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Abstract 

This thesis compared responses to onsets and offsets of stimuli (visual, auditory, 

phonemic and orthographic) in children with developmental dyslexia (DDs), adults 

with acquired dyslexia (ADs) and early readers (ERs). Similarities were observed 

between the reading characteristics of ERs who demonstrated an incomplete mapping 

between letters and sounds and a group of ADs. Cluster analysis identified children of 

'low', 'intermediate' (IRs) and 'high' alphabetic ability in two samples of early 

readers (4 to 6-year-olds). IRs showed an alphabetic profile similar to those expected 

of Ehri's (1995) partial alphabetic phase. There was a lack of discrimination between 

auditory onset and offset in IRs, DDs and ADs that suggested a basis for problems in 

establishing reliable phonological representations. DDs showed deficits in sensitivity 

to the first of contiguous trios of tones and of phonemes, and to the last in a series of 

three lights, compared to chronological age controls (CAs). DDs were similar to RAs 

(reading age controls) on most tasks. ADs were slower and less accurate in temporal 

processing tasks than their CAs but showed similarities to their RAs. This supports the 

notion of a cognitive delay in developmental dyslexia and a regression to an immature 

cognitive state in acquired dyslexia. Cluster analysis of ERs, ADs and DDs on 

alphabetic measures demonstrated that, whereas many of the DDs (10/22) were able to 

progress to a more advanced phase of reading, most (8/9) ADs clustered with the IRs, 

suggesting that many ADs may be trapped within a cognitive state comparable to 

Ehri's partial alphabetic phase. A cognitive model of both acquired and 

developmental dyslexia is proposed whereby, despite different biological causes for 

the two conditions, a failure to fully complete alphabetic links due to the dominance 

of the whole-word level of representation may form the basis of both dyslexias. 
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I 

Chapter 1: Theoretical Overview 

The purpose of this thesis was to conduct a series of empirical studies which 

would compare acquired dyslexia, developmental dyslexia and children in the early 

stages of reading development. It sought to investigate whether: 

" there are similarities between the developmental and acquired forms of 

dyslexia; 

" either or both types of dyslexia may be considered as similar to an early stage 

of reading development, in which case dyslexia in general might be viewed as 

a divergence from a state of cognitive organisation that exists during early 

reading; 

" there is a continuum of alphabetic ability underlying these three conditions 

(acquired dyslexia, developmental dyslexia and a stage of early reading) that 

may be the key to understanding the links between them. 

1.1. Introduction 

Dyslexia is a heterogeneous condition (McAnally, Castles, & Stuart, 2000) 

and therefore, defies a succinct definition. In general terms, a person with dyslexia 

will have problems with some aspects of written language. The dyslexia may be 

congenital (i. e. 'developmental dyslexia'), or it may be a form of 'acquired dyslexia', 

sustained as the result of either a focal brain injury, such as a stroke, or by a traumatic 

brain injury that causes more global damage to the brain. 

This thesis proposes that dyslexia, in its various forms, may have common 

underlying cognitive impairments in temporal processing. Current theoretical ideas as 

to the cognitive correlates of developmental and acquired dyslexia are explored in the 

light of the findings of the thesis. For example, the tests of temporal processing 

employed in the thesis assess the speed and accuracy of processing in the three 
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participant groups (children with developmental dyslexia, adults with acquired 

dyslexia and beginning readers), and thereby offer a behavioural assessment of speed 

of processing in the visual and auditory modalities. Thus, the studies in this thesis 

examine such theoretical propositions as that proposed by Breznitz (2002), regarding 

developmental dyslexia resulting from an auditory-visual asynchrony. In this way, one 

of the subjects that the thesis explores is whether differential speed of processing in 

these modalities may be identified in any or all of the three participant groups. 

Developmental dyslexia has been given many definitions. One of these 

definitions that is currently widely accepted is the following, which was adopted by 

the International Dyslexia Association in 2002 and is used by the National Institute of 

Child Health and Human Development in the United States (The International 

Dyslexia Association, Frequently Asked Questions: What is dyslexia). 

Dyslexia is a specific learning disability that is neurobiological in 

origin. It is characterized by difficulties with accurate and/ orfluent 

word recognition and by poor spelling and decoding abilities. These 

difficulties typically resultfrom a deficit in the phonological 

component of language that is often unexpected in relation to other 

cognitive abilities and the provision of effective classroom 

instruction. Secondary consequences may include problems in 

reading comprehension and reduced reading experience that can 

impede growth of vocabulary and background knowledge. 

The aforementioned definition is interesting as it goes further than a mere 

description of the condition, proposing a deficit in phonology (speech sounds) as a 

uniting causative factor. This is in accordance with much of the current thinking with 

respect to dyslexia (e. g. Snowling 2000). 
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Ellis and Young (1996, p. 19 1) define acquired dyslexias as: " disorders of 

reading consequent upon brain injury. " This definition is indicative of the way in 

which acquired dyslexia is studied, as a plurality of conditions which are categorized 

according to their symptoms (e. g. which types of words that individuals have 

problems in reading). As a further indication of its study being founded firinly within 

the medical model, the person with acquired dyslexia is often referred to as 'the 

patient9. 

Acquired dyslexia is not necessarily considered as a discrete impairment. 

This contrasts with developmental dyslexia, which is classed as a 'specific leaming 

disability' (Wood, Sheehy, & Passenger, in press), as opposed to a general one. 

Instead, acquired dyslexia is typically observed within the context of a left 

hemisphere stroke that has disrupted the blood supply to the language centres of the 

brain and has resulted in 'aphasia', which is a speech production or comprehension 

disorder. Language impairment in children has been traditionally regarded as a 

separate disorder from developmental dyslexia. 

There are many other contrasts in the way in which developmental and 

acquired dyslexias have been studied. One major contrast has been that developmental 

dyslexia is often investigated via group studies whereas acquired dyslexia has been 

researched through case studies. 

The present thesis seeks to avoid many of the preconceptions of previous 

research into acquired and developmental dyslexia by applying a group design to the 

study of both varieties of dyslexia. In doing so, it also does not limit the investigation 

to one sub-type of acquired or developmental dyslexia. Chapter 4 will examine the 

justification of such an approach. 
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1.2. Similarities between Acquired and Developmental Dyslexia and 

Typical Reading Development. 

The rationale for the present study derives from debates within the 

developmental literature and from a pioneering study conducted by Holmes (1973) 

who compared the real-word reading of two adults with acquired dyslexia following 

head injuries, with data from four children who were believed to have developmental 

dyslexia. Holmes (1973) observed similarities between the adults and children 

whereby they regularized words which have irregular pronunciations (e. g. they may 

pronounce 'island' as 'izland'). This pattern of reading became known as 'surface 

dyslexia'. Surface dyslexia was later identified in a case study of a typically 

developing 18-year-old girl by Coltheart, Masterson, Byng, Prior, and Riddoch 

(1983). Since these early studies, it has been accepted by many that surface dyslexia 

exists in developmental dyslexia as well as in acquired dyslexia (e. g. Birmboin, 

1995). 

Temple and Marshall (1983) also identified another category of dyslexia 

[from the acquired literature] in a 'normal' teenager. Acquired phonological dyslexia 

was first described by Beauvois and Derousne (1979). Its cardinal trait is the impaired 

reading aloud of nonwords (e. g 'pim'), compared to the reading of real words. At the 

same time, there is an absence of the semantic errors that typify deep dyslexia, which 

is another acquired reading disorder that includes impaired nonword reading. Temple 

and Marshall's (1983) case study was therefore thought to be justification for the 

existence of 'developmental phonological dyslexia'. 

Bryant and Impey (1986) compared the Coltheart et al. (1983) and Temple 

and Marshall (1983) case studies of children with developmental dyslexia with 

typically developing children aged between 6; 3 to 11; 9, whose reading ages fell 
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between 9; 6 and 10; 6. Although they conceded that the nonword reading problems of 

the teenager who was considered to have phonological dyslexia by Temple and 

Marshall (1983) were distinctively different from the reading of the younger controls, 

the girl whose reading was thought by Coltheart et al. (1983) to resemble that of 

acquired surface dyslexia was found to be similar to that of the typically developing 

younger readers. 

Bryant and Impey (1986) therefore posed the question which is crucial to 

this thesis: does the dyslexic pattern of reading exist in early reading development? 

They emphasized the importance of comparing cases of developmental dyslexia to 

reading age matched controls and that theoretical stages of reading development 

should inform the study of developmental dyslexia. Hence an empirical comparison, 

based on Ehri's (1995) theory of typical reading development, forms the core of this 

thesis. 

Marshall (1984) and Ellis (1984) made observations from the general 

dyslexia literature which identified similarities between acquired and developmental 

dyslexia. They also thought that the literature suggested resemblances between the 

reading characteristics of adults with acquired dyslexia and those of early readers. 

Marshall (1984) thought that developmental dyslexia might be the failure of a 

component of the normal reading apparatus to develop properly. Marshall's (1984) 

notion of the establishment and maturation of components of the reading system poses 

the question of whether the elements that had formed during early reading 

development had been disrupted by the brain injury that causes acquired dyslexia? 

This thesis was intended to build on the observations of Marshall (1984) and 

Ellis (1984), which had derived observations from a variety of sources, by conducting 

a direct empirical study between adults with acquired dyslexia and early readers, as 
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well as a study between those same early readers and children with developmental 

dyslexia. A further intention of this thesis was to examine the similarities and 

differences between acquired and developmental dyslexias, so as to complete the 

triangle of comparisons between the three groups. Thus, a comparison of the cognitive 

processes by which the groups may differ from, or resemble, one another was carried 

out, with a particular focus upon the temporal processing abilities of the groups. 

Ellis (1984) observed a similarity between the reading patterns of the early 

readers in the first and second stages of Marsh, Friedman, Welsh, and Desberg's 

(1981) theory of reading development, and acquired and developmental phonological 

dyslexia. During these first stages, the child is yet to associate letters and sounds and 

therefore cannot read unfamiliar words or any nonwords. Ellis (1984) also pointed out 

that stages three and four of Marsh et al. 's (198 1) theory seemed to correspond to the 

reading characteristics observed in developmental and acquired surface dyslexia. The 

reason being that during the third stage children begin to read by the alphabetic 

principle: they can read nonwords and sound out the letters of words. It is not until 

Marsh at al. 's fourth stage that a full mastery of exception words (i. e. words that are 

pronounced differently from their spelling, such as 'sword') is attained. 

Holmes (1973) in her comparison of two adults with acquired dyslexia and 

four children with developmental dyslexia, advocated the notion of 'regression'. 

Regression, in this sense, refers to the loss of one or more components (or neural 

networks) of reading ability that had been established during reading development 

during childhood. Thus, adults with acquired dyslexia are presumed to have suffered 

the destruction or disruption of certain components of skilled reading as a result of 

their brain injuries, which has returned them to a neurological condition, in respect of 
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reading skills, resembling those possessed at the very beginning of learning to read in 

childhood. 

Holmes (1973) did not think that the cases she observed representing acquired 

and developmental dyslexias were exactly alike but that their characteristics were 

similar. This would be expected because by the time dyslexia is studied in these 

children, they may be as old as teenagers, and the intervening years of coping with 

their condition and of remediation, may mean that they have moved on from any 

identifiable critical stage at which the regression paths from acquired dyslexia and the 

pathway to developmental dyslexia converge. Hence, it is a 'Y' shaped pathway from 

early reading development towards acquired and developmental dyslexia which is 

under scrutiny in this thesis. For this reason, theories of typical reading development 

will be considered next. 

Figure 1.1: Hypothesised Relationship between the Main Themes 
of the Thesis 

Acquired Dystexia Deve; opmental Dyslexia 
61 

N Immature Alphabetic Abilities 
I 

Early Reading Development 

V 
JjEy ýj Regression to a less mature cognitive state through loss of 

connections. 

400ý I 

Deviation from normal reading development towards a 
dyslexic pattern of reading. 

Normal beginning reading development. 
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Chapter 2: Theories of Typical Reading Development 

2.1. Early Reading 

Theories of reading development are based on observations of how children 

ordinarily progress when they learn to read. They offer 'snapshots' of the 

characteristics of children's reading, and often spelling,, at intervals throughout 

development, which shed light upon the strategies that children appear to use as their 

literacy skills improve, and an insight into the interactions between these reading 

strategies and the characteristics of the written language being learnt (in this case 

English). However, theories of reading development have been criticised for their 

emphasis on description rather than explanation (Snowling, 2000). Nevertheless, 

accurate description may be regarded as an essential precursor to the formulation of 

hypotheses, which may be tested in order to establish general rules. Theories of 

reading development are, inevitably, generalized accounts which seek to encompass a 

typical pattern of reading acquisition. They do not describe or explain individual 

variations in development. Reading does not take place in a vacuum: it is affected by 

socio-cultural influences (Morton & Frith, 1995), not the least of which is how 

reading is taught (Connelly, Johnston, & Thompson, 1999). Whilst acknowledging the 

influence of teaching and wider social factors upon reading development, this thesis 

does not directly investigate their effects. 

Two influential accounts of typical reading development will now be 

examined which reflect current thinking on the mechanisms by which beginning 

readers may acquire the necessary skills for learning written language. 

Frith's (1985) theory of reading development has been credited with making a 

substantial contribution to the study of dyslexia (Snowling, 2000), as it made clear 

hypotheses regarding the points at which normal reading development may become 
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arrested. Frith's (1985) stage theory proposed three phases, each of which represented 

a particular reading strategy adopted by a child at that point in their reading 

acquisition. Frith (1985) believed that children progressed through the three stages in 

strictly sequential order. The abilities gained during the previous stages are not lost, 

instead every stage builds on the strategies attained during the prior stage(s). 

Each of the three stages proposed by Frith (1985) are associated with particular 

reading strategies: (1) logographic, (2) alphabetic, (3) orthographic. Thus, she 

proposed that the child begins to learn to read logographically, i. e. by visual 

recognition of the salient features of a word, without applying phonemic knowledge of 

the individual letters. Frith (1985) points out that a child may build up a sizeable sight 

vocabulary simply by such a logographic method, although it is the alphabetic strategy 

which is usually associated with the onset of reading, since this is when children 

become able to sound out unfamiliar words. Frith acknowledges the crucial 

importance of the alphabetic strategy to the reading process, and that at this point, 

some phonic instruction is required so that children may relate letters to their sounds. 

The orthographic strategy is the final one to be mastered by the reader. The child is 

now able to analyse written words into their constituent units of spelling without 

having to sound them out. Reading is typified by recognition of morphological units 

as opposed to the letter-sound conversions of the alphabetic strategy. 

Frith's (1985) orthographic stage sees the acquisition of spelling rules by the 

child. Frith (1986) proposed explicit mechanisms by which a child might progress 

from one stage to another by introducing two steps to each stage. Initially, in the 

logographic stage, children's reading is logographic and is more advanced than their 

writing, which begins as non-linguistic symbols. It is not until logographic reading has 

become more sophisticated that Frith (1985) says their writing becomes logographic. 
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However, Frith's (1985) claim that beginning readers display 'logographic' writing is 

disputed by Goswami & Bryant (1990) who say that there is no evidence for this. 

It is the transition to writing letters that Frith (1985) considers to spark the 

move to the alphabetic stage. At this point, reading lags behind writing, as children are 

still reading logographically at the start of the alphabetic stage, but their attempts at 

spelling are alphabetic. By the end of the alphabetic stage, reading has also become 

alphabetic and this stimulates the transition to the orthographic stage. In this final 

phase, children's reading is intially much better their spelling. They read according to 

orthographic rules but still spell alphabetically. At the end of the orthographic stage, 

children's reading and writing both demonstrate their mastery of orthographic 

principles (see Figure 2.1). 

Not only did Frith (1985) put forward a possible pathway for progression from 

one stage of reading development to the next, but she also suggested the points at 

which reading breakdown might take place in developmental dyslexia. Frith (1985) 

considers that 'classic developmental dyslexia' (Frith, 1985, p. 316) is the result of 

arrested development at the logographic stage, which prevents mastery of the 

alphabetic strategy. Frith (1985) speculates that this failure to progress may be due to 

a phonological dysfunction. 

Frith (1986) widened the discussion about the relationship between theories of reading 

development (particularly her theory), and dyslexia: both acquired and developmental 

dyslexia. If progress in reading depends on the acquisition of particular component 

skills, which must be gained in a certain order, then a breakdown in reading 

development at any point will result in a particular type of developmental dyslexia. At 

each transition from one stage to another, a new strategy must be mastered, thus 

rendering the reader vulnerable to fixation at a certain step indevelopment. Thus, over- 
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reliance on a previously learnt strategy may occur as a compensatory measure. So for 

example, a child who fails to reach alphabetic competence may be able to become 

more advanced in logographic reading. 

Figure 2.1: 

A Summary of Frith's (1986) Stage Model of Literacy Acquisition 

Adapted from Frith (1986, p. 77) 

Stage 1 

Stage 2 

(a) Logographic Reading 

(b) Logographic Reading and Logographic Writing 

(a) Logographic Reading & Alphabetic Writing 

(b) Alphabetic Reading and Alphabetic Writing 

"ý\z 
Stage 3 (a) Alphabetic Reading & Orthographic Writing 

(b) Orthographic Reading & Writing 

Frith (1986) considered that a failure to progress from the alphabetic to the 

orthographic stage could be classified as 'classic dysgraphia' (Frith, 1986, p. 75), as 

opposed to dyslexia, because the child had failed to acquire orthographic principles. 
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Frith (1986) points out that an important implication of a stage theory of 

reading development in which children must progress from one stage to another over a 

period of time, is that the types of possible breakdown will be constrained by this 

developmental sequence. Acquired dyslexia, on the other hand, has the potential to 

produce any kind of sub-type because the points of breakdown are not limited by the 

time at which the reading skill was acquired. This assertion by Frith (1986), that the 

different forms of acquired dyslexia will not reflect the sequence of reading skill 

acquisition, is questioned in this thesis and the theoretical basis for doing so lies in 

connectionist modelling and, in particular, from the perspective of Ehri's (1995) 

theory of reading development which has a distinctively connectionist underpinning. 

Ehri (1995) proposed a theory of reading development which constituted a 

radical departure from the Frith (1986) stage model. It was based on the supposition 

that reading development depended upon the growth of connections between units of 

orthography and phonology, which is a similar concept to the connection-forming 

assumption implicit in computer neural network models of reading (e. g. Plaut, 

McClelland, Seidenberg & Patterson, 1996; Seidenberg & McClelland, 1989). Another 

departure from the Frith (1985) model was a move away from the tradition of 

envisaging reading development from the perspective of an intellectual unfolding, 

towards one of it being a progression towards a form of cross-modal integration. 

Ehri (1995,1999) noted that children undergo a series of qualitative transitions 

in their literacy skills in order to acquire mature reading ability. Ehri refers to these 

transitions as 'phases' rather than 'stages' because phases do not imply the restrictions 

of universal stages which occur at the same ages and in the same way in each child. 

instead, phases may overlap and every child does not necessarily have to go through 

every phase in the same way. The four phases of her theory reflect the notion of an 
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increasingly established and refined link between orthography and phonology, and the 

names Ehri (1995) gives to the phases refer to the nature of the connections during 

each one (see Figure 2.2). 

The pre-alphabetic phase is Ehri's first phase of reading development. The 

type of connection made during this period is between non-verbal visual cues and 

words. Children recognise words by these non-verbal cues, such as the distinctive 

shape of the M in the McDonalds sign (e. g. Masonheimer, Drum, & Ehri, 1984). At 

this time the child lacks the alphabetic understanding to make connections between 

written letters and corresponding phonemes. Progression into the alphabetic phases of 

reading development requires the learning of letter names, letter sounds, and the 

ability to break down spoken words into their individual sounds. Once such basic 

alphabetic knowledge is gained, the child can start to make connections between 

orthography and phonology. 

Ehri's second phase of reading development is the partial alphabetic phase, 

which she considers to be a crucial time in reading acquisition. It is called the partial 

phase because the child is able to make some but not all the connections between 

sounds and letters. Ehri (1999) suggested that partial alphabetic readers make links 

between salient letters, such as the initial letter in a word, and their sounds. A partial 

mastery of alphabetic principles results in the child identifying a word by one or some 

of its letters. For example, partial alphabetic children might read the word 'stop' by 

recognising the 's' at the start. Or else, they might misread 'stop' as a similar word 

such as 'shop'. They have little understanding of vowels, and their spellings 

characteristically include the first and last consonants but usually lack some of the 

middle letters (Treiman., 1993; Templeton & Bear, 1993). Ehri makes the claim that, 

in reading, a child in the partial alphabetic phase will make connections between 
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some of the letters and their sounds and that "Because first and final letters and sounds 

are especially salient, these are often selected as the cues to be remembered", (Ehri, 

1999, p 88). Due to incomplete letter-sound correspondences, partial alphabetic 

children have difficulty in reading nonwords (e. g. 'pim') as well as unfamiliar words 

(Ehri, 1999). Before they can move to the fidl alphabetic phase, they have to be able 

to separate all the sounds in a word and to form an almost complete mapping of letters 

onto their sounds. 

Ehri's fiull alphabetic phase heralds the start of automatic skilled reading. Full 

alphabetic phase children are able to decode new words and nonwords more 

accurately than can partial alphabetic readers (Ehri & Wilce, 1987). Areas of reading 

which had been problematic in the partial phase, such as the reading and spelling of 

consonant clusters and understanding the role of vowels, are mastered during thefull 

alphabetic phase - 

The reader must undergo substantial exposure to reading and spelling before 

reaching the final phase, the consolidated alphabetic phase. At this point there is a 

reorganisation of the child's vocabulary as a result of identifying underlying 

orthographic patterns within the lexicon. Memory load is reduced by grouping 

individual letters into larger orthographic units, such as 'ing'. Reading is now rapid 

and automatic. Ehri's fourth reading phase is typically not entered until around the age 

of seven or eight years (Ehri, 1999). 

A progression in alphabetic skills and knowledge is essential to Ehri's (1999) 

theory. The term 'alphabetic skills' refers to the ability to relate printed letters 

(graphemes) to their corresponding sounds (phonemes) within a word. The alphabetic 

system represents the regularities inherent in orthography which have to be acquired 

by the reader in order to build a full alphabetic sight vocabulary. Ehri points out that a 
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skilled reader is able to recognize a familiar written word as quickly as a single digit 

(Ehri & Wilce, 1983). Such speed implies that the word is processed as a single unit of 

information. However. ) learning to sight read would appear to be more than a purely 

visual process; it is intrinsically phonological and alphabetic (Ehri 1992,19959 1999). 

Figure 2.2: 

A Summary of Ehri's (1995) Phase Model of Reading Development 

Phase Letter-Sound Associations 

Pre-alphabetic Phase No links between sounds and 

r--I letters. 

"ýZý 
Partial alphabetic Phase: Some links., between salient 

letters and sounds. 

'ýz 
FuH AlDhabetic Phase: 

Consolidated Alphabetic Phase: 

A complete set of alphabetic 
links. 

Reorganisation of lexicon to 
accommodate irregular spelling 
patterns. 

Ehri's conception of the way in which words are represented in memory 

highlights the central role of cross-modal processing. Reading development is 

envisaged as establishing connections between the image of a printed word and / or its 

subcomponents, its articulation, its pronunciation and its meaning. It is possible to 

view Ehri's phases of reading development as representing evidence of increasing 

connectivity between the modalities. The memory of a word is thus an integrated 

cross-modal representation, ensuring that seeing the word will trigger the memory of 
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the word's spelling, meaning and pronunciation, as well as triggering associations 

between other words that are related in terms of some or all of these separate features. 

Ehri (1992,1995,1999) emphasizes that reading development depends on the 

establishment of links between orthography and phonology. As well as the whole- 

word connections described in the previous paragraph, the letter-sound links 

established during the partial alphabetic phase remain available to the mature reader. 

These grapho-phoneme links may be conceptualised as connections between the 

visual and auditory modalities. Such associations are likely to be integral to skilled 

alphabetic reading, and temporal synchrony between the two senses would seem 

essential for these cross-modal activities during reading. This is consistent with the 

views of Breznitz (2002) who suggested that auditory-visual synchrony was necessary 

for the complex processes that take place during reading, and has implicated a lack of 

synchrony between the visual and auditory modalities in developmental dyslexia. 

Hence, arising from the connectionist aspects of Ehri's (1995,1999) theory of reading 

development, there may be the prospect of identifying a possible developmental 

contribution to developmental dyslexia. 

2.2. Critiques of Ehri's (1995) Theory 

One of the shortcomings of Ehri's (1995) theory highlighted by Beech (2005) 

is that it does not link the behavioural developments in written language skills with 

changes in underlying cognitive processes. This is an area which the present thesis 

seeks to investigate by relating developments in the alphabetic abilities of early 

readers to auditory and visual temporal processing. 

A second observation by Beech (2005) was that Ehri's theory does not 

constitute a set of testable hypotheses, but instead is a flexible framework with which 

to investigate reading development. Indeed its very flexibility is its strength as well as 
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its weakness, implies Beech (2005, p. 56), who describes the theory as a 'tent' that is 

more likely to bend with the winds of evidence rather than be broken'. 

These criticisms by Beech are exemplified, for example, by Ehri's (1995) 

depiction of 'phases' as opposed to 'stages'. According to Ehri (1999), the phases 

may overlap and a phase may be missed out. On the one hand, such claims make it 

difficult to operationalise hypotheses which predict differences between groups of 

children. On the other hand, the claims resonate with anecdotal observations of 

differences in the rates at which individual children acquire literacy skills and of 

individual differences in learning styles during reading development. Thus, the richly 

descriptive nature of Ehri's theory would seem comparable to an accumulation of 

observations from many case studies rather than a simplified model that attempts to 

explain the underlying factors in reading development. The fact that there are few 

obvious operational hypotheses which emerge directly from it, may explain why there 

have been so few detailed criticisms of Ehri's (1995) theory. In these terms it perhaps 

resembles a metatheory, requiring other assumptions to be made or other theoretical 

concepts to spring from it before it may be scientifically tested through falsifiable 

hypotheses. 

2.3. Developmental Dyslexia 

Developmental dyslexia is presently explained by theories which are usually 

considered in isolation from each other, but are not necessarily mutually exclusive. 

However, it is possible to regard them as descriptions of dyslexia which are 

appropriate for the levels of explanation with which they deal. This thesis employs a 

methodology which explores potential links between the phonological deficit theory 
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of developmental dyslexia and sensory-motor theories which argue that the origin of 

dyslexia may lie in impaired temporal processing. 

2.3.1. Phonological Representations Hypothesis 

There is widespread agreement that phonological representations are central 

to many of the written language difficulties which are evident in dyslexia (Snowling, 

2000). The phonological representations hypothesis holds that auditory sensory inputs 

are normal and that either the storage or retrieval of phonological representations is 

problematic for children with dyslexia. This hypothesis is supported by a substantial 

amount of empirical data (e. g. Bradley & Bryant, 1978,1983; Brady & Shankweiler, 

1991; Nation & Hulme, 1996; Snowling, 1995; Swan & Goswan-ii, 1997; Bowers & 

Wolf, 1993) which reveal that children with dyslexia have difficulties in acquiring 

skills which are fundamental to successful reading, such as learning letter sounds, 

converting printed letters (graphemes) to their corresponding sounds (phonemes), 

segmenting words into their constituent phonemes, and fluent phonological 

production, as indicated by rapid naming tasks. 

There is also evidence of visual (e. g. Stein, 2001a, b) and motor deficits (e. g. 

Nicolson & Fawcett, 1999) in dyslexia. A major criticism of the phonological 

representations hypothesis is that it places too much emphasis upon phonological 

aspects of dyslexia and does not provide a parsimonious explanation for orthographic 

(visual) and mixed (both visual and phonological) subtypes of dyslexia (for a review 

of sub-types, see McAnally, Castles, & Stuart, 2000). 

2.3.2. Temporal Processing (Sensory-Motor) Theory 

In contrast to the phonological representations account of dyslexia, a temporal 

processing account maintains that the input to the phonological system is mildly 

impaired, which results in the phonological difficulties apparent in dyslexia (Tallal, 
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Miller, Jenkins, & Merzenich, 1997). Hence, any problems in representing or 

retrieving phonological information are due to subtle low level sensory deficits rather 

than any higher order cognitive defects. For instance, Tallal (1980) and Tallal et al. 

(1997) suggested that an impaired ability to process rapidly changing auditory 

information hampers a child's ability to break speech down into phonemes. Thus, the 

consequence of these subtle auditory problems would be a set of poorly specified 

phonemic representations. 

Tallal's (1980) notion of a defective processing system for rapid auditory 

stimuli in children with dyslexia has been challenged by those who have who have 

failed to replicate her findings (e. g. Bretherton & Holmes, 2003; Nittrouer, 1999; 

Share, Jorm, Maclean & Matthews, 2002), by those who claim that it is not a general 

auditory impairment but a deficit confined to verbal sounds, i. e. phonology, only (e. g. 

Mody, Studdert-Kennedy, & Brady, 1997), and by others who say that the auditory 

deficit in dyslexia affects more than simply the processing of transient auditory stimuli 

(e. g. Rosen & Manganari, 2001). Despite these criticisms of Tallal (1980), her 

methodology remains the focal point of much research into reading disability. 

Tallal's (1980) methods involved a Repetition Test, in which two 75ms tones 

of different frequencies were presented in sequence to the participant. The tones were 

complex, containing a mixture of frequencies found in speech. One of them had a 

fundamental frequency of 100 Hz and the other tone's fundamental frequency was 305 

Hz- Initially, the participants were required to respond to the two tones with an 

interstimulus interval (ISI) of 428 ins. Later, the tone pairs were presented with ISIs of 

between 8 and 305 ins. The first task was to push the appropriate depressible response 

panels in the order of their being heard. The second task was to judge whether the first 

and second tones were the same frequency. In both tasks, the poor readers were 

M3176650 



20 

distinguished from typical readers by their greater number of errors in responding to 

the tones with the shorter ISIs of 8 to 305 ms. However, at the longer ISI of 428 ms, 

there was no significant difference in accuracy between the two groups. Consequently, 

Tallal (1980) concluded that the poor readers were showing impairment in the 

perception of rapidly presented non-linguistic auditory stimuli. 

Bretherton and Holmes' (2003) study has been widely accepted as an example 

of a failure to replicate Tallal's (1980) findings. However, part of the Bretherton and 

Holmes (2003) study did produce confirmatory results. When similar complex tones 

of the identical duration and within a very similar range as those employed by Tallal 

(1980) were used, Bretherton and Holmes (2003) found that poor readers were slower 

and less accurate than their controls in identifying the order of the high and low tone 

pairs. 

Bretherton and Holmes' (2003) study, however, also established that a key 

prediction derived from Tallal (1980) was not supported by their data. The hypothesis 

was based on Tallal's (1980) contention that a low-level auditory impairment in 

developmental dyslexia may underpin phonological deficits and thus detrimentally 

affect reading. Bretherton and Holmes (2003) reasoned that within the disabled 

readers group, those who were quicker at the tone order task would be faster and more 

accurate in ordering speech sounds, as represented by the consonant-vowel pairs of 

/ba/ and /da/. However, no such link between the processing of non-verbal (tones) and 

these consonant-vowel speech sounds was in evidence. Therefore the theoretical 

argument for a connection between a low-level auditory deficit and the phonological 

difficulties characteristic of developmental dyslexia was not confirmed by Bretherton 

and Holmes (2003). 
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Another way in which Bretherton and Holmes (2003) claimed that their 

findings disagreed with those of Tallal (1980) was that all the children, not just the 

poor readers, showed less accurate and slower responses in the tone pair ordering task 

as the ISIs became shorter. This would not seem to contradict Tallal's (1980) 

characterisation of dyslexia as having its origins in a deficiency of rapid auditory 

processing. However, it should be pointed out that Bretherton and Holmes (2003) did 

not test for ISI intervals beyond 300ms, and Tallal's (1980) statement about rapid 

auditory processing impairment was based upon a comparison with ISIs of more than 

400ms. As an aside, it is worth noting that Tallal and Piercy (1973) described the 

300ms interval as being 'long', which reveals some degree of methodological 

inconsistencies in the Tallal studies in this respect. Bretherton and Holmes (2003) 

presume a gradation of deficit within dyslexia from 300 ms to 10ms, which may not 

exist; instead, there may be a uniform performance within a range of short ISIs. 

Bretherton and Holmes' (2003) reservations about the robustness of Tallal's 

(1980) proposal that the auditory deficit in dyslexia is confined to rapid processing 

were echoed by Share et al. (2002) who observed that poor readers were impaired 

relative to good readers at long and not short ISIs. Thus, there may be more to the 

low-level auditory deficit found by Tallal (1980) than just deficiencies in rapid 

processing, a view which is shared by Rosen and Manganari (2001) who think that 

other linguistic or acoustic factors are involved in dyslexia. 

Mody et al. (1997) considered Tallal's notion of a temporal processing deficit 

as being a misinterpretation of the demands of the order judgement tasks. They 

pointed out that, by Tallal's own admission (Tallal & Piercy, 1973), her temporal 

order judgement tasks involve two distinct steps and that the temporal ordering of the 

stimuli is the subsequent stage to the initial discrimination of the stimuli. In Mody et 
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al. 's (1997) study, when easily discriminable syllables were employed in an order 

judgement task, there was no difference between good and poor readers. Mody et al. 

(1997) asserted that difficulties in making order judgements in reading disability was 

essentially associated with speech sounds and were not the general auditory deficit 

proposed by Tallal (1980). 

The exact nature of Tallal's (1980) theory of rapid auditory processing deficit 

lacked elucidation in terms of either information processing models or neurological 

processes. Klein (2002) examined what Tallal's (1980) notion of a rapid auditory 

processing deficit might entail. Klein (2002) construed Tallal's (1980) interpretation 

as a cognitive bottleneck for incoming auditory information that arises during rapid 

sound input and results in loss or confusion of the order of that data. Klein (2002) put 

forward alternative models that could explain the emergence of auditory impairment 

associated with rapidly presented stimuli: temporal smudging and temporal jitter. 

Temporal smudging is described by Klein (2002) as occurring when, instead of 

registering a sequence of temporally discrete auditory stimuli as distinct from one 

another, the signals are perceived as overlapping and merging into one another. Thus, 

the extent to which this happens may be greater in poor readers than in good readers 

(Klein, 2002). Temporal jitter, according to Klein (2002), is an inherent inexactitude 

in the assignment of sensory events to specific points in time. Poor readers may be 

less accurate than typical readers in associating individual auditory stimuli with 

precise moments in time. Klein (2002) points out that an increased degree of both 

smudging and jitter would be expected to have a greater affect on the registration of 

auditory stimuli as the intervals between stimuli are decreased, such as in rapid 

processing. 
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Tallal et al (1997) did, however, suggest a possible neurological explanation 

for rapid auditory processing deficits in dyslexia as well as for similar impairments 

noted in the processing of rapid visual stimuli (as reported in the Farmer & Klein 1995 

review). Tallal et al. (1997) pointed out that Galaburda and Livingstone (1993) 

observed abnormalities in the magnocells of two structures in the brain: the Lateral 

Geniculate Nucleus and the Medial Geniculate Nucleus. These areas of the thalamus 

are known to be involved in the passage of transitory sensory information to the cortex 

and may be implicated in any rapid visual and auditory problems associated with 

developmental dyslexia. This neurological explanation is examined in the following 

section. 

2.3.3. Magnocellular Theory 

Magnocells are of large diameter and are well-insulated with myelin, 

characteristics that suit them to the rapid transmission of impulses in response to 

quickly changing stimuli. They have been found by Macknik and Livingstone (1998) 

to respond to the onsets and offsets of stimuli. Galaburda and Livingstone (1993) 

found anomalies in post mortem, investigations of adults with developmental dyslexia 

in the magnocells of two areas of the brain which act as crucial relay stations in the 

visual and auditory modalities: the Lateral Geniculate Nucleus (LGN) and the Medial 

Geniculate Nucleus (MGN), respectively. Stein (2001 a) argues that these and other 

neuranatomical anomalies in the brains of individuals with dyslexia are signs of 

abnormal function within the system that is responsible for the kind of rapid 

processing required for reading. Stein (2001 a) proposed a unifying theme for the 

main sensory-motor theories of developmental dyslexia, pointing out that impaired 

neural timing is likely to underlie them all. According to Stein (2001 a), visual, 

M3176650 



24 

auditory and motor problems associated with dyslexia may therefore be accounted for 

by the dysfunctioning of the magnocellular pathway (M-pathway). 

A problem with the magnocellular pathway theory is that whilst there is 

evidence of deficits within the visual system, there is no experimental data that can 

specifically attribute dyslexia to a magnocellular deficit in the auditory modality. The 

network of magnocells is much more clearly defined in the visual system than in the 

auditory equivalent, where large diameter neurons do exist but are difficult to map as 

a distinct pathway (Stein, 2001 a). However, deficits have been observed in dyslexia 

which are consistent with the dysfunctioning of a pathway such as this, which is 

responsible for the transmission of rapid, transient auditory signals: a role for which 

magnocells are well-suited. These impairments include the ability to identify rapidly 

altering frequency (Frequency Modulation or FM; Stein & McAnally, 1995), and 

quickly changing sound intensity (Amplitude Modulation or AM; Menell, McAnally 

& Stein, 1999). 

Aside from the controversy over whether developmental dyslexia is best 

characterized by visual or phonological difficulties, another approach has been to 

consider the relationship between the auditory and visual domains. Breznitz (2002) 

pointed to a lack of an integrated auditory-visual system in participants with 

developmental dyslexia. 

Breznitz (2002) used behavioural reaction times and response accuracies, as 

well as electrophysiological (Event Related Potential; ERP) measures to assess 

synchronicity in reading at the sensory, phonological and orthographic levels. Nine 

and ten-year-old boys with dyslexia and their chronological age matched controls 

were studied. Although some of Breznitz's (2002) measures involved both modalities, 

the study employed ERP component response times from within each modality in a 
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cross-modal comparison. For instance, the P200 ERP component following a non- 

linguistic auditory stimulus was compared with the P200 component detected after a 

non-linguistic visual stimulus. The time difference between them was called a 

'temporal gap' and was found to be larger in the dyslexia group than the CA controls. 

This pattern was found in the P300 ERP component timings for non-linguistic 

auditory and visual measures. The dyslexia group also showed a larger temporal gap 

than CA controls in their P200 and P300 responses to linguistic auditory and visual 

stimuli. 

Breznitz (2002) also assessed behavioural and ERP responses to more complex 

orthographic and phonological stimuli. Thus, she was able to track the time course of 

events from the initial perceptual to the higher level cognitive responses in the reading 

process. 

The asynchrony hypothesis is explored in this thesis in relation to early 

reading, developmental and acquired dyslexia. The proposition is that learning to read 

involves acquiring the alphabetic principle (Frith, 1986; Ehri, 1995), which 

necessitates the synchronisation of the visual and auditory modalities. 

In relation to developmental dyslexia, the asynchrony hypothesis is explored 

as a means of bringing together the sensory-motor theories with the phonological 

representations hypothesis. It is possible that asynchrony between the registration of 

visual and auditory onsets, and between visual and auditory offsets, are expected to 

hamper the process of bringing together printed letters and words with their spoken 

equivalents. Thus, asynchronous cross-modal relationships may inhibit the formation 

of alphabetic skills. At the same time, a poorly integrated auditory temporal 

processing system may have consequences for phonological skills. Thus, this thesis 
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investigates reaction times and temporal ordering ability both within, as well as 

between, modalities. 

