007 which delayed the implementation of Phase 2.
Phase

2 was

psychologists.
incident.

begun

by recruiting

experienced

sessional

and

supervising

The selection and training of psychologists proceeded without

However,

the

organisation

of

co-ordinated

action

between

the

psychologists and access to 861 participants within 3 months of their 10th birthdays
was a mammoth task.

The funding for Phase 2 was sourced from the special

education teacher training budget of the DES. This was in recognition of the value
which they placed on the training which was received by the teacher-participants in
their role as test administrators.

Many teachers expressed their gratitude for the

valuable knowledge they had accrued through the training and administration aspect
of the project.
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On reflection many lessons were learned from the administrative difficulties that
arose during both the pilot and national studies.

On a positive note the teacher-

pairticipants involved now feel a certain ownership of this project and look forward to
the time when an early screening test developed with their help may inform their
teaching.

9.7 - Conclusion
Chapter 9 looked back over the course of the TEST-D project.

The Pilot and

National studies were briefly described. The limitations of the TEST-D study were
dejscribed and possible implications for the project were outlined. The strengths of
thee study were also described.

The chapter then described the future work

enivisioned for the project which may lead to the development and validation of an
eairly screening test - The Trinity Early Screening Test for Dyslexia. The import of
th<e availability of TEST-D in Irish and International contexts was then outlined.
Fiinally a retrospective reflection on the research process and products was
co>nducted.
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