The similarities highlighted by Ellis (1984) and Marshall (1984) between 

children at an early stage of reading development and adults with acquired dyslexia 

will be empirically investigated in the following chapters. Of particular interest is the 

notion of a regression (e. g. Holmes, 1973) occurring as the result of brain injury, 

which is hypothesised to return those with acquired dyslexia back to a cognitive state 

(with regard to literacy) resembling that of an early reader. However, acquired 

dyslexia is not a homogeneous condition, as will be seen in the next chapter. Thus, it 

is necessary to scrutinise the various types of acquired dyslexia and the criteria used to 

classify them, in order to properly assess the claim that a regression may indeed be 

taking place in acquired dyslexia, which is done in the next chapter. 
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Chapter 3: Acquired Dyslexia 

Research into acquired dyslexia has sometimes influenced the study of 

developmental dyslexia. For example, Temple and Marshall (1983) and Coltheart, 

Masterson, Byng, Prior, and Riddoch (1983), both claimed to identify types of 

acquired dyslexia in case studies of children with development dyslexia. If there are 

commonalities between the two areas of dyslexia in terms of cognitive functioning, it 

is necessary to compare them, which is one of the intentions of this thesis. Moreover, 

this thesis goes further than a simple comparison, it also looks at how both acquired 

and developmental dyslexia may be related to an immature cognitive state, before the 

alphabetic principle has been properly mastered. The reason for so doing is that each 

form of dyslexia may bear a greater resemblance to that state than to the other form of 

dyslexia. For instance, the compensatory strategies learned over the years by a child 

with developmental dyslexia may be different from those employed by an adult, who 

was once fully literate and was then afflicted by acquired dyslexia. Consequently, it is 

necessary to review acquired dyslexia: its characteristics, types and causes. 

3.1. Definition and General Background 

When reading difficulties occur as the result of brain injury in someone who 

was previously able to read normally, it is called 'acquired dyslexia'. The injuries 

involved in acquired dyslexia are usually to the left hemisphere of the brain, in the 

vicinity of the language centres (which in most people are situated in that 

hemisphere). However, the exact location and nature of the damage varies from 

person to person, which is why the symptoms are so diverse that the condition is often 

referred to in the plural as 'acquired dyslexias 

Another contributory factor to this diversity in acquired dyslexia is that the 

underlying medical causes of brain injury are varied. The main ones are: 
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(1) Cerebral vascular accident ('CVX or (stroke'), which is the disruption of blood 

supply to an area of the brain, either as the result of a blockage, such as a blood clot, 

or a bleed. Consequently, brain cells in that location will either die or become 

damaged. For instance, Berndt, Haendiges, Mitchum, and Wayland (1996) studied II 

people who had suffered left hemisphere strokes. 

(2) Traumatic brain in ury ('TBI'), which is either a relatively widespread injury to the 

brain sustained by the brain impacting with the inside of the skull, such as in a car 

crash, or by damage caused by the penetration of an object, such as a bullet (e. g. 

Holmes, 1973; Newcombe & Marshall, 1972). 

(3) Alzheimer's disease (e. g. Schwartz, Marin, & Saffran, 1979; Schwartz, Saffran, & 

Marin, 1980) or other neuropathologies such as tumours (e. g. Marshall & Newcombe, 

1977). 

Strokes constitute a more focused brain injury (albeit often later complicated by 

lesions resulting from surgery) than either TBI or Alzheimer's disease. 

Most of the participants with acquired dyslexia in this thesis are people who 

have suffered a left hemisphere stroke. Such strokes often affect the functioning of the 

language centres and thus the ability of the patient to produce and / or comprehend 

spoken language may be impaired. This condition is called aphasia and the extent and 

timescale of recovery from it vary from case to case. When difficulties with written 

language remains after the aphasia has subsided, or when the person's reading 

problems cannot be entirely explained by his or her spoken language difficulties, then 

the person is regarded as having 'acquired dyslexia' (Ellis, 1984). 

Shallice and Warrington (1980) proposed a classification system which 

distinguished between what they saw as different classes of acquired dyslexia: central 

and peripheral acquired dyslexias. The majority of participants with acquired dyslexia 
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in this thesis would be classified as having a form of 'central' acquired dyslexia. 

Shallice and Warrington (1980) classed 'central' acquired dyslexias as impairments 

which were judged to occur after the word had been recognized visually. Thus, the 

term 'central dyslexia' implies that deficits in higher cognitive processes, such as in 

the phonological or semantic systems, are the cause of these reading difficulties. 

Acquired phonological dyslexia, acquired deep dyslexia and acquired surface dyslexia 

are considered to be among these central dyslexias. 

3.2. Acquired Phonological Dyslexia 

The cardinal defining trait of acquired phonological dyslexia is a selective 

deficit in reading nonwords (e. g. pib) compared to reading familiar words (Coltheart, 

1996). Acquired phonological dyslexia was first recognised by Beauvois and 

Derousne (1979). It is not a homogeneous condition (Coltheart, 1996), because 

certain traits have been identified in some cases of the condition but not in others. 

Among these characteristics are morphological (derivational) errors, such as reading 

applaud as 'applause', and problems with function words (e. g. 'but', 'for'), which 

were found by Patterson (1982) but not by Funnell (1983). 

Berndt, Haendiges, Mitchum and Wayland (1996) found that phonological 

processing deficits were common to the cases of acquired phonological dyslexia that 

they investigated but to different degrees of severity. Specifically, grapheme 

identification and associating graphemes with phonemes, were poor, as was phoneme 

blending. Berndt et al. (1996) pointed out that these three mechanisms constitute the 

phonological route of the dual route model (Coltheart, 1978), with which this was 

consistent Figure3.1). However, Berndt et al. (1996) also speculated as to the 

ramifications of faulty letter-sound correspondences on higher level reading processes, 

and thought that reading difficultues would be compounded by problems in blending 
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sounds from the unreliable phonemic representations that would result. This 

combination would seem enough to disrupt nonword reading, thought Berndt et al. 

(1996) and may have unpredictable consequences for word reading. Although, since 

acquired phonological dyslexia is defined by better real word reading than nonword 

reading (Berndt et al., 1996), it must be implied that the pronunciation of familiar 

words does not need to be assembled in this fashion and that they are available via 

another pathway, which is the stand-point of dual-route modellers, who claim that a 

separate lexical route is responsible for familiar word reading. 

Figure 3.1: 
The three mechanisms of the phonological pathway of the 

Dual-Route Model (based on Coltheart, 1996, P. 752) 

Grapheme 
parsing 

Grapheme to 
phoneme 

conversion 

Phoneme blending 

Eg. Printed word bat is 
segmented into the letters b, 
a, t. 

The printed letters b, a, t are 
converted to the phonemes 
/b/ /a/ /t/. 

Phonemes IN /a/ /t/ are 
combined into the spoken word 
"bat". 
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Figure 3.2: 

The Dual Route Model, Adapted from Funnell (2000, p. 5) 
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3.3. Acquired Deep Dyslexia 

Acquired deep dyslexia is similar to acquired phonological dyslexia in that there is a 

deficit in nonword reading but it has many other characteristics which constitute a more 

severe impairment to written and spoken language than phonological dyslexia. Deep 

dyslexia was identified as a syndrome by Marshall and Newcombe (1966) and has since 

been identified in many other people with acquired brain injury (e. g. Shallice & 

Warrington, 1975; Schwartz, Marin & Saffran, 1979). Marshall and Newcombe's (1966) 

neurological patient, GR, was left with persisting problems in reading and writing 

following a gunshot wound to the left hemisphere of the brain. Among the characteristics 

he displayed were semantic errors in reading, when words are related in their meaning, for 

example he read canary as 'parrot' and antique as 'vase'. Visual errors were also in 

evidence, whereby there was an orthographic similarity between the target and the word 

read aloud, for example deep was read as 'deer'. Sometimes a visual error was then 

compounded by semantic confusion such as sympathy was read out as 'orchestra', having 

been visually misidentified by GR as symphony and then incorrectly processed as its 

semantically associated word 'orchestra'. 

Twenty-one deep dyslexia patients were reviewed by Coltheart (1980a) who 

compiled a list of their shared traits, including: 

1) semantic errors in reading aloud; 

2) visual errors in reading aloud; 

3) function word substitutions(e. g. 'from', 'but') in reading aloud; 

4) morphological errors in reading (e. g. reading 'thought' as 'think'); 

5) severe inability to read non words aloud; 
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6) impaired ability to derive the phonology of familiar words from their 

orthography, hence problems in homophone tasks (e. g. does 'jewel' sound 

the same as 'dual'9) and rhyming tasks (e. g. do 'pale' and 'nail' rhyme? ) 

7) concrete words read better than abstract words (aloud); 

8) difficulty in reading function words, in comparison to content words; 

9) verbs are harder to read aloud than adjectives, which are harder than 

nouns. 

10) damaged auditory to verbal STM. 

Although at first glance, it may appear that deep dyslexia is a syndrome unlike any 

other acquired dyslexia, many of the points on this list are similar to characteristics often 

found in acquired phonological dyslexia, namely, items 3,4,5,6,7,8 and 10 (see Coltheart 

1996; Ellis & Young, 1996, Funnell, 2000 for reviews). Similarly, the sound-to-speech 

short term memory deficits, reported in the last item, are not confined to deep dyslexia, they 

frequently occur in patients with left hemisphere brain damage (Funnell, 2000). 

Furthermore, there is some dispute over the interpretation that there are wholly 

visual reading errors in deep dyslexia, e. g. reading signal as 'single' or decree as 'degree'. 

Buchanan, Hildebrandt and MacKinnon (1996) think that these could equally well be 

phonological errors, given the similarities between the orthographic and phonological 

properties of many words. The two variables are very difficult to separate from each other 

(Hann & Seidenberg, 2001). This highlights an issue that is important to this thesis. Once 

the alphabetic principle has been mastered, can the storage in memory of graphernes and 

phonemes be regarded as completely uni-modal (i. e. visual or sound-based) representations 

or do they take on a different character as bi-modal representations? If the latter is the case, 

then cross-modal factors might be involved in acquired dyslexia, and it would underline the 
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need to compare acquired dyslexia with the time in early reading development when 

alphabetic connections are first made. For example, Ehri (1995,1999) considered that 

grapho-phoneme links were formed during the partial alphabetic phase. These were to be 

regarded as intermodal links, in a manner similar to Ehri's (1995,1999) conception of the 

multi-modal representation of a word in memory, which has connections to vision, sound, 

pronunciation and meaning. 

Deep dyslexia has become regarded over the years as not so much a syndrome 

that can be applied to all its sufferers, but as a collection of conditions whose 

fundamental impairments are severe nonword reading difficulties and semantic errors 

in reading aloud (Ellis & Young, 1996: Coltheart, 1996). Coltheart (1996) also points 

out that its boundaries have become blurred with those of acquired phonological 

dyslexia, primarily as a result of the work of Glosser and Friedman (1990) and 

Friedman (1996), who charted the recovery of people with brain in uries and noted 

that some improved from exhibiting deep dyslexia to showing the symptoms of 

phonological dyslexia. Glosser and Friedman (1990) and Friedman (1996) concluded 

that there was a continuum between acquired phononlogical. and acquired deep 

dyslexia. 

The dual route model (e. g. Coltheart, Curtis, Atkins, & Haller, 1993; Funnell, 

2000), as shown in Figure 3.2, considers multi-modal factors but its stages are 

considered within a framework mainly of discrete uni-modal mechanisms. It accounts 

for the selective nonword reading impairment in both phonological and deep dyslexia 

as a breakdown somewhere along the phonological route. Figure 3.1 illustrates the 

hypothesised sequence in the model whereby pronunciation of the word is built up 

from separating the words into their individual graphemes, matching them with their 

corresponding phonemes and blending them together, ready to be spoken. An example 
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of this hypothesised processing sequence is given by Coltheart (1996): the printed 

nonword chooth comprises the grapheme string: <ch> + <oo> + <th>. Grapheme-to- 

phoneme conversion subsequently transforms each grapheme into its corresponding 

phoneme, /t-/+/U: /+/0/. Finally, these phonemes are combined to form the 

spoken word, so that the individual sounds are pronounced as 'choothl. 

Grapheme-to-phoneme conversion is certainly cross-modal, but it does not 

necessarily imply that the letter and its sound may exist as a unified cross-modal 

auditory-visual entity, it is rather a change from vision to sound, by the use of a stored 

'rule' (Berndt et al., 1996). A separation of the modalities into compartments in 

acquired dyslexia would therefore seem the antithesis of the primary objective in 

learning to read: to bring the visual and the phonological together. In this thesis, the 

notion of cross-modal relationships is considered in acquired dyslexia, as well as in 

developmental dyslexia and early reading. 

The phonological route in deep dyslexia is thought to be more severely 

damaged than in phonological dyslexia (Glosser & Friedman, 1990). Since the 

phonological route is effectively unavailable in deep dyslexia, the model decrees that 

reading must take place via the visual-semantic pathway, which deals with whole- 

word reading. Thus,, the semantic system becomes of crucial importance to reading in 

deep dyslexia. Note that such a rationale requires the direct lexical route to be non- 

operational in deep dyslexia (Ellis & Young, 1996). 

If the semantic system is damaged, yet it is depended on as much as it would 

seem, in deep dyslexia, semantic errors will be evident. Even if the semantic system is 

not damaged, it will still be without the modifying influence of phonology to guide the 

correct word selection according to Newcombe and Marshall (1980a, b), who make 

the point that the normal reader would not read the word bike as 'tandem' because the 
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phonological recoding patterns for the two are very different. Thus, claim Newcombe 

and Marshall (1980a, b), lack of grapheme to phoneme conversion may be sufficient 

to explain the semantic errors in deep dyslexia without resorting to explanations 

requiring malfunction of the semantic system. Such a view as this would certainly be 

feasible if the deep dyslexia were merely a more severe version of phonological 

dyslexia, whereby phonological mechanisms for decoding were completely or almost 

completely abolished. 

There are a variety of theories concerning the role of a damaged semantic 

system in deep dyslexia and also a view that reading in deep dyslexia is carried out by 

the right hemisphere (Coltheart, 1980b, 1983). Reviews of these theories concerning 

the semantic system in deep dyslexia can be found in Ellis and Young (1996) and 

Funnell (2000). 

3.4. Acquired Surface Dyslexia 

Holmes (1973) compared two adults with acquired dyslexia, J. C. and S. T., 

with four boys with developmental dyslexia, aged 9 to 13 years, and identified a 

pattern of single word reading common to all six. This 'surface dyslexia' (see also 

Marshall & Newcombe, 1973) was manifest by the reader pronouncing written 

irregular words, which do not conform to the rules of grapheme to phoneme 

correspondence, as though they were regular. Hence, the written word island would 

be pronounced 'izland' and come as 'comb'. 

Unlike deep and phonological acquired dyslexias, which are represented by 

participants in this thesis, there is no-one who is of a 'pure' surface dyslexic type in 

this study. The reason is that all the adult participants with acquired dyslexia 

demonstrated some degree of nonword reading deficit, which characterizes 

phonological and deep dyslexias (see Chapter 5). However, since regularity effects 
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were not specifically tested for, it may be possible that one or more of the four 

participants with acquired dyslexia whose classification had not been identified, may 

exhibit a mixed form of dyslexia, i. e. regularizations in reading as well as nonword 

reading deficits. 

Acquired surface dyslexia is central to the dual-route model because it is 

seen as providing empirical evidence for dual-route model of reading. Just as acquired 

phonological dyslexia is advanced as the consequence of a failure of the phonological 

route, so is acquired surface dyslexia proposed as the evidence for the breakdown of 

the visual-semantic route. There is a consequent over-reliance on the phonological 

route (presuming, as in the case of deep dyslexia above, that the direct lexical route is 

not functioning properly), and words are sounded out by their individual grapheme- 

phoneme correspondences. 

As access to the lexical (whole word) pathways of the dual route model 

would seem to be denied to the reader with surface dyslexia, thus recognition and 

comprehension of a word appears to take place via auditory recognition (Ellis, 1984), 

following the word" s constituent letter-sound conversions and the blending of sounds 

in the correct order. Such a phonological procedure should not represent a problem for 

regular word or for nonword reading. 

There is support for the notion that words are accessed via their auditory 

characteristics in surface dyslexia from Marshall and Newcombe (1973). 

Their participant, J. C., found it difficult to distinguish between heterographic 

homophones (e. g. sum and some) and defined mown as 'to cry'. J. C. misread the word 

listen as 'Liston -that's a boxer'. Hence, he appeared to have attended to his 

mispronunciation of the word and recognized it as the name of the boxer, Sonny 
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Liston. Surface dyslexia is therefore distinct from reading without meaning (e. g. 

Schwartz, Marin, & Saffran, 1979). 

There are varieties of surface dyslexia, which may indicate different sites of 

impairment along the visual semantic route (see Ellis & Young, 1996; Funnell, 2000, 

for reviews). Therefore, acquired surface dyslexia like deep and phonological 

dyslexia, is an heterogeneous condition. The question thus arises whether there is a 

continuum of severity within surface dyslexia and whether the condition could be 

considered to be on a continuum with the other two main classifications of central 

acquired dyslexia, phonological and deep dyslexia? This question has as yet to be 

seriously addressed by empirical study. However, dePartz (1986) reported the 

recovery of S. P, a 31 year-old man who acquired deep dyslexia after suffering a 

stroke. 

SR's reading recovered to almost ceiling levels on some assessments and 

whose reading errors, dePartz (1986) observed, changed from being in large part 

semantic and nonword mistakes, to becoming inappropriate application of grapheme- 

phoneme rules. Thus, he appeared to have progressed from traits associated with deep 

dyslexia to a reading style reminiscent of surface dyslexia. It seems that during 

recovery, dePartz's participant may have exhibited the reading characteristics of 

different types of dyslexia. These patterns of reading are usually treated as different 

varieties of disorder but may in actuality be manifestations of the severity of the 

damage to neuronal reading networks. Thus, it is possible that different 'types' of 

acquired dyslexia may be different points on a continuum of damage to the neuronal 

circuits devoted to reading and which were established during childhood reading 

development. 
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Dual-route advocates would counter this by asserting that it is rather that 

individual pathways are seen to recover at different points in the recovery process. 

However, the possibility remains that the greater the damage to the brain circuits that 

are recruited during reading, the more severe the reading impairment. Thus, it would 

be possible for other acquired dyslexics, like the de Partz patient, to improve from 

deep to phonological to surface dyslexia, to (near) normal reading, if circumstances 

allowed. 

The dual-route model assumes that qualitatively different impairments along 

the visual-semantic and phonological pathways are the causes of different kinds of 

dyslexia (both acquired and developmental). It is therefore not a theoretical vehicle 

that would easily accommodate the notion of a continuum of impairment across the 

different classifications of acquired dyslexia. 

Owing to their importance in researching the validity of the dual-route model, 

central dyslexias have been widely studied. There are other forms of acquired dyslexia 

which fall outside of the Shallice and Warrington (1980) classification of a 'central' 

dyslexia. They called these 'peripheral'. Peripheral dyslexias were thought by Shallice 

and Warrington (1980) to arise from early processing deficits within the visual 

system. There is one participant in this thesis who could be classed in this category. 

As described in Chapter 9, this man was a letter-by-letter reader. 

Letter-by-letter reading, whereby all the letter names must be read (aloud or 

sub-vocally) before the word is named, which is a very slow process and is subject to 

a letter length effect: it is less likely to be successful as the number of letters in a word 

increases (Patterson & Kay, 1982). 
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3.5. Acquired Dysgraphias 

Acquired dyslexias have counterpart dysgraphias, which are impairments in 

spelling and are considered as separate conditions from the acquired dyslexias (Ellis, 

1984). One reason for acquired reading and spelling impairments being treated as 

separate entities is that many people with letter-by-letter reading have well preserved 

spelling (Patterson & Kay, 1982), which is why it is otherwise known as 'alexia 

without agraphia', i. e. dyslexia without dysgraphia. Ellis (1984, p. 82) points out that 

there are also people who demonstrate certain forms of dysgraphia, who show well 

preserved reading: for example, deep dysgraphia may be present in the absence of any 

kind of dyslexia. 

Another reason for the distinction between acquired dyslexia and acquired 

dysgraphia brings us back to the concept of a continuum of severity of impairment. 

There have been cases where the same person has been classified as having one type 

of acquired dyslexia whilst showing another variety of dysgraphia. For example, R. G. 

(Beauvois & Derousne, 1979) had phonological dyslexia and surface dysgraphia 

(Beauvois & Derousne, 198 1), because he showed a selective nonword reading 

impairment at the same time as regularization errors in his spelling. 

R. G. 's case was considered to demonstrate a dissociation between 

qualitatively distinct types of acquired dyslexia and dysgraphia (Beauvois & 

Derousne, 1979; 198 1). However, an alternative interpretation might be that R. G. 's 

spelling was less impaired than his reading. According to Frith's (1985) and Ehri's 

(1995) theories of reading development, children must gain grapheme-phoneme skills 

before they learn the exception rules of spelling. Thus, if acquired dyslexia is a 

regression back to an earlier stage of literacy skill (Ellis, 1984; Marshall, 1984), it 
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could be argued that R. G. 's regression was less severe in spelling than in reading 

ability. 

3.6. Acquired Dyslexia and the Concept of Regression 

The same argument as expressed in relation to reading and writing deficits in 

the previous paragraph could be used to question whether the classification of 

acquired dyslexias according to qualitatively different types is justified and whether 

the various classes of acquired dyslexia are rather descriptions of characteristics taken 

at particular points along a continuum. If the latter were the case, then acquired 

dyslexia might be better characterized in quantitative terms as resulting from the 

disruption of many connections between orthography and phonology, which is the 

stance taken by connectionist modellers of dyslexia (e. g. Harm & Seidenberg, 1999; 

Seidenberg & McClelland, 1989). It is also the opposite of what Ehri (1995) claims 

occurs in early reading development. That is, connections have been destroyed in 

acquired dyslexia, which had been formed during childhood when learning to read. 

Thus, reading regression is the antithesis of reading development. 

The next chapter sets out the ways in which the areas of acquired dyslexia, 

developmental dyslexia and early reading were explored in this thesis. It describes the 

methods used and the reasons for their selection, and details the tasks that are utilised 

in the later chapters. 
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Chapter 4: Methodology Chapter 

This thesis set out to tackle the challenge of employing the same 

methodology to investigate similarities across three diverse areas of reading research: 

acquired dyslexia, developmental dyslexia and normal reading development. The 

purpose of this chapter is to explain the rationale behind the methodology that has 

been chosen and to place this within the context of previous reading studies that have 

used similar methods, so as to illustrate the contribution of this thesis to the corpus of 

reading research within the discipline of psychology. The tests and experimental 

procedures that are used in more than one study of this thesis are described in this 

chapter in order to avoid unnecessary repetition in subsequent chapters. This chapter 

concludes with the over-arching research questions that the thesis aims to address. 

4.1. Issues and Broad Aims 

4.1.1. Case Studies versus Group Studies 

The traditional way of investigating acquired dyslexia has been via case 

studies, which examine individuals in great detail by testing their abilities via a large 

number of tasks and looking for commonalities between cases. The assumptions 

behind a case study are different from those underpinning a group study. In the latter, 

the inferential statistics generalise to other people of that category. Thus, when a 

group of children with developmental dyslexia show a deficit in a test, say in nonword 

reading, the statistics generated for that group are assumed to be applicable to the 

wider population of children with developmental dyslexia. However, in a similar 

nonword reading task for a person with dyslexia in a case study, the generalization is 

not strictly from that person to the behaviour of others with dyslexia, it is rather from 

that task to that person's performance in other tests of nonword reading. 
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The value of the case study within the cognitive neuropsychology framework 

has been evident in the identification of a variety of types of acquired dyslexia. This is 

in much the same way that research into mental illness has benefited from case study 

methodology in medicine. There, the existence of biologically very different 

conditions such as bipolar condition (manic depression) and schizophrenia, would be 

masked in-group analysis by the averaging out of symptoms. Thus, some bi-polar 

individuals may be observed as showing mania and no auditory hallucinations, whilst 

some people with schizophrenia will report hearing voices but lack the symptoms of 

mania. Hence, a group comparison of these people versus normal controls would fail 

to differentiate the two distinct illnesses. The clinical group will demonstrate both 

mania and auditory hallucination. If the diagnosis of a particular medical condition is 

not accurate, then subsequent treatment will be inappropriate and ineffective. A 

similar 'medical' justification for careful individual observation via case studies may 

be applied to acquired and developmental dyslexias. 

The case study approach lends itself to the emergence of qualitatively 

distinct groups and an assumption of different underlying causations for the different 

4 

types' observed. The question is whether the case study is necessarily the correct 

methodology for the study of acquired and developmental dyslexia. 

4.1.1.1. Problems with the Case Study Approach 

There have been influential case studies conducted in the field of 

developmental dyslexia, Coltheart et al. (1983) and Temple and Marshall (1983) being 

two notable examples. Coltheart et al. (1983) and Temple and Marshall (1983) 

indicated that children with developmental dyslexia might be classified in a similar 

way to the conventions used in acquired dyslexia. Coltheart et al. (1983) studied a 

teenager who conformed to the reading profile expected of someone with surface 
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dyslexia, whilst Temple and Marshall (1983) conducted a case study of another 

teenager who conformed to the characteristics seen in acquired phonological dyslexia. 

The case study approach to developmental dyslexia began to attract 

criticism, conspicuous amongst which was that from Seymour (1986; 1987), who 

stated that the objectives of acquired and developmental dyslexias were different, that 

the aim of studying acquired dyslexia was to validate models of reading by exploring 

narrow research questions. In order to accomplish this, individual cases are carefully 

selected and classified by 'quasi-descriptive labels' (Seymour, 1987, p. 484), such as 

'surface' and 'deep'. These labels are tantamount to a sub-type classification. 

Seymour (1986; 1987) did not consider that the methological approach 

adopted in acquired dyslexia could be fruitfully applied to developmental dyslexia, in 

which it was important to consider the distribution of cases across the whole range of 

dyslexia. Highly selected case studies of individuals resulted in esoteric research 

interests with concomitantly limited application. Generalisation from case studies 

suggests that every person with dyslexia may be classified as a pure type. 

Furthermore, it can be argued that case study does not encourage investigations of 

large anomalies found in particular individuals since those cases would not be selected 

for study, thus giving a false impression of there being pure types of acquired 

dyslexia. There is also a tendency in the cases where an anomalous trait for a certain 

'type' of acquired dyslexia is reported, that it prompts the reporting of that 

characteristic in other case studies with such a trait and a new sub-type emerges. Thus, 

surface dyslexia has Type I and Type H varieties (Shallice & McCarthy, 1985). It is 

also interesting to note that Type 11 surface dyslexia features an impairment in 

nonword reading, as well as in the exception word reading that is the cardinal trait of 

surface dyslexia. 
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In Chapter 3, there was an argument that the so-called 'types' of acquired 

dyslexia were actually on a continuum of severity according to the extent of the 

damage inflicted upon the neural circuits that are involved in the process of reading. 

The discussion in the present chapter of the Type II variant of surface dyslexia leads 

on to a comparison with developmental dyslexia. A 'mixed' type of developmental 

dyslexia has been described (Castles & Coltheart, 1993; Manis, Seidenberg, Doi, 

McBride-Chang, & et al., 1996; Stanovich, Siegel, & Gottardo, 1997) in which 

children show impaired nonword reading (the chief characteristic of phonological 

dyslexia) as well as a difficulty in exception word reading, which is the cardinal trait 

of surface dyslexia. There is therefore the possibility that a continuum exists in 

developmental dyslexia from a phonological type to a surface variant. Hence, the 

same argument might be applied to developmental dyslexia as was applied to acquired 

dyslexia in Chapter 3, namely that differences in the degree of impairment of the 

reading process may result in these apparently different 'types'. That is, an underlying 

quantitative process, which presumably is the establishment of an increasing number 

of neural connections, emerges at a behavioural level as seemingly separable types of 

dyslexia. 

As a result of the case study approach to developmental dyslexia falling out 

of favour, methodologies were explored to maximise the advantages of the case study 

and group study approaches to the investigation of dyslexia. Seymour (1986; 1987) 

advocated a methodology in which a series of case studies were carried out to 

investigate hypotheses generated by an information processing model of reading. 

Seymour (1986; 1987) concluded from this series of case studies that a large degree of 

heterogeneity existed in developmental dyslexia, and that any attempts to sub-type 
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dyslexia into two or three categories would be an inadequate solution, leading to over- 

simplification and therefore distortion of the true picture. 

Castles and Coltheart (1993) reacted to criticisms of the case study approach 

to developmental dyslexia by devising a regression method to investigate the viability 

of the 'phonological' and 'surface' classification system in developmental dyslexia. 

This methodology was intended to provide a more holistic appreciation of dyslexia by 

increasing the number and age range of those studied. Castles and Colheart (1993) 

tested for phonological dyslexia by assessing nonword performance and for surface 

dyslexia by performance on exception word reading. They pioneered a regression 

methodology through which they found that accuracy in both exception word reading 

and nonword reading positively correlated with increasing age in the chronological 

age control group. The children in the study ranged from 7 to 14 years of age. The 

90th confidence interval of the control group distribution for exception word reading 

was taken as the point below which if anyone in the dyslexia group's score occurred, 

that child was considered to be of the surface dyslexic type. Likewise, falling below 

the 90th confidence interval for nonword reading accuracy indicated that the child was 

considered as showing phonological dyslexia. 

Of the 53 children with dyslexia who were tested by Castles and Colheart 

(1993), eight showed selective nonword reading difficulties by these criteria and were 

classified as of the phonological dyslexic type, and ten were classed as being in the 

surface dyslexia category, due to their exception word reading deficits. However, 

there were 30 children who showed deficits in both noword and exception word 

reading, whom thus did not fit the profile of a dichotomous relationship between 

surface and phonological dyslexia, as suggested by the Coltheart et al. (1983) and the 
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Temple and Marshall (1983) case studies, which followed the traditional view held in 

the area of acquired dyslexia and advocated by the dual route model (see Chapter 3). 

Two further studies, Manis, Seidenberg, Doi, McBride-Chang, and Peterson 

(1996) and Stanovich, Siegel, and Gottardo (1997), employed the regression method 

pioneered by Castles and Coltheart (1993) but used reading age (RA) controls as well 

as chronological age (CA) controls. This was in response to the Bryant and Impey 

(1986) criticism that children with dyslexia showed the reading characteristics of 

younger typically developing children. Indeed, Manis et al. (1996) and Stanovich et al. 

(1997) found evidence that the children with surface dyslexia resembled younger 

children of the same reading level but those with phonological dyslexia did not: their 

exception word reading and word reading in general were better than the RA controls. 

Stanovich et al. (1997) suggested that surface dyslexia was a developmental delay, 

whereas phonological dyslexia was a disorder. This series of studies using the 

regression method of data analysis from a theoretical view-point, therefore ended in 

strengthening the case for developmental dyslexia as being phonological and 

emphasized the division between developmental dyslexia and acquired dyslexia. 

Methodologically, however, the search for a method that would unite the 

understanding of acquired and developmental dyslexia within the same framework 

(i. e. within the dual-route classifications of surface versus phonological types) appears 

to have come to a dead-end. 

4.1.2. Cluster Analysis and the Aims of the Thesis 

Not only is there a cross-fertilization of stimulus materials used in the study 

of the two areas of dyslexia in this thesis, but there is also a unifying form of statistical 

analysis employed to enable the comparison of early normal readers with adults with 

acquired dyslexia and children with developmental dyslexia: cluster analysis. Cluster 
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analysis is a descriptive technique that permits the categorization of cases on the basis 

of their similarity to each other as measured by the Squared Euclidean Distance 

between the standardized descriptor variables (Drew & Bishop, 1999). 

Cluster analysis offers the advantage of being an inductive investigative 

method, whereby no preconceptions are made as to the composition of the groups it 

identifies. Researcher bias is not, however, completely avoided in cluster analysis 

because the researcher decides which variables form the basis of the analysis. Adding 

or taking away variables from a cluster analysis may affect the nature and / or the 

number of groups obtained (Hair, Anderson, Tatham & Black, 1998). Therefore the 

choice of cluster variables should be informed by theory or predictions based on 

observation. The groups produced by a cluster analysis can be tested for criterion 

validity by using inferential statistics to ascertain whether the groups differ 

significantly from one another on variables that were not used in the cluster analysis 

but which theoretically would be expected to differentiate between the groups. 

The rationale for the selection of the variables used in the cluster analyses of 

this thesis is based on Ehri's (1995) theory that the alphabetic principle underlies 

reading development. The assumption was made in this thesis that variation in 

alphabetic ability also lies at the heart of both acquired and developmental dyslexia. 

Hence, standard tests of word reading, nonword reading and word spelling were 

chosen as the variables on which the cluster analyses were conducted in Chapters 7 to 

11. These three variables were BAS II reading abilities, PhAB nonword raw scores and 

BAS II spelling abilities. The BAS II reading and spelling tests (Elliott, 1996) and the 

PhAB nonword reading test (Frederickson, Frith & Reason, 1997) are described in 

Section 4.2.2. Chapter 6 used only BAS reading abilities (see Section 4.2.2. ) and 

PhAB nonword raw scores in its cluster analysis. The inclusion of the BAS II spelling 
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nil abilities variable in subsequent chapters was intended to ensure that the cluster 

analysis variables were a thorough test of alphabetic ability. It was thought that 

spelling reflects a different aspect of alphabetic ability from word or nonword reading, 

since it could be regarded as beginning with word sounds and requires translation into 

letters; whereas the alphabetic nature of word or nonword reading begins with letter 

representations and ends in the realm of sound. 

There are ways in which spelling and reading may be accomplished which 

may be regarded as not strictly alphabetic in nature; for instance Hanley and 

McDonnell (1997) found evidence for a route in spelling from the semantic system 

direct to orthographic output, which they claimed by-passed phonology. Neither did 

they think that phonology was obligatory in word reading. However, single word 

reading is included as a cluster analysis variable in this thesis because of its 

importance as the basic unit of outcome in many tests of reading skill and because 

Ehri's (1995) theory focuses on explaining single word reading. 

Word reading may be carried out using an alphabetic strategy, which in many 

early readers is typified by the sounding out of component letters, or it may be 

accomplished through whole-word recognition. The nature of such whole-word 

recognition would be expected to depend upon the individual's level of reading skill. 

Ehri (1995,1999) considered that children in the pre-alphabetic phase would read 

words via associations in memory between non-alphabetic visual features of words 

and word pronunciations. Hence, Masonheimer, Drum & Ehri (1984) found that pre- 

school children did not detect the letter chage from PEPSI to XEPS1 when the altered 

word appeared in the stylised font of the original Pepsi logo. The distinctive curly 

letters of the logo were thought to have cued the children's recall of the word 'Pepsi'. 
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The kind of sight reading employed by skilled readers is very different from 

the iconic reading described by Masonheimer et al. (1984). Ehri (1995,1999) 

describes it as word recognition which is rapid, automatic and is reliant upon a 

memory representation of the entire word which associates its orthography, sound, 

pronunciation and meaning. Such a style of sight word reading is found in the full 

alphabetic phase, claims Ehri (1995,1999). This manner of reading involves a 

mastery of grapheme-phoneme associations as well as rapid visual whole-word 

recognition. Thus, the skilled reader has a choice of routes by which to read a word. 

Nonword reading raw score was included as a cluster analysis variable because 

nonword reading may be accomplished by grapheme-phoneme conversion, which is 

quintessentially alphabetic in nature. However, it may also be performed via analogy 

with familiar real words, e. g. puscle and muscle (Goswami & Bryant, 1990). Despite 

the possibility of reading via analogy, nonword reading is widely regarded as a good 

measure of alphabetic ability, because even reading by analogy would seem to require 

some alphabetic skill (Ehri & Robbins, 1992) if it to be performed reliably. 

Together, these three variables of word and nonword reading as well as 

spelling, were thought to best represent the essence of alphabetic ability, whilst 

complementing one another so that the non-alphabetic elements that may be 

associated with any one of these tests in isolation would be less likely to bias the 

cluster analysis. 

Ability scores, as opposed to norms, were used for the BAS II reading and 

spelling tests because normative scores were only available for individuals aged from 

five to eighteen years. Owing to the fact that many of the early readers were less than 

five years old and all of the adults with acquired dyslexia and their chronological age 
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controls were substantially older than eighteen, normative scores could not be used as 

cluster analysis variables. 

Abilities were used in the cluster analyses in preference to raw scores in order 

to avoid problems associated with the limited range which sometimes arise when raw 

scores are utilised. Abilities are based on the Rasch model, which holds that the 

success of a participant on a particular item is determined only by the ability of that 

person to perform the task and the difficulty of the test item (Elliott, 1996). Based 

upon this assumption, a numerical scale is produced and raw scores equate to ability 

scores, which for the BAS II reading test range from 10 to 222, and for the BAS II 

spelling test, range between 10 and 200 (Elliott, 1996). These scales are not 

normative, i. e. they do not compare a person's score to that of others of their age. 

The cluster analysis variable employed from the PhAB nonword reading test 

was the raw score for each participant. Raw scores could not be converted to norms 

because the age range of the norm conversion table was from six years to 14: 11, and 

many of the participants in this thesis were outside this scope. Unfortunately, the 

facility for conversion to ability scores is not available in the PhAB test, so it was not 

possible to maintain consistency across the three cluster analysis variables. However, 

in order to achieve an equal representation of each of the threee variables in the cluster 

analysis, the participants' z scores were taken. The cluster analyses calculated the 

similarities between individuals' scores on these variables. Those cases whose 

combined performances on the variables resembled one another, formed clusters that 

were judged by the use of an agglomeration schedule and a dendrogram. 

Cluster analysis is a useful tool in connectionist modelling in which it is 

employed to elucidate the architecture of a network (McLeod, Plunkett, & Rolls, 

1998). It therefore seems a particularly appropriate tool to investigate reading, which 
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Ehri (1995,1999) has characterized as a connection-forming process, and which the 

notion of regression in acquired dyslexia (e. g. Holmes, 1973) may be characterised as 

the loss of connections. The selection of cluster analysis is therefore aimed at 

attempting a consistency across the statistical and theoretical constructs of this thesis. 

However, it should be bome in mind that connectionist modelling is a highly 

simplified way of simulating connections between neurons and that that a cluster 

analysis dendrogram. is an even less sophisticated, two-dimensional representation. 

Despite its limitations, cluster analysis has offered a way of testing out ideas 

about similarities within and differences between groups of children whose reading 

characteristics conform to those predicted about certain phases in early reading 

development. Until now, the empirical study of normal reading development has been 

confined to isolated hypotheses concerning particular strategies typical of a theoretical 

stage or phase of reading, such as the Masonheimer et al. (1984) study into 

environmental print, whose evidence was used to support the idea of links being made 

between visual cues and words by pre-alphabetic phase children. 

There have been efforts to capture the progress of reading development by 

training studies such as Byrne and Fielding-Bamsley (1989,1990) who investigated 

the roles of training phoneme identity and phoneme segmentation in acquiring the 

alphabetic principle, which Ehri (1999) equates to the transition from the pre- 

alphabetic to the partial alphabetic phase. Studies such as Masonheimer et al. (1984) 

and Byrne and Fielding-Barnsley (1989,1990) have been valuable in providing 

empirical assessment of the validity of the descriptions of the stages through which 

children pass, but these have essentially been snapshots of development and have 

stopped short of an holistic appreciation of reading development in quantitative terms. 

Cluster analysis offers the prospect of taking a previously undiscriminated group of 
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readers and separating them into groups which may approximate to various phases of 

reading development. This is carried out in Chapters 6 and 7 in this thesis, based on 

the alphabetic variables of: (i) BAS reading ability scores and PhAB nonwords reading 

raw scores, in Chapter 6; (ii) BAS II word reading and spelling abilities and PhAB 

nonword reading raw scores, in Chapter 7, and these variables are again used as the 

basis for a cluster analysis of the early readers, adults with acquired dyslexia and 

children with developmental dyslexia in Chapter 11, as a further investigation of 

alphabetic reading in all the participant groups included in this thesis. 

4.1.3. Methodological Assumptions 

4.1.3.1. Ehri's (1995) Theory and Connectionism 

Connectionism in computer modelling can be viewed as a fundamentally 

quantitative concept. For example, learning occurs as changes in the numerical values 

of weightings between units which simulate repeated communication between those 

units. If the units were thought of as being analogous to neurons (probably to groups 

of neurons, given that there are usually a few hundred network units, e. g. Seidenberg 

& McClelland (1989), attempting to model many millions of brain cells), then the 

altering of connection weights may be compared to the strengthening of connections 

between stimuli made in early reading. Ehri's (1995,1999) model of reading is 

distinctive amongst theories of reading development in that it is so firmly founded 

upon the quantitative proposition of increasing connectivity. This is one of the reasons 

why her theory has been adopted as a framework for this thesis: reading acquisition is 

depicted as an increase in alphabetic connections (primarily between graphemes and 

phonemes), whilst acquired dyslexia is regarded in this thesis as a decline in such 

connectivity. 
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The fundamental tenet of the single route connectionist models of reading 

such as Harm and Seidenberg (1999); Plaut, McClelland, Seidenberg and Patterson 

(1996); Seidenberg and McClelland (1989), is that leaming to read consists of making 

a set of mappings between two domains: orthography (print) and phonology (sound). 

This is similar to Ehri's (1995) theory of reading development which is founded on 

the formation of connections between sub-units of orthography and phonology, which 

later enable connections between larger units of print and sound, whereby many letters 

may be associated with phoneme blends. 

Ehri (1995,1999) therefore may be said to envisage various types of 

connections, which may also be viewed as different levels of representation. The first 

truly alphabetic associations to form, claims Ehri (1995,1999), are between 

graphemes and phonemes, during the partial alphabetic phase. These alphabetic 

connections increase in number until all the links necessary for skilled alphabetic 

reading are established. The next level of connectivity envisaged by Ehri (1995, 

1999), occurs during thefull alphabetic phase and is crucial to rapid fluent reading. It 

involves the visual recognition of a whole word as a unit. A word is therefore thought 

to be represented by a multi-dimensional set of mappings between semantics, 

phonology and orthography. Thus a word is a discrete lexical unit, yet one which also 

retains its sub-lexical properties. Ehri (1997) claims that children must compute all the 

grapheme-phoneme associations within the word for it to be remembered as a whole 

unit. 

There are similarities between the two levels of alphabetic representation, 

sub-lexical (grapheme-phoneme links) and lexical (whole-word units), typified by the 

partial andfull alphabetic phases of Ehri's theory and those inherent in the computer 

models of Coltheart, Curtis, Atkins, & Haller (1993) and Coltheart, Rastle, Perry, 
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Langdon, & Ziegler (2001), whereby connections between the spelling of whole 

words and their pronunciations are modelled as well as sub-lexical connections 

between graphernes and phonemes within words. 

The rationale for employing Ehri's (1995) theory in order to investigate 

developmental dyslexia as well as acquired dyslexia in this thesis centres on Ehri's 

(1995,1997,1999) notion of these two levels of representation: the grapheme- 

phoneme level and the whole word (lexical) level. The present thesis pursues 

hypotheses concerning the increasing connectivity between visual and sound stimuli, 

which is essential to alphabetic reading. It does so through a paradigm that examines 

sensitivities to the onsets and offsets of auditory and visual stimuli. 

Ehri (1997) suggested that developmental dyslexia may be associated with 

an incomplete mastery of grapheme-phoneme connections. It was also thought by Ehri 

(1997) that reading disability would result in difficulty in passing from the partial 

alphabetic phase to the full alphabetic phase. Therefore, says Ehri (1999,2005), 

children with reading impairment may be classified as partial alphabetic phase 

readers. Ehri (1997) concedes that it may be possible for children with dyslexia to 

progress onto the next phase, the full alphabetic phase, but predicts that the final 

phase, the consolidated phase, would be beyond their abilities. 

However, Ehri's (1995,1999) theory allows for the overlapping of phases. 

Therefore it must be possible for a child to attempt to read some words lexically and 

others through the sounding out of letters by using grapheme-phoneme associations. 

Indeed, Ehri (1995,1999) maintains that these different (although closely related) sub- 

lexical and whole-word, reading mechanisms remain available to the skilled reader. 

Coltheart et al. 's (1993,2001) Dual Route Cascaded (DRQ computational 

model, which employs a similar duality in the processing of words, whereby there is a 
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separation between the mechanisms for the whole-word (lexical) level of processing 

and the sub-lexical (grapheme-phoneme) level, implies the possibility of competition 

between the two levels. The balance of such a competition would probably have a 

bearing on the outcome of word reading (Coltheart et al., 2001). It is this issue of the 

relative strengths of the lexical and sub-lexical routes to word reading which provides 

a further rationale for the use of measures of speed of visual and auditory processing 

wihin this thesis. 

4.1.3.2. Speed of Processing and Reading 

The importance of the speed at which visual / orthographic and auditory 

phonological stimuli are processed has been highlighted by many studies of reading, 

such as: Bowers & Newby-Clark (2002); Bowers & Wolf (1993); Breznitz (2002); 

Catts, Gillispie, Leonard, Kail & Miller (2002); Wolf & Bowers (1999). Nevertheless, 

the role of speed of processing (SOP) in reading has not been as widely studied as 

phonological awareness in reading. This thesis attempts to address the issue of how 

SOP may be associated with written language abilities across the three areas of early 

reading, developmental dyslexia and acquired dyslexia. 

Catts et al. 's (2002) study of 279 'good' and 'Poor' readers aged from five to 

nine tears of age identified SOP (as measured by reaction times to a variety of motor, 

visual, phonological, grammatical and lexical tasks) as a significant factor in reading 

comprehension and single word reading, that was beyond phonological awareness. 

Moreover, they determined that the unique variance accounted for by the SOP tasks 

was not solely due to slowed reaction times in the tests of phonological SOP. Thus, 

SOP was described as an 'extraphonological factor' in reading (Catts et al., 2002, 

p. 509). Despite the widespread acceptance of phonological awareness as a major 

correlate of reading success (Bradley & Bryant, 1983; Brady & Shankweiler, 199 1; 
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Stanovich & Siegal, 1994), Catts et al. 's work suggests that an impairment in 

phonological awareness is not the sole explanation of reading failure and that it is 

necessary to investigate further the role of SOP in reading. 

Catts et al. (2002) point out that SOP has been implicit in some models of IQ 

(eg Eysenck, 1982; Jensen, 1987) and in the time-limited manner in which IQ is often 

tested. They therefore investigated whether SOP's contribution to variance in reading 

might be subsumed by IQ. They found that it was not, as SOP accounted for 

independent variance in reading beyond that of IQ. 

Catts et al. (2002) considered that both slow responses in reaction time tasks 

and slow Random Automised Naming (RAN) in poor readers indicated a deficit in 

SOP across cognitive domains. RAN refers to the impaired ability of children with 

developmental dyslexia to rapidly name out-loud overlearnt stimuli such as letters, 

words, numbers, colours, animals and objects. Denckla and Rudel (1976) was an early 

demonstration that a RAN deficit existed in developmental dyslexia. Bowers and Wolf 

(1993) and Wolf and Bowers (1999) suggested that a RAN deficit comprised a second 

major deficit at the heart of developmental dyslexia, in addition to the phonological 

impairment which was already widely accepted as an underlying factor in the 

condition. 

Wolf & Bowers (1999) proposed that RAN deficits may be linked to slow SOP 

in deriving orthographic patterns from print, which might adversely affect the quality 

of sub-lexical and lexical cognitive representations, and thus affect reading skill. This 

SOP deficit, speculated Wolf and Bowers (1999), might be related to magnocellular 

abnormalities in the visual pathway (see Section 2.3-3. ). Wolf & Bowers (1999) also 

considered the possibility that a more generalised SOP deficit, involving language, 
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perception and the motor responses, may explain the link between slow naming speed 

and dyslexia. 

Bowers and Wolf (1993) took the view that failings in precise timing 

mechanisms were probably responsible for slow orthographic recognition in poor 

readers and for later difficulties in integrating units of orthography and phonology. 

This idea of temporal integration between the visual and auditory modalities and 

whether synchrony of the senses may be related to literacy skills are major themes of 

this thesis. Wolf and Bowers (1999) speculated upon the importance in reading of 

synchronization between the modalities, because representational maps may be 

constructed 'by grouping together information from the senses that is temporally 

correlated' (Wolf & Bowers, 1999, p. 429). Correlations between auditory and visual 

onset and offset reaction times are employed in the present thesis as a descriptive 

technique to indicate whether inter-modal and intra-modal correlations of SOP may 

differ between the reading groups, as this statement suggests. 

Bowers and Newby-Clark (2002) offer an appealing possibility for a potential 

link between SOP and Ehri's (1995) hypothesised partial alphabetic phase. They 

suggest that if visual SOP is slow in early reading development, and if children are 

attempting to read at a reasonable speed, then they will only be able to read out part of 

the word. Bowers and Newby-Clark (2002) point out that if they try to reduce their 

speed of reading to match their ability to visually process each letter in a word, then 

the pace may be too slow to achieve sufficient continuity to register the letters as a 

whole word. This notion has resonance with Ehri's (1997) contention that each letter 

in a word must be processed and its phonemic association must be recognised before 

that word can be stored as a sight-word unit in memory. This type of word 

representation is found in thefull alphabetic phase, as distinct from the incomplete 
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mappings of graphernes to phonemes, which are characteristic of the partial 

alphabetic phase when only part of a word is identified by the reader. 

Given the ideas put forward in this section on methodological assumptions, it 

may be the case that progression from Ehri) s (1995) conception of the partial 

alphabetic phase to that of the full alphabetic phase may entail a change from a 

sequential reading sequence (i. e. making individual grapheme-phoneme connections) 

to one that involves the parallel processing of a multi-facetted word unit; the latter 

containing a number of grapheme-phoneme relationships and yet it is retained in 

memory as a discrete unit, linking with meaning, pronunciation and orthography on a 

whole-word level. Ehri (see Section 4.1.3.1. ) suggested that children with 

developmental dyslexia might be considered as exhibiting the characteristics of the 

partial alphabetic phase, which begs the question whether they have difficulties in 

transferring from the partial alphabetic state of sub-lexical processing to the parallel 

processing implied by full alphabetic processing. The thesis will return to this 

question in Chapter 12, when acquired dyslexia will also be discussed in the light of 

parallel versus serial processes in reading. 

Another issue raised in this section, which will be revisited in chapters 11 and 

12, is what role does SOP have in reading? Bowers and Newby-Clark's (2002) 

analysis of the cognitive underpinnings of RAN implies that SOP may have 

consequences for reading via orthographic, phonological and visual-auditory temporal 

mechanisms. This thesis explores reaction times in these areas for the three groups of: 

early readers, children with developmental dyslexia and adults with acquired dyslexia. 

4.1.3.3. Tallal's (1980) Temporal Processing Paradigm 

The methodology used in this thesis in Chapters 7 to 11 was generally based 

on the methods described in Section 2.3-2., which Tallal (1980) employed in her study 
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of developmental dyslexia. Tests of temporal processing were chosen because the 

literature cited in Section 4.1.3-2. would seem to suggest that written language ability, 

at least in part, may depend on the rapid discrimination of small auditory / 

phonological and visual / orthographic units and their temporal relationship to one 

another. Ehri's (1995) theory of the partial alphabetic phase could be characterised as 

making such an assumption. Therefore, tasks involving judgements of temporal 

discrimination and / or order, which have their origins in Tallal's methodology, were 

devised to investigate these fine temporal sensitivities and their relationship to written 

language ability. 

Other tests of reaction time to linguistic and non-linguistic auditory and visual 

stimuli were incorporated into the thesis in an attempt to assess SOP in the visual and 

auditory modalities of the participants. , 

Research into temporal processing has previously been conducted into 

developmental dyslexia (see Section 2.3.2. ) and into early reading (e. g. Hood and 

Conlon, 2004). Investigation into temporal processing has also taken place using 

adults with aphasia (Tallal & Newcombe, 1978). Although the participants in Tallal 

and Newcombe (1978) had contracted their aphasia through ammunition wounds to 

the head, the term 'aphasia' describes spoken language impairment, which usually 

originates from another source of focal brain injury, that of left-hemisphere stroke. 

Left hemisphere strokes are often associated with acquired dyslexia (Ellis, 1984). 

Hence, this thesis expands upon the Tallal and Newcombe (1978) study in focusing on 

acquired dyslexia in adults, most of whom have had focal brain injury as the result of 

left hemisphere strokes. This thesis also goes a step further by exploring temporal 

processing in all three groups of readers: those with developmental and acquired 

dyslexias, as well as beginning readers. 
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4.2. Test Development 

4.2.1. Stimulus Materials from Different Paradigms 

Since the 1980s, the dual-route model has been predominant in explanations 

of acquired dyslexia, whilst the phonological representation hypothesis has dominated 

in developmental dyslexia research. Accompanying this dichotomous theoretical 

landscape, there has continued to be a sharp divide between the two camps in terms of 

group versus case studies and in the stimulus materials used to test the two areas of 

dyslexia. In this thesis, several tests originally developed in order to test children have 

been employed in assessment of the abilities of adults with acquired dyslexia, notably 

the baseline measures of British Ability Scales II (BAS II) word reading test (Elliott, 

1996) and BAS II spelling test (Elliott, 1996), as well as the nonword reading test from 

the Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason, 1997). 

These tests are described in Section 4.2.2. Spelling ages and reading ages can be 

derived from the BAS II tests and therefore offer a comparison across the two areas of 

dyslexia. 

Just as some stimulus materials that were originally designed for 

developmental studies are employed in the study of acquired dyslexia in this thesis, so 

too a task that was originally intended to assess acquired dyslexia has been used to 

assess children at an early phase of reading development. It was also refined and 

computerized to enable its use across all three participant groups in the thesis: early 

readers, children with developmental dyslexia and adults with acquired dyslexia. The 

test was from the Psychological Assessment of Language Processing in Aphasia 

(PALPA; Kay, Lesser & Coltheart, 1992). PALPA 16 assessed the participant's ability 

to match the phonology at the start of a word with its orthography and PALPA 17 was 

the same task but concerned with the final sound in a word or nonword. 
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The original versions of PALPA 16 and 17 were paper and pencil tasks, which 

are described in Section 4.2.2. These original tests, and later refined computerised 

versions of them, were used to assess the sensitivity of the phoneme-grapheme 

linkages at the beginning and end of words and nonwords since Ehri's (1995,1999) 

theory predicted that the partial alphabetic child is particularly aware of the initial and 

final phonemes of words and nonwords. As will be seen in Chapter 5, adults with 

acquired dyslexia were able to match phonemes for the beginning of a word or 

nonword to their graphemes (PALPA 16) but were below the normal range in their 

ability to perform the same operation for the last phoneme and grapheme (PALPA 17). 

These same tasks were then administered to children whose other alphabetic skills 

indicated that they were likely to be in the partial alphabetic phase as described by 

Ehri (1995,1999),, in order to ascertain whether there was a commonality between the 

two groups. (see Chapter 6). 

4.2.2. Test Battery 

Measures of alphabetic ability were chosen as the cluster variables for the 

studies in Chapters 6,7 and 10 because Ehri's (e. g. 1995,1999) theory of normal 

reading development is essentially one of increasing alphabetic skill and knowledge. 

If Ehri's (1995,1999) contention were correct, that early reading development is 

driven by an increase in the number of alphabetic connections, then this should be 

reflected in an increase in scores on alphabetic tasks such as single word reading and 

spelling, and nonoword reading. Reading abilities, spelling abilities, and nonword 

reading scores were not only used as the variables on which the cluster analyses were 

based in Chapters 7 and 10, they were also employed as baseline variables in the 

cluster analysis studies to ascertain whether there were significant differences between 

the resultant cluster groups. They were also used as baseline measures in the group 

M3176650 



63 

studies of Chapters 8,9 and 10. The Chapter 6 cluster analysis was a preliminary 

study which employed an older version of the British Ability Scales (BAS), it did not 

use a spelling test, but did utilise the same nonword reading test as the later studies. 

4.2.2.1. Description of Baseline Tests Used in Chapters 7 to 11 

The following four tests were used as baseline measures in Chapters 7,8,9,10 

and 11. Chapter 6 baseline measures were not the same and are described in that 

study. 

The British Ability Scales II (BAS II; Elliott, 1996) word reading test has a 

maximum raw score of 90, and begins with words such as the and he and ends with 

words such as tertiary and mnemonic. The test is terminated after 8 errors in a set of 

10 responses . The task was administered in line with the standardised procedures. 

Raw scores or ability scores were used in statistical analysis. Many of the participants 

in the thesis were over the maximum age for which normative scores were available 

(17; 11) and many were also below the minimum age of 5; 0. Reading ages, ranging 

from 5 to 18 years, were derived from the ability scores, for descriptive purposes. 

British Ability Scales II spelling test (Elliott, 1996), entails the participant 

writing as many words as possible which are individually read out loud by the 

researcher. Its maximum score is 75. The test is terminated after 8 errors in a set of 10 

responses. Raw scores were not converted to normative scores for the same reason as 

was stated for the BAS II reading test. Raw scores or ability scores were used in 

statistical analysis. Spelling ages (from 5,0 to 18 years) were derived from ability 

scores and used for descriptive purposes. 

A test of nonword reading was taken from the Phonological Assessment 

Battery (PhAB; Frederickson, Frith & Reason, 1997). This test has a maximum score 

of 20 and ranges from single syllable nonwords such as "pim" to two-syllable 
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nonwords like "plutskirl". Raw scores were reported in most chapters, except where 

indicated, because standardised data were only available for children aged 6; 0 to 

14.11. 

The Wechsler Intelligence Scalefor Children Iff vocabulary sub-test 

(Wechsler, 1992) is a measure of productive vocabulary. It consists of 30 words, 

ranging from 'clock' to 'aberration', which are read to the participant who must 

provide a definition of the word. The definitions are awarded a score of up to two 

points each, depending on the quality of the response. Raw scores (up to a possible 

maximum score of 60) were converted to standardised scores whenever possible for 

the purpose of statistical analysis but in many cases, due to the very wide age range of 

the participants, raw sores were used. The age range over which normative scores can 

be derived for the WISC vocabulary test is 5; 0 to 16; 11 and the participants in the 

thesis ranged from 4; 3 to 79 years of age. The WISC vocabulary test was included 

because it was necessary to compare the groups in terms of their spoken vocabulary, 

which may have a bearing upon their level of written language ability. The test is 

highly correlated with IQ (Wechsler, 1992) and was used in preference to a full IQ 

assessment for practical and ethical reasons so as to ensure that the test battery was 

not overly long and too taxing for participants. 

4.2.2-2. Computerised Experimental Tasks 

The following experimental tasks were aimed at investigating sensitivities to 

the initial and final elements of visual, auditory, alphabetic, orthographic and 

phonological stimuli, intended to be analogous to consonant-vowel-consonant (CVC) 

words, such as cat'. CVC words were thought to be appropriate as familiar words to 

early readers, and CVC nonwords were incorporated into the tests as controls. The 

three-element stimulus format provided an operational test of Ehri's notion of the 
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importance of the initial and final letters and sounds of words for the partial 

alphabetic phase early reader. These measures were also designed to enable a 

Comparison with acquired dyslexia and with developmental dyslexia. 

A stimulus composed of three elements is also less likely to be susceptible to 

confounding variables involving memory for which some reading studies have been 

criticised, such as Birch and Belmont (1964) which used a larger number of visual and 

auditory stimuli. 

The word stimuli featured in the computer-based tests, which are described in 

detail below, were controlled as much as possible for: verbal frequency (Brown), 

written frequency (Thomdike-Lorge) and age of acquisition, according to the MRC 

Psycholinguistic Database, and for written frequency given by the Essex University 

Children's Printed Word Database. Matphing nonwords in these tests were usually 

derived by altering one letter (rarely two letters) of a real word, e. g. leg >feg, bat > 

baf. 

Phoneme-Grapheme Awareness Tasks 

Two forms of a phoneme-grapheme awareness task (the Initial Phoneme and 

the Final Phoneme tests) were used to measure the participant's ability to map 

phonology onto orthography at the start and end of words and nonwords. 

The Initial Phoneme sub-test required participants to identify the first sound in 

a spoken word or nonword by clicking the mouse on one letter out of five alternative 

letters which appeared as a row across the computer screen. The Final Phoneme test 

employed the same design except that in this case, it was the last sound of the word 

that had to be matched with its corresponding letter. Each sub-test consisted of a 

randomised list of 13 monosyllable words and 13 monosyllable nonwords (see 

Appendix A). Both tasks were adapted from the paper-based phoneme- grapheme 
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awareness tests from the Psychological Assessment of Language Processing in 

Aphasia (PALPA; Kay, Lesser & Coltheart 1992). 

Improvements from the Paper PALPA 16 & 17 Tests 

Since a focus of the thesis was upon investigating the growth of alphabetic 

abilities alongside improved reading performance, an assessment of alphabetic ability 

was incorporated into the testing of the participants. The building blocks of alphabetic 

ability are graphemes (printed letters or letter combinations) and phonemes (their 

corresponding speech sounds). Thus a test involving mapping phonemes onto 

graphernes was conducted, based on the PALPA 16 and PALPA 17 measures that have 

been used previously in studies of acquired dyslexia (e. g. Hanley & Kay (1997). 

The original form of the PALPA 16 and PALPA 17 tests were administered to 

participants with acquired dyslexia, as described in Chapter 5 and to early readers in 

Chapter 6. They assessed the participants' abilities to match phonology with 

orthography at the beginnings and ends of words and nonwords. In the original 

PALPA 16 task, the researcher read out a randomised list of monosyllable words and 

nonwords, such as "tin" and "rarg", respectively. There were 30 words and 15 

nonwords. After each item, the participant was required to say the first sound of the 

word or nonword and chose the letter that corresponded to it by marking one of the 5 

choices for each item. For instance, the choice of letters for the spoken nonword 

"rarg" were the letters: 1rfwm and the participants circled the one they thought 

was the first sound in the word or nonword. The original PALPA 17 test followed the 

same procedure as PALPA 16, except that there was a new set of words and nonwords 

and the procedure required the participant to identify the final sound. 

The computerised versions of the PALPA tests, referred to as 'Initial Phoneme 

and Final Phoneme' and administered in Chapters 7 to 11 were a more rigorous 
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assessment of a participant's ability to match phonology to orthography than the 

paper-based PALPA 16 and 17 tests. The participant had only six seconds to complete 

each item, whereas there had been no time limit on the pencil and paper version. 

There were fewer items (26 as opposed to 45 on the original), which did not give the 

participant as long to become practised. The Initial Phoneme and Final Phoneme tests 

were also more demanding in that they involved the motor tasks of controlling a 

rollerball mouse. 

Initial Phoneme and Final Phoneme allowed a fairer comparison between 

them than did their paper equivalents of PALPA 16 and PALPA 17. PALPA 16 and 

PALPA 17 were not matched in terms of the target letters. For example, the target 

letter p occurred four times in PALPA 16 but not at all in PALPA 17. It cannot be 

ruled out that a difference in performance on the original tasks might be attributable to 

such inequalities. The Initial Phoneme and Final Phoneme computerized tasks, 

however, had the same target letters occurring for the same number of times. 

The frequency of the words in the Initial Phoneme and Final Phoneme tasks 

were matched, as described above in relation to the First and Last Letters and First 

and Last Sounds tasks, for frequency and age of acquisition. In the case of the Initial 

Phoneme and Final Phoneme tasks, the words were of one syllable but they 

sometimes contained more than three letters. This was done for the sake of 

maintaining some continuity between the original PALPA 16 and 17 tests and the 

corresponding computerized tasks designed for this thesis. For example, the word 

pack appeared in the original PALPA 16 task and was retained in the Initial Phoneme 

test, and time featured in the original PALPA 17 task and was retained in the Final 

Phoneme task. 
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The computer versions contained the same number of words (13) and 

nonwords (13), whereas the paper PALPA tests had twice as many words as nonwords 

(30: 15 ). As many as possible of the original PALPA items were included and each 

item's letter choices were also preserved. Instead of the participants circling their 

selection on a piece of paper, a line of five letters was displayed on screen and the 

participants moved the cursor to their choice and clicked on it. The letters were of 

lower case arial font and were between 9 and 11 mm in height. Each was within an 

activation box of 2.5mm high by 3mm in width, that registered as the participant's 

selection if the mouse were clicked within its boundaries which were clearly visible. 

There were five such boxes, each containing a letter, in a horizontal line across the 

middle of the screen, the backgound remaining black. All words and nonwords in the 

task were prerecorded onto the computer program and spoken by an adult female 

voice. The targets in the Initial Phoneme and Final Phoneme tests consisted of one 

word and nonword that respectively began or ended with one each of these letters: b, 

d, f, g, 1, m, n, p, r, s, t, v, z (see Appendix A). 

Both the Initial and the Final Phoneme Awareness tests had an initial exemplar 

and a practice item in which verbal instructions were given to the participant, spoken 

by the same voice as spoke the later test items. For example, at the start of the 

sequence of the Initial Phoneme test, the participant heard, "You will hear a word. It 

may be a word that you know like 'leg' or a made up word like 'bim'. As soon as 

possible after hearing the word, click the mouse on the letter that is the first sound in 

the word. For example the first sound in 'leg' is 11P'. At this point the '1' in the choice 

of five letters was highlighted in magenta. The participant was then asked which is the 

first sound in 'cat'. Three chances were allowed for the correct selection. A "Try 

again" response was given by the computer if there was a wrong answer on the 
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practice item, until an incorrect third response elicited the message, "/k/ is the first 

sound in cat". At this, the V option was highlighted. The correct selection by the 

participant elicited the response, "Well done, /k/ is the first sound in 'cat"'. There was 

no feed back given during the experimental trials and only the first response was 

accepted. Accuracy and first response reaction times were recorded for both tasks. 

Test-Retest Reliabilities for Initial and Final Phoneme Tasks 

The test-retest reliability correlation coefficient for Initial Phoneme scores was 

r=0.55, N= 15, and for Initial Phoneme overall mean response times was r=0.42, N 

= 15. The test-retest correlation coefficient for Final Phoneme scores was: r=0.50, 

N= 15, and for the Final Phoneme overall mean response time was: r=0.80, N= 15. 

As with the subsequent tests, these reliabilities were found by testing 15 adult 

participants who were typical readers (6 males and 7 females) and two adults who had 

been identified by their teachers as having dyslexia (2 males), aged between 19 and 76 

years of age, M= 48 years. Six of these participants who were typical readers (aged 

38,62,64,65,71 and 76 years at retest) had acted as controls for the acquired 

dyslexia group. They carried out the first assessment 18 months before the retests. The 

remaining nine participants (aged 19,19,21,35,37,48,48,52 and 58) had not taken 

part in the thesis studies and typically carried out the tests - retests within two to 

seven days of each other. As can be seen, the external reliability of these measures, 

both in terms of the accuracy scores obtained and the reaction times observed, was 

weak to good, indicating that some caution is needed when interpreting the results 

obtained from these measures, although it is possible that these coefficients may have 

been greater if the test-retest sample had been larger. 
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Onset and Offset Detection Tasks 

Mental Chronometry is the study of the structure and timing of mental 

processing (Bashore & Ridderinkhof, 2002), and this paradigm has been used to 

investigate cognitive processing speed in a variety of participant groups, including 

adults with traumatic brain injury. It combines two methods of assessment: event 

related brain potentials (ERPs) and reaction time (RT) tests. Reaction time testing 

complements ERP assessment in this paradigm, and useful data are produced by this 

combination. Unlike RT, which can only provide information about stimulus-response 

in its entirety, ERP measures can discriminately investigate the cognitive processing 

of a stimulus, or a response (Bashore & Ridderinkhof , 2002). It has been applied to 

the study of developmental dyslexia (Breznitz, 2002) and has uncovered interesting 

aspects about the relationship between the visual and auditory modalities during 

reading (see Chapter 2). 

This thesis explored one of the two methods of this paradigm in relation to the 

reading behaviour of the three participant groups of: early readers, children with 

developmental dyslexia and adults with acquired dyslexia. The intention was to see if 

it was possible to replicate the discovery of a 'temporal gap' between reaction times to 

auditory and visual stimuli in children with developmental dyslexia. Investigating 

P200 and P300 ERP latencies to auditory and visual stimuli, Breznitz (2002) found a 

significantly larger difference for each of these ERP components, between the 

auditory and visual modalities in the developmental dyslexia group than in CA 

controls. The dyslexia group's auditory P200 and P300 ERPs lagged behind their 

visual ERPs, to such a degree that Breznitz (2002) considered that synchrony between 

the two modalities would be compromised in the dyslexia group, having found that the 

'temporal gaP9 accounted for most of the variance in reading in the study. 
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One aim of this thesis was to investigate whether such a 'temporal gap' might 

be detectable via a reaction time assessment. Breznitz (2002) was unable to detect any 

significant difference between a group of children with developmental dyslexia and a 

CA group in a simple reaction time tasks. Breznitz (2002) used 30ms tones and lights 

(in separate conditions), with 200ms - 800ms random interstimulus intervals. This is 

similar to previous assessments of simple reaction times in children with dyslexia, e. g. 

Nicolson and Fawcett (1994), who found that children with developmental dyslexia 

only fell significantly behind CA controls in reaction times when faced with a forced 

choice reaction time paradigm (between a higher and lower frequency tone). 

The reaction time tests employed in this thesis vary from those utilised in 

previous studies of dyslexia, such as the Breznitz (2002) and Nicolson and Fawcett 

(1994) studies, in that the stimuli are of longer durations. Moreover, participant 

response does not switch off the tone or light stimulus. In addition, reaction times to 

the cessation of a stimulus is measured, in a separate condition from reaction time to 

the start of a stimulus. 

Four sensory tests were therefore designed to assess the participants' ability to 

detect the onset and offset of a visual or auditory stimulus. The structure of each task 

was identical in order to allow comparison across the tests. There were five trials in 

every task, each consisting of five stimuli and five interstimulus durations (ISIs). Five 

trials were decided on because children lost concentration on a longer version of the 

task in preliminary informal trials of the test with five-year-old children. The stimulus 

durations and ISIs in every trial were: 500ms, 750ms, 1000ms, 1250ms and 1500ms, 

in a random order. 

Many previous studies of temporal processing in relation to reading 

impairment, such as Tallal (1980), used very short (often less than 100ms) sound 
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durations, and equally brief visual durations (e. g. Bretherton & Holmes, 2003) in their 

tasks. Stein and Talcott (1999) state that the typical visual fixation for a skilled reader 

during which individual words are identified is 250ms. Hence, the brief stimulus 

durations characteristic of temporal processing studies of dyslexia would seem to 

underestimate the length of time for which an early, or a poor, reader might typically 

fixate the orthography of a word when attempting to articulate its phonology. The 

maximum stimulus and interstimulus interval durations were set according to the Stein 

and Meredith (1993) findings of the maximum difference between incoming signals to 

which a mammalian polymodal neuron was sensitive. The effect of ISI duration prior 

to a stimulus was also investigated. This was to see if the participant groups were 

sensitive to the ISIs between the stimuli. Hautus, Setchell, Waldie, and Kirk (2003) 

had found that children with dyslexia younger than 10 years of age showed a 

significantly poorer auditory temporal acuity, as measured by a tone gap-detection 

task. The ISI durations matched the stimulus durations in the auditory and visual onset 

and offset detection tasks in this thesis. Accuracy and initial reaction times were 

measured in these tests. 

Each condition of the task began with two practice items. The first was the 

longest, 150OMS, duration of light or tone and the second was the briefest duration of 

500ms. The participant was given instructions before the practice trials. For instance, 

in Auditory Beginning, in which the children were required to identify the onset of a 

tone, the practice trial began: "You will hear a sound and you will be asked to press 

the space bar when it starts. Let's try some. " Then before each practice trial, the 

following instructions were heard: "Press the space bar as soon as you hear the start of 

the next sound". Each child was allowed three attempts, if needed, to respond 

correctly on each practice item. Feedback was given during these practice trials as to 
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whether the child was correct or not. For example, in the case of Auditory Beginning: 

"Well done. You pressed the space bar when the sound started", was heard when the 

child was successful. When the child was wrong, the message was: "Try again. Press 

the space bar as soon as you hear the start of the next sound. " The experimental trials 

did not have spoken instructions preceding them; the children were advised that they 

would be hearing no further verbal instructions but to respond to each stimulus. For 

example, in Auditory Beginning they were told to press the space bar every time they 

hear a sound. 

Auditory Beginning assessed the speed of the children's reactions to the onset 

of a sound. The sound stimulus used was a tone of 100OHz. It was chosen because it is 

within the human vocal range and inside the region on the sound intensity versus 

frequency curve where the ear is at its most sensitive (Halliday, 1992). 

The Visual Beginning task followed exactly the same procedure as Auditory 

Beginning except that it was intended to assess the children's reactions to the onset of 

a light and the word "light" was substituted for "sound" in the instructions. The 

stimulus was a 7cm diameter white circle that appeared in the center of the computer 

screen on a black background. During the ISI, the children were presented with a 

completely black screen. 

Auditory End had the same format as Auditory Beginning, except that the 

instructions were now, "Press the space bar as soon as the sound stops", and was 

intended to assess the speed of the children's reactions to the offset of a sound. Visual 

End was designed to test the children's reaction times to the offset of a light, and 

followed the same procedure as Auditory End except that the word "light" replaced 

66 sound" in all the instructions. 
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Auditory Beginning, Visual Beginning, Auditory End and Visual End each 

measured the participants' reaction times in milliseconds and the mean reaction times 

over the five trials in each condition were used for further analysis. The first reaction 

time for each stimulus was noted and all the responses to the stimulus were counted as 

the measure of accuracy. Responses following the interstimulus intervals (ISIs) were 

recorded in the same way. The reaction times and accuracy of responses to the various 

levels of the independent variable, i. e. 500ms, 750ms, 10OOms, 1250ms and 1500ms, 

were also recorded. Responses below 100ms were discarded because they were 

thought to be the result of anticipation. 

Prior to the children beginning these visual and auditory tests, they were 

shown where the space bar was and were told to have their finger ready above the 

space bar for the start of the test. 

Test-Retest Reliabilities for Onset & Offset Detection Tasks 

The test-retest reliability correlation coefficient for Auditory Beginning 

reaction times was r=0.89, N= 15, and for all response times to Auditory Beginning 

(i. e. including repeat responses) was: r=0.63, N= 15. The test-retest correlation for 

the Auditory Beginning score (first responses to a stimulus only) was: r= -0-22, N= 

15, and for the count of all responses to Auditory Beginning (including repeat 

responses) was: r=0.35, N= 15. The test-retest reliability correlation for the number 

of repeat responses was: r=0.63, N= 15. 

The test-retest reliability correlation coefficient for Visual Beginning mean RT 

was: r=0.68, N= 15, and for all response times to Visual Beginning (i. e. including 

repeat responses) was: r=0.72, N= 15. The test-retest correlation for the Visual 

Beginning score (first responses to a stimulus only) was: r=0.53, N= 15, and for the 

count of all responses to Visual Beginning (including repeat responses) was: r=0.36, 
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15. The test-retest correlation for the number of repeat responses was: r=0.37, N 

= 15 

The test-retest reliability correlation coefficient for Auditory End mean RT 

was: r=0.13, N= 15, and for all response times to Auditory End (i. e. including repeat 

responses) was: r=0.07, N= 15. The test-retest correlation for the Auditory End score 

(first responses to a stimulus only) was: r=0.21, N= 15, and for the count of all 

responses to Auditory End (including repeat responses) was: r= -0.07, N= 15. The 

test-retest correlation for the number of repeat responses was: r= -0.11, N= 15. 

The test-retest reliability correlation coefficient for Visual End mean RT was: r 

0.52, N= 15, and for all response times to Visual End (i. e. including repeat 

responses) was: r=0.74, N= 15. The test-retest correlation for the Visual End score 

(first responses to a stimulus only) was: _r = 0.3 2, N= 15, and for the count of all 

responses to Visual End (including repeat responses) was: r 0.97, N 15. The test- 

retest correlation for the number of repeat responses was: r 0.99, N 15. 

As can be seen, the external reliabilities for some of the data obtained by these 

tasks were good to strong although some other elements of the tasks were 

substantially less reliable. The test-retest reliabilities may have been affected by the 

fact that a small number of participants were sampled, and that six of them were over 

the age of 60 years. As Hultsh, MacDonald and Dixon (2002) found, adults over the 

age 59 years show a significantly greater variability in RT consistency than do 

younger adults. In addition, six of the partricipants (who were aged 38,62ý649 67,71 

and 75) performed the retests eighteen months after they carried out their first tests. 

This is because they had been among the original adult controls for the acquired 

dyslexia group. 
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Temporal Order Judgement Tasks 

Tasks in which participants are required to make judgements about the order 

in which rapid auditory or visual stimuli are presented, have featured in many 

developmental studies of reading (e. g. Bretherton & Holmes, 2003; Hood & Conlon, 

2004; Reed, 1989) since Tallal and Piercy (1973) found that the auditory version (but 

not the visual version) of the task distinguished between typical readers and children 

with language impairment (dysphasia), the latter including children who also had 

developmental dyslexia. This original auditory temporal order judgement task 

required the children to press panels which corresponded to the two tones in the 

correct order. A further variation was carried out in which the two 75ms complex 

tones (artificially composed with basic frequencies of either 10OHz or 305 Hz) were 

presented, either the same tone twice, or the 10OHz followed by the 305Hz, or vice 

versa, eliciting a 'same' or 'different' participant response, again by pressing certain 

panels. 

Tallal (1980) applied the paradigm to a experimental group composed 

exclusively of children with developmental dyslexia, and demonstrated that they were 

less accurate in identifying the order of the two complex tones than controls. Complex 

Tones that represented certain frequencies common in speech were used in Tallal 

(1980) and Tallal and Piercy (1973) so as to ensure a temporal manipulation of 

frequencies found in speech rather than any other characteristic of spoken language. 

The underlying rationale behind Tallal's research since 1973, has been that 

neurobiological processes support higher cognitive functioning. Hence, the veridical 

understanding of spoken language is assumed to subserve the phonological processes 

associated with literacy. Temporal order experiments using linguistic stimuli are 

therefore the next step in assessing this hypothesis. 

M3176650 



77 

Tallal and Piercy (1974) extended their investigation of children with 

dysphasia by using verbal stimuli in their repetition tasks, which included the 

requirement to identify the order of the synthesised phonemes /bal and /da/, each of 

which was 250 ms in duration. This methodology was adapted by Reed (1989) to 

study children with dyslexia. She discovered that children with dyslexia showed 

deficits with these stimuli, although they were not deficient in recognizing brief vowel 

sounds, presented in the same fashion. 

The Tallal and Piercy (1973; 1974) methodology was adapted to serve the 

stated aims of the thesis, by extending the number of stimuli to three, as an analogue 

to a CVC word, and to requiring a participant response that identifies the first or last 

element of the stimulus sequence. Simple tones were used as the non-linguistic 

auditory stimuli and phonemes were chosen as the linguistic auditory stimuli. Visual 

non-linguistic (shapes) and linguistic stimuli (letters) are utilised in this thesis in 

assessments of visual temporal order judgement as control tasks for the auditory 

temporal order judgement tasks. Another reason for their inclusion in this thesis was 

in connection with the study of the early readers because Hood and Conlon (2004) 

found that visual temporal order judgement task performance was a significant 

predictor of word reading in the first year of school. 

The Visual Temporal Order Judgement test (Visual T. 0. J. ) was a 

computerized task which involved the random presentation of one of three shapes in 

rapid succession: a square, circle and triangle. A target shape appeared before every 

sequence. It remained on screen within a 7cm by 7cm white fixation box for a second, 

then disappeared leaving a blank fixation box which was followed by the sequence of 

shapes. Each shape was displayed on its own for 250 ins, it was 5cms in height, was 

composed of black lines Imm thick and appeared within the white box. The order of 
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the 24 sequences of the three shapes was randomized and breaks between trials 

occurred after every sixth response. Two practices were administered before the test, 

one when the target item was first in the sequence of shapes and one where the target 

was last in the series, and the cursor self-centred as previously. The verbal instructions 

for the practice sessions were: "You will see a shape. Then you will see a set of 

shapes. Decide if you saw the shape first or last in the set. " The choice boxes and 

instructions for their use were identical to those in the First and Last Sounds tasks and 

a verbal reminder of which area to click on first and last was given in the same fashion 

as in those tests. 

The Auditory Temporal Order Judgement computerized test assessed 

judgement of the order of three tones which were of the following frequencies: 60OHz, 

1 10OHz and 160OHz. These frequencies were chosen because they are within the 

range of the human voice and among the frequencies where hearing is at its most 

sensitive (Halliday, 1992). It followed the same format as the Visual T. O. J. except the 

target sound was only heard for 250ms and the word "sound" was substituted for 

"shape" in the instructions. The screen displayed a 5mm by 5mm. white fixation 

square at its center against a black background, throughout the test. 

Test - Retest Reliabilities for the TOJ Tasks 

All the participants scored a maximum of 24 out of 24 for the second visual 

TOJ task, which therefore constituted a constant variable, so that the test-retest 

correlation coefficient for Visual TOJ scores could not be computed. The correlation 

coefficient for the Visual TOJ overall mean response time was: r=0.65, N= 15, 

which indicates moderate test-retest reliability. The test-retest correlation coefficient 

for Auditory TOJ scores represented very poor reliability, r=-0.07, N= 15, but for 
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the Auditory TOJ overall mean response time was: r=0.73, N= 15, which suggests 

good reliability. 

Phoneme Identification Task: First and Last Sounds 

The First and Last Sounds tasks were the linguistic analogue of the auditory 

TOJ task. It was a computerized test which involved identifying whether a target 

phoneme occurred first or last in a consonant-vowel-consonant (CVC) word and 

nonword. There were 64 spoken items, 32 words and 32 nonwords. The target 

phonemes were: b, d, g, m, n, p, s, t, w and y. Words were mainly common concrete 

nouns of high frequency, such as 'boy' with some simple verbs and adjectives which 

would be familiar to infant school children such as 'saw' and 'big' respectively. The 

nonwords were formed by changing only one letter, for example 'bis' was the 

nonword derived from 'bus. There were two practice trials, one which required the 

recognition of the first sound of a word and another that involved the last sound in a 

nonword. Both examples gave verbal feedback on the response and gave the right 

answer. The experimental items were presented in random order. The full list of 

stimuli can be seen in Appendix B. 

The instructions given at the beginning of the experiment stated, "You will 

hear a sound. Then you will hear a word. Decide if you heard the sound first or last in 

the word". There was a 5mm by 5min white fixation square in the middle of the 

screen and two choice boxes, one on the bottom left hand side of the screen and one 

on the bottom right hand side. Each box was a white rectangle, 6cm wide and 5 cm in 

height which contained a brown speckled rectangle, 5cm wide and 1.5cm in height 

and a red arrow which indicated the start of the speckled rectangle on the left hand 

choice box and the end of the rectangle on the right hand choice box. If they thought it 

was the first sound they were asked to click on the left hand choice box: "press this 
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key if it was first", at which time the left hand choice box lit up. The same procedure 

followed for the instructions for identifying the last sound in a word when the right 

hand choice box lit up. 

The First and Last Sounds task was divided into five trials, each of twelve 

items and in between the trials, there was a reminder about which choice box to 

choose for first and which to choose for last. There was a 250ms gap between hearing 

the phoneme and hearing the word or nonword, for instance, hearing /d/ was followed 

by a 250ms silence before "day" was heard. The choice boxes at the bottom left and 

right of the computer screens became illuminated after each word or nonword was 

spoken. The cursor centred itself in the middle of the screen following every selection. 

Accuracy and response times were measured. 

Letter Identification Task: First and Last Letters 

First and Last Letters was the linguistic analogue of the visual TOJ task, and 

the orthographic equivalent test of the First and Last Sounds experiment. It had the 

same targets (see Appendix B), word and nonword items as First and Last Sounds. 

The targets were letters which appeared on the screen. The word and nonword items 

followed one at a time in a rapid sequence. The letters appeared in a white box, 4cms 

by 4 cms, in the center of a black screen. The letters were 2cms high and were of 

lower case arial script. After each set of letters the choice boxes at the bottom left and 

right hand sides of the screen lit up. The duration of the target was different from the 

target item in the First and Last Sounds test because it was discovered that the 

intended 250 ms duration for the target letter was too quick to enable it to be 

perceived as separate from the following sequence of letters. Therefore, a duration of 

10OOms was chosen for each target letter. After the target item, the empty 4cm by 4cm 

white box continued to be displayed in the middle of the screen throughout the 250ms 
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preceding the appearance of the sequence of three letters of the word or nonword. This 

fixation box was also the only thing on the screen between trials. Like the First and 

Last Sounds experiment, the there was no gap between the elements of the word and 

the task was intended to resemble the sounds test in terms of rapidity of word 

presentation. Thus, each letter was only present for 250ms. The procedure for the 

practice and the experimental trials was identical to that of the word test, except that 

instructions at the beginning stated, "You will see a letter. Then you will see a set of 

letters. Decide if the letter was first or last in the set". Latency and accuracy were 

measured. The choice boxes were identical to the First and Last Sounds task. 

Test - Retest Reflabilities for the First and Last Letters and Sounds tests 

The test-retest correlation coefficient for First and Last Sounds scores was: r= 

0.86, N= 15, and for First and Last Sounds overall mean response times was: r=0.84, 

N= 15. Therefore, the test-retest reliability of First and Last Words was good. The 

test-retest correlation coefficient for First and Last Letters scores was: r=0.24, N= 

15, which is poor, but was good for the First and Last Letters overall mean response 

time: r=0.74, N= 15. 

4.3. General Procedure 

All tasks were completed in a quiet room and the above tests were 

administered in two sessions. The Auditory Beginning and Visual Beginning tasks 

were carried out at the same session, and the Auditory End and Visual End tasks were 

performed at a separate session, so as to avoid confusing the children as whether they 

should be responding to the starts or ends of the stimuli. The Visual and Auditory 

TOJs were presented at the same session and in that order. The reason for this was that 

the instructions for the Visual TOJ were both auditory and visual, making it easy for 
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the children to cue into the demands of a sensory TOJ task. It was expected that they 

could then transfer this experience to the purely sound TOJ task. 

Debriefing was conducted at the end each session in a manner appropriate to 

the participant group. If participants volunteered that they had used a strategy or 

encountered a particular problem, then they were asked to describe what that was. 

An Asus Hi-Grade laptop computer series S8200, with a digital flat panel 

monitor and a refresh frequency of 60Hz, was used for all the computerised tests. The 

software was programmed in Visual Basic. Participants worked with a trackball, 

placed whichever side of the computer they preferred. The volume of the laptop was 

set to maximum. The voice used in the tasks belonged to an adult female. 

The above tasks comprise the bulk of the test measures administered in the 

empirical studies of early readers, children with developmental dyslexia and adults 

with acquired dyslexia, later in the thesis. Where different tests are used, they are 

described in the appropriate chapter. 

4.4. Outlying Data Points 

Chapter 5, which features case study data from four adults with acquired 

phonological dyslexia, adopts the convention that is often used in acquired dyslexia 

(Kay, Lesser, & Coltheart, 1992), that scores of more than 2.5 standard deviations 

below the mean from the control data are classed as being below the normal range. 

One child in Chapter 7 was excluded from the cluster analysis after his alphabetic 

scores failed to cluster with that of any other early reader and he was found to be more 

than three standard deviations above the mean nonword reading score. Otherwise, the 

view was taken that all data from completed tests should be included. Incomplete 

computerised tasks, for example due to the participant asking to stop, were treated as 

missing data. 
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4.5. Ethical Issues 

The Open University Human Participants Ethics Committee approved the 

study of the three participant groups in this thesis. Owing to their diverse nature, 

different procedures to obtain participant consent were employed. The adults with 

acquired dyslexia were contacted via stroke clubs and day centres for adults with 

traumatic brain injury. The author had been a volunteer helper at these centres and 

clubs for several months before giving a talk to the whole group (in the case of the 

TBI day centre) or to smaller groups (in the case of the stroke clubs), which explained 

the theoretical background and aims of the research and invited people to participate. 

Those who accepted were given a short forced choice pseudohomophone reading test 

(Howard & Franklin, 1992), which is explained in Chapter 5. Those whose scores fell 

within the suitable range were later approached individually and asked if they might 

like to join the research, at which point they were given detailed information about 

what would be required of them and shown examples of the sort of tasks they would 

be asked to perform, and given estimates of how much time these tasks would take. 

Typically, they were given a week or so to think about it and discuss it with their 

family or helper and appointments were made to visit them at home for the testing, at 

which a family member was present. 

An in individual ethical consent form was signed by the participant and every 

effort was made to ascertain that the participants close family member (e. g. spouse or 

mother) was fully aware of the testing demands and that the participants were free to 

withdraw from testing at any point. Testing sessions were stopped if participants felt 

fatigued, or appeared so. 
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The parents of the children in the thesis received letters and a research 

summary sheet, which delineated the objectives of the study and included address, 

email and telephone contact details for the researcher and that of the researcher's 

supervisor. At the bottom of the letter was a consent form, enabling the parents to 

accept or decline the invitation for their children to take part in the study. The final 

format of the letter was subject to alteration and approval by the headteacher. As with 

the adult study, children who expressed a wish to curtail a session of testing, or who 

appeared to be experiencing any discomfort, was allowed to return to class. 

Copies of the the summary information sheets to schools, along with a copy of 

the letter which was sent to parents, the application form to the Open University 

Ethical Committee, and the adult participant consent form are included in appendices 

C to F. 

4.6. Research Questions 

The following research questions were inspired by the possibility of 

commonalities existing between the three groups in this thesis: those with acquired 

and developmental dyslexia, and children at an early phase of reading development. 

Each research question will be explored in two ways, firstly, whether similarities are 

apparent between the developmental and acquired dyslexia groups, and secondly, the 

proposition that the two groups share a resemblance with children in the early phases 

of reading development. Hence, the concept of a regression in reading back to an 

immature neurological and / or cognitive state is examined in relation to acquired 

dyslexia. The notion of there being a point of origin during early reading development 

for developmental dyslexia is also investigated through these research questions. 

Tallal's work (e. g. Tallal & Piercy, 1973; Tallal, 1980) in the realm of 

temporal processing prompted the first research question of this thesis. 
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To what extent is temporal processing in adults with acquired dyslexia similar 

to that of children with developmental dyslexia or children who are in the early 

stages of learning to read? 

The connections between orthography and phonology, hypothesised by Ehri 

(1995,1999) and discussed in Chapter 2, suggested the second generic research 

question. 

To what extent is the alphabetic awareness of adults with acquired dyslexia 

similar to that of children with developmental dyslexia or children who are in 

the early stages of learning to read? 

The final research question posed was based upon Ehri's (1997,1999) 

contention that the partial alphabetic phase is crucial to the acquisition of skilled 

reading and that a prolonged exposure to this phase could result in long-term reading 

disability. A key observation made by Ehri (e. g. 1995,1999) was that the partial 

alphabetic reader was particularly sensitive to the salient letters of a word, particularly 

the first and last letters. 

To what extent is rapid awareness of either the beginning or the end of a 

stimulus related to phonological awareness or alphabetic awareness? 

This last research question was also derived from an observation by the author 

that a group of adults with acquired phonological dyslexia showed an ability to match 

the phonology of the start of a word or nonword with its orthography but were below 

the normal range in mapping the phonology of the end of the word or nonword, with 

its orthography. These findings are described in Chapter 5. 
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Chapter 5: Four Case Studies of Acquired Dyslexia 

5.1. Introduction 

This chapter describes a small initial study carried out prior to the main 

research of the thesis. Its purpose was to find adult participants who fitted the profile 

of acquired phonological dyslexia, the cardinal trait of which is a selective impairment 

in nonword reading compared to the reading of familiar words. It is presented in a 

case study format, in keeping with most studies of acquired dyslexia, and similar to 

the group case study of Berndt, Haendiges, Mitchum, and Wayland (1996). A 

selection of the tasks which they completed are presented, which relate to the 

classification of acquired phonological dyslexia and to the main study of acquired 

dyslexia in Chapter 9. Most of the tasks are from the Psychological Assessment of 

Language Processing in Aphasia (PALPA; Kay, Lesser & Coltheart, 1992). 

The tasks reported in this chapter examined similar aspects (albeit more 

simplified procedures) of alphabetic skill to those investigated in adults with acquired 

phonological dyslexia by Berndt et al. (1996). These alphabetic characteristics were 

also hypothesised by Ehri (1999) as being present in the partial alphabetic phase of 

reading development. These abilities involved the identification of graphemes and the 

matching of graphemes and phonemes. 

Ehri (1999) made the observation that children in the partial alphabetic phase 

sometimes read words backwards (e. g. read 'saw' as 'was') and reversed letters., e. g. 

V read as V, or vice versa, in spelling and reading. There were also letter rotations, 

such as 'p'/'b'/'d' evident in the reading and spelling of children in the partial 

alphabetic phase. Letter identification was aided, claimed Ehri (1999) if the letter 

name sounded like the letter sound, e. g. the letter sound /m/ is encapsulated the letter 
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name tem% and so its sound is more likely to be known by the children in the partial 

alphabetic phase than a letter whose sound is dissimilar to its name, e. g. 'zed' and /z/. 

Similarities between the grapheme-phoneme abilities predicted of the partial 

alphabetic phase in early readers (Ehri, 1999) and alphabetic skills observed in a 

group of case studies of adults with acquired dyslexia observed by Berndt et al. (1996) 

would therefore suggest that an empirical comparison between acquired phonological 

dyslexia and the partial alphabetic phase of early reading would be beneficial. 

Another characteristic that these two groups would seem to share is an impairment in 

nonword reading. The cardinal trait of acquired phonological dyslexia is a selective 

impairment in nonword reading vis-a-vis familiar word reading (Coltheart, 1996). 

Partial alphabetic children are unable to read virtually any pronounceable nonsense 

words (nonwords) (Ehri, 1999). One could argue that the words children in the partial 

alphabetic phase are able to read are those which are familiar to them. Therefore if 

Ehri's assertion is correct, then they too, like adults with acquired phonological 

dyslexia, may be said to demonstrate a selective nonword reading deficit. 

The following predictions are consequently derived from Ehri's (1995,1999) 

theory and from the Berndt et al. 's (1996) findings as to the performance of the 

individuals with acquired dyslexia in these case studies on alphabetic tasks: 

1. they will show impairments in the identification of some but not all 

letters, because partial alphabetic children are likely not to have a 

complete knowledge of letter identities (Ehri, 1999); 

2. they will demonstrate an ability to sound out some but not all 

letters; 

3. their ability to match phonological and orthographic units at the 

beginnings and ends of words will be similar, due to Ehri's 
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observation of the saliency of the initial and final letters, and their 

sounds, in words. 

5.2. Participants 

Four participant neurological patients were selected as described in the Ethics 

section of the previous chapter, in a preliminary study of acquired phonological 

dyslexia. They were identified as having a selective nonword problem in reading 

when they scored at chance level (p>0.05) on a forced choice pseudohomophone 

decision test, which had been devised by Howard and Franklin (1992). The task is 

composed of a list of 39 nonword pairs. One of each pair is a pseudohomophone, 

which is a nonword that sounds like a real word (e. g. 'kwene' is a pseudohomophone 

of 'queen') and one is a nonhomophonic nonword (e. g. 'gaid'). There are seven 

practice pairs to familiarise the subject with the task. Examples from 39 test pairs are: 

peeze and jeese, out of which the former is a pseudohomophone for "peas"; and sild 

and bild, the latter being a pseudohomophone for "build". The participant underlines 

the pseudohomophone in each pair. 

Four neurological patients (two women and two men) who were thus identified 

as having a nonword impairment took part in the study, three of whom had suffered a 

stroke (varying from four months to four years previously), and one participant who 

had had a major closed head injury four years before. Individual information about 

them is shown in Table 5.1. RH scored 23/39; C. C's score was 24/39; B. C achieved 

19/39, and J. C. 22/39. They were all therefore below the chance level (p<0.05) of 

accuracy, which was 26/39. 

All the stroke patients had sustained damage to their left hemispheres, leaving 

J. C. and B. C. with continued hemiparesis to their right side of their bodies. F. H. and 

C. C. were not aphasic but J. C. and B. C. had a tendency to slow speech and sometimes 
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had difficulty in finding words during conversation. They had been employed in a 

variety of jobs: two nurses, a printer and a baker, and all had left school at the 

minimum school leaving age (see Table 5.1). At the beginning of the testing period, 

C. C. was the youngest of the participants at 41, and the others were all over 60 years 

of age, the eldest being 77. None of these participants showed any signs or had any 

history of deafness. All but one (F. H. ) had mild impairments of their peripheral vision, 

but their focal vision was unaffected. These assessments of hearing and vision were 

based on the participants' reports of feedback from recent health checks. 

Table 5.1: 
Information on Participants 

Age at Age at 
start of Leaving 
testing Full time 

Education 

F. H. 71 

77 

C. C. 

B. C. 

41 

Occupation Nature of Time 
brain since 
injury Injury 

14 printer Left 4 years 
hemisphere 
stroke 

14 baker 

16 nurse 

65 15 

Left 3 years 
hemisphere 
stroke 

Severe 3 years 
closed 
head injury 

nurse Left 4 months 
hemisphere 
stroke 
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5.3. Word and Nonword Reading 

The Psychological Assessment of Language Processing in Aphasia 

(PALPA; Kay, Lesser & Coltheart, 1992) was the source of the word and nonword 

reading task, PALPA 25, which all four adults were given to read aloud. It contained 

60 words, such as battle, character, analogy, wrath and wheat, and 60 nonwords, e. g. 

weas, drister, baranter, lutter and sprool. The nonwords were derived from the 

words in the PALPA 25 list by altering one or more letters but they retained 

orthotactic and phonotactic regularity, e. g. drim was derived from drum. PALPA 25 

had a mixed word and nonword presentation. Although the words and nonwords were 

not matched for such variables as length, they offer an assessment of a participant's 

difficulty in reading novel words relative to familiar words. Table 5.2 gives a 

summary of the results. 

Table 5.2: Reading Accuracy, Words & Nonwords, PALPA 25 

PALPA 25 F. H. i. c. C. C. B. C. 
Reading 
Words 58.5 60 60 49 
Out of 60 (97.5%) (100%) (100%) (82%) 
Nonwords 31 22 35 12 
Out of 60 (52%) (37%) (58%) (20%) 

Control data are not available for word reading in PALPA 25, so it is not 

possible to say what typical performance on this task would be. It is, however, 

striking that three of the four participants with acquired dyslexia produced an almost 

faultless performance in reading familiar words but were relatively impaired on 

reading nonwords. Nonword reading controls (N = 26) showed a mean accuracy of 

59.88 and a standard deviation of 0.45. Thus, all four participants were below the 

normal range for nonword reading (i. e. more than 2.5 standard deviations below the 

mean of the control scores). 
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F. H. completed the PALPA 25 word and nonword reading task twice. F. H. 

read all 60 words correctly but was only able to read 26/60 (. 43) nonwords. The 

second time, several weeks later, F. H. produced a word reading score of 57/60 (. 95) 

and 36/60 on reading nonwords (. 60). Table 5.2 therefore shows the means of the two 

trials. F. H. 's three reading errors were all on words of low imageability: 

quality> quantity, realm>ream, valour>valiour. His nonword errors were mainly 

lexicalisations: 23 times on the first trial and 17 times on the second trial, for 

example: hopsitle >hospital, lutter>mutter, sprool> spoon, boncept> concept, 

prought>port. F. H. made one omission in the second trial. He made eleven then six 

visual/phonological errors, in his first and second trials of PALPA 25, e. g. 

trabite>trabit, wembow>wernblow. 

J. C. correctly read 22/60 (. 37) nonwords. He made 28 lexical errors, incuding: 

reash> research, tanacco>tangle, weast>west, apisade>episode and 

purpise >purpose. His seven visual/phonological errors included: baranter>baranster, 

fict>fic and nirth>nirt, halocle>halcost. There were two errors which defied 

classification, hopsitle>hospiton, and boncept>oquest, and one omission (itony). 

Table 5.3 Nonword Reading Errors in PALPA 25: 

lexicalisations Visual / Cannotbe Omission Total 
Phonological classified number 

of Errors 

F. H. 40* 17* 1 58* 

(69%) (29%) (2%) 

J. C. 28 721 38 

(74%) (18%) (5%) (3%) 
25 C. C. 8 16 1 

(32%) (64%) (4%) 
48 B. C. 19 2 27 

(40%) (4%) (56%) 

Note. *F. H. performed the task twice, therefore this is the combined total of errors. 
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C. C. made fewer errors, reading 35/60 (. 58) nonwords correctly, but she did 

not follow the pattern of F. H. and J. C. in that her mistakes were mainly 

visual/phonological (16/25 or 64%) rather than lexicalisations (8/25 or 32%), for 

example: shality>shalty and boncept>boncet. However, most of these errors seemed 

to be in connection with vowels, for instance: cult>cuwlt, mither>meether, 

tanacco>tanico, dalour>delour. C. C. pronounced itony as "I Tony", which was 

considered as unclassifiable. Her lexicalisation errors included: crasis>crisis, 

grivity> gravity, and sprool >sprawl. Table 5.3 shows the nonword reading errors in 

PALPA 25. 

In her reading of words on PALPA 25, B. C. scored a total of 48/60 (80%) 

correct. A summary of her errors is given in Table 5.4. 

Table 5.4: Summary Of Word Reading Errors in PALPA 25 

Errors: lexicalisations Visual / Both Visual Cannotbe 
word Phonological Phonological classifed 
reading and 

lexicalisation 
F. H. 2/3(67%) 1/3(33%) 

quality> 'quantity" 
realm> 'ream' 

B. C. 3/12(25%) 
mercy> thirsty 
wrath> rouse 
pact> flat 

Valour> 'valiour' 

6/12(50%) 2/12(17%) 1/12(8%) 
episode> epsidol plea> flea quality> perit 
manner> menner treason> reason 
miracle> minacle 
plane> blane 
folly> solly 
valour> invaller 

B. C's nonword reading on PALPA 25 was substantially lower than the other 

three participants in this chapter, at 12/60 (20%). It is worth noting that B. C. had had 

her stroke only 4 months prior to being tested on PALPA 25. Her errors on nonwords 

were 19 lexical mistakes, eg. pib>pip, grivity> gravity, fict> flick, puct>blunt. Two of 
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her errors could be categorised as visual/phonological: ragio>rago and itony>itone. 

However, most could not be classified, for example: tanacco>panicle, baranter> 

bandible, trantor>nentor. Interestingly, in all her errors to nonwords, she preserved 

the number of syllables when reading. 

5.4. PALPA 36 Nonword Reading Test 

A further nonword reading test,, PALPA 36, was completed by F. H. and J. C., 

which investigates the influence of the length of the nonword on the accuracy of their 

reading. The mean results for two such trials on F. H. produced the following means. 

For 3-letter nonwords, F. H. read 5/6 correctly (control mean 5.77, SD = 0.7 1); F. H. 

read 5.5/6 of the 4-letter nonwords correctly (control mean 5.89, SD = 0.43); 4/6 5- 

letter nonwords (control mean 5.57, sd 0.9), and for the 6-letter nonwords, F. H., s 

mean was 1.5/6 correct (control mean 5.65, sd 0.85). Therefore, F. H. was within the 

normal range for this selection of nonwords until their length increased to six letters, 

at which time his nonword reading impairment became obvious. J. C. performed more 

poorly than F. H. on PALPA 36. He was only able to read 4/6 of the 3-letter nonwords, 

which was just within the normal range, but his 4-letter nonword reading of 3/6 was 

below the normal range, as was his 5- and 6-letter nonword reading of 2/6 each. 

5.5. British Ability Scales H Single Word Reading 

A single word reading task often utilised in the testing of children is The 

British Ability Scales II (BAS 11) word reading test (Elliott, 1996). It has a maximum 

raw score of 90, and begins with words such as the and he and ends with words such 

as tertiary and mnemonic. The test is terminated after eight errors in a block of ten. 

The task was administered in line with the standardised procedures. Raw scores were 

also converted to ability scores and thence to equivalent reading ages, which for this 

test ranged from 5; 0 to 18 years of age. 
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Everyone except F. H. performed BAS IL C. C. correctly read 79 words, which 

equates to a word reading age of 14 years 3 months. J. C. scored 72/90, the word 

reading age for which is 11; 9; and B. C. read 61 words, corresponding to a word 

reading age of 9; 3. 

5.6. Word Reading Errors BAS Ih 

Table 5.5 summarises the types of reading errors in BAS II, C. C., and J. C. 

attempted all 90 of the BAS II words. C. C. omitted four words. She made four 

lexicalisation errors: tail> trial; statue> stature; desultory> destroy, and tertiary> 

territory. Twice she was unable to say the end of the word: criterion> criter, and 

initiate> initia. There were two vowel substitutions in one word: catastrophe> 

catostriphe. 

J. C. 's performed six omissions in his BAS II word reading. He made seven 

lexical errors: reminiscent> reinforcement, initiate> imitate; statue> state; desultory> 

destroy; tyrannical> technical; tertiary> territory; regurgitate> regular. Two more 

could be regarded as morphological errors: piece> pieces; generation> generate. He 

was unable to correctly pronounce the ends of two words: criterion> critin, and 

rheumatism> rhu. He deleted the middle of another word; silhouette> silette. 

B. C. made eight errors out of a block of ten by the time she reached the 88 th 

word of the test, at which point the task was terminated. Within those 88 attempts, she 

made thirteen omissions, and five lexicalisations: ceiling > sailing; regurgitate> 

regulation; encounter> enclose; statue> status; universal> inverted. There was one 

visual / phonological error: obscure> obscuse. Six mistakes did not appear to fall 

within a classification: avenue> aveley; curiosity> incarious; tentative> sixty; 

reminiscent> re-sec; diameter> mentus; tyrannical > tyereen. There were two words 

which B. C. was unable to correctly end: jeopardy> jeopard, and silhouette> sil. 
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Table 5.5 

BAS II Single Word Reading Errors: 

Participants C. C. 
Lexicalisations 4 

Word Omitted 

No Ending of Word 2 

No Classification 
possible 

Visual / Phonological 

i. c. B. C. Totals 
75 18 

(+2 morphs*) (32%) 
6 13 23 

(41%) 
226 

(11%) 
66 

1 

Medial Deletions 

Vowel substitutions 

Total Errors 18 27 

(2%) 
1 

(2%) 
1 

(2%) 
56 

Note. * morphs = morphological errors which were also lexicalisations. 

5.7. PhAB Nonword Reading Test 

A test of nonword reading was taken from the Phonological Assessment 

Battery (PhAB; Frederickson, Frith & Reason, 1997). This test has a maximum score 

of 20 and ranges from single syllable nonwords such as pim to two-syllable nonwords 

like plutskirl. The raw test scores were converted to standardised scores, which were 

related to a nonword reading age, i. e. the chronological age corresponding to a 

standarised score of 100. At that chronological age, an individual would be expected 

to read correctly the specified number of nonwords. For example, a raw score of five 

converts to a standarised score of 100, which corresponds to the nonword reading of a 

typical child within the range of six to six years, five months. 

C. C. read twelve nonwords from the PhAB battery correctly, which 

corresponded the expected reading of a nine-year-old. J. C. 's raw score was six, which 

is approximately the level of nonword reading expected of a child within the range of 
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six to six years and five months, whilst B. C. read only two nonwords correctly, which 

would be below the average score for a typical six -year-old. 

Table 5.6: 

Comparison of Word and Nonword Reading Ages for C. C., J. C. and B. C. 

BAS II Word PhAB Nonword WRA-NWRA* 
Reading Reading (Years) 

Age / years Age / years' 
(WRA) (NWRA) 

C. C. 14; 3 9; 0 5; 3 
i. c. 11; 9 6; 0 - 6; 5 5; 4 

_B. 
C. 9; 3 <6; 0 >3; 3 

Notes. WRA = Word Reading Age, NWRA = Nonword Reading Age. 
* Nonword reading age taken from the maximum of the given range. 

a Minimum nonword reading age given by PhAB is 6; 0; Maximum is 14; 11. 

5.8. Note about BAS H and PhAB 

It should be noted that BAS II word reading and PhAB nonword reading tests 

were conducted a year after the other tests outlined in this chapter, as part of the 

baseline measures for the acquired dyslexia study described in Chapter 9. 

5.9. Word and Nonword Reading Tests Summary 

The word and nonword reading tests indicated that the four participants 

demonstrated a selective nonword reading impairment, consistent with acquired 

phonological dyslexia. There were no semantic errors, unlike deep dyslexia. The 

participants' reading errors were predominantly lexical in nature or whole word 

omissions. PALPA 25 suggested that the three whose brain injury had occurred three 

or four years prior to testing, were within the normal reading age for word reading but 

were impaired in nonword reading. This nonword deficit was confirmed by the 

Howard and Franklin (1992) reading homophone nonword reading test for all four, 

and by PALPA 36 in the cases of F. H. and J. C. 
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The reading tasks which are usually associated with the testing of children, 

BAS word reading and PhAB nonword reading tests, implied that the word reading of 

all four was impaired compared to the normal adult population but that their nonword 

reading ability was poorer than their word reading ability. A depressed level of real 

word reading is not uncommon in acquired phonological dyslexia (Berndt et al., 

1996). 

5.10. Letter Identification, Matching and Orientation 

PALPA 19 is a paper and pen test comprising two sheets of paper on which all 

the capital letters are printed. Next to each, there are two lower case letters, one of 

which is the lower case equivalent of the adjacent capital letter (see Figure 5.1). The 

participant marks the lower case letter that corresponds to the adjacent capital, for 

example, 'g' for 'G'. 

PALPA 20 is the corresponding test for matching a choice of two upper case 

letters to the adjacent lower case letter (see Figure 5.2). For instance, 'N' should be 

marked because it corresponds to W. 

Figure 5.1: Examples of the Stimulus Material from PALPA 19 

jt 
IT 

if 

g 
G 

q 

Figure 5.2: Examples of the Stimulus Material from PALPA 20 

T 0 N 
0 

F Q 
II 

M 
qpý 
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matching lower case letters to their respective upper case counterparts (task 20 from 

the PALPA battery by Kay, Lesser & Colheart, 1992), and in matching upper to lower 

case letters (PALPA 19). The other two patients tested on these measures showed a 

perfect performance on one of the tasks but made one mistake in the other test, hence 

C. C. scored 26/26 for PALPA 19 and 25/26 in PALPA 20 (error k>Y), and J. C. 

scored 26/26 on PALPA 20 and 25/26 on PALPA 19 ( error I>j). Therefore all four 

participants were within the normal range on these tests for PALPA 19 (control mean 

25.96, sd= 0.02) but C. C. was just below normal on PALPA 20, lower case - upper 

case matching (control mean =26). 

PALPA 18 comprises 18 capitals (of 9mm in height), and the same letters in 

lower case on an A4 page. Half of the letters are randomly reversed, and the 

participant is required to place a tick next to the letters that are the correct way round. 

F. H. correctly identified mirror reversed and normally orientated letters in 

every instance in PALPA 18. This was a normal performance (control mean 35.44, sd 

not given) on the visual-spatial characteristics of letters. J. C. and C. C. both scored 

35/36 for mirror reversal (their mistakes were wrongly identifying the reversed forms 

of W and 'D' as being the right way round), which is at the lower end of normal. 

B. C. 's accuracy in the PALPA 18, mirror reversal task was poor: 33/36. She failed to 

identify the reversed forms of h, n and D. 

5.11. Letter Sounding and Naming 

PALPA 22 consists of a list of all 26 letters of the alphabet arranged in two 

columns on a sheet of paper and in random order. One sheet of paper comprised all 

lower case letters and the other was made up of upper case letters. They were in the 

same random order for each condition of letter naming and for giving the sound of the 
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letters. Each participant was first asked to read out the letter names / sounds beginning 

at the top of the left hand column and ending with the bottom letter of the right hand 

column. The letter naming condition was always performed before the letter sounding 

condition. 

Three of the four participants tested (F. H., B. C. and J. C. ) were below the 

normal range in reading aloud the letter names in PALPA 22. The PALPA 22 controls 

named all the upper case and lower case letters without a mistake. For naming upper 

case letters, F. H. and J. C. were correct 25/26 times ( respectively, P> B, G> gree) 

B. C. scored only 16/26 (A>der, D>de, J>Q, L>le, M>mur, P>B, R>ray, W>wa, 

X>omitted, Z> zebra), but C. C. scored 26/26. 

C. C. scored a maximum of 26 on naming lower case letters. J. C. correctly 

named 24/26 lower case letters. J. C. 's errors were N and v>p. B. C. correctly named 

23/26 lowercase letters, her errors were I >le, m> mer and w> wer. F. H. scored 

25/26 on the PALPA 22 letter naming task, his only error was N. 

F. H., J. C. and C. C. were very impaired in sounding out capital letters. F. H., 

C. C. and B. C. were correct 17/26,22/26 and 13/26 times, respectively. F. H. 's errors 

were: A>er, G>jer, E>er, O>oh, I>eye, U>you, C>ser, K, X and Y were omitted. C. C. 

made these mistakes: B> betch, J>yer, U>aer and X> zer. B. C. was incorrect in the 

following cases: E>a/der, F>ver, HAer, I> der, JAer/der, N>der, Q>ser, Uxer, 

Wxer, Y>rer, Z>ser, 0 and X. J. C. correctly sounded out 8/26 capital letters. He did 

not recognise the letter 'P'. His attempts for the rest of the letter sounds contained the 

letter name or sound, e. g. A >at, B> bru, I>eyes, L >lay, N>nah; six were letter 

names, D, K, M, Q, Y, Z. 

F. H. succeeded in sounding out lower case letters in PALPA 22 only 15/26 

times and B. C. only 14/26 times. F. H. s errors were: I>i, qAer, i>eye,, x>exe, u>you, 
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h>er, a>er, y>why, o>oh, e>eee. B. C. 's mistakes were: a> 'a' (letter name), c>ser, 

e>eee, f>ber, hAer, o>oh, u>rer, vAer, w>rer, i, x and y were omitted. J. C. sounded 

out 4/26 lower case letters. Fifteen of his errors were the actual letter names; four 

were words which began with that letter, i. e. m> mat, f >father, w>well, k Aim, and 

the rest were neologisms which included the letter sound, e. g. e>et, r >rar-rer. In 

contrast, C. C. made only one error when sounding out lower case letters, x>zer. 

5.12. Phoneme-Grapheme Awareness Tasks 

Two tasks were used to individually assess the four adults' (F. H., J. C., B. C. 

and C. C. ) abilities to match phonology with orthography. PALPA 16 tested this ability 

for the beginnings of words and nonwords. PALPA 17 was the same task but 

concerned the final sound in a word or nonword. 

In PALPA 16 the tester read out a randomised list of monosyllable words and 

nonwords, such as "tin" and "rarg". There were 30 words and 15 nonwords. After 

each item, the participant repeated the word or nonword and pointed to the letter on a 

line of 5 choices for each item. They had to choose the letter that corresponded to the 

first sound in the word or nonword. For instance, the choice of letters for the spoken 

nonword "rarg" were the letters: 1rfwm and the participants marked the one they 

think is the first sound in that nonword. The control mean for words is 29.36 (N=30), 

SD = 0.86, and for nonwords (N=15) is 13.24, SD = 1.01. F. H. completed this test on 

two separate occasions, scoring 29/30, then 30/30 on words, giving a mean of 29.5, 

which is within the normal range. For nonwords, he scored 14/15 and 13/15, giving a 

mean of 13.5, which is also comfortably within normal range. J. C. also completed 

PALPA 16 on two testing sessions and correctly identified 27/30 words on both 

occasions, which was just outside the normal range (cf 27.2 1). J. C. scored 13/15 and 
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12/15 on nonword initial sound segmentation, giving a mean of 12.5 which is 

comparable to control levels. C. C. 's only trial at PALPA 16 produced a perfect 

performance on both words (30/30) and nonwords(15/15). B. C. was just below the 

normal range on words in PALPA 16 (26/30 or 87%) but was within the normal range 

for nonwords (13/15 or 87%). 

The patients' performance on PALPA 17, testing phoneme-grapheme mapping 

for the final segment of the word or nonword, contrasted strongly with their normal 

scores on the initial phoneme-grapheme matching. F. H. 's accuracy dropped from 98% 

on initial sounds of words to 80% (24/30) right on final word sounds. His nonword 

accuracy also declined from 90% to 73% (11115). These are both below the normal 

range (control means 29.29, SD = 0.69, on words and 14.17, SD =1.2 for nonwords). 

J. C. was impaired on both word (18/30 or 60%) and nonword (10/15 or 66%) 

phoneme-grapheme matching for final sounds. F. H. and J. C. need to repeat PALPA 17 

to ensure that this was not an anomalous result. C. C. performed PALPA 17 on two 

occasions, scoring 28/30 (93%) and 26/30 (87%), a mean of 27 on words; 12/15 

(80%) and 13/15 (87%), a mean of 12.5, on nonwords. C. C. therefore performed at 

control levels for nonwords, but was below the normal range for words. At this point, 

it should be noted that PALPA controls are drawn from a more elderly cohort than the 

one to which 41 year-old C. C. belongs. It is possible that, given a younger group of 

control subjects, that C. C. would be below the normal range on nonwords as well as 

words. B. C. was markedly impaired on both words and nonwords in final sound 

segmentation. She scored 20/30 (66%) on words and 9/15 (60%) for nonwords. 
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5.13. Discussion 

The four adults with acquired dyslexia demonstrated a selective nonword 

deficit compared to their word reading ability, consistent with phonological dyslexia. 

No semantic errors in reading were recorded, which suggested that the four 

participants could not be classified as having deep dyslexia, which is also a condition 

that involves a nonword deficit. Problems with exception word reading, as opposed to 

regular word reading, were not investigated, and so no conclusions may be drawn 

regarding surface dyslexia, which is typified by regularisation errors of exception 

words (see Chapter 3). As the original task that was used to identify the participants 

for these case studies was a test of nonword homophone reading, from the outset, all 

four were presumed as having a nonword reading impairment. Thus, if an 

(undetected) exception word reading deficit were to exist, then a 'Mixed' category of 

dyslexia might be applied, or else, a surface dyslexia classification of a type H variety 

(Shallice & McCarthy, 1985). 

Nonword reading errors for the four adults with acquired dyslexia were mainly 

lexical. Thus a nonword was often substituted by a similar real word, such as 'pib' 

>ý pip', and real words were similarly erroneously substituted, e. g. 'tertiary' > 

'territory'. This is a characteristic common in phonological dyslexia, as well as deep 

dyslexia (e. g. Berndt et al., 1996; Funnell, 1983; Glosser & Friedman, 1990). It is also 

expected in the partial alphabetic phase (Ehri, 1995), when children use partial cues 

to guess the identity of a word. 

One of the expectations at the start of the chapter was that the participants with 

acquired dyslexia would show impairments in identifying some, but not all, letters. 

This was in line with Ehri's (1995,1999) observation that children in the partial 
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alphabetic phase of reading development do not have a complete knowledge of letter 

identities. 

Letter naming was impaired in three of the four participants. C. C., the 

youngest and the sole representative of a closed head injury, was the only person who 

was found to be in the normal range for this ability. Hence, it might be interpreted that 

the three participants with strokes may have anomia (word finding difficulties) for 

letter names. By their own admission, they were able to recall the complete set of 

letter names before their strokes. Another interpretation may be that their ability to 

visually discriminate graphernes had become affected by their injuries. However, the 

tests of visual discrimination involving normally orientated and mirror-reversed letters 

showed that their abilities in this area were in the normal range, which would seem to 

belie such an interpretation. Thus, it suggests that the connection between the visual 

and sound identity of some letters has been lost as a result of brain injury, yet most of 

these connections have been retained in the majority of participants. 

Berndt et al. (1996) found evidence for poor grapheme identification and for 

impaired grapheme-phoneme associations. For example, they were poor at sounding 

out individual letters, finding particular difficulties with vowel sounds. Thus, the 

findings of this chapter are consistent with their findings, suggesting that acquired 

phonological dyslexia entails a fundamental impairment in grapheme-phoneme 

mapping. 

The hypothesis of a loss of association between the visual and auditory aspects 

of some letters was further investigated by the second hypothesis set down in the 

introduction of this chapter, in which it was anticipated that participants with acquired 

dyslexia would correctly sound out some but not all letters of the alphabet. This was 

indeed the case for all four participants, who showed just such a partial ability for 
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sounding out letters. Such a pattern is similar to Ehri's (1995,1999) predictions for 

partial alphabetic children in early reading development, who according to Ehri 

(1995,1999) have made links between the sight and sound of some, but not all') letters. 

Therefore. 
) it would seem that alphabetic characteristics of the participants with 

acquired dyslexia in this chapter resemble those expected of children at the partial 

alphabetic phase of early development. 

There have been a number of methodological assumptions made in this chapter 

which should be borne in mind. It has adopted a case study approach to the 

investigation of the four participants,, the relative advantages and disadvantages of 

which were discussed in Chapter 4. A case study format was chosen for this chapter 

because it has the advantage of presenting a lot of detailed information about 

individuals, which in the present context was intended as an introduction to acquired 

dyslexia, demonstrating the variation of reading characteristics present within even a 

small group of participants who fit the criteria of one type of acquired dyslexia, and it 

sets the scene for the group comparisons with acquired dyslexia in later chapters. The 

tasks carried out by the participants were usually completed only once or twice and 

the period of time over which they were administered was a little more than a year. 

Over that time, their reading abilities may have improved, given that all four attended 

a day center once or twice a week, at which they worked on their literacy skills. 

However, this assumption of a general lack of change in subjects of investigations into 

acquired dyslexia is not unusual, unless the study is specifically designed to test a 

therapeutic regime. This contrasts with the study of early reading development in 

which progression over such a period as a year is intrinsically assumed in studies. 

The final hypothesis delineated in the introduction predicted, in accord with 

Ehri (1995,1999) that children in the partial alphabetic phase were particularly 
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sensitive to the first and last letters and sounds of words: that in the partial alphabetic 

phase, the mapping between letters and sounds for the initial element of a word would 

be as accurate as mapping between the last grapheme and phoneme of a word, and 

that the same would be found in acquired dyslexia. However, this hypothesis was not 

supported. The participants with acquired phonological dyslexia displayed a normal, 

or very nearly normal, performance in the phoneme-grapheme mapping of initial 

sounds but showed impairments in this ability concerning final sounds of words and 

nonwords. This implies a difference between the hypothesised alphabetic ability of 

partial alphabetic children and the alphabetic performance of adults with acquired 

dyslexia. 

Instead, however, of there being a difference between pre-alphabetic readers 

and adults with acquired dyslexia, it is possible that children whose alphabetic 

abilities would suggest that they may be in the partial alphabetic phase might actually 

behave like the participants with acquired dyslexia on this assessment. An empirical 

investigation of this question is undertaken in the next chapter. 
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Chapter 6: Alphabetic Performance of Beginning Readers 

The purpose of this chapter was to investigate whether a group of children with the 

alphabetic reading characteristics predicted by Ehri (1995,1999) might be identified 

within a sample of early readers and whether a group of children whose alphabetic 

abilities resemble those that have been predicted of the partial alphabetic phase, are 

similar to the adult participants with acquired dyslexia described in the previous 

chapter. 

6.1. Introduction 

Ehri's theory of reading development is richly descriptive, based on many 

years of isolated observations. The purpose of this chapter was toconduct a systematic 

analysis of a data set to discover if there was any evidence to support the existence of 

the early phases of reading development which are predicted by Ehri's theory 

(1995,1999). It also investigated the cognitive changes that may occur as a child 

progresses through the phases. These early phases are: the pre-alphabetic, partial 

alphabetic andfull alphabetic phases. The fourth phase, the consolidated phase, 

represents the final step to mature skilled reading and would therefore not be expected 

to occur in beginning readers. A further objective of this chapter was to test Ehri's 

assertion that the initial and final letters and sounds of a word were salient to a child in 

the partial alphabetic phase of reading development. Sensitivity to initial and final 

phonemes was explored as well as ability to map orthography and phonology at the 

beginning and end of a word. 

M3176650 



107 

6.1.1. Ehri's Partial Alphabetic Phase Revisited 

A progression in alphabetic (phonic) skills and knowledge is central to Ehri's 

theory of reading development (e. g. Ehri 1995,1999). Alphabetic ability involves 

matching together units of phonology and orthography. The crucial stage for the 

formation of these alphabetic connections between printed letters and their sounds 

within a word or nonword (which Ehri, 1999, calls 'grapho-phoneme' links) is the 

partial alphabetic phase. This phase is the second of Ehri 's proposed phases of 

reading development (see Chapter 2) and marks the dawning of the alphabetic 

principle in a child's reading development. Prior to this, during the pre- alphabetic 

phase, Ehri (1995,1999) considered that children are limited to making connections 

between words and prominent visual features such as logos (Masonheimer et al. 1984). 

During the partial alphabetic phase, children form links between letters and 

sounds such that they are able to surmise the identity of a word by recognizing only 

some of its constituent letters and linking them to pronunciations of the words they 

know containing those sounds. Partial alphabetic readers are thought by Ehri (1995,, 

1999) to be most influenced in their identification of a word by the initial and final 

letters. Thus, the printed word 'bat' is likely to be identified by the W at the start and 

or the 't" at the end. Once children are able to distinguish almost all the letters and 

sounds of words, they may be said to have progressed to thefull alphabetic phase 

when the reading of familiar whole words is as rapid as single digit identification 

(Ehri & Wilce, 1983). 
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6.1-2. Comparisons between Partial Alphabetic Traits and Acquired 

Dyslexia 

There are other characteristics of the partial alphabetic phase which were 

identified by Ehri (1999). Among them is that children in the partial alphabetic phase 

sometimes read words backwards (e. g. read 'saw' as 'was') and may reverse letters, 

thus V is often read or written as V, and vice versa. There are also other common 

letter confusions during this phase such as 'm' / W, 'F and 'i', and the rotation errors 

between 'p'/'b'/'d'. 

Ehri (1999) thought that partial alphabetic readers have insufficient alphabetic 

knowledge to successfully decode unfamiliar words, of which pronounceable 

nonsense words (nonwords) are an example. Ehri (1999) also considers that reading 

unfamiliar words via analogies with other words is not a strategy easily accessible to 

them owing to their lack of alphabetic understanding. Thus, children in the partial 

alphabetic phase may be expected to read very few nonwords compared to those in 

the full alphabetic phase, in which an almost full set of links between graphernes and 

phonemes is at the child's disposal. 

Assessments of the four participants with acquired phonological dyslexia in 

the previous chapter found that they could match some, but not all, letters with their 

phonemes. Berndt, Haendiges, Mitchum, and Wayland (1996) studied eleven adults 

with acquired phonological dyslexia and found that they exhibited impairments in 

several aspects of alphabetic reading, including difficulties in letter-sound 

correspondence, which is similar to the impairments demonstrated by the four 

participants in the last chapter. Berndt et al. (1996) concluded that there was damage 

to the mechanisms that enable the sub-units of printed words to map onto the sound 

sub-units of words. This could be thought of as the opposite process to the one 
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occurring during early reading development, when children are trying to establish 

these connections between graphemes and phonemes. In effect, the person with 

acquired dyslexia and the developing child may be said to be experiencing a similar 

state of alphabetic connectivity. Ehri (1995,1999) describes a period of development 

during which readers demonstrate a partial mapping of orthography and phonology 

and terms it the 'partial alphabetic phase'. 

The loss of associations between letters and sounds in acquired dyslexia might 

be considered as a regression to an immature state of connectivity which is similar to 

that existing in children who are beginning readers. Impairment in letter-sound 

correspondence for vowels highlighted by Berndt et al. (1996) has a parallel with one 

of Ehri's observations of the partial alphabetic phase of reading development. Ehri 

(1999) considered that a problem with vowel sounds was evident in the writing of 

children in the partial alphabetic phase, whose spellings frequently omitted medial 

vowels. It might suggest that there could be a cognitive similarity that underlies the 

vowel deficit in these two groups. This question is empirically investigated in the next 

chapter and in Chapter 11, where it is suggested that there may be similar auditory 

temporal processing characteristics in these two groups. 

It was anticipated that clusters would emerge from the analysis in this study 

which may indicate qualitative shifts in alphabetic ability as Ehri (1995,1999) 

proposed occurs early in the process of literacy acquisition. It was expected that the 

clusters would differ in performance on the PALPA 16 and 17 tests, which should 

detect the nature of any qualitative shifts occurring, with respect to sensitivity to the 

onsets and ends of words. 
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6.2. Method 
6.2.1. Participants 

Sixty-five Year 1 children, aged between 5; 1 and 6; 1 (M = 5; 7, MDN = 5; 7, 

SD = 3.47), recruited from two Essex primary schools were tested at the end of the 

Autumn term. All 30 children from the Year 1 class at one school were tested. Thirty- 

five children from three classes at a nearby school were also tested. The latter group 

were self-selected as not everyone at the school had returned their permission slips, 

and they were the only ones to have done so. All 65 children were in their second year 

of formal reading instruction. 

Test Battery 

The British Ability Scales reading test (BAS; Elliott, Murray & Pearson, 1983) 

is a test of single word reading with a maximum score of 90. The participants read 

words from the sheet, arranged in ascending difficulty, beginning with words such as 

'the' and 'up' and ending with words such as 'aborigine' and 'criterion'. The test is 

stopped after 10 consecutive errors or non-responses. The number correctly read is the 

raw score, which is converted to an 'ability' score (which can be converted to a 

corresponding reading age). The BAS test was used as an assessment of reading 

ability. 

The Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason, 

1997) is a test of nonword reading (see Chapter 4). It was chosen as an assessment of 

alphabetic ability. Raw scores were used on the PhAB nonword test because most of 

the children were below the age of six, which is minimum age in the test's table of 

standardized scores. 

The Psychological Assessment of Language Processing in Aphasia (PALPA; 

Kay, Lesser & Coltheart, 1992) was the source of the two tasks which assessed the 

children's abilities to match phonology with orthography. PALPA 16 tested this ability 
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for the beginnings of words and nonwords. PALPA 17 was the same task but 

concerned the final sound in a word or nonword. These tasks are described in detail in 

Chapter 4 and were the sairne as the versions used with the adults with acquired 

dyslexia in the previous chapter. 

PALPA 16 and PALPA 17 were used to test Ehri's (1995,1999) assertion 

that partial alphabetic phase readers are sensitive to the initial and final letters and 

sounds in words. It was intended to use PALPA 16 and 17 to establish whether the 

matching of phonology to orthography at the start and end of words was the same for 

children, regardless of which cluster they belonged to. 

Wechsler Digit Span sub-test (WISC-R; Wechsler, 1974) was used as a test of 

phonological short-term memory. Its maximum score is 28, comprising a maximum 

forward digit span score of 14 and a maximum backward digit span score of 14. 

Forward digit span entailed the child repeating back to the researcher a sequence of 

digits in the correct order, starting with three digits, up to a maximum of seven digits. 

Two trials were given for each number of digits, and one point was awarded for every 

correct sequence repeated by the child. The backward digit span test required the 

participant to repeat digits back in the reverse order to that in which they were heard. 

The number of digits began with a sequence of two and went up to a maximum of 

seven digits. Two trials were given each time and the scoring was the same as for the 

forward span test. One practice involving a two-digit sequence was administered 

before each of the forward and backward digit span tests. The task score was the sum 

of the forward and backward trial scores. 

Procedure 

The parents of the children were contacted in writing and gave their informed 

consent. Children were tested individually in a quiet part of the school. The battery of 
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tests used in the study was administered in two sessions separated by a few days. One 

session included PALPA 16, the first sound task, the other session incorporated the 

final sound versions of the test, PALPA 17. The order of these sessions was 

randomised. Before each session, the researcher made sure that the child understood 

'first' and last' in the context of sounds by asking them, "What is the first sound in 

cat? " and "What is the last sound in "cat? " The child had the answer repeated back to 

them, or was told the correct answer and the procedure was repeated for the word 

"dog". All the Year 1 children were judged to know the difference between the initial 

and final sounds of these words, an opinion which was verified by their teachers. 

6.3. Results 

Ehri's theory predicts that in this age group, three groups of children, 

increasing alphabetic skills, would be found from the cluster analysis. Given Ehri's 

(1995,1999) assertions that increasing alphabetic ability underpins much of early 

reading development, the variables on which the cluster analysis was based were 

chosen to reflect this, and to detect any transitions that may occur in beginning 

readers' alphabetic abilities. Consequently, BAS reading ability scores were used as 

the first of the two variables which formed the basis of the cluster analysis. The 

second cluster variable was the PhAB nonword reading raw score (raw because many 

of the children were below the minimum age of six years required for the conversion 

of raw score to abilities). 

The dendrograrn from the cluster analysis using BAS reading ability scores and 

PhAB nonword reading raw scores indicated the presence of three clusters within the 

sample of 65 beginning readers. As can be seen in Table 6.1, there were two children 

whose scores were low on both measures, and may be labelled as being in 'the poorest 

readers'; 46 who scored highly on the tests, who might be thought of as 'the best 
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readers', and 17 whose alphabetic skills lay intermediate to the other groups and will 

be called 'the intermediate readers'. 

Table 6.1: Baseline Results for the Three Alphabetic Clusters 

M MDN SD Nu I? 
&e 
Poorest readers 5; 9 5; 9 5m 2 
Intermediate readers 5; 9 5; 10 3m 17 268.0 0.056 
Best readers 5; 7 5; 6 3m 46 
BAS reading abilities 
Poorest readers 0.00 0.00 0.00 2 
Intermediate readers 43.1 43.0 16.3 17 118.5 <0.001 
Best readers 66.8 64.0 15.7 46 
Nonword reading score 
Poorest readers 2.0 2.0 0.00 2 
Intermediate readers 1.1 1.0 1.1 17 <0.001 <0.001 
Best readers 6.1 6.0 1.7 46 

Although two a priori comparisons had been intended, because there were 

only two children in the group labelled as 'the poorest readers', it was decided 

toexclude them from the statistical analysis. Thus, all the results in this chapter 

concern a single a priori comparison between 'the intermediate readers' and 'the best 

readers'. 

Non-parametric statistics were used to analyse the data because many of the 

variables were not normally distributed and were resistant to transformation. 

The 'best readers' BAS reading ability scores were significantly higher than 

those of the 'intermediate readers' cluster, U= 118.5, p<0.00 1, n1= 17, n2=46, as were 

their PhAB nonword reading raw scores, U =0.00, p<0.001, ni =17, n2=46. 

There was no significant difference between the chronological ages of the 

'best' and the 'intermediate' readers: U= 266, p<0.052, nI= 17, n2=46. 
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Table 6.2: PALPA and Short Term Memory Scores 

MDN SD Nu p 

PALPA 16 

Poorest readers 29.0 29.0 17.0 2 

Intermediate readers 34.5 37.0 10.7 17 266.0 0.052 

Best readers 39.3 40.0 4.8 46 

PALPA 17 

Poorest readers 5.5 5.5 7.8 2 

Intermediate readers 22.5 24.0 13.6 17 119.0 <0.001 

Best readers 38.3 40.0 6.3 46 

WISC STM 

Poorest readers 5.5 5.5 3.5 2 

Intennediate readers 5.4 4.0 2.8 17 175.5 <0.001 

Best readers 8.2 8.0 2.9 45 

The changing sensitivities of children as they learn to read, to the alphabetic 

properties of the beginning and end of a word were assessed by the PALPA 16 and 17 

tasks, respectively. 

As can be seen in Table 6.2, there were no significant differences between the 

two groups on all but one of these tests, PALPA 17, in which the children in the 'best 
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readers' cluster were significantly more accurate than children in the 'intermediate 

readers' cluster, U= 119, nI= 17, n2= 46. 

It was noted that several of the children who were later labelled as being in the 

'intermediate readers' cluster, attempted to sound out all the elements of the word as 

they did the task. They also spontaneously made comments when they failed to choose 

the correct last letter of a word that had been spoken to them, for example: "I know 

you want the last sound but I can't get to it". 

6.3.1. Within Group Analysis of PALPA Tests 

Related measures tests showed that the 'intermediate readers' were 

significantly less accurate at PALPA 17 than at PALPA 16, Z= -2.843, p= 0.004, n= 

17, but the children in the 'best readers' cluster showed no significant difference in the 

PALPA tasks, scoring highly on both of them, Z=- 1.150, p= 0.250, n= 46. 

6.3.2. Short Term Memory 

There was a significant difference between the 'intermediate' and 'best' 

groups in their performance on phonological short term memory. The 'best readers' 

scored significantly higher in the WISC digit span test than the 'intermediate readers', 

U= 175.5, p= 0.00 1, nI= 17, n2=45. Since there was no significant difference between 

the chronological ages of the two groups of children, it would seem that a 

development in memory skills between these clusters of alphabetic ability may take 

place. 

6.4. Discussion 

In summary, the data from this study supported the existence of three groups 

of beginning readers who progressed in alphabetic ability. Such shifts in alphabetic 

ability were anticipated in the light of Ehri's (1995) theory. As to whether these 

clusters actually correspond to Ehri's conception of the pre-alphabetic, partial 
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alphabetic andfull alphabetic phases is a matter of debate. It would seem 

inappropriate to claim that the clusters produced in this study are instantiations of 

these phases, especially owing to the limitiations of the measures on which they were 

based. Furthermore, the tasks employed to compare the clusters were concerned only 

with alphabetic analogues of the beginning and end of words and nonwords. Ehri 

(1995,1999) makes some important observations about medial letters and sounds, 

which were not tested in this study. Therefore, the addition of some measures of 

sensitivity to medial stimuli, such as medial phonemes, would enhance the argument 

that the clusters may be analogous to the alphabetic phases proposed by Ehri (1995). 

However, as it is, the suggestion of such parallels must be very tentative. 

The results supplied by this study suggest that sensitivity to the alphabetic 

properties of the beginning of a word (and nonword) develops at an earlier period in 

the growth of alphabetic ability than such sensitivity to the last part of a word. This 

was demonstrated by the phoneme-grapheme awareness tests of PALPA 16, which 

assessed this ability for the start of a word / nonword, and PALPA 17, which tested 

this awareness for the end of a word / nonword. 

A shift in phonological short term memory (STM) was also apparent between 

the two clusters that were analysed. Passenger, Stuart and Terrell (2000) observed a 

qualitative transition in the phonological memory skills of a group of children during 

theirfirst year at school. The children in the present study were in their second year of 

formal education and were apparently also showing a shift in phonological memory 

ability. 

The present study was not designed to investigate whether a causative 

relationship might exist (or its direction) between phonological STM and alphabetic 

awareness of the last element of a word. Furthermore, theories of early reading 
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development, such as Ehri's (1995), have not explicitly incorporated ideas about how 

the growth of memory skills relate to phonological development. However, it is 

possible that a better memory for speech sounds might assist the segregation of 

phonemes from a word, which would be involved in carrying out the PALPA 17. This 

would be consistent with the phonological representations hypothesis (e. g. Snowling, 

1998), which is mainly concerned with explaining developmental dyslexia and which 

recognises that properly specified phonological representations in memory are 

necessary for competent reading. However, it is not obvious as to why it should be the 

last element, and not the first element, of the word that is affected. Memory for initial 

and final word sounds could be undertaken as part of future research on alphabetic 

clusters in early reading. 

The pattern of results in this study, in terms of sensitivities to the alphabetic 

properties of the start and the end of words, is reminiscent of that found in the last 

chapter in four participants with acquired phonological dyslexia. The shared 

difficulties between children in the partial alphabetic phase and adults with acquired 

phonological dyslexia in nonword and unfamiliar word reading, and in letter-to-sound 

correspondences, which were described in the last chapter, and the impairment in final 

sound-letter matching identified in the present chapter, would seem to support the idea 

that a regression back to an immature cognitive state occurs in acquired dyslexia. Such 

an idea has been expressed in the acquired dyslexia literature in a variety of ways. 

Holmes (1973) remarked at how similar the symptoms of the acquired dyslexia she 

observed were to delayed reading in children. She made an appeal to the notion of a 

regression in acquired dyslexia, whereby sufferers of the condition lost a component 

of their reading apparatus that had been formed during reading development in 

childhood. 
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Up until now, the main, indeed possibly the only, theoretical support for Ehri's 

idea of increasing connectivity occurring during reading development has come from 

the connectionist modelling literature, such as Plaut et al. (1996). This cluster analysis 

of alphabetic ability in early readers has therefore provided valuable support for Ehri's 

(1995,1999) notion of shifts in alphabetic ability during the initial period of reading 

development. The results are consistent with the concept of shifts in alphabetic ability, 

and suggest some support for the number of such shifts which Ehri (1995,1999) 

predicts within this age range. However, caution must be exercised in suggesting that 

these results are a validation of her whole theory. For example, the criteria she applies 

for belonging to any particular phase, as well of the idea of overlapping phases rather 

than the sequential stages advocated by Frith (1986), cannot be judged by the data 

produced by this study. 

The next chapter takes a more detailed look at the cognitive changes that occur 

during early reading development by examining temporal processing in a group of 

early readers. 

M3176650 



119 

Chapter 7: 

Sensitivity to Onsets and Offsets of Stimuli in Beginning Readers. 

The subject of this thesis is a comparison between early reading development, 

acquired dyslexia and developmental dyslexia. The need to seek the developmental 

origins of developmental dyslexia has often been spoken of (e. g. Frith 1985). Ehri 

(1997,1999) mooted that the point in early reading development when the child was 

struggling to master alphabetic principles (she called it the partial alphabetic phase) 

was the crucial time at which typical reading development was likely to depart from a 

progression towards reading disability. Thus, the partial alphabetic phase falls under 

scrutiny in this thesis, as a candidate connecting developmental dyslexia with early 

reading. 

As a result of the implication that the partial alphabetic phase may be 

involved in some way in developmental dyslexia, some markers were selected which 

it was thought might shed some light on whether certain characteristics that are said to 

be present in the partial alphabetic phase may persist into later reading in children 

with dyslexia. Since Ehri (1999) suggested that partial alphabetic children were 

particularly aware of the start and end of a word (presumably a short word such as a 

CVQ, that the onsets and offsets of alphabetic, phonological, orthographic and non- 

linguistic visual and auditory stimuli, would act as such markers. The awareness of 

early readers and later, children with developmental dyslexia, was therefore examined 

by assessing their sensitivities to such markers. 

Chapters 5 and 6 investigated onset and offset awareness in alphabetic tasks 

(PALPA 16 and 17) in early readers and adults with acquired dyslexia, and a similar 

pattern was observed between these two groups. A wider examination of the temporal 
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processing of onsets and offsets is conducted in this chapter, with the focus this time 

upon early readers. 

7.1. Introduction 

The purpose of this study was to explore sensitivities to onsets and offsets of 

different levels of stimuli: sensory, alphabetic, orthographic and phonological, in an 

unselected group of 103 early readers, aged between four years and six years of age, 

using cluster analysis. In visual and auditory experiments, the salience of visual and 

auditory onsets and offsets has been acknowledged and neural correlates to them have 

been identified (e. g. Macknik & Livingstone 1998, and Moore 2003b). Due to their 

salience, visual and auditory onsets and offsets have also been employed in many 

synchronicity studies (e. g. Bhattacharya, Shams & Shimojo, 2002; Shams, Kamitani 

& Shimojo, 2000). 

Experiments to assess synchronicity in reading at the sensory, phonological 

and orthographic levels have been performed by Breznitz (2002), who studied nine 

and ten-year-old boys with dyslexia and their chronological age matched controls. 

Breznitz (2002) discovered a marked asynchrony in the visual and auditory modalities 

of the dyslexia group, as assessed by behavioural reaction times and response 

accuracies, as well as by electrophysiological (ERP) measures. Such a finding may 

have implications for the investigation of the early phases of reading development. 

That is, the growth of alphabetic skill involves the bringing together of the visual 

characteristics of words (orthography) with their sounds (phonology). Following 

Breznitz's logic, it may be as a result of a lack of auditory-visual synchrony, that there 

is a failure to achieve accurate and automatic orthographic-phonological associations 

in early reading, and it may have repercussions for later reading success. 
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It must be emphasised that the present study does not directly test subjective 

simultaneity of responses to auditory and visual stimuli, such as those studies 

reviewed in King (2005). Instead, it continues the type of reaction time analysis of 

individual modalities that is part of the paradigm of Mental Chronometry (e. g. 

Bashore & Ridderinkhof, 2002), discussed in Chapter 4, and that contributed to the 

Breznitz (2002) study. Even within the ERP aspect of Breznitz's (2002) methodology, 

the claim for the existence of a 'temporal gap' (which she said was a wider time 

difference between responses to visual and auditory responses in children with 

dyslexia than in typical readers) was based on independent measurements of responses 

within each modality. Although the present study does not use ERP, it does extend 

Breznitz's (2002) research by examining reaction times to stimuli within each of the 

auditory and visual modalities in early readers. It therefore sets out to investigate 

whether there may be a developmental background to her claim that the degree of 

synchrony between response times within the visual and auditory modalities has a 

relationship to reading ability; albeit with the recognition that behavioural reaction 

times reflect both stimulus and response times, as opposed to the measurement of 

certain ERP components, such as P200 and P300, that are believed to be related purely 

to the stimulus (Bashore & Ridderinkhof, 2002; Breznitz, 2002). 

A crude quantitative assessment of whether responses to auditory and visual 

stimuli become increasingly co-ordinated during early reading development was 

explored by looking for evidence of correlation between the children's responses to 

visual and auditory stimuli in each cluster of alphabetic ability within this study. 

There is now considerable neurological evidence in support of the idea that 

effective synchronization of auditory and visual information plays a role in reading 

development. Several electrophysiological studies, such as Wright, Pelphrey, Allison, 
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McKeown and McCarthy (2003); Turkeltaub, Gareau, Flowers, Zeffiro and Eden 

(2003); Raij, Uutela, & Hari (2000), have identified the Superior Temporal Sulcus 

(STS) as an area of the brain that is crucial for audio-visual synchronicity in verbal 

tasks. Raij et al. (2000) discovered that the left STS is activated when visual letters 

and their sounds are matched. This physical site may be implicated in grapheme- 

phoneme conversion. Consistent with such an argument, the left STS should be one of 

the brain areas that would show an increase in connectivity as more associations 

between graphernes and phonemes were made in early reading development. These 

links are likely to be dependent upon the rules which govern the establishment of 

cross-modal integration. 

Calvert's (2001) review of functional neuroirnaging studies highlighted the 

importance of the initial convergence of auditory and visual signals prior to cross- 

modal integration taking place within the multi-modal cortex. Such convergence, 

Calvert (2001) claims, is essential for the binding of the auditory and visual stimuli to 

occur across the two modalities. ) and binding is not merely determined by spatial 

convergence but by temporal synchronicity. Thus, investigations such as those which 

take place in this present study, may be a step towards discovering whether visual and 

auditory timing do indeed converge during the phases of reading development when 

grapheme-phoneme correspondences become automatic. 

Inter-correlations between sensory reaction times were used in this study as an 

indirect measure of the integration between the visual and auditory modalities. It is 

acknowledged that correlations cannot be interpreted as indicating causal 

relationships. They were used in this study to offer a descriptive account of the 

intermodal relationships at various points in alphabetic ability in early reading. They 

were anticipated to reveal a more isochronous relationship between the visual and 
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auditory systems in the later alphabetic period than at an earlier point in alphabetic 

development: as operationalised in this study as the cluster whose members 

demonstrated the more advanced alphabetic ability compared to the cluster of children 

with less developed alphabetic skills. This prediction is predicated upon an 

assumption that audio-visual integration and alphabetic ability are associated, such as 

is advanced by Breznitz (2002). 

Another contention put forward by Breznitz (2002) which would seem 

pertinent to early reading is that speed of processing is an underlying factor in reading 

success. Within the study of dyslexia, speed of processing has been recognised as a 

contributory factor in dyslexia (Bowers & Wolf, 1993; Breznitz, 2002; Wolf, 

O'Rourke, Gidney, Lovett, Cirino, & Morris, 2002). Behavioural reaction times have 

long been used to investigate speed of processing across all age groups (for a review, 

see Bashore & Ridderinkhof, 2002). Hence, this study also investigates speed of 

processing within early readers with a view to finding out whether speed of processing 

increases with alphabetic ability, and includes an examination of offset, as well as 

onset, reaction times in the visual and auditory modalities. The relationship of these 

various sensitivities to the acquisition of literacy is explored. 

Of specific interest to the present study, Bowers and Newby-Clark (2002) offer 

a connection between Ehri's (1995,1997,1999) theory of reading development and 

how speed of processing may be considered as important to early literacy acquisition. 

Bowers and Newby-Clark (2002) may provide a possible link between Ehri's (1995, 

1999) description of the partial alphabetic phase and changes in speed of processing 

in the early reader. They thought that beginner readers who had a slow visual SOP 

would be unable to recognise letters sufficiently quickly enough for them to read at an 

ordinary pace. In attempting to read at a reasonable rate, they would identify only 
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some, not all of the letters in the word, which is something that Ehri (1995,1999) 

claims happens in the partial alphabetic phase. Progressioin to thefull alphabetic 

phase, suggests Ehri (1997,1999), involves recognition of all the letters in the word 

and their mapping to phonology. The present study investigates a group of children 

whose written language performance is expected to be sim ilar to those characteristics 

described by Ehri (1995,1999) as being typical of children in either the pre- 

alphabetic, partial alphabetic orfull alphabetic phases of early reading development. 

The present study was of 103 children ranging from four-year-olds who had 

just started school, up to six-year-olds who had experienced 16 months of formal 

education. It was conducted to ascertain whether individual differences in alphabetic 

abilities would show up as clusters, as they did in the smaller study of early readers in 

the last chapter, in which qualitative shifts in alphabetic ability during early reading 

development were indicated. The present study also had the objective of investigating 

whether the number of alphabetic clusters produced by the cluster analysis in the 

previous chapter would be replicated in another group of children. 

Differences in aspects of underlying cognitive functioning across the 

developmental phases were also investigated. Specifically, temporal sensitivity in the 

visual and auditory modalities and the relationship between the two were of interest 

since the aforegoing literature review would suggest the possibility that co-ordination 

of these senses may be a prerequisite for competent alphabetic reading. To assess 

these sensitivities, tasks which measured the speed and accuracy of the children's 

ability to detect the onsets and offsets of lights and tones were used. Theories of 

reading development such as Ehri (1995,1999) do not overtly make predictions about 

the outcome of any such sensory assessments with regard to the level of alphabetic 

ability in an early reader. Hence this study is an initial exploration of such profiles. 
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7.2. Method 
7.2.1. Participants 

Letters were sent to the parents of all the children who participated and their 

informed consent was obtained for their children to take part in the study. One- 

hundred-and-three beginning readers participated from three UK primary (elementary) 

schools. The ages ranged from 4; 3 to 6; 3, (M = 5; 4, SD = 5.5 months). Twenty-five 

children came from a Year One class, where the children had completed a full year of 

formal reading instruction, and the remaining children were recruited from seven 

Reception classes, ranging from children who had just begun school and were 

attending either mornings or afternoons only, to those who were at the end of their 

Reception year. 'Reception' is the first year of statutory formal education in the 

United Kingdom and refers to the academic year in which the children become five- 

years old. According to when their birthdays occur, children may spend one, two or 

three terms in Reception before entering Year 1 in the following Autumn. Selection of 

the participants for the study was made by the class teachers who were asked to 

provide readers in equal numbers from those whom they considered as being above- 

average, average and below-average in general reading ability. 

7.2.2. Baseline Measures 

The British Ability Scales II (BAS 111) word reading test (Elliott, 1996) and 

BAS II spelling test (Elliott, 1996) were administered in line with the standardised 

procedures, and were included as baseline measures of single word reading and 

spelling ability. Normative BAS II reading and spelling scores were not reported 

because many of the participants in this study were below the minimum age for 

conversion to normative scores. A test of nonword reading was taken from the 

Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason, 1997). Raw 

scores are reported here because standardised data were only available for children 
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aged six years and older. The Wechsler Intelligence Scale for Children III vocabulan, 

sub-test (Wechsler, 1992) is a measure of productive vocabulary. Raw scores were 

used in the statistical analysis. 

7.2.3. Computerised Assessments of Temporal processing 

The following computerized tests detailed in the methodology chapter 

were employed in this study: 

Phoneme-grapheme awareness tasks: (i) Initial phoneme sub-test, (ii) Final 

phoneme sub-test, to assess accuracy and latency of phoneme-grapheme 

mapping at the start and the end of a monosyllabic word / nonword; 

First and Last Word and First and Last Letters tests, which assessed 

identification of the first or last sound or letter, respectively in a contiguous 

CVC stimulus; 

Visual and auditory Temporal Order Judgement Tasks ( TOJs), which tested 

the accuracy and latency of identifying the first or last light or tone, 

respectively, in a series of three contiguous stimuli; 

Light and Tone Onset and Offset tasks: (i) Auditory Beginning, to assess 

reaction time (RT) and accuracy to the start of a simple tone, (ii) Visual 

Beginning, which assessed accuracy and RT to the onset of a white light, (iii) 

Auditory End, to assess RT and accuracy to the end of a simple tone, (iv) 

Visual End, which assessed accuracy and RT to the offset of a white light. The 

onset and offset stimuli were of durations of 500ms, 750ms, 10OOms, 1250ms 

and 1500ms, and the interstimulus intervals (ISIs) were of the same durations. 
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7.3. Results 

Measures of alphabetic and reading ability were chosen as the cluster variables 

because Ehri's (e. g. 1999) theory of normal reading development is essentially one of 

increasing alphabetic skill and knowledge. The cluster analysis was therefore 

conducted based on the following variables: BAS II reading, BAS II spelling, and 

PhAB nonword reading. The first cluster analysis showed one child who did not group 

with any other children. As he was more than three standard deviations above the 

mean for nonword reading, he was removed from the data set and the analysis was re- 

run. 

The dendrogram produced by the re-run cluster analysis suggested three 

groups. The cluster which contained the readers with the lowest scores on the BAS II 

reading and spelling and PhAB nonword reading tests was tentatively labelled as 

6 

poorest readers'. There were 45 in this cluster. The group containing the children 

whose scores on the cluster variables were intermediate to the other two groups was 

called the 'intermediate readers' and included 52 children. The 'best readers' group, 

which consisted of those who had the highest scores on the three variables, contained 

only four children. 

Table 7.1 shows the mean age (and standard deviation) of children in the three 

clusters identified together with their scores on all the baseline measures used in this 

study. This table shows that these scores for children identified as 'poorest readers' 

were lower than those identified as 'intermediate readers' and that their scores in turn 

were lower than those of children identified as 'best readers'. 

As there were only four children in the 'best readers' cluster, it was decided to 

exclude them from any further statistical analyses. Although it had been planned to 

conduct two a priori comparisons, only a single a priori comparison was therefore 
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possible: that between the 'poorest readers' and 'intermediate readers' clusters. 

Consequently, the results below concern only these two groups. 

The nonparametric Mann- Whitney U test was chosen to analyse the differences 

between the two groups as several variables in the study were found by the One- 

Sample Kolmogorov-Smirnov test not to be normally distributed, and many of them 

tended towards bimodal distributions, which did not lend themselves to 

transformation. 

As can be seen from Table 7.1, the cluster labelled the 'poorest readers' group 

was younger than the cluster termed the 'intermediate readers' group, 5; 0 as opposed 

to 5; 6, and they had significantly lower productive vocabulary scores in the WISC 

test. 

Word reading was measured by performance on BAS II reading, in which the 

'intermediate readers' group's standardized scores were significantly higher than that 

of the 'poorest readers'. The BAS 11 spelling standardized scores for the 'intermediate 

readers' group were also higher than those of the 'poorest readers' group, and their 

PhAB nonword reading raw scores were significantly higher. 

Alphabetic skill was assessed by phoneme-grapheme awareness tasks: Initial 

Phoneme and Final Phoneme (see Table 7.2). Initial Phoneme identified a faster and 

more accurate performance on thefirst element of word and nonword stimuli by the 

partial alphabetic group than the pre-alphabetic group. 

Final Phoneme scores showed significantly greater accuracy among the 

'intermediate readers' cluster than in the 'poorest readers' cluster, but there was no 

difference in their speed of response. 
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Table 7.1: Baseline Results for the Clusters of Alphabetic Ability. 

m MDN SD N 

Age 
Poorest readers 5; 0 5; 0 5m 45 
Intermediate 5; 6 5; 6 4m 52 439.0 <0.001 
Best readers 5; 11 6; 0 4m 4 

BAS II Reading raw score 
Poorest readers 212.9 45 
Intennediate 14.9 13 7.7 52 62.5 <0.001 

Best readers 45 47.5 9.1 4 

BAS II Spelling raw score 
Poorest readers 0.7 0.0 1.2 45 
Intermediate 10.5 9.5 5.4 52 8 <0.001 
Best readers 23.3 23.0 3.8 4 

BAS II Reading abilities 
Poorest readers 21.0 16.0 14.2 45 
Intennediate 63.3 62.0 13.7 52 63.5 <0.001 
Best readers 106.3 109.0 11.6 4 

BAS II Spelling abilities 
Poorest readers 14.4 10.0 7.7 45 
Intermediate 51.2 50.0 11.6 52 8.0 <0.001 
Best readers 75.8 75.5 5.9 4 

BAS II Reading age 
Poorest readers 5; 1 5; 0 0; 2 45 
Intennediate 6; 0 5; 10 0; 7 52 
Best readers 8; 0 8; 3 0; 74 

BAS H Spelling age 
Poorest readers 5; 0 5; 0 0; 9 45 
Intermediate 6; 4 6; 4 0; 9 52 
Best readers 7; 9 7; 9 0; 54 

Nonword reading raw score 
Poorest readers 0.3 0.0 0.7 45 
Intermediate 4.8 5.0 2.0 52 93.5 <0.001 
Best readers 11.8 12.0 0.5 4 

WISC vocabulary raw score 
Poorest readers 8.8 9.5 4.2 22 
Intennediate 13.0 13.0 4.6 50 173.0 0.007 

Best readers 18.0 19.0 3.8 4 
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Table 7.2: Results for the Initial Phoneme and Final Phoneme (Phoneme-Grapheme 

Awareness) Tasks for the Clusters Representing the Initial Three Alphabetic Phases 

Initial Phoneme score 
M MDN SD Nu 

Poorest readers 12.6 13.0 4.8 22 
Intermediate 18.1 19.0 4.2 45 167.0 <0.00 I 
Best readers 19.8 21.5 4.6 4 
Final Phoneme score 
Poorest readers 3.6 3.5 2.9 22 
Intermediate 13.4 15.0 6.7 45 130.0 <0.001 
Best readers 20.0 20.5 3.2 4 
Initial Phoneme RTs, all correct responses (mean time in milliseconds) 
Poorest readers 3985 a 3994 a 547 a 22 
Intermediate 3763 a 3749a 459a 44 346.0 0.061 
Best readers 3752 a 3824 a 32 ja 4 
Final Phoneme RTs, all correct responses 

-(mean 
time in milliseconds) 

Poorest readers 4146 a 4386 a 1046a 19 
Intermediate 4408 a 4250a 521a 43 377.0 0.631 
Best readers 4108 a 4064 a 31 la 4 

Initial Phoneme score of 
correct words 
Poorest readers 6.8 7.5 3.2 22 
Intermediate 9.4 10.0 2.3 45 230.0 <0.001 
Best readers 10.0 9.5 2.2 4 
RTs for correct: Initial Phoneme words (mean time in milliseconds) 
Poorest readers 4216 a 4315 a 567 a 22 
Intermediate 3782 a 3764 a 537 a 44 276.0 0.005 
Best readers 3585 a 3643 a 33 ja 4 
Final Phoneme score of 
correct words 
Poorest readers 2.1 1.5 1.7 22 
Intermediate 7.0 8.0 3.9 45 166.5 <0.001 
Best readers 11.0 11.0 1.6 4 
RTs for correct Final Phoneme, words (mean time in milliseconds) 
Poorest readers 4 Iola 4148 a 1118 a 18 
Intermediate 4358 a 4339a 555 a 40 324.0 0.545 
Best readers 4008 a 3986 a 458 a4 

Initial Phoneme nonwords score 
Poorest readers 5.8 6.0 2.1 
Intermediate 8.6 9.0 2.4 155.5 <0.001 
Best readers 9.8 11.0 3.3 
Final Phoneme nonwords 
score 
Poorest readers 
Intermediate 
Best readers 

1.5 1.0 1.6 22 
6.4 7.0 3.1 45 101.0 <0.001 
9.0 8.5 2.2 4 
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The First and Last Letters and First and Last Sounds tasks were intended to be 

assessments of awareness of orthographic and phonological onsets and offsets in CVC 

words and nonwords. Both tests found that the 'poorest readers' were less accurate 

than the 'intermediate readers' in recognizing the last item (see Table 7.3). First and 

Last Sounds found 'poorest readers' to be significantly less accurate than 

'intermediate readers' in their identification of the last sound, U= 89, p= . 038, nj =9, 

n2 36. They were less accurate in recognizing the last sound in a word, U =83.5, p= 

. 026, nj = 9, n2 = 36. There was no significant difference between the groups in their 

accuracy in identifying the last sound of a nonword, U= 107.5, p= . 120, nj = 9, n2 

36. There was no significant difference between the groups on the beginnings of 

words and nonwords, U= 16 1.0, p= . 977, nj =9, n2 =36. 

First and Last Letters assessed the relative distinctiveness of first and last 

letters for the children in each of the two cluster groups. As the First and Last Sounds 

revealed for phonemes, this orthographic test showed that the 'intermediate readers' 

had no more propensity for correctly selecting the beginning element of the word or 

nonword than did the 'poorest readers', U= 103.0, p= .5 10, nI=7, n2 =35. The 

letters task, unlike its phonological equivalent test of First and Last Sounds, did not 

show a significant difference in accuracy for the end of a real word, U= 68.5, p= . 068, 

nj= 7, n2 = 35. However, the performance of the 'intermediate readers' group was 

significantly more accurate than that of the 'poorest readers' cluster with regard to the 

last letter of a nonword, U= 64.5, p= . 050, nj = 7, n2 = 35. The difference between 

4 

poorest readers' and 'intermediate readers' on the last letter of all words and 

nonwords failed to reach significance, U= 70.5, p= . 079, nj= 7, n2= 35. 
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Table 7.3: Results of the First and Last Sounds and First and Last Letters 
Tasks for the 3 Clusters of Alphabetic Ability. 

M MDN SD Nu 
I" & last sounds: score for all correct last sounds 
Poorest readers 9.3 9.0 6.8 9 

p 

Intermediate readers 15.7 17.0 8.7 36 89.0 0.038 
Best readers 25.2 25.0 3.8 4 
I"& last sounds: score for correct last sounds of words 
Poorest readers 4.3 4.0 2.8 9 
Intermediate readers 8.0 9.0 4.6 36 83.5 0.026 
Best readers 13.0 13.0 1.2 4 
P& last sounds: score for correct last sounds of nonwords 
Poorest readers 5.0 5.0 4.4 9 
Intermediate readers 7.7 8.5 4.3 36 107.5 0.123 
Best readers 12.3 12.0 2.6 4 
Ist& last sounds: score for all correct first sounds 
Poorest readers 24.9 30.0 7.5 9 
Intermediate readers 24.7 28.0 7.1 36 161.0 0.977 
Best readers 30 31 2.6 4 
P& last letters: score for all correct last letters 
Poorest readers 9.3 9.0 7.1 7 
Intermediate readers 16.7 18.0 9.2 35 70.5 0.079 
Best readers 24.5 24.0 3.3 4 
Ist& last letters: score for correct last letters of words 
Poorest readers 4.4 5.0 3.3 7 
Intermediate readers 8.0 8.0 4.6 35 68.5 0.068 
Best readers 10.5 11.0 3.4 4 
P& last letters: score for correct last lette rs of nonwords 
Poorest readers 4.9 
Intermediate readers 8.7 
Best readers 14 
I"& last letters: score for all 
Poorest readers 
Intennediate readers 
Best readers 

4.0 4.0 7 64.5 0.050 
9.0 4.9 35 
14.5 1.4 4 

correct first letters 
25.1 27 7.8 7 
22.7 23 8.0 35 103.0 0.510 

25.0 25.5 6.5 4 

The Visual and Auditory TOJ tasks were intended to test whether children in 

their early reading development progressed in their ability to order rapid temporal 

stimuli of the kind encountered in reading. It also assessed the relative distinctiveness 

of first and last letters for each of the cluster groups. The Visual TOJ, in keeping with 

the majority the tests reported above, detected a significant difference between the two 

groups in regard to their accuracy in identifying the last item in the stimulus. There 
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was no significant difference between the clusters in accuracy on either the first tones 

in the auditory TOJ task, U= 97, p =0.367, nl=9, n2=27, or first shapes in the visual 

TOJ, U= 130, p =0.986, nl=9, n2=29. 'Intermediate readers' were significantly more 

accurate in choosing the correct last shape than the 'poorest readers', U= 60.0, p= 

0.015, nl=9, n2=29. This comparison, between the number of correct final items, was 

not significant in the Auditory TOJ, U= 86.5, p=0.195, nI=9, n2= 27, (see Table 7.4 

for the relevant descriptive data). 

Table 7.4: Temporal Order Judgement Task Descriptive Data for the 3 Clusters 
of Early Alphabetic Development 

M MDN SD N 
Visual TOJ: first shqpe score 
Poorest readers 
Intermediate readers 
Best readers 
Auditoa TOJ. - first tone score 
Poorest readers 
Intermediate readers 
Best readers 
Visual TOJ. last shqpe score 
Poorest readers 
Intermediate readers 
Best readers 
Audito? y TOJ. last tone score 
Poorest readers 
Intermediate readers 
Best readers 

8.6 9.0 2.9 9 
8.5 9.0 3.2 29 
9.5 10.0 1.9 4 

7.8 8.0 2.1 9 
7.0 6.0 3.1 27 
4.8 3.5 3.6 4 

3.2 3 3.3 9 
6.9 7.0 3.9 29 
10.3 10.0 1.3 4 

4.4 4.0 1.4 9 
5.7 5.0 3.5 27 
6.5 7.0 1.9 4 

7.3.1. Related Measures Analyses of TOJ Tasks 

Related measures analyses demonstrated that the 'intermediate readers' spent 

significantly longer on correct responses to the Visual TOJ than the Auditory TOJ, Z=- 

2.402, p= .0 16, n=27. They were also significantly more accurate on the Visual TOJ 

than the Auditory TOJ, Z=-2.508, p=. 012, n= 27. This pattern was not found in the 

4 poorest readers' where no significant difference was found between the Visual TOJ 

and the Auditory TOJ in either accuracy, Z=-. 597, p= . 55 1, n=9, or latency, Z 

1.718, p= . 086, n=9. 
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7.3.2. Onset, Offset Detection Tasks 

The sensory tests: Auditory Beginning, Visual Beginning, Auditory End and 

Visual End, were designed to assess the children's responses to the onsets and offsets 

of visual and sound stimuli within a timeframe such as might be encountered during 

early reading when learning to integrate the phonology of a word with its orthography. 

They were also intended as sensory analogues to the beginnings and ends of 

orthographic and phonological stimuli. As such, they test Ehri 9s idea about the 

saliency of initial and final letters and sounds in words occurring at particular periods 

during early reading development. 

Table 7.5 shows that the performance of the 'intermediate readers' on the 

onset and offset detection tasks was significantly different from those of the 'poorest 

readers' cluster. 'Intermediate readers' were more accurate in their first responses to 

Auditory Beginning than were the 'poorest readers'. There were, however, no 

significant differences between these two clusters in their reaction times to Auditory 

Beginning. 

Visual Beginning reaction times, comparing 'poorest readers' and 

'intermediate readers' just failed to reach significance. However, reaction times to the 

shortest duration light stimulus of 500ms showed that 'intermediate readers' were 

significantly faster than 'poorest readers'. They were also found to be faster than the 

(poorest readers' cluster in reacting to the light which followed the longest 

interstimulus interval (ISI) of 1500ms. 

Children in the 'Intermediate readers' cluster were faster in their reactions to 

the end of a sound than their counterparts in the 'poorest readers' cluster. However, 

Visual End was the sensory test which most differentiated between the two clusters. 
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'Intermediate readers' were quicker and more accurate in their first responses to the 

offset of a light than the 'poorest readers'). 

Table 7.5: Results for the Visual and Auditory Onset and Offset Tasks for the 3 Clusters 

m MDN SD Nu 
Auditoty beginning overall RTs 
Poorest readers 667 a 623 a 202 a 41 
Intermediate readers 617 a 567 a 188 a 45 796.0 0.274 
Best readers 605 a 674 a 175 a3 

Auditog beginning: RTs count 
Poorest readers 22.2 23.0 2.4 41 
Intermediate readers 23.3 24.0 2.0 45 649.5 0.016 
Best readers 22.7 23.0 1.5 3 
Auditoa beginning: Count of first responses to 750ms stimuli 
Poorest readers 4.4 5.0 0.8 41 
Intermediate readers 4.8 5.0 0.5 45 675.0 0.009 
Best readers 4.3 4.0 0.6 3 
Visual beginning: overall RTs 
Poorest readers 612a 585a 124a 44 
Intermediate readers 564a 552a 126a 46 771.0 0.052 
Best readers 525a 528a I 00a 4 
Visual beginning: RTs to 500ms stimuli 
Poorest readers 60 la 594 a 138' 

Intermediate readers 521' 528 a1 12a 

Best readers 585' 588 a 169a 

Visual beginning: Count of responses after al500ms ISI 
Poorest readers 4.5 5.0 0.9 

Intermediate readers 4.8 5.0 0.4 

Best readers 5.0 5.0 0.0 

Visual beginning: Count of responses to 750ms stimuli 

Poorest readers 4.3 
Intermediate readers 4.7 
Best readers 4.7 
Auditog End: Overall RTs 
Poorest readers 799a 
Intermediate readers 672a 
Best readers 636 a 
Auditoa End: RTs 750ms stimuli 
Poorest readers 800' 
Intermediate readers 603 a 
Best readers 578 a 
Visual End: overall RTs 
Poorest readers 784 a 
Intermediate readers 648 a 
Best readers 695 a 
Visual End: RTs 500ms stimuli 
Poorest readers 776 a 
Intermediate readers 629a 
Best readers 874 a 

44 
46 699.5 0.012 
4 

44 
46 803.5 0.029 
4 

5.0 0.9 44 
5.0 0.6 46 787.5 0.035 
5.0 0.5 4 

772a 242a 43 
619' 193a 47 673.0 0.006 
643a 204a 4 

75 ja 326 a 43 
536 a 267 a 47 610.0 0.001 
478 a 270a 4 

768 a 203 a 44 
600a 215 a 48 638.0 0.001 
642 a 195 a4 

713 a 27 ja 44 
592 a 246 a 48 698.5 0.005 
812 a 212 a4 
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M MDN 
Visual End: RTs 750ms stimuli 
Poorest readers 800a 700a 
Intermediate readers 657 a 612a 
Best readers 786 a 736 a 
Visual End: RTs 1250ms, stimuli 
Poorest readers 822a 762 a 
Intermediate readers 620a 542a 
Best readers 546 a 507 a 
Visual End: RTs 1500ms stimuli 
Poorest readers 83 la 779a 
Intermediate readers 648 a 553 a 
Best readers 635 a 604a 
Visual End: overall count of Responses 

Poorest readers 18.7 19.0 
Intermediate readers 20.3 20.5 
Best readers 21.3 21.0 
Visual En& count of responses 1250ms, stimuli 
Poorest readers 3.5 4.0 
Intermediate readers 4.0 4.0 
Best readers 4.3 4.0 
Note: a= mean time in milliseconds. 

SD Nup 

32 ja 44 
314 a 48 743.0 0.014 
363a 4 

338 a 44 
315 a 48 631.5 0.001 
147 a4 

326 a 44 
316 a 48 689.5 0.004 
235 a4 

2.9 44 
3.2 48 745.5 0.015 
2.6 4 

0.9 44 
0.9 48 757.5 0.014 
0.5 4 

Related Measures 

Related measures analyses on the sensory test data showed that the children in 

the 'intermediate readers' cluster did not have a significant separation between their 

reaction times to Auditory Beginning and Auditory End, Z= - 1.469, p=0.142, n= 45; 

yet the 'poorest readers' cluster did demonstrate a significant difference between 

reaction times to Auditory Beginning and Auditory End, Z=-3.112, p=0.002, n=41. 

7.3.3. Correlations 

A sensory system that is integrated enough to accomplish alphabetic reading 

would be expected to exhibit synchronization between the modalities sufficient for 

binding to occur between their signals (Calvert, 2001). Therefore the greater the co- 

ordination between the timings of the cross-modal signals, the more inter-correlation 

will be evident in the reaction times between visual and auditory onsets and offsets. 
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Significant correlations would also be anticipated between measures of alphabetic 

skill and the cognitive measures which underlie that ability. 

Nonparametric correlations (Kendall's Tau) for the whole sample (see Table 

7.6) show that Initial Phoneme and Final Phoneme scores were significantly 

positively correlated with baseline scores of word reading, spelling and nonword 

reading. The mean reaction times for the onset and offset detection tasks, with the 

exception of Auditory Beginning, were significantly negatively correlated with all the 

baseline tests. Thus, as the children's reading and spelling improve, so their reaction 

times decrease. 

Table 7.6: Kendall's Tau Two-way Nonparametric Correlation 
Coefficients between Baseline Measures and Onset and Offset Reaction Time 

Vocab Reading Spelling Non-word AudBeg Vis Beg Aud End Vis End 

Age . 155. . 495**a . 513**b . 467**a -. 162*1 . 245**a -. 204**a -. 151*f 

Vis End -. 075q -. 204**f -. 212**,, -. 217**f . 130 . 285** . 375** 9bh 

Aud End -. 079, -. 202**a --191**b -. 216**a . 175*j . 
27**k 

Vis Beg -. 096t -. 21**a 
-. 

152*b -. 21**a 
. 283**g 

Aud Beg -. 159, -. 091, -. 086y -121, 

Non-word . 287**m . 660**c . 706**d 

Spelling . 321**m . 776**d 

Reading . 334**m 

Note. Vocab = WISC vocabulary score; Reading = BAS reading ability; Spelling = BAS spelling ability; 
Reading = PhAB non-word reading score; Aud Beg = Auditory Beginning RT; Visual Beginning= 
Visual Beginning RT; Auditory End = Auditory End RT; Visual End = Visual End RT. 

a, n=95; b, n=94; c, n=102; d, n=101; f, n=97; g, n=88; h, n=93; j, n=85; k, n=91; 1, n=90; m, n=76; q, 
n=72; s, n=71; t, n=70; v, n=65; x, n=96; y, n=89. 
p*<0.05, p**<0.01 

Figure 7.1 illustrates the nonparametric intercorrelations between the visual 

and auditory onset and offset reaction times for the 'poorest readers' and 'intermediate 

readers' clusters. The 'intermediate readers' demonstrate significant correlations 
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between their reaction times to the beginning and end of a visual stimulus, as well as 

to the start and finish of an auditory stimulus. They also show strong correlations 

between visual and auditory onset and offset timings. The 'poorest readers' have 

weaker onset and offset correlations and display a marked lack of association between 

their reaction times to the start and end of a stimulus within the same modality. 

Figure 7.1: Significant Two-way Correlations (Spearman's) between Reaction 

Times in the 'Poorest readers' and 'Intermediate Readers I Clusters 

'Poorest readers' Cluster 'Intermediate Readers'Cluster 

Auditory rs =0.32* Visual Auditory rs=0.48** Visual 
Beginning -- Beginning Beginning , 

mmýbeginning 

Auditory ý Visual 
End End 

r,, =0.38* 

I 

rs=0.50** 

Auditory Visual 
End rs=0.60** End 

Note: *p<0.05 **p<0.01 

7.3.4. Kendall-s Partial Correlation Coefficient Analysis 

A further analysis of the correlations shown in Table 7.6 was conducted in 

order to ascertain whether the significant correlations between the three reaction time 

measures and the baseline variables could be accounted for by the association between 

increasing age and faster reaction times. It was therefore intended to investigate 

whether age was a confounding variable when considering the relationship between 

reaction times and age. 
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The observed significant correlations between Visual End and: BAS reading 

abilities, BAS spelling abilities and PhAB non-word reading raw score were found not 

to be mediated by chronological age. The partial correlation coefficients were two- 

way and therefore, the level of significance was p<0.025. The results between Visual 

End RT and BAS reading ability when age was held constant were T'ýy. z = -0.15 1, N= 

97, Z= -2.19, p= 0.014; between Visual End RT and BAS spelling ability when age 

was held constant, T,, y. z =-O. 159, N= 96, Z= -2.30, p= 0.0 11; between Visual End RT 

and PhAB non-word reading score, T,, y. z = -0.170, N= 97, Z= -2.46, P=0.007. 

The observed significant correlation between Auditory End RT and PhAB non- 

word reading raw score was also found to be independent of chronological age, T,, y. z = 

- 0.140, N= 95, Z= -2.0, p=0.022. However, the relationship between Auditory End 

RT and BAS reading ability was shown to be mediated through age, T"y., = -0.117, N= 

95, Z=-1.68, p=0.047, which failed to reach the p<0.025 level of significance. The 

correlation between Auditory End RT and BAS spelling ability was also dependent 

upon age, T,, y. z = -0.107, N= 94, Z=-1.53, P=0.063. 

The significant correlations between Visual Beginning and: BAS reading 

abilities, BAS spelling abilities and PhAB non-word reading raw score were similarly 

found to be mediated by age. The results between Visual Beginning and BAS reading 

ability when age was held constant were T,, y. z = -0.105, N= 95, Z=-1.5 1, p=0.066; 

between Visual Beginning and BAS spelling ability when age was held constant, T,, y. z 

-0.036, N= 94, Z= -0.52, p=0.30; between Visual Beginning and PhAB non-word 

reading score, T,, y. z = -0.11 L) N= 95, Z=-1.6, p=0.055. 
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7.4. Discussion 

This study revealed differences between the clusters of early readers, who 

were shown to be segregated according to their reading and spelling skills, on several 

levels: in relation to their sensitivities to alphabetic, phonological, visual and auditory 

stimuli. The format of the stimuli in these assessments was based on the CVC 

structure that is common in early reading materials. 

As in the study reported in the previous chapter, three groups exhibiting 

increasing alphabetic ability were identified. Unlike the last chapter, the children 

demonstrated an increase in mean age from the cluster labelled as the 'poorest 

readers' (who had the lowest scores on the alphabetic variables that formed the basis 

of the cluster analysis) through the 'intermediate readers' cluster to the 'best readers' 

cluster (who showed the highest alphabetic cluster variable scores of the three 

groups). The mean ages of these clusters were: 5; 0,5; 6 and 5; 11, respectively. The 

'intermediate readers' were significantly older than the 'poorest readers'. The children 

in the previous chapter were generally older than the sample in the present chapter, 

and the two pupils who fell within the 'poorest readers' category in the last study had 

an older mean age than the 'best readers' in that study, and were therefore likely to be 

delayed readers. 

Only one a priori statistical comparison was possible in the present study, as 

was the case in the last chapter, but on this occasion the comparison was between the 

6 poorest readers' and 'intermediate readers'. An improvement in alphabetic skill was 

witnessed between the two clusters in this study in the baseline BAS II reading and 

spelling tests and the PhAB nonword reading task. The 'intermediate readers' were 

also more accurate than the children in the 'poorest readers' cluster on both the first 

and last computerised phoneme-grapheme awareness tasks (Initial Phoneme and Final 
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Phoneme). This might be construed as being consistent with Ehri's (1995,1999) 

notion of increasing connectivity occurring throughout the early phases of early 

reading development in which a growing number of grapho-phoneme links are 

established. 

Central to skilled alphabetic reading is an ability to automate grapheme- 

phoneme conversion (Ehri, 1999). The profiles observed in this study indicated that a 

shift may be taking place towards developing an ability to differentiate increasingly 

smaller units of visual and auditory stimuli. Merzenich, Schreiner, Jenkins and Wang 

(1993) pointed out that young children become able to segment and identify shorter 

visual and auditory units of information as they get older. However, such a change 

would also seem to be needed when starting to learn to read as a child progresses 

away from appreciating language at a syllable level towards that of graphernes and 

phonemes (Stein. & Talcott, 1999; Snowling 2002). Ehri's (1999) view of early 

reading development as a time of increasing connectivity between units of 

orthography and phonology fits well with these findings. Ehri (1992) identified a 

visual-phonological route into the modally integrated memory of a word. This route is 

based on the establishment during early reading development of fine and 

unambiguous connections between letters and their sounds. Ehri (1992) claimed that 

these links are retained in the older skilled reader, enabling the spelling of a word to 

prompt its pronunciation and its meaning. 

Children in the 'intermediate readers' cluster showed greater accuracy in both 

the Initial Phoneme and Final Phoneme sub-tests of phoneme-grapheme awareness, 

compared to the 'poorest readers' cluster. This implies that their sensitivity to the 

relationship between the first letter and sound of a word, and between the last letter 

and sound of a word, is heightened when compared to the children in the 'poorest 
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readers' cluster, which may form part of a general increased alphabetic awareness. 

However, since the children in the 'intermediate readers' cluster are more 

alphabetically skilled than those in the 'poorest readers' cluster, but less so than the 

'best readers' cluster, it may be possible that many of the children in this cluster 

exhibit a partial mastery of alphabetic principles. Ehri (1995) maintains that this is the 

defining characteristic of the readers in her theorised partial alphabetic phase. If this 

is the case, then this finding may offer some support for Ehri's (1999) assertion about 

the growth in sensitivity of partial alphabetic readers to the initial and final letters of a 

word. It must, however, be borne in mind that sensitivity to the medial letters was not 

tested for, and tests comparing initial and final letters versus intervening letters would 

be necessary to establish that these letters were indeed salient in a word. 

The orthographic task, First and Last Letters, indicated that there was no 

significant difference between children in the 'poorest readers' and 'intermediate 

readers' clusters in their sensitivities to either the first or last letters of words. The 

First and Last Sounds phonological test showed that the children in the 'intermediate 

readers' cluster were more accurate than their counterparts in the 'poorest readers' 

cluster, concerning the last sounds (but not the beginning sounds) of words and 

nonwords. Therefore, if making the same assumption as before, that many of the 

'intermediate readers' are likely to fit the general description of a typical partial 

alphabetic phase reader, on strictly orthographic and phonological levels, Ehri's 

(1999) claim that partial alphabetic phase children are sensitive to the initial and final 

letters and sounds of words is not offered support. 

On a non-linguistic level, the Visual TOJ task indicated that the 'intermediate 

readers' cluster was differentiated from the 'poorest readers' cluster by a greater 
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accuracy in identifying the final element in the stimulus. There was no significant 

difference between the groups detected by the Auditory TOJ taský 

Thus, the only set of tests to support Ehri's notion of salience for the first and 

final letters and sounds of words in the partial alphabetic phase (given the continuing 

assumption of a similarity between the alphabetic knowledge of this theorised group 

and those of the 'intermediate readers' cluster in this study, and also a similarity 

between many of the children in the 'poorest readers' cluster with children whose 

reading characteristics Ehri might describe as typical of the pre-alphabetic phase) 

were the alphabetic phoneme-grapheme awareness tasks. Since Ehri's (1995) theory is 

predicated upon alphabetic progression through the phases, her claim for the salience 

of both the first and the last letters and sounds of a word within the partial alphabetic 

phase may therefore find some support from this study. 

It should be noted that an assumption made in this paper is that the grapho- 

phoneme links envisaged by Ehri are not unidirectional, i. e. phonology may trigger 

the memory of the word's orthography, which might happen during spelling, as well 

as orthography prompting phonology during reading. 

Onset and offset reaction times revealed differences between the 'poorest 

readers' and 'intermediate readers' cluster groups, especially in their sensitivities to 

detecting the end of visual and auditory stimuli. This was particularly the case for the 

Visual End task which showed quicker reaction times and improved accuracy of 

responses to the offset of a light, from the 'poorest readers' to the 'intermediate 

readers'. This change in reaction time and accuracy to the end of a non-verbal visual 

stimulus would appear to coincide with a crucial shift in acquiring alphabetic skills. 

That is, it may be evidence of a marked shift in visual timings between two 

qualitatively distinct periods in early reading, which was indicated by the findings of 
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the Tau partial correlation coefficients, which found that age was not mediating the 

association between quicker Visual End reaction time and improvement in the three 

literacy measures of BAS II reading, BAS II spelling and PhAB nonword reading. 

An improvement in visual temporal processing was also indicated between the 

cluster groups for the last element of the visual TOJ task, and could imply a 

development in visual temporal processing as children progress in alphabetic ability 

(e. g. in terms of Ehri's (1995) theory, as they make the transition from the pre- 

alphabetic to the partial alphabetic phase). However, an equally plausible explanation 

might concern an improvement in visual attention accompanying alphabetic 

development. No directional statements of causation are implied by these suggestions. 

For instance, improved visual attention (or temporal visual processing) may either 

result in, or be the result of, improved alphabetic ability. 

Bowers and Newby-Clark (2002) thought that speed of processing (SOP), 

particularly in the visual system, could account for slow naming of visual symbols and 

was an important factor in learning to read. They considered that visual SOP was 

responsible for the rate at which letters could be processed and thus the speed at which 

letters and letter clusters could be associated with phonemes. If this were too slow, 

they said, there would not be sufficient temporal continuity to build up a new 

representation of the word as an orthographic unit. The findings of this study of faster 

and more accurate SOP in responses to visual offsets in the Visual End task and the 

the more accurate recognition of the final stimulus in the visual TOJ task, by the 

'intermediate readers' than the 'poorest readers', would seem consistent with Bowers 

and Newby-Clark's (2002) suggestions. 

Ehri's conceptualisation of grapho-phoneme associations, and of a word as 

being represented by an integrated memory of its sight, sound and meaning, implies 
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some degree of temporal co-ordination. It would be essential to have the onsets and 

offsets of the visual and auditory aspects of reading coordinated so that the reader 

could learn the association between a grapheme and phoneme (Raij et al., 2000), and 

could identify it, demarking it from previous and subsequent orthographic and 

phonological elements in the word. 

On the other hand, the data found by this study may have their bases in 

attentional processing but were not identified because the study lacked any measures 

of attention. Perhaps future research could incorporate an assessment of selective 

visual and auditory attention. 

Correlations between visual and auditory onsets and offsets were found during 

the course of the study and they were used as a descriptive tool, to enable an 

understanding of the global relationships in visual and auditory temporal processes 

within each cluster group. Significant (positive) correlated responses in the auditory 

and visual domains were more in evidence in the 'intermediate readers' cluster than 

the in the 'poorest readers' cluster; perhaps suggestive of a more integrated sensory 

system in members of the 'intermediate readers' cluster. Hence, it is possible that 

alphabetic progression in early reading may occur alongside a higher degree of co- 

ordination between sound and vision. This would be consistent with 

psychophysiological evidence (Calvert, 2001; Raij et al., 2000; Wright, 2003) that 

suggests that there is a temporal convergence and subsequent integration of cross- 

modal signals that is involved in grapheme-phoneme correspondence. It could be 

argued that such a process would enable the formation of the grapho-phoneme 

connections that Ehri (1992,1995,1999) considers are formed during early reading, 

and specifically during the theorised partial alphabetic phase. 

M3176650 



146 

Ehri (1997,1999) claimed that the partial alphabetic phase was crucial to 

normal reading development and that a delay in progressing through it could lead to 

longer term reading difficulties. This study might provide a basis for examining this 

further, since changes in temporal processing would seem to be occurring around 

about the period of early reading development that would be expected by Ehri (1995, 

1999). 

Breznitz's (2002) ERP study concluded that lack of auditory- visual 

synchronization was an underlying factor in developmental dyslexia. Therefore, it 

may be fruitful to investigate whether a failure to adjust the timing of the modalities at 

an early phase of reading is a contributory influence in dyslexia. An older child with 

dyslexia would thus be expected to show a similar sensitivity to the isochronism of 

auditory and visual onsets and offsets, to those of a younger child at an early phase of 

normal reading development. 

Another avenue of investigation would be to examine whether the 

developmental origins of dyslexia may also be connected with a lack of separation 

between reaction times to the onset and offset of an auditory stimulus, such as is found 

in the 'intermediate readers' cluster. This is examined in the next chapter, in a group 

of children with developmental dyslexia. 

Phonological deficit theory (see Snowling, 2000) attributes developmental 

dyslexia to impoverished phonological representations. The findings of the present 

study may have resonance for this theory. If children experience a normal period of 

reading development when the difference between the registration of the onset and 

offset of a sound is particularly close together (as would appear to be the case during 

the partial alphabetic phase), and if they do not readjust thereafter to a wider auditory 

temporal differential, then it may be possible for their phonological representations to 
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become impaired. Applying this to Ehri's ideas about the role of the partial phase 

(Ehri 1997,1999), the possibility must be considered that an overly long exposure to 

the partial alphabetic phase may steer a child towards reading delay or disability. 

Thus, the origins of the phonological deficit might lie in the partial alphabetic phase. 

Although Breznitz (2002) based her claims about auditory-visual synchrony 

and reading skill on examinations of each modality in isolation, and the present study 

also assessed responses to visual and auditory tasks in separate conditions, Breznitz 

(2002) included some cross-modal tasks as well. In the present study of early readers, 

no cross-modal tasks were used. Hence, future research could employ some cross- 

modal tasks to investigate sensory differences between clusters of early readers, which 

would enable a direct investigation of cross-modal integration. 

Age may be considered as a confounding variable in this study. The 

'intermediate readers' were not only better readers than the children in the 'poorest 

readers' cluster, they were older, and it is generally accepted that reading improves 

with age, along with the time for which a child has been in full-time education, which 

also relates to age. However, age was taken into account in the hierarchical regression 

which found that reaction time to the offset of a visual stimulus was the only 

significant predictor of alphabetic ability. Therefore, this sensitivity is a factor beyond 

that of age that may be said to influence alphabetic reading. It should also be 

remembered that a developmental theory of reading must by its very nature 

encompass the notion of reading improvements which are related to age and to the 

amount of time for which a child has received formal reading instruction. 

The First and Last Letters and Sounds tests in this study were of quite a long 

duration for children of this age, and some of them may have struggled to maintain 

concentration throughout. These tests and the TOJ tasks were also prone to the use of 
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a strategy whereby one only had to recognise the target and the first test item in order 

to ascertain whether the target was first or last in the sequence. Only three of the 

children in this study reported that they used this strategy, but more may have done so. 

Another shortcoming of the study is that, as in the previous chapter, only two 

of the three early reading groups were sufficiently numerically represented to allow 

statistical comparison. A wider sample including older children would have been 

preferable. Pre-school children should also have been included, because, judging from 

the fact that a few of them were able to read one or two nonwords, the 'poorest 

readers' cluster would seem to be composed of a mixture of pre-literate children and 

children who have just begun to acquire literacy. The inclusion of pre-school children 

might result in a sample with a greater proportion of truly preliterate children. This 

would be thought to provide a baseline against which the growth of alphabetic 

knowledge could be contrasted. It would certainly be a requirement if Ehri's (1995) 

theory of reading development were to be put to the test. 

The results of this study have replicated those of the study in the last chapter 

because shifts in alphabetic ability during early reading development were found, in 

that clusters of alphabetic ability were produced. Furthermore, the same number of 

clusters (three) was evident in the two studies. This number corresponds to how many 

phases of reading development, based on alphabetic development, are predicted to 

exist within this age group by Ehri's (1995) theory. 

The next chapter examines the temporal processing of the next group featured 

in this thesis, children with developmental dyslexia. 
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Chapter 8: 

Sensory and Phonological Deficits in Developmental Dyslexia 

The last chapter identified evidence for a re-organisation of temporal 

processing in the visual and auditory modalities during early reading development. 

This leaves an important question to be answered: can the sensory adjustments 

observed in early reading development tell us anything about the genesis of 

developmental dyslexia? Of particular interest, is how may these temporal changes 

relate to the phonological representations hypothesis (Snowling, 2000) which is 

currently the most prominent theoretical explanation of developmental dyslexia? 

8.1. Introduction 

Chapter 2 outlined one of the current debates over the nature of developmental 

dyslexia, between the phonological representations hypothesis (e. g. Snowling, 2000) 

and the sensory-motor theory (e. g. Tallal, 1980; Stein, 2001a, b). The former seeks to 

explain dyslexia on the level of the memory representations of speech sounds 

(phonology), stating that the storage of, or output from, these representations is faulty. 

Sensory-motor theorists of developmental dyslexia do not seek to refute these claims 

but suggest that storage and output from phonology occurs after input to the 

phonological system, thus an inability to extract accurate phonological representations 

from speech may result in the formation of the unspecified phonological 

representations which constitute the comer-stone of the phonological representation 

theory (e. g. Tallal, 1980; Tallal et al. 1997). 

Critics of Tallal point to the variety of results obtained by those who have 

attempted to replicate the Tallal (1980) findings that children with dyslexia exhibit a 

deficit in the processing of rapid, transient, non-linguistic auditory stimuli (e. g. 
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Bretherton & Holmes, 2003; Mody, Studdert-Kennedy, & Brady, 1997; Rosen & 

Manganari, 2001). Such an impairment was thought by Tallal et al. (1997) to affect 

the accurate perception of speech, and thence has the potential of effecting 

downstream deficits in the formation of speech sound representations in memory. 

Visual processing deficits have also been identified in developmental dyslexia 

(e. g. Eden, Stein, Wood & Wood, 1996), which cannot be accounted for by a purely 

phonological explanation of dyslexia. These have been the subject of scrutiny by 

theorists who believe that there is a general impairment in a network of large neurons, 

or magnocells, which is associated with developmental dyslexia. The magnocellular 

pathway is suited to the transmission of rapid, transitory stimuli, and so could provide 

a physical instantiation of the rapid temporal processing impairment proposed by 

Tallal (1980). There is an anatomically and functionally distinct magnocellular 

pathway in the visual system, which conveys rapid temporal information, as well as 

data about motion detection and depth perception, but is insensitive to colour. Its 

companion parvocellular network (made up of smaller cells) is composed of slow 

conduction fibres, and has a more sustained response. The parvocellular network is 

sensitive to colour and spatial details. 

The distinct modularisation observed in the visual system is not evident in the 

auditory system, where different sized cells are intermingled (Stein & Talcott, 1999). 

However, cell size in the auditory system does vary and Stein and Talcott (1999) 

maintain that large cells in the auditory domain could constitute a functionally 

analogous system to the visual magnocellular pathway: large diameter axons transmit 

impulses at a faster rate than smaller diameter neurons. 

There are structures that have been implicated in developmental dyslexia 

which are not confined to the visual system and are accepted (Stein, 2001b) as being 
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part of the wider network of magnocells, e. g the cerebellum (Nicolson & Fawcett, 

1990). Yet other structures are thought to have a role in developmental dyslexia that 

are suspected as being associated with magnocellular pathway deficits, such as 

ectopias. Ectopias are small clumps of brain cells on the surface of the cortex of the 

brain., typically about 50-100 in number, underneath which are seen disruptions of 

cortical cell layers (Galaburda, Sherman, Rosen, Aboitiz & Geshwind., 1985), and 

from which projections emanate to various areas of the brain. 

Electrophysiological investigations of developmental dyslexia have 

contributed substantially to current knowledge of the likely spatial and temporal 

underpinnings of dyslexia. One piece of research which examined time-related 

activity in the brain in children with dyslexia was the Event Related Potential (ERP) 

study by Breznitz (2002). Breznitz (2002) found that spikes of electrical activity (ERP 

components) in the brain in response to auditory stimuli were slow to occur in 

dyslexia. Although visual response spikes were also slower in dyslexia than in CA 

controls, this marked slowness in the auditory ERP component resulted in a longer 

period of time elapsing between visual and auditory responses in the participants with 

dyslexia. Breznitz (2002) concluded that this longer temporal gap in dyslexia may 

lead to the electrical responses in the brain to visual stimuli dying away before they 

could be matched with a corresponding auditory signal, and suggested that asynchrony 

between these modalities may be an underlying factor in developmental dyslexia. 

As in the last chapter., direct measurements of subjective simultaneity are not 

conducted in this study. It does, however, offer a quantitative method of assessing the 

speed of processing in each of the auditory and visual modalities, which is similar to 

the aims of the Breznitz (2002) study. Although the present study does not claim to 

make any direct assessment of synchrony, it does attempt to measure the extent of 
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isochronism of the two senses by using reaction times in the two modalities. This may 

be regarded as an index of the temporal convergence of these modalities, which, as 

Calvert (2001) points out, is a necessary precursor to subsequent cross-modal binding 

and integration. 

Like the study in the previous chapter, this study measures reaction times to 

salient auditory and visual events (onsets and offsets), over a range of durations which 

may equate to the approximate length of time that a young or delayed reader may take 

when encountering a new word that has to be read by alphabetic means, i. e. by 

sounding it out. The maximum stimulus duration in these studies was chosen as 

1500ms, which is consistent with Stein and Meredith (1993), in which it was found 

that multi-modal mammalian neurons receiving visual infon-nation followed by 

auditory stimulation, responded to the interaction between these signals for up to 

1,500ms. This study therefore contrasts with the paradigms that have been widely 

used in reading research which typically utilise very brief stimulus durations, for 

example, Tallal and Piercy (1973). 

If developmental dyslexia were associated with a low-level auditory deficit, as 

suggested by Tallal's (1980) findings, the dyslexia group in this study would be 

anticipated to show impairments in the auditory temoral order judgement task. If such 

an impairment were implicated in downstream phonological effects, as suggested by 

Tallal et al. (1997), then an impairment would also be evident in the First and Last 

Sounds task. If impairments in visual temporal processing tasks, such as have been 

found in Stanley and Hall (1973), were found in the present study, this would be 

evidence of some variety of visual deficit in developmental dyslexia but it would not 

be testing the magnocellular hypothesis because this study does not include any of the 

specialised tests needed to assess magnocellular functioning. 
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Correlations are used in this chapter, as in the last, as a descriptive tool, 

which may offer an indication of the nature of temporal associations between and 

within the visual and auditory modailities, but which do not imply causative 

relationships. Children with developmental dyslexia were expected to show fewer 

significant intercorrelations between visual and auditory onset and offset reaction 

times than their CA controls. This is because a synchronised relationship between the 

modalities is likely to be indicated by significant positive correlations between onset 

reaction times in the two senses, and also to their offset reaction times. 

Wolf and Bowers (1999) emphasised the role of synchronised sensory inputs 

in reading because the cortex constructs representational maps based on temporally 

correlated sensory data (Merzenich et al., 1993). Thus, the speed of processing within 

and between the visual and auditory modalities would be expected to affect the multi- 

modal mechanisms of reading. Therefore differences in various aspects of SOP were 

anticipated to emerge between the groups of readers in this study. 

Breznitz's (2002) investigation of the speed of processing in developmental 

dyslexia found tardiness in the speed of processing among her dyslexia group across 

most of the experimental measures, compared to CA controls. Fluency has been 

identified as a component of skilled reading (Bowers & Wolf, 1993). Reduced SOP 

has been implicated as a second major impairment in dyslexia, in addition to a 

phonological deficit (Catts et al., 2002; Wolf & Bowers, 1999). Hence, regressions of 

the visual and auditory onset and offset reaction times were anticipated to show an 

inverse relationship with reading and spelling measures. 
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8.2. Method 

8.2-1. Participants 

The dyslexia group comprised twenty-three children (twenty boys and three 

girls), from seven schools, who had been statemented by an educational psychologist 

as having symptoms consistent with dyslexia. Such a statement in the UK is a legal 

document conferring on an individual the status of having special educational needs. 

Their ages ranged from 6; 10 to 15; 10, M= 11; 6, SD = 2; 9. The minimum and 

maximum reading ages for this group were 5; 1 and 13; 9, respectively, M=8; 6, SD 

2; 8. They were all within the IQ range of between 85 and 120. They were not 

excluded if they showed another disorder, such as dyspraxia, which was demonstrated 

by three of them. 

Twenty-three individually matched chronological age controls (nineteen boys 

and four girls) were selected from seven schools, sixteen of whom attended the same 

schools as their counterparts in the dyslexia group. They were aged from 6; 9 to 16; 0, 

M= 11; 6, SD = 2; 9. The reading ages of the chronological age controls ranged 

between 7; 8 and 17; 3, M= 12; 10, SD = 2; 10. Three of the chronological age 

controls were also included in the reading age control group (as controls for different 

children), as the intention was to conduct two a priori comparisons between the 

dyslexia group and the two control groups. 

The reading age controls were individually matched and were, as far as 

possible, either from the same school as their counterparts in the dyslexia group or 

from a primary (elementary) school which was local to their secondary school (high 

school). There were twenty boys and three girls whose chronological ages ranged 

from 4; 11 to 14; 7, M=7; 10, SD =2; 4. Their reading ages ranged from 5; 1 to 13A M 

= 8; 6, SD = 2; 7. The basis for matching each control with each child with dyslexia 
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was that whenever possible, the child's reading age, as determined by the BAS II 

reading test, was exactly the same as the child with dyslexia. When this was not 

possible, there was never any more than a six month difference in the reading ages of 

the reading age control and the child in the dyslexia group. Whenever possible, the 

reading age control was of the same sex as the child with dyslexia. 

8.2.2. Test Battery 

The British Ability Scales II word reading test (BAS H; Elliott, 1996) and 

British Ability Scales II spelling test (Elliott, 1996) were administered in line with the 

standardised procedures, and were included as baseline measures of single word 

reading and spelling ability. Raw scores were converted to ability scores prior to 

analysis. BAS II ability scores were chosen in this study in order to maintain 

consistency of reporting throughout this and the forthcoming chapters of the thesis, 

where norms cannot be used in relation to many participants because their ages were 

beyond the range within which standardised scores (norms) were available. Abilities 

were selected in order to extend the range of the raw scores and therefore overcome 

the problems that can occur as a result of there being a restricted range when raw 

scores are used. 

Another baseline measure was the test of nonword reading taken from the 

Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason, 1997). Raw 

scores are reported here because standardised data was only available for children 

aged six years or older, and some of the RA controls were below this age 

The Wechsler Intelligence Scale for Children 111 vocabulary sub-test 

(Wechsler, 1992) is a measure of productive vocabulary which was also a baseline 

measure in this study. Raw scores were converted to standardised scores for the 

purpose of statistical analysis, so that a comparison which took into account the 
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children's ages could be made between the children with developmental dyslexia and 

the control groups. 

8.2.3. Computerised Assessments of Temporal processing 

The following computerized tests detailed in the methodology chapter were 

employed in the study: 

" Phoneme-grapheme awareness tasks: (i) Initial phoneme sub-test, (ii) Final 

phoneme sub-test, to assess accuracy and latency of phoneme-grapheme 

mapping at the start and the end of a monosyllabic word / nonword; 

" First and Last Word and First and Last Letters tests, which assessed 

identification of the first or last sound or letter, respectively in a contiguous 

CVC stimulus; 

" Visual and auditory Temporal Order Judgement Tasks ( TOJs), which tested 

the accuracy and latency of identifying the first or last light or tone, 

respectively, in a series of three contiguous stimuli; 

" Light and Tone Onset and Offset tasks: (i) Auditory Beginning, to assess 

reaction time (RT) and accuracy to the start of a simple tone, (ii) Visual 

Beginning, which assessed accuracy and RT to the onset of a white light, (iii) 

Auditory End, to assess RT and accuracy to the end of a simple tone, (iv) 

Visual End, which assessed accuracy and RT to the offset of a white light. The 

onset and offset stimuli were of durations of 500ms, 750ms, 10OOms, 1250ms 

and 1500ms, and the interstimulus intervals (ISIs) were of the same durations. 

All tasks were completed in a quiet room and the above tests were 

administered in two sessions. The Auditory Beginning and Visual Beginning tasks 

were carried out at the same session, and the Auditory End and Visual End tasks were 
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performed at a separate session, so as to avoid confusing the children as whether they 

should be responding to the starts or ends of the stimuli. The Visual and Auditory 

TOJs were presented at the same session and in that order. 

An Asus Hi-Grade laptop computer series S8200 with a monitor refresh rate 

of 60Hz, was used for all the computerised tests. The software was programmed in 

Visual Basic. Participants worked with a trackball, placed whichever side of the 

computer they preferred. The volume of the laptop was set to maximum. The voice 

used in the tasks belonged to an adult female. 

8.3. Results 

Two a priori comparisons were made between the dyslexia group and the 

chronological age controls, and between the dyslexia group and the reading age 

controls. Non-parametric statistics were used to analyse the data because the one- 

sample Kolmogorov-Smirnov test revealed that many of the variables were not 

normally distributed. There were no significant differences between the dyslexia 

group and the control groups in the WISC productive vocabulary norms (see Table 

8.1). As one of the reasons why the WISC vocabulary test was included was that it 

correlates highly with IQ, this does not suggest that the dyslexia group may differ 

greatly from the control groups in verbal intelligence. 

8.3.1. Phoneme-grapheme awareness tasks 

Two versions of a phoneme-grapheme test were used to assess the children's 

ability to map phonemes onto graphernes at the beginning (Initial Phoneme sub-test) 

and end (Final Phoneme sub-test) of words and nonwords. The results for these tests 

can be seen in Table 8.2. 
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Table 8.1: 

A Priori Comparisons between the Dyslexia Group and Chronological Age 

Controls, and between the Dyslexia Group and Reading Age Controls. 

M 
Chronological Age 
Dyslexia group 11; 6 
CA controls 11; 6 
RA controls 7; 10 
Reading Age 
Dyslexia group 8; 6 
CA controls 12; 10 
RA controls 8; 6 
BAS II reading raw score 
Dyslexia group 43 
CA controls 72.5 
RA controls 43.2 
BAS II reading abilities 
Dyslexia group 106.2 
CA controls 159.6 
RA controls 106.5 
BAS II spelling raw score 
Dyslexia group 26.9 
CA controls 45.9 
RA controls 24.4 
BAS II spelling abilities 
Dyslexia group 81.4 
CA controls 117.5 
RA controls 76.0 
PhAB nonword reading raw score 
Dyslexia group 8.4 
CA controls 15.8 
RA controls 11.0 
PhAB nonword norms 
Dyslexia group 90.1 
CA controls 101.6 
RA controls 104.5 
WISC vocabulary norms 
Dyslexia group 9.2 
CA controls 11.4 
RA controls 11.2 

Reading Age 
Dyslexia group 
CA controls 
RA controls 

8; 6 
12; 10 
8; 6 

Comparison with 
dyslexia group 

MDN SD NuP 

11; 8 2; 9 23 
11; 6 2; 9 23 262.5 0.965 
7; 5 2; 4 23 81.5 <0.001 

7; 10 2; 8 23 
13; 6 2; 10 22 70.0 <0.001 
8; 3 2; 7 23 259.0 0.904 

44 24.7 23 
77 13.5 22 70.5 <0.00 1 
46 24.3 23 261.5 0.947 

104.0 39.8 23 
167.5 27.4 22 70.5 <0.001 
107.0 39.3 23 259.5 0.912 

25.5 14.7 23 
49 15 22 89.5 <0.001 
23 18.2 23 218.0 0.427 

79.5 25.5 22 
120.0 26.3 23 82.5 <0.001 
75.0 34.0 23 218.0 0.427 

7.0 5.4 23 
17.0 2.8 22 61.0. <0.001 
11.0 5.8 23 199.5 0.157 

91.0 14.8 19 
103.5 7.8 18 72.5 0.003 
104 8.8 17 46 <0.001 

9.5 4.7 22 
11.0 3.0 23 191.0 0.157 
11.0 3.4 17 141.0 0.191 

7; 10 2; 8 23 
13; 6 2; 10 22 
8; 3 2; 7 23 
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Initial Phoneme scores were not significantly different between the dyslexia 

and CA control groups, but RA controls were significantly less accurate than the 

dyslexia children. In contrast, Final Phoneme accuracy showed the opposite pattern, 

whereby there was no significant difference in accuracy between the dyslexia and RA 

groups, but the CA controls were significantly more accurate than the dyslexia 

children. 

The latencies of the children's correct responses to the Initial Phoneme task 

demonstrated that CAs were significantly faster than the dyslexia group, which in 

turn, was significantly faster than the RA control group. Final Phoneme detected the 

same pattern in the latencies to correct responses. 

Initial Phoneme results demonstrated that the dyslexia children were 

significantly more accurate in their responses to words than were their reading age 

controls. There was no significant difference between the dyslexia and chronological 

age control groups in this regard. 

Correct responses to words in the Final Phoneme sub-test showed no 

significant difference between the dyslexia and RA group latencies, but there was a 

significant difference between the dyslexia and CA groups in this regard, whereby the 

CA controls correctly responded to words more quickly than the dyslexia group. 

Latencies for correct nonwords revealed differences between the dyslexia 

group and both control groups in each phoneme-grapheme sub-test. In both Initial 

Phoneme and Final Phoneme, CA controls were significantly faster than the dyslexia 

group, whose latencies, in turn, were shorter than the RA controls. 

There were no differences between the groups on nonword accuracy. 
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8.3.1.1. Within Subjects Analyses 

The relatively poor performance of the developmental dyslexia group in the 

Final Phoneme task compared to the Initial Phoneme task was confirmed by a related 

measures analysis, Z= -3.450, p=0.00 1, N= 20. However, this group was not the 

only one to show a deficit in the Final Phoneme task. The RA group also scored 

significantly lower in the final phoneme-grapheme test than in the initial one, Z 

2.599, P=0.009, N= 23. The CA group showed no significant difference between the 

sub-tests, Z =-O. 123, p=0.9029 N= 23. 

Table 8.2 

n- 
Results of Phoneme-Grapheme Awareness Tests (Initial Phoneme and Final Phoneme) 

for the Dyslexia Group, CA Control Group and RA Control Group 
Comparison with 
dyslexia group 

M MDN SD NuP 
Initial Phoneme score 
Dyslexia group 22.7 23.0 1.9 
CA controls 23.0 24.0 2.3 
RA controls 20.9 22.0 3.3 
Final Phoneme score 
Dyslexia group 19.2 22.0 5.6 
CA controls 22.9 23.0 1.9 
RA controls 18.4 20.0 6.5 
Initial Phoneme Latencies', all responses. 
Dyslexia group 2704 2629 549 
CA controls 2373 2155 600 
RA controls 3190 3170 706 
Initial Phoneme Latencies' of correct responses 
Dyslexia group 2691 2628 565 
CA controls 2376 2103 653 
RA controls 3194 3249 692 
Initial Phoneme, Score of correct words 
Dyslexia group 11.8 12.0 1.0 
CA controls 11.6 12.0 1.4 
RA controls 10.8 11.0 1.7 
Initial Phoneme, Latencies' for correct words 
Dyslexia group 2606 2460 618 
CA controls 2311 2091 637 
RA controls 3172 3373 731 
Initial Phoneme, LatencieSa correct nonwords 
Dyslexia group 2776 2758 526 
CA controls 2437 2201 694 
RA controls 3216 3152 692 

20 
23 198.0 0.427 
23 150.0 0.047 

23 
22 145.0 0.013 
23 248.0 0.716 

20 
23 142.0 0.032 
23 136.0 0.022 

20 
23 145.0 0.038 
23 131.0 0.016 

20 
23 217.0 0.743 
23 150.0 0.044 

20 
23 153.5 0.062 
23 128.0 0.013 

20 
23 136.0 0.022 
23 149.0 0.049 
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m MDN SD N 
Initial Phoneme, Score of correct nonwords 
Dyslexic group 10.9 11.0 1.6 20 
CA controls 11.4 12.0 1.5 23 
RA controls 10.1 11.0 1.9 23 
Final Phoneme, Latencies' all responses 
Dyslexic group 3367 3202 609 23 
CA controls 2997 2897 564 22 
RA controls 3927 3961 533 23 

UP 

185.5 0.267 
17 3.5 0.161 

163.5 0.042 
133.0 0.004 

Final Phoneme, Latencies'for all correct responses 
Dyslexic group 3505 3262 672 23 
CA controls 2997 2886 560 22 143.5 0.013 
RA controls 3908 3885 584 22 163.0 0.041 
Final phoneme: score correct words 
Dyslexic group 9.9 11.0 2.8 23 
CA controls 11.7 12.0 1.3 22 144.5 0.012 
RA controls 9.5 10.0 3.3 23 255.0 0.833 
Final Phoneme, Latencies Correct words 
Dyslexic group 3440 3278 709 23 
CA controls 2946 2894 537 22 150.0 0.019 
RA controls 3828 3752 633 22 172.0 0.066 
Final Phoneme, LatencieSa for correct nonwords 
Dyslexic group 3592 3479 741 23 
CA controls 3049 2894 620 22 139.0 0.010 
RA controls 4008 4012 636 22 166.0 0.048 
Final Phoneme, Score of correct nonwords 
Dyslexic group 9.3 11.0 3.2 23 
CA controls 11.14 11.5 1.4 22 172.0 0.062 
RA controls 8.9 10.0 3.5 23 248.0 0.715 

Note. a= Mean RT in milliseconds. 

8.3.2. First and Last Sounds 

The First and Last Sounds task was intended to assess the children's ability to 

identify the first or last phoneme in a spoken word or nonword. It demonstrated a 

general pattern of differences between the dyslexia and control groups in which CA 

controls were more accurate than the children with dyslexia (see Table 8.3). In 

contrast, there was no significant difference between the dyslexia and RA groups in 

respect of accuracy in any of the variables. 

CA control scores for First and Last Sounds were significantly higher than 

those of the dyslexia group, but there was no significant difference between the 

dyslexia and RA control groups. Latencies for the two groups' overall correct 
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responses showed the same pattern, whereby CA controls were significantly faster 

than the children with dyslexia, and the RA and dyslexia groups demonstrated no 

significant difference in this latency. 

The scores of the CA control group were significantly higher than those of the 

dyslexia group in identifying the first sound of the three-phoneme stimulus. There 

was no significant difference between the RA controls and the dyslexic readers. 

However, the RA controls were significantly slower than the dyslexia group in their 

correct responses to the first sound of the stimulus. There was no significant 

difference between the dyslexia and CA control groups. 

Reading age controls were shown to be significantly slower than children with 

dyslexia in their correct responses to final sounds, whilst there was no significant 

difference between CA control s and the dyslexia group. In particular, the RA children 

were significantly slower than the children with dyslexia in their correct responses to 

the final phonemes of words, as opposed to nonwords, for which there was no 

significant difference. 

CA controls were found to be significantly more accurate in their overall 

responses to words than were the children with dyslexia, but there was no significant 

difference between the RA controls and the dyslexia groups. Overall latencies to real 

words did not discriminate between the groups. 

The CA control group identified significantly more initial phonemes in 

nonwords than did the dyslexia group, but there was no significant difference between 

the RA controls and dyslexia group. The response times of the CA controls were also 

found to be significantly faster than those of the children with dyslexia when correctly 

identifying the initial phonemes of nonwords. The latencies of the dyslexia readers 

group in this regard were significantly shorter than those of the RA group. 
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Table 8.3: Results of the Phonological First and Last Sound Test for the Dyslexia Group, 
CA and RA Control Groups: 

M MDN SD 
P& last sounds Score 
Dyslexia group 51.6 55.0 9.3 
CA controls 57.6 60.0 5.5 
RA controls 50.1 54.0 10.5 
Ist & last sounds, Latencies ' of correct responses 
Dyslexia group 2079 1627 1636 
CA controls 1622 1582 931 
RA controls 2663 2258 1358 
P& last sound: score, correct first sounds 
Dyslexia group 27.6 29.0 5.5 
CA controls 30.7 31.0 2.1 
RA controls 28.1 30.0 4.7 
Is' & last sounds: Latencies a of correct first sounds 
Dyslexia group 2193 1501 2324 
CA controls 1496 1319 795 
RA controls 2461 2199 1251 
I't & last sounds: Latencies a of correct final sounds 
Dyslexia group 1971 1650 1138 
CA controls 1783 1392 1153 
RA controls 3074 2501 1772 
P& last sounds: Correct words score 
Dyslexia group 26.0 28.0 4.8 
CA controls 28.6 30.0 3.5 
RA controls 25.4 28.0 5.2 
P& last sounds: LatencieSa , correct responses to words 
Dyslexia group 1884 1482 1156 
CA controls 1541 1393 866 
RA controls 2493 2200 1322 
I" & last sounds: Correct nonword score 
Dyslexia group 25.6 26.5 4.9 
CA controls 29.0 30.0 2.3 
RA controls 24.6 26.0 5.5 
1' & last sounds: LatencieSa, correct nonwords 
Dyslexia group 2288 1821 2469 
CA controls 1707 1524 1036 
RA controls 2849 2529 1494 
P& last sounds: Correct first sounds in words, score 
Dyslexia group 13.8 14.5 2.8 
CA controls 15.4 16.0 1.4 
RA controls 14.4 15.0 2.4 
Ist & last sounds: LatenýýLies a correct last sounds in words 
Dyslexia group 
CA controls 
RA controls 

2033 1498 1298 
1664 1428 996 
2926 2515 1698 

Comparison with 
dyslexia group 

NuP 

22 
21 112.5 0.004 
21 229.5 0.971 

22 
21 200.0 0.451 
21 139.0 0.025 

22 
21 84.5 <0.001 
21 192.0 0.339 

22 
21 188.0 0.296 
21 145.0 0.037 

21 
21 188.5 0.421 
20 124.0 0.025 

22 
21 132.5 0.016 
21 226.0 0.903 

22 
21 192.0 0.343 
21 140.5 0.028 

22 
21 108.0 0.002 
21 216.5 0.723 

22 
21 133.0 0.017 
21 201.0 0.466 

22 
21 108.5 0.002 
21 171.0 0.132 

22 
21 183.5 0.352 
20 119.0 0.018 
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M MDN SD NUP- 
P& last sounds: Correct first sounds in nonwords, score 
Dyslexia group 13.8 14.0 2.8 22 
CA controls 15.3 16.0 0.9 21 107.5 0.002 
RA controls 13.7 15.0 2.7 21 223.5 0.852_ 
Is' & last sounds: LatencieSa' correct first sounds of nonwords 
Dyslexia group 2595 1733 3966 22 
CA controls 1551 1192 876 21 192.0 0.343 
RA controls 2598 2505 1205 21 145.0 0.037 
Ist & last sounds: LatencieSa, correct last sounds of nonwords 
Dyslexia group 1884 1809 1022 21 
CA controls 1917 1213 1421 21 199.0 0.589 
RA controls 3184 2822 2069 20 125.0 0.027 
I't & last sounds 
Correct last sounds score 
Dyslexia group 24 26.5 7.3 22 
CA controls 26.9 28.0 3.9 21 173.5 0.159 
RA controls 22.0 25.0 9.0 21 213.5 0.670 
Ist & last sounds 
Correct first sounds in words, 
latencieSa 
Dyslexia group 1782 1446 1086 22 
CA controls 1440 1301 833 21 189.0 0.308 
RA controls 2336 1952 1448 21 155.0 0.065 

Note. a= Mean RT in milliseconds. 

8.3.3. First and Last Letters 

8.3.3.1. Between Group Analyses 

The children with dyslexia were significantly slower than their CA controls in 

their overall correct responses to First and Last Letters. There was no significant 

difference between the dyslexia and RA groups. There were no significant differences 

between the developmental dyslexia group and the control groups with respect to 

overall score on the First and Last Letters task. 

First and Last Letters, Within Group Analyses: 

All groups were significantly more accurate on the first letters of the stimuli 

than on final ones: for the dyslexia group, Z= -3.3 3 1, p=0.00 1, N =2 1; the RA 

controls, Z= -3.535, p<0.00 1, N= 19, and the CA group, Z= -3.928, p<0.00 1, N =22. 
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An aspect that differentiated the children with dyslexia from their controls was 

that they were significantly faster in responding to nonwords than to words, unlike the 

control groups which showed no significant difference between the two categories of 

stimulus. The dyslexic group took significantly longer to incorrectly identify 

nonwords than they did to correctly respond to nonwords, again unlike the controls, 

who showed no significant difference in this regard. Another contrast to the control 

groups was that the children with dyslexia demonstrated no significant difference 

between their latencies to correct and incorrect words. The control groups took longer 

to incorrectly respond to words than they did to correctly respond to words. 

Table 8.4: Results for the Orthographic Test of First Letters for the Dysle3da Group, CA 
and RA Control Groups. 

Comparison with 
Dyslexia Group 

m MDN SD Nu 
I" & last letters: Latencies', overall correct responses 
Dyslexia group 1804 1639 909 21 
CA controls 1364 1167 799 22 156.0 0.068 
RA controls 2294 2041 1191 19 141.0 0.117 
Ist & last letters: Latencies', correct words 
Dyslexia group 1872 1663 906 21 
CA controls 1357 1088 782 22 137.5 0.023 
RA controls 2193 1887 1151 19 164.0 0.336 
Ist & last letters: LatencieSa, correct first letters of words 
Dyslexia group 1737 1698 803 20 
CA controls 1281 1149 750 22 135.5 0.033 
RA controls 2124 1791 1267 19 155.0 0.325 
P& last letters: LatencieSa, first letters of correct nonwords 
Dyslexia group 1655 1646 889 21 
CA controls 1375 1063 934 22 167.0 0.120 
RA controls 2288 2174 1268 19 124.0 0.041 
P& last letters: First letters score 
Dyslexia group 28.0 31.0 7.8 21 
CA controls 31.2 32.0 3.5 22 165.5 0.337 
RA controls 30.0 33.0 5.2 19 170.0 0.124 
P& last letters: Latencies', correct first letters 

Dyslexia group 
CA controls 
RA controls 

1718 1646 835 21 
1334 1067 813 22 153.0 0.058 
2214 1924 1245 19 146.0 0.147 
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I" & last letters: Last letters score 
m MDN SD NUP 

Dyslexia group 24.5 29.0 7.6 21 
CA controls 26.5 29.5 7.5 22 166.5 0.113 
RA controls 20.3 22.0 10.0 19 150.5 0.180 

If & last letters: LatencieSa, correct responses to last letters 
Dyslexia group 1888 1606 1021 21 
CA controls 1520 1181 1127 22 160.0 0.085 
RA controls 2471 2304 1208 19 133.0 0.072 

P& last letters: Words score 
Dyslexia group 26.0 29.0 7.2 21 
CA controls 28.0 30.0 4.2 22 183.5 0.241 
RA controls 24.2 25.0 5.5 19 156.5 0.241 
P& last letters: Nonwords score 

Dyslexia group 27.0 31.0 7.9 21 
CA controls 29.6 32.0 5.2 22 164.0 0.099 
RA controls 25.7 26.0 7.0 19 197.5 0.956 
P& last letters: LatencieSa, correct nonword responses 
Dyslexia group 1730 1617 912 21 
CA controls 1371 1190 833 22 165.0 0.109 
RA controls 2393 2280 1271 19 131.0 0.064 
P& last letters: LatencieSa, correct responses to last letters in words 
Dyslexia group 1984 1626 1122 21 
CA controls 1541 1125 1159 22 156.0 0.068 
RA controls 2332 2177 1175 19 153.0 0.215 
I't & last letters: LatencieSa, correct responses to last letters in nonwords 
Dyslexia group 1791 1628 949 21 
CA controls 1329 1236 748 21 149.0 0.072 
RA controls 2569 2270 1509 18 125.0 0.073 
P& last letters: LatencieSa, incorrect last letters 

Dyslexia group 2246 2063 1192 21 
CA controls 1926 1785 1026 14 129.0 0.544 
RA controls 3577 2663 3066 18 132.0 0.108 
I" & last letters: Latencies', incorrect responses to words 
Dyslexia group 2681 2273 1636 17 
CA controls 1911 1813 987 13 78.0 0.174 
RA controls 3977 2752 3102 17 104.0 0.163 
Ist & last letters: LatencieSa, incorrect responses to nonwords 
Dyslexia group 2385 2269 1108 18 
CA controls 1943 1688 1126 15 106.0 0.294 
RA controls 3001 3091 1354 14 83.0 0.102 

Note. a= Mean response in milliseconds. 

On the Visual TOJ task (see Table 8.5), the dyslexia group's accuracy scores 

for identifying the final shape in the sequences were significantly lower than those of 

the CA controls, but not the RA controls. However, the opposite pattern was observed 
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in the Auditory TOJ task, in which accuracy to the first tones distinguished between 

the dyslexia and CA control groups; the children with dyslexia showing significantly 

lower scores on the first tone of the sequence than the scores of the CA controls. 

There was no significant difference between the RA controls and the dyslexia group 

on this measure. The overall scores for Auditory TOJ displayed the same pattern, 

whereby there was no significant difference between the RA controls and the dyslexia 

group, but the CA control group was significantly more accurate than the dyslexic 

readers. 

Table 8.5 

Results of the Visual and Auditory Temporal Order Judgement Tasks 

for the Dyslexia, CA and RA Control Groups: 

M MDN 
Visual TOJ 
Correct first shqpe score 
Dyslexia group 10.5 12.0 
CA controls 11.6 12.0 
RA controls 9.8 11.0 
Visual TOJ 
Correct last shape score 
Dyslexia group 9.9 11.0 
CA controls 11.4 12.0 
RA controls 9.6 11.0 
AuditoLy TOP 
Total score 
Dyslexia group 17.8 20.0 
CA controls 21.2 22.0 
RA controls 17.7 17.5 
Auditoty TQJ-- Correct First Tone Score 

Dyslexia group 
CA controls 
RA controls 
Auditoly TOP High tones score 

Dyslexia group 
CA controls 
RA controls 

9.4 9.0 
11.0 12.0 
9.1 9.5 

5.6 6.0 
7.2 8.0 
5.8 6.0 

Comparison with 
Dyslexia Group 

SD NUp 

3.2 17 
1.0 18 123.0 0.335 
2.6 20 90.0 0.038 

3.0 17 
1.3 18 90.0 0.020 
3.1 20 168.5 0.962 

5.3 17 
3.3 18 81.0 0.017 
5.0 20 168.5 0.963 

2.8 17 
1.6 18 86.5 0.022 
2.4 20 152.0 0.578 

2.1 17 
1.4 18 75.0 0.007 
2.0 20 164.5 0.865 
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m MDN SD N 
Auditog TOJ: 
Latencies' correct high tones 
Dyslexia goup 1821 1358 1176 17 

p 

CA controls 1490 1237 1141 18 113.0 0.187 
RA controls 2597 2275 1240 20 91.0 0.016 
AuditoLy TOJ. - 
Intermediate tones score 
Dyslexia group 6.1 7.0 2.2 17 
CA controls 6.8 7.0 1.4 18 129.0 0.412 
RA controls 5.8 5.5 1.8 20 144.0 0.419 
Auditoa TOJ. 
LatencieSa correct intermediate 
tones 
Dyslexia group 1677 1683 879 17 
CA controls 1684 1294 1260 18 130.0 0.448 
RA controls 2483 2269 1111 20 99.0 0.030 
Audito? y TOJ. - 
Low tones score 
Dyslexia group 6.1 6.0 1.7 17 
CA controls 7.2 8.0 1.1 18 84.0 0.018 
RA controls 6.1 7.0 2.0 20 161.0 0.779 
Audito! y TOJ. 
LatencieSa correct low tones 
Dyslexia group 1591 1373 777 17 
CA controls 1447 1262 964 18 127.0 0.391 
RA controls 2512 2064 1368 20 97.0 0.026 

8.3.4. Onset and Offset Detection Tasks 

The CA controls showed themselves to be faster and more accurate on 

Auditory Beginning than the dyslexia group. The dyslexic readers showed 

significantly more repeat responses than did the CA controls. There was no significant 

difference between the children with dyslexia and their RA counterparts in terms of 

accuracy, but the dyslexic readers were significantly faster than reading age controls. 

Visual Beginning demonstrated no such overall difference in reaction times 

between the dyslexia and CA groups as had been found in Auditory Beginning, which 

is the auditory version of the test. The only level of stimulus duration where there was 

a difference between the speed of reaction of the dyslexia and CA groups was at 

500ms, where the dyslexia group was significantly slower than the CA controls (see 
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table 8.6). However, the children with developmental dyslexia made significantly 

more repeat responses than did the CA controls. There was no significant difference 

between the accuracy of the children with dyslexia and their reading age counterparts. 

Table 8.6: Results of the Visual and Auditory Onset and Offset Tasks (Auditory 
Beginning, Visual Beginning, Auditory End and Visual End) for the Dyslexia Group and 

CA and RA Control Groups 

m MDN SD Nu 
AuditqL-y Beginning RTs' 
Dyslexia group 419 360 185 22 
CA controls 327 316 88 23 162.0 0.039 
RA controls 537 478 189 22 129.0 0.008 
Auditoty Beginning: Overall number of Repeats 
Dyslexia group 17.4 4.0 28.5 22 
CA controls 4.0 1.0 8.1 23 147.5 0.015 
RA controls 8.0 6.0 3.5 22 229.5 0.768 
Visual Beginning: RTs, 500rns stimulus 
Dyslexia group 482 389 149 22 
CA controls 331 307 77 23 142.0 0.012 
RA controls 431 446 153 23 223.0 0.496 
Visual Beginning RTs a 
Dyslexia group 398 359 98 22 
CA controls 353 349 81.9 23 202.0 0.247 
RA controls 446 448 123 23 186.0 0.128 
Visual Beginning: Score, All responseSb 
Dyslexia group 33.1 26.0 15.7 22 
CA controls 24.9 25.0 1.06 23 148.0 0.014 
RA controls 30.1 26.0 7.9 23 220.0 0.445 
Visual Beginning: Nurnber of Repeats' 
Dyslexia group 9.2 1.5 15.4 22 
CA controls 0.5 0.0 0.7 23 153.5 0.014 
RA controls 5.8 1.0 8.3 23 231.5 0.619 
Auditorv End, RTs' 
Dyslexia group 434 408 141 23 
CA controls 377 376 102.5 21 184.0 0.177 
RA controls 534 517 185.5 23 184.0 0.077 
Visual End, RTSH 
Dyslexia group 398 341 152.2 23 
CA controls 337 302 128.4 22 177.0 0.084 
RA controls 486 453 178.8 23 178.5 0.059 

Note. a= mean time in milliseconds; b initial and repeat responses; c the total number of repeat 
responses 

Table 8.7 shows a within groups comparision of the reaction times to the onset 

detection tasks. A Chi squared analysis showed that significantly more children in the 

in the CA control group were faster to respond to Auditory Beginning than to Visual 
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Beginning, in comparison to those in the dyslexia group. However, there was no 

significant association between membership of the dyslexia and reading age groups 

and which modality yielded faster reponses. The dyslexia and RA groups showed the 

same bias to reacting to visual onsets more quickly than to auditory onsets, which 

contrasted with the CA readers whose shorter latencies were towards auditory, rather 

than to visual onsets. This CA pattern is in line with the normal adult pattern (Stein & 

Meredith, 1993). 

Table 8.7: 

Within Groups Comparison between Auditory and Visual Onset Reaction Times 

Comparison between dyslexia and 

Frequency Frequency control groups: 

Visual Auditory Degrees Asymptotic (2- 

Beginning Beginning Xý of sided) 

faster than faster than Freedom Probability with 

Auditory Visual continuity 

Beginning Beginning correction 

Developmental 

Dyslexia Group 12 10 

Reading Age 

Controls 17 1.618 1 0.203 

Chronological Age 

Controls 4 19 5.250 1 0.022 
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Table 8.8 shows a within groups comparision of the reaction time data 

obtained from the offset detection task. A Chi squared analysis showed no significant 

association between the groups and quicker responses to visual or auditory stimuli. 

Table 8.8: 
Within Groups Comparison between Auditory and Visual Offset Reaction Times 

Comparison between dyslexic and 
Frequency: Frequency: control groups: 
Visual End Auditory Degrees Asymptotic (2- 

faster than End faster of sided) 
Auditory than Visual Freedom Probability with 
End End continuity 

correction 

Developmental 

Dyslexia 16 7 

group 

Reading Age 

Controls 15 8 0.099 1 1.000 

Chronological 

Age Controls 17 4 0.759 1 0.601 

8.3.4.1. Absolute Onset and Offset Differences 

Given that twelve of the developmental dyslexia group reacted more quickly to 

visual than to auditory onsets, and that ten of them showed the opposite bias of 

quicker responses to auditory onsets, it was decided to take absolute differences 

between auditory and visual onsets. A theoretical reason for this decision was that 

Breznitz (2002) had found evidence for sub-types of dyslexia in which a child may 

either respond more quickly to all auditory stimuli than visual stimuli or vice versa. 

Thus, it did not matter which modality was quicker, it was the size of the difference 

between the two values that was analysed. This was intended to offer an index of the 

time period separating responses to stimuli in the two modalities. Table 8.9 displays 
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these data, which indicate that the dyslexia group's auditory and visual responses were 

significantly more different from each other than were those of the CA controls. 

Table 8.9: Absolute Onset and Offset Differences 

Comparison with 

Dyslexia Group 

m MDN SD N 

Absolute Difference between Auditoly Beginning and Visual Beginning' 

Dyslexia Group 130 78 169 22 

CA Controls 54 45 43 23 144.0 0.013 

RA Controls 115 72 136 22 226.0 0.707 

Absolute Difference between Auditog End and Visual End' 

Dyslexia Group 110 85 93 23 

CA Controls 105 91 97 21 234.5 0.869 

RA Controls 104 78 94 23 251.0 0.767 

Note: a= time in milliseconds. 

A within groups analysis of the differences between Auditory Beginning and 

Auditory End reaction times and between Visual Beginning and Visual End reaction 

times demonstrated that only the CA controls showed a significant difference in the 

speed of their reactions to onsets and offsets of auditory stimuli, Z=-2.242, p= 0.02, N 

= 23, M for Auditory Beginning = 327ms, M for Auditory End = 377ms. There were 

no significant differences between speed of reaction to onset and offset of visual 

stimuli in any of the groups. 

Figure 8.1 shows the correlations between overall reaction times to Auditory 

Beginning, Visual Beginning, Auditory End and Visual End for the dyslexia and 
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control groups. The dyslexia group demonstrated fewer intercorrelations than the 

control groups. 

Figure 8.1: Significant Two-way Correlations (Spearman's) between RTs in the 

Developmental Dyslexia, Chronological Age and Reading Age Control Groups 
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8.3.4.2. Hierarchical Regressions 

Linear regressions were carried out in order to assess the influence of the 

speed of processing of visual and auditory onsets and offsets upon spelling, word and 

nonword reading for the all the participants in the study. This was intended to assess 

whether written language skill improves as SOP becomes quicker, which was implied 

by Wolf and Bowers (1999). Age was thought likely to be a predictive variable of 

written language ability, and because there was a wide age range of children in this 

study (from five to sixteen years), chronological age was first taken into account in the 

regressions, so as to partial out its influence. 

BAS reading and spelling abilities and PhAB non-word reading raw scores 

were normally distributed, and were the subject of individual linear regressions 

against the potential predictive variables of the overall mean reaction times of 

Auditory Beginning, Visual Beginning, Auditory End and Visual End, for all the 

children in the sample. Visual Beginning and Auditory End reaction times were 

significant predictors of BAS reading, BAS spelling abilities and PhAB non-word 

reading raw scores when chronological age was accounted for (see Tables 8.1 Oa -c). 

Visual End was a significant predictor of BAS reading and spelling abilities, but was 

not a significant predictor of PhAB nonword reading, once age was accounted for. The 

only one of the three baseline variables for which Auditory Beginning was found to be 

a significant predictor, after age had been accounted for, was BAS spelling abilities. 
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Table 8.10a: Linear Regression of Onset and Offset Reaction Times in Relation 
to Baseline Measures - Dependent Variable: BAS Reading Abilities 

R' change Beta p 
Step 1: 
Age 21.053 0.257 0.398a <0.001 
Step2: 
Auditory Beginning RT 12.114 0.031 -0.207 0.111 

Step 1: 
Age 22.640 0.267 0.279' <0.00 1 
Step2: 
Visual Beginning RT 19.056 0.117 -0.417 0.001 

Step 1: 
Age 22.531 0.267 0.241a <0.001 
Step2: 
Auditory End RT 19.956 0.129 -0.452 0.001 

Step 1: 
Age 22.942 0.267 0.356 <0.00 1 
Step2: 
Visual End RT 14.268 0.048 -0.272 0.041 

Note. a= beta value in stage 2; all RTs are mean reaction times in milliseconds. 

Table 8.10b: Linear Regression of Onset and Offset Reaction Times in Relation 
to Baseline Measures - Dependent Variable: BAS Spelling Abilities 

FR2 change Beta p 
Step 1: 
Age 34.631 0.358 0.466a <0.00 I 
Step2: 
Auditory Beginning RT 20-725 0.046 -0.253 0.033 

Step 1: 
a Age 36.875 0.369 0.435 <0.001 

Step2: 
Visual Beginning RT 23.450 0.061 -0.302 0.012 

Step 1: 
Age 
Step2: 
Auditory End RT 

36.615 0.375 0.346a <0.001 

29.194 0.118 -0.435 <0.001 

Step 1: 
Age 37.136 0.375 0.424 <0.001 
Step2: 
Visual End RT 24.010 0.066 -0.318 0.009 

Note. a= beta value in stage 2; all RTs are mean reaction times in milliseconds. 

M3176650 



176 

Table 8.10c: Linear Regression of Onset and Offset Reaction Times in Relation 
to Baseline Measures - Dependent Variable: PhAB nonword reading score 

F R2change Beta p 
Step 1: 
Age 3.815 0.059 0.122a 0.55 
Step2: 
Auditory Beginning RT 3.224 0.038 -0.230 0.116 

Step 1: 
Age 4.269 0.064 _0.0 I 8a 0.043 
Step2: 
Visual Beginning RT 8.406 0.152 -0.475 0.001 

Step 1: 
Age 4.075 0.062 -0.026a 0.048 
Step2: 
Auditory End RT 7.133 0.128 -0.451 0.003 

Step]: 
Age 4.341 0.064 0.083 a 0.041 
Step2: 
Visual End RT 4.182 0.054 -0.289 0.055 

Note. a= beta value in stage 2; all RTs are mean reaction times in milliseconds. 

8.4. Discussion 

This study set out to investigate temporal processing in developmental 

dyslexia with a view to exploring potential connections between the sensory-motor 

and phonological deficit theories of developmental dyslexia. A primary aim was to 

investigate whether responses to the onsets and offsets of linguistic and non-linguistic 

visual and auditory stimuli might suggest a slower speed of processing in the dyslexia 

group, as was identified by Breznitz's (2002) ERP study, and which might suggest a 

lack of temporal co-ordination consistent with Breznitz's (2002) notion of asynchrony 

in developmental dyslexia. 

A main feature of the Breznitz (2002) ERP study was that a larger 'temporal 

gap' existed between responses to auditory and visual stimuli in the dyslexia group 
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than in CA controls. A similar finding emerged from the present study with respect to 

behavioural measures, whereby the absolute difference between responses to the onset 

of a light and the onset of a tone were larger for the dyslexia group than the CA 

controls. In addition, this study showed no significant difference between the dyslexia 

group and the RA controls. Breznitz (2002) suggested that the larger the gap between 

the relative timings of the modalities, the more it is likely to impede the temporal co- 

ordination required between the visual and auditory modalities during reading. This 

hypothesis was based, said Breznitz (2002), on the need to co-ordinate the activities of 

the visual and auditory modalities during various stages of the reading process. 

Breznitz considered such temporal co-ordination a necessary adjunct to connectionist 

theories which involve accurate mapping of graphernes and phonemes, and of larger 

orthographic and phonological units. 

A general pattern emerged from the data in which the dyslexia group's 

performance contrasted with that of chronological age controls but resembled that of 

reading age controls. This suggests a possible cognitive or neurological immaturity in 

the children with dyslexia. Furthermore, the contrasts between the dyslexia group and 

their CA controls were different in the visual and auditory domains: children with 

dyslexia had a tendency to neglect the initial phoneme of a three-phoneme spoken 

word and the first tone of a three-tone series, yet it was the last element of a three-part 

visual stimulus that was omitted. Auditory onset reactions were slower and less 

accurate among the dyslexia group than their CA counterparts. Breznitz (2002) found 

similar inaccuracy and slowness in her dyslexia group in behavioural and ERP 

responses to linguistic and non-linguistic auditory stimuli. 

These results do not imply that a phonological deficit exists in the absence of a 

more general auditory deficit, as advocated by the phonological deficit hypothesis. 
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Instead, a mild auditory temporal deficit was indicated, as well as a phonemic deficit. 

Both of these impairments were associated with the registration of the initial element 

of a contiguous three-part temporal stimulus. It is interesting to speculate whether 

such a deficiency in the accurate registration of the first phoneme of a spoken word 

may contribute to possible difficulties in dyslexia of abstracting reliable phonemic 

representations from spoken language. Furthermore, the children in the dyslexia group 

were less accurate than the CA controls in identifying the initial and final tone when it 

was the highest or lowest frequency tone of the three tones. The acoustic profile of a 

word tends to show a greater frequency and amplitude changes at the beginning than 

in the middle or the end (Moore, 2003b), and frequency modulation and amplitude 

modulation have both been implicated in dyslexia (Stein & McAnally, 1995; Menell, 

McAnally & Stein, 1999). 

The dyslexia group in this study were slower overall to respond to the onset of 

a tone and produced more erroneous (repeat) responses to these stimuli. A slower and 

less accurate processing of dynamic sound stimuli might be expected to have 

ramifications for the processing of speech sounds. Tallal (1980) and Tallal et al. 

(1997) considered that such auditory difficulties could result in downstream problems 

with phonology. Although the stimuli used in this study were not as brief as those 

which Tallal (1980) employed and on which she based her claim, that is not to say that 

the auditory stimuli in this study were not transitory. The rationale behind this 

methodology was to assess sensitivities to the beginnings and ends of visual and 

auditory stimuli, which by their very nature are transient and have been found to be 

salient sensory signals (Macknik & Livingstone, 1998; Moore, 2003a). 

The results suggest another possible way in which poorly specified 

phonological representations may be established in dyslexia. The reaction times of the 
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dyslexia group, unlike those of the CA and RA controls, to the beginning and end of 

an auditory stimulus were not significantly different. Registration of the start and end 

of a word may therefore not be sufficiently temporally separated in order to 

distinguish between them. Moreover, even if the first and last sounds within a word 

were adequately discriminated, it would be anticipated that the intervening sounds 

may become compressed, distorted or may not be distinguishable at all. An expected 

consequence of this would be a problem with vowel representations, a factor that has 

been found in developmental dyslexia (e. g. Holmes, 1973). 

This study has not simply found evidence to support an auditory / phonological 

basis to dyslexia, it has also produced data which are consistent with there being 

visual impairments in dyslexia. The dyslexia group was less accurate than the CA 

group in reacting to the onset of a light (Visual Beginning), and they made more false 

(repeat) responses. Despite this higher error rate, they showed no overall slowness in 

comparison to their CA counterparts in their responses to the onset of a light. There 

was no significant difference between their performance on these two measures and 

that of the RA controls. 

This pattern of responses by the dyslexia group to the onset of a light contrasts 

with their responses to the onset of a tone, when they were slower and less accurate 

than the CA group. A further intriguing contrast between the dyslexia group's 

performance in the visual and auditory domains was that they demonstrated opposite 

deficits in the auditory and visual temporal order tasks. Unlike their characteristic 

inaccuracy with the initial component of a temporal sequence in the auditory domain, 

they were less accurate than the CAs in their responses to thefinal shapes of the visual 

TOJ. 
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If attentional factors were responsible for the opposite pattern of auditory and 

visual sensitivities found in this study, then it would imply opposite attentional 

deficits in the two modalities. Hence, to assess this in future research (no attentional 

assessments were employed in the present study), it would be necessary to use 

separate measures for the auditory and visual modalities. 

The dyslexia group did not conform to the pattern usually observed in normal 

adults, whose responses to tone onsets are faster than their reaction times to light 

onsets (Stein & Meredith, 1993). This pattern was seen in the CA control group, but 

the children with dyslexia resembled RA controls, whereby there was no significant 

difference between the number of individuals who responded quickest to visual onsets 

and those who responded quickest to sound onsets. 

The temporal gap between the visual and auditory modalities in dyslexia, 

described by Breznitz (2002), explained most of the variance in word reading in that 

study. Breznitz (2002) suggested that by the time auditory information arrived at the 

central reading processor, the visual information would have deteriorated so that the 

two streams of information would not combine. Breznitz (2002) also found a 

generally slow speed of processing to be present from the early stages of perception 

within the dyslexia group and believed that it contributed to poor reading. Breznitz's 

statement concerning poor general processing speed in dyslexia was tested in the 

present study by means of individual linear regressions in which each of the reaction 

times to light and tone onsets and offsets was found to be a significant predictor of 

word reading, nonword reading, and spelling throughout the whole sample. Breznitz 

(2002) postulated that a slowed speed of processing may also be related to such 

findings as those of Bowers and Wolf (1993) and Wolf (1991) regarding impairments 

in dyslexia in rapid automatic naming tasks. Breznitz (2002) also thought that slow 
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overall speed of processing, such as seen in Nicolson and Fawcett (1993), was 

associated with slow cross-modal integration found in dyslexia. 

Catts et al. 's (2002) findings were consistent with there being a speed of 

processing deficit across domains in poor readers. These included linguistic and non- 

linguistic areas. Yet, Catts et al. demonstrated that SOP contributed a unique variance 

to reading achievement beyond IQ, which one might have suspected to be an 

underlying factor in domain-general SOP. The results of the present study support 

SOP deficit in dyslexia in some linguistic tasks, such as First and Last Sounds, and in 

non-linguistic measures, such as the TOJ tasks and in responses to the onset of a tone. 

Despite the support offered by this study for a speed of processing deficit in 

developmental dyslexia, it is the way in which deficits in individual modalities when 

brought togther in written language which are perhaps most intriguing. Wolf and 

Bowers (1999) recognised the complexity of the task of bringing together temporally 

correlated sensory inputs. Correlations between the temporal elements of the auditory 

and visual systems were used in this study as a descriptive overview of the temporal 

relationships between and within the auditory and visual modalities, which it was 

thought might provide an indication of the degree of integration of these modalities. 

Correlational analyses showed the smallest number of significant intercorrelations 

between reaction times to light and tone onsets and offsets in children with dyslexia, 

such that the dyslexia group demonstrated no significant correlation between their 

responses to light and tone onsets (Figure 8.1). The lack of significant correlations 

between their reaction times contrasted to the heavily intercorrelated pattern among 

CA and RA controls, which might be taken to imply that co-ordinated responses to 

these temporal sensitivities may be typical of the non-dyslexic population. 
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8.4.1. Alphabetic and Orthographic Factors 

An assessment of the alphabetic skills of the developmental dyslexia group is 

an essential element of continuity in this thesis. The importance of the alphabetic 

principle was highlighted by Ehri (1995,1999) who regarded it as the crucial process 

underpinning early reading development. Failure during the partial alphabetic phase 

to fully master alphabetic skills has been mooted by Ehri (1997,1999) as constituting 

a critical factor in developing future reading disability. The dyslexia group was slower 

on the Initial Phoneme and Final Phoneme tasks than the CA group and the RA 

controls were the slowest of the three groups in both tasks. The dyslexia group was 

also indistinguishable from the CA controls in response accuracy for the Initial 

Phoneme task, and both groups were more accurate than reading age controls. Yet, the 

dyslexia group fell behind the CA group in Final Phoneme accuracy, in which there 

was no significant difference between the dyslexia and RA groups. A within subjects 

analysis of the dyslexia group's performance revealed that its members found the 

same alphabetic task substantially more difficult when it involved the last sound and 

letter of a word than for the initial sound and letter. 

First and Last Letters was a task that seemingly produced contradictory 

results. If this orthographic test had followed the expected pattern, it would have 

shown a selective deficit in detecting the last letter of the sequence, just as the Visual 

TOJ task had found an impairment in identifying the last shape in the sequence. If this 

had been the case, the common theme of the involvement of the same (visual) 

modality would have been implied. This was seen in the Auditory TOJ task and the 

corresponding phonological, First and Last Sounds, test, in which a deficit in 

identifying the first element of an auditory stimulus was discovered in both. 
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The First and Last Letters task did not show differences between the groups in 

either the first or the last letter positions. One possible reason for this may be the use 

of a strategy in which participants had only to identify the first letter in order to work 

out if it was first or last in the sequence. Several participants in all three groups 

spontaneously admitted to using this strategy. However, it should be questioned why 

this particular task should seem to have been more susceptible to the strategy than the 

First and Last Sounds or the TOJ tasks which were based on the same format and 

should have been equally prone to the strategy. Future studies could include a question 

at the end of the last task of the final session, asking whether the participant used a 

strategy. 

8.4.2. Possible Neurological Factors Underlying Cognitive and Sensory 

Deficits 

The question remains as to what kind of underlying neural mechanism(s) may 

be involved in the apparent neurological immaturity suggested here as existing in the 

dyslexia group, whose auditory and visual responses have resembled more their RA 

counterparts than the CA controls. The phonological representations hypothesis may 

proffer a convincing case but it cannot explain visual components of dyslexia other 

than to claim they are merely 'co-occurring' factors, (e. g. Ramus, 2003). 

Magnocellular pathway theory, on the other hand, asserts that visual and auditory 

deficits would be expected from the dysfunction of a network of large diameter 

neurons, which are found in both the visual and auditory modalities (Stein & Talcott, 

1999). However, can M-pathway theory explain the presence of apparently opposite 

deficits in these two domains? 

Ectopias, or so-called 'brain warts', are thought to be the result of aberrant 

migration of groups of brain cells during gestation, to beyond the membrane 
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surrounding the brain. They were first identified in dyslexic brains by Galaburda and 

Kemper (1979) and by Galaburda, Sherman, Rosen, Aboitiz, and Geschwind (1985) 

and are considered to be aberrations of the magnocellular system (Stein & Talcott, 

1999). They are mainly situated on the cortex of the left hemisphere, typically on the 

fore brain and around the sylvian fissure, although their number and exact locations 

vary from one case of dyslexia to another. It is thought by some that the 

heterogeneous manifestations of dyslexia may be owed at least in part to the vagaries 

of the number and distribution of ectopias from individual to individual. 

Ramus (2004) considers the ectopias and cytoarchitectonic abnormalities 

which have been found to surround the sylvian fissure (perisylvian region) in dyslexic 

brains (Galaburda & Kemper, 1979; Galaburda et al., 1985) to be responsible for the 

phonological problems of dyslexia. Ectopias disrupt the cortical architecture beneath 

them, and thus may affect normal cortical functioning. The perisylvian region contains 

important sites for phonological processing (e. g. Wright,, Pelphrey, Allison, McKeown 

& McCarthy, 2003; Turkeltaub, Gareau, Flowers, Zeffiro & Eden, 2003; Raij et al., 

2000). 

Ectopias contain displaced neurons from the various layers of the cortex, and 

non-human animal studies have found that they make connections with cells in the 

thalamus and the ipsilateral cortex (Jenner, Galaburda & Sherman, 2000). Some 

ectopias reach as far as the cortex of the opposite hemisphere, via projections through 

the corpus collosurn (Jenner et al., 2000). Jenner et al. (2000) reasoned that cortico- 

thalamic and cortico-cortical interactions might become disrupted by the presence of 

ectopias. They also postulated that aberrant communications from cortical ectopias 

during early brain development may result in some abnormal cell development in the 

dyslexic thalamus. Galaburda and Livingstone's (1993) examinations of dyslexic 
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brains observed thalamic magnocells of abnormally small size in the LGN (where 

many were also misaligned) and in the left MGN of human post mortem subjects. 

Jenner et al. 's (2000) notion that ectopial interference might lead to deformity 

in the normal development of certain thalamic cells, considered in conjunction with 

Ramus' (2004) opinion that perisylvian ectopias may be responsible for the 

phonological deficits seen in dyslexia, may provide a possible account for the dyslexia 

group's impairments in registering the onset of auditory stimuli. For instance, since 

neuronal transmission speeds tend to be faster the wider the diameter of the axon 

(Hursh, 1939), it has been suggested (Galaburda and Livingstone, 1993) that smaller 

diameter cells such as those observed in the left MGN of the dyslexic thalamus, are 

not likely to transmit information as quickly as normally sized magnocells. It is 

therefore possible to speculate that slowed transmissions from the magnocells of the 

left MGN to the cortex may perhaps contribute to the slower responses of children 

with dyslexia in this study to tone onset. 

The visual deficits found in this study require a rather different explanation 

because their characteristics were opposite to those of the auditory impairments 

observed. The overall reaction times to light onsets of the dyslexia group were not 

slower than their CA controls but they were less accurate in responding to light onsets, 

and they also omitted the last part of a visual TOJ stimulus. 

Longer than normal visual persistence has been recognized as a feature of 

dyslexia in several studies (e. g. Stanley & Hall, 1973). Galaburda and Livingstone 

(1993, p. 70), describe visual persistence as being 'when two visual stimuli are 

presented in rapid succession, the two images fuse and appear as a single 

presentation. ' The time between the two presentations is an index of the severity of 

the visual persistence, and it may be up to 100ms longer for dyslexic readers than 
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controls (Lovegrove, Billing & Slaghuis, 1978; Lovegrove, Heddle & Slaghuis, 1979; 

Stanley and Hall, 1973). The finding of the visual TOJ task that the dyslexia group 

was less accurate than CA controls on the final element of the visual stimulus, may be 

amenable to an explanation involving a longer visual persistence in the dyslexia 

group. However, if the successive stimuli in the TOJ task were truly fused, then the 

dyslexia group would also be expected to be poorer at identifying the first shape of the 

series than the CA controls, but they were not. Instead, any persistence seems to have 

been transferred from the second to the third element of the continuous visual 

sequence. 

According to Booth, Perfetti, MacWhinney and Hunt (2000), readers with 

dyslexia may experience a form of visual persistence that may prevent them from 

properly inhibiting previous word forms, thus interfering with their ability to see 

subsequent word forms when reading text. Perhaps this applies to the registration of a 

temporally presented series of shapes such as in the visual TOJ task, whereby the 

second image is not inhibited before the third arrives. Therefore, in the dyslexic visual 

system, the visual TOJ task could be regarded as inducing a form of visual excitability 

which is passed on to subsequent temporal stimuli. It is thus possible that there could 

be an ectopial influence on visual aspects of dyslexia as well as in auditory 

phonological impairments. 

Gabel and LoTurco (2001) point out the hyper-excitable nature of the milieu 

surrounding ectopias. Taken alongside the evidence from Jenner et al. (2000) 

concerning the aberrant connections between ectopias and the thalamus and the 

ipsilateral and contralateral cortices, there is a possibility that such conditions may 

give rise to some short-circuits in the dyslexic brain. An ectopial explanation would 

seem feasible given Galaburda and Livingstone's (1993) observation of an 
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approximately 30% reduction in magnocell size in the LGN. They pointed out that a 

corresponding 30% reduction in axonal diameter would equate to about a millisecond 

delay in transmission time for signals from the LGN to the cortex. 

If the signal traveling along the normal visual pathway were to arrive a 

millisecond or so later than an identical signal that had taken a shorter pathway 

mediated, at least in part, by ectopial projections, then it may be possible that a more 

persistent image would be experienced. Hence, applying this to the visual TOJ task, 

the image of the second shape may not have decayed before the third shape is 

registered, producing inaccuracy in recognizing the last shape. 

Various degrees of, and combinations of, visual and auditory deficits seen in 

the dyslexia group in this study would in themselves constitute a heterogeneous 

condition. The sensory-motor theories based on temporal processing deficits and 

encompassed by the m-pathway theory, offer interpretations of the biological 

underpinning of dyslexia which are flexible enough to account for the observed data. 

There has also been some evidence within the study pointing to possible links between 

deficits in temporal processing and the formation of unreliable phonological 

representations. A lack of temporal auditory differentiation and a relative insensitivity 

to the stress at the start of a spoken word, as characterized by a higher intensity and 

frequency of sound, are possible component impairments that may lead to difficulty in 

abstracting accurate phonological representations from speech. Hence, the claims of 

sensory-motor theorists and those who support the phonological deficit hypothesis can 

be accommodated by a theory of cognitive integration based on asynchrony of the 

visual and auditory modalities such as was suggested by Breznitz (2002). 

The next chapter is a study of the third of the groups whom are the subject of 

this thesis, adults with acquired dyslexia. 
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Chapter 9: 

Temporal Processing Deficits in Acquired Dyslexia 

The previous chapter indicated that there were very specific temporal 

processing deficits in developmental dyslexia: impairments in registering the first part 

of a linguistic and non-linguistic auditory stimulus, and an opposite deficit when 

registering the last element of a non-linguistic visual stimulus. Although these were 

very distinctive impairments when compared to CA controls, these performances were 

not significantly different from RA controls, which implied a cognitive / neurological 

delay in development. 

The purpose of this study was to compare a group of adults with acquired 

dyslexia with groups of individually matched reading age (RA) and chronological age 

(CA) controls on the same measures of temporal processing that were completed by 

the early readers and the children with developmental dyslexia. 

9.1. Introduction 

This study set out to investigate the temporal processing abilities of a group of 

nine adults with various forms of acquired dyslexia, using the same methodology 

previously employed in this thesis to assess these abilities in developmental dyslexia 

and beginning readers. An additional intention was to examine the temporal 

processing of the participants with acquired dyslexia in a way that parallels much of 

the research into developmental dyslexia by utilizing comparisons with controls who 

are either of the same chronological age or the same reading age as the participants 

with dyslexia. 

The drawing of parallels between the investigation of developmental dyslexia 

and that of acquired dyslexia is considered appropriate in this thesis because of 

empirical similarities between the two groups noted by Holmes (1973), and owing to 
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the similar alphabetic skills identified in earlier chapters of this thesis, such as their 

common difficulty in relating phonology to orthography at the end of a word, 

compared to their abilities to conduct such a mapping at the start of a word. The 

Bryant and Impey (1986) theory that the dyslexic pattern exists at an earlier stage of 

reading is also pertinent to this decision to investigate reading age controls with 

respect to acquired dyslexia. 

The Bryant and Impey (1986) hypothesis provided a rationale for the decision 

to examine whether the cognitive and sensory characteristics of acquired dyslexia may 

be detected within a group of reading-matched controls in the normal population. 

Bryant and Impey (1986) presented evidence that the reading pattern described as 

'developmental surface dyslexia' was not a deviation from normal reading 

development but that the pattern was representative of the level of reading at which 

those children found themselves. Bryant and Impey (1986) appear therefore to imply 

that reading at a certain level of difficulty requires a certain level of skill. The child 

who attempts to read at a level that is higher than her or his level of ability will 

therefore make particular kinds of errors indicative of his or her lack of skill. It 

follows that these errors should not be interpreted as the symptoms of a dyslexic 

condition but of an immaturity in reading skills. 

In the arena of acquired dyslexia, the notion of a regression back to an 

immature reading state (as a result of brain injury) lends itself to a methodology 

whereby the condition may be investigated through making comparisons with 

typically developing individuals who demonstrate immature patterns of reading. 

Reading age would seem to be a reasonable criterion for such comparisons. 

Conducting reading age comparisons has been an important method in the 

developmental reading literature of meeting the challenge laid down by Bryant and 
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Impey (1986), who contested that the performance of children with developmental 

dyslexia should be compared to younger children who are at the same reading level. 

The phenomenon of regression is one of the main discussion points of this 

thesis. Brain injuries which bring about acquired dyslexia are varied in their nature, as 

noted in Chapter 3, and individuals with acquired dyslexia would be expected to suffer 

varying degrees of damage to neural circuitry according to the severity of the injuries 

sustained. In addition to the extent of the inflicted tissue damage, the symptoms of 

regression must also be dependent upon the areas of the brain that are affected. For 

instance, Lambon-Ralph and Graham (2000) found that acquired phonological 

dyslexia was associated with damage to the anterior region of the perisylvian fissure. 

Whereas Vanier and Caplan (1985) found that surface dyslexia was associated with 

damage to the left temporal lobe. Thus, 
-with such variations in the severity, physical 

extent and the aetiological. progression of the brain damage associated with acquired 

dyslexia, the concept of regression implies the hypothesis that acquired dyslexia will 

take many forms, as indeed it does (Ellis & Young, 1996). 

9.1.2. Hypotheses 

If it is the case that temporal processing is an underlying factor in the cognitive 

skills that support reading, then it is expected that there will be similar results in tasks 

designed to assess temporal processing between participants with the same reading 

ages. Equally, participants of the same chronological age but of disparate reading 

abilities would be expected to demonstrate different levels of temporal processing 

abilities. Thus, it was anticipated that children acting as RA controls would show a 

similar profile to reading age-matched individuals with acquired dyslexia. However, 

adults with the same chronological age as participants with acquired dyslexia, who 

have experienced no brain injury, would be expected to be significantly faster and 
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more accurate than their counterparts with acquired dyslexia on reaction time tasks 

(Bashore and Ridderinkhof, 2002). 

Following on from the reasoning outlined in the previous chapter, it was 

anticipated that the absolute difference between reaction times to auditory and visual 

onsets would be significantly greater among the acquired dyslexia group than for their 

CA controls, whereas there would be no significant difference on this measure 

compared to RA controls. This prediction is consistent with the finding in Chapter 8 

that the developmental dyslexia group showed a similar absolute onset difference to 

that of the RA group, but that their absolute onset difference was significantly larger 

than that of CA controls. If the adults with acquired dyslexia replicated the pattern 

evident in children with developmental dyslexia in this regard, it would be some 

support for Breznitz's (2002) asynchrony hypothesis, extending it from the domain of 

developmental dyslexia to a group of adults with acquired dyslexia. An important 

caveat to the suggestion that asynchrony may account for some of the results from the 

reading and temporal processing measures in this chapter is the same caution as is 

expressed in previous chapters, i. e. that there may be an alternative explanation such 

as attention, which has not been tested for in this thesis and which is an underlying 

factor. 

A further prediction in this study of acquired dyslexia, which was another 

extrapolation from the developmental dyslexia study of Chapter 8, was that the 

acquired dyslexia group was expected to show auditory onset reaction times that were 

not significantly different from RA controls but were significantly slower than CA 

controls. Visual onset RTs were anticipated to follow the same pattern. 
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Following the findings of Chapter 8, differences from control group 

performance was anticipated in the accuracy with which the participants with acquired 

dyslexia performed on the following tasks: 

1. the Final Phoneme task; 

2. the first sound in First and Last Sounds; 

3. the first stimulus in the Auditory Temporal Order Judgement; 

4. the last stimulus in the Visual Temporal Order Judgement; 

5. Auditory Beginning; 

6. Visual Beginning. 

9.2. Method 

9.2.1. Participants 

Nine adults (five men and four women) with acquired dyslexia consequent 

upon brain injury took part. They were initially selected by opportunity sampling and, 

once they had been informed about the study and if they had voluntarily agreed to 

participate, they were administered the Howard and Franklin (1992) nonword reading 

test, which is described below, as an assessment of suitability for the study. Ten 

participants had originally been selected but it was discovered that one of them had 

experienced difficulties with reading as a child, and so was excluded. All the 

participants attended either a stroke club or a centre for those with head injury, at least 

once a week, at which they worked on their spoken and written language skills. Eight 

of the neurological participants had suffered a stroke and one person had suffered a 

closed head injury. All the adult participants had sustained brain damage to their left 

hemispheres. Their ages ranged from 33 to 78 years old and they had been employed 

in a wide variety of occupations prior to head injury (see Table 9.1). 

M3176650 



193 

The purpose of the study and the kind of assessments it entailed were 

explained individually to the participants and their informed consent was obtained in 

writing. With the participants' prior permission, a close member of their family was 

also made aware of the demands of the study. 

Table 9.1: Participants with Acquired Dyslexia 

Participant Age Age at Occupation Nature of Time Dual-route 
(yrs) leaving before brain brain injury since Classification 

full-time injury injury from 2002 
education 

B. C. 66 16+ Nurse Left 2 yrs Phonological 
hemisphere dyslexia 

stroke 
C. C. 43 16+ Nurse Traumatic 4 yrs Phonological 

brain injury dyslexia 
J. C. 78 14 Baker Left 4 yrs Phonological 

hemisphere dyslexia 
stroke 

J. D. 68 14+ Coast Left I yr None 
Guard hemisphere 

Commander stroke 
PH 69 16+ Shipping Left 6 yrs Deep 

Manager hemisphere dyslexia 
stroke 

PMA 64 14 Electrician Traumatic 5 yrs* Letter-by- 
brain injury letter reader 
and strokes 
affecting 

both 
hemispheres 

PMI 64 14 Unknown Left 5 yrs None 
hemisphere 

stroke 
D. R. 33 16 Train driver Left lyr None 

hemisphere 
stroke 

J. W. 47 21+ Solicitor Left 9 mths None 
(post hemisphere 

graduate) stroke 
Note. *Time of most recent stroke. Closed head injury at the age of 18yrs, a stroke at 

24yrs old which was the origin of reading problems, and two further strokes in last 10 

years. + indicates they went on to professional training after leaving school. 
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The measures employed in the present study did not allow for a thorough 

investigation of how the participants with acquired dyslexia may have been 

categorised by a dual route classification, into say surface, phonological or deep 

dyslexics. However, some of them had participated in previous research (King, 200 1), 

in which they had been identified as belonging to one of these groups. Allowing for 

the possibility that they might have changed classification since their previous 

assessment, their designations are included in Table 9.1, which shows that three had 

been identified as phonological dyslexics; one had been classed as a deep dyslexic and 

one as a letter-by-letter reader. The classifications of the remaining four participants 

are yet to be determined. 

Selection and classifications of Participants with Acquired Dyslexia: 

All participants were identified as demonstrating acquired dyslexia by scoring 

at or below chance level in the Howard and Franklin (1992) pseudohomophone test, 

which is described in Chapter 5. This indicated that they all found it difficult to read 

nonwords which resembled the sound of real words, e. g. 'brane'. Nonword reading 

difficulties are typical of some types of acquired dyslexia such as phonological and 

deep dyslexias (Berndt et al. 1996). 

Three of the participants, B. C., C. C. and J. C., had been part of the preliminary 

investigation of acquired dyslexia in Chapter 5. These three were found to have 

phonological dyslexia. Chapter 5 describes their reading characteristics. 

P. H. demonstrated the characteristics of deep dyslexia and was the subject of a 

previous case study by the author (King, 2001). 

P. M. A. was a letter-by -letter reader. He fulfilled the criteria (Patterson & Kay, 

1982) of such a classification by reading each letter aloud before attempting to read a 

word. Another characteristic of a letter-by-letter reader was also found in that he read 

M3176650 



195 

single words very slowly, typically taking in excess of 30 seconds to correctly read a 

three or four-letter word. 

No assessments of the other four participants with acquired dyslexia, D. R., 

P. M. I., J. W. and J. D. were made as to their possible classifications. Classifications 

into sub-groups of acquired dyslexia was not considered germane to the present study 

because this is a comparable study to that of Chapter 8 into developmental dyslexia, 

which was not based on any sub-division into types, therefore no such sub-typing is 

attempted in this study. Thereby, it is hoped to achieve a clear and fair comparison 

between temporal aspects developmental dyslexia and acquired dyslexia. 

An RBANS (Randolph, 1998) neuropsychological assessment of the 

participants was completed and its results are given in Table 9.2. 

Table 9.2: RBANS Assessment Results 

Participant 

RBANS Test and Sub-test Index Scores, corrected for age group: 

('Average' score in the age group in the normal population = 90 - 109). 

Immediate Visuo-spatial / Language Attention Delayed Overall 
Memory 

Constructional 
memory Index score 

B. C. 53 89 85 53 60 60 

C. C. 81 69 100 103 95 85 

i. c. 53 62 85 64 75 59 

J. D. 40 100 47 46 52 50 

P. H. 40 

P. M. A. 49 

P. M. I. 40 

D. R. 40 

i. w. 40 

84 40 49 52 48 

50 82 43 44 48 

52 

109 40 40 44 49 

126 76 40 56 59 
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The overall RBANS assessment score showed that they were all below that 

expected for the non-TBI population in their age groups. C. C., D. R. and J. W. showed 

relatively well preserved abilities in visuo-spatial tasks. All but C. C. were impaired in 

language and attentional abilities. It was not possible to complete the assessment of 

P. M. I. Owing to the relative similarities in the RBANS neuropsychological 

assessments, it would seem acceptable to treat the acquired dyslexia participants as an 

homogeneous group for the purposes of this study. 

9.2.1.1. Chronological Age Control Participants 

Nine typical readers of the same ages as the adults with acquired dyslexia were 

chosen by opportunity sampling to act as chronological age controls. They came from 

a variety of employment and educational backgrounds. There was an administrative 

assistant, a housewife, aj ournalist, an I. T. manager, a computer engineer, a 

mechanical engineer and three teachers. The teachers were the only ones to have 

experienced a formal post-18 education. 

9.2.1.2. Reading Age Control Participants 

All but one of these children were selected from the CA and RA controls in the 

previous chapter, the study of developmental dyslexia. The remaining one was taken 

from the study of early reading development in Chapter 7. None demonstrated a lower 

than expected reading age. 

Table 9.3: Summary of Participant Group Members 

Group Age Males Females Mean BAS Reading Age 
Acquired dyslexia 59; 0 548; 10 
CA controls 62; 0 54 17; 9 
RA controls 8; 8728; 10 

Reading age, as determined by the BAS II test, was not significantly different 

between the participants with acquired dyslexia and their reading age (RA) controls, 

both of whom had a mean reading age of 8; 10 (SD = 2; 11, ranging from 5; 4 to 14; 3 
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for both groups). Chronological age (CA) controls showed a significantly more 

advanced reading age (M = 17; 9, SD = 0; 6, ranging from 16; 9 to 18; 0) than the 

acquired dyslexia group. 

Spelling age reflected the same pattern, whereby there was no significant 

difference between the acquired dyslexia and RA groups. The mean spelling age for 

the RA group was 8; 4 (SD = 2; 2, ranging from 5; 4 to for 11; 9). There were two 

participants in the acquired dyslexia group who failed to reach the minimum reading 

age of five years of age. The data for the remaining seven participants were M=6; 7, 

SD =1; 9, and a range from 5; 0 to 8; 9. The CA group demonstrated a significantly 

higher spelling age (M= 17; 2, SD = 1; 5, ranging from 13; 9 to 18; 0) than the 

acquired dyslexia group. 

The participants with acquired dyslexia were the only ones out of the three 

groups to show a significant difference between their reading age and spelling age in 

the Wilcoxon related measures test (2-tailed asymp. ), Z= -2.117, p=0.034, N= 9. 

The CA group's results on this related test was Z=-1.826, p=0.068, N=9, and that 

of the RA group was, Z 1.214, p=0.225, N=9. 

9.2.1.3. Test Battery 

The same baseline measures were taken in this chapter as for the study into 

developmental dyslexia. They were as follows. 

The British Ability Scales II word reading test (BAS II; Elliott, 1996) and 

British Ability Scales II spelling test (Elliott, 1996) were administered in line with the 

standardised procedures, and were included as baseline measures of single word 

reading and spelling ability. Raw scores were converted to standardised scores prior 

to analysis. Reading and spelling ages were generated and used in the comparison 

between participants with acquired dyslexia and their CA and RA controls. 
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A test of nonword reading was taken from the Phonological Assessment 

Battery (PhAB; Frederickson, Frith & Reason, 1997). Raw scores are reported here 

because standardised data was only available for children aged six years or older, and 

some of the RA controls were below this age. 

The Wechsler Intelligence Scalefor Children III vocabulary sub-test 

(Wechsler, 1992) is a measure of productive vocabulary which was also a baseline 

measure in this study. Raw scores were converted to standardised scores for the 

purpose of statistical analysis and comparison between the acquired dyslexia group 

and the control groups. 

The following computerized tests, which were used in the studies of 

developmental dyslexia and of early reading (Chapters 7 and 8) and detailed in the 

methodology Chapter 4, were employed in this study: 

" Phoneme-grapheme awareness tasks: (i) Initial phoneme sub-test, (ii) Final 

phoneme sub-test, to assess accuracy and latency of phoneme-grapheme 

mapping at the start and the end of a monosyllabic word / nonword; 

" First and Last Word and First and Last Letters tests, which assessed 

identification of the first or last sound or letter, respectively in a contiguous 

CVC stimulus; 

" Visual and auditory Temporal Order Judgement Tasks (TOJs), ' which tested 

the accuracy and latency of identifying the first or last light or tone, 

respectively, in a series of three contiguous stimuli; 

Light and Tone Onset and Offset tasks: (i) Auditory Beginning, to assess 

reaction time (RT) and accuracy to the start of a simple tone, GO Visual 

Beginning, which assessed accuracy and RT to the onset of a white light, (iii) 

Auditory End, to assess RT and accuracy to the end of a simple tone, (iv) 
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Visual End, which assessed accuracy and RT to the offset of a white light. The 

onset and offset stimuli were of durations of 500ms, 750ms, 1000ms, 1250ms 

and 1500ms, and the interstimulus intervals (ISIs) were of the same durations. 

9.2.2. Procedure 

The procedure for the CA and RA controls were reported in the studies of 

early reading and of developmental dyslexia, in Chapters 7 and 8. 

The procedure for participants with acquired dyslexia conformed as much as 

possible to those of the early reading and developmental dyslexia study. However, 

owing to the propensity of stroke patience to fatigue more quickly than other people of 

their age, the assessments were typically carried out in three sessions, instead of two 

and there were often five or ten minute breaks between tests. The individual 

participants with acquired dyslexia determined how much assessment they wished to 

attempt in each session. Typically, the testing was carried out in the participants' 

homes, with a member of their family present. 

9.3. Results 

9.3.1. Baseline Measures 

Between groups baseline data are provided in Table 9.4. An impaired 

performance on the Howard and Franklin (1992) pseudohomophone nonword reading 

task was the criterion for selection for the acquired dyslexia group in this study. It was 

therefore anticipated that they would perform poorly in other nonword reading tasks. 

However in this study, their nonword reading was compared to a group of children 

with the same word reading age in order to determine if the level of nonword reading 

was consistent with the level of word reading ability demonstrated in the group of 

normally developing children. That is, were the nonword reading skills seen in 

participants with acquired dyslexia concomitant with their word reading level, or does 

M3176650 



200 

the nonword reading of the acquired dyslexia group constitute a marked departure 

from patterns of normal reading. 

The acquired dyslexia group demonstrated a significant and profound deficit in 

nonword reading, in which the group achieved a mean raw score of 4.2 (SD = 3.8, 

range of 0 to 12), when compared to both CA (M = 18.6, SD = 1.2, range of 17 to 20) 

and RA controls (M =I 1.9, SD = 5.4, ranging from 4 to 19). 

The WISC vocabulary test was intended as an assessment of the productive 

language ability of the participants. As in the PhAB nonword reading test, the 

members of the acquired dyslexia group were significantly less accurate than the 

participants in either of the control groups, demonstrating another impairment relative 

to both their reading age and chronological age. 

Table 9.4: Baseline Measures of Reading, Spelling and Vocabulary. 

M MDN SD Nu p 
Age (years) 
Acquired dyslexia 59; 0 64; 0 14; 7 9 
CA controls 62; 0 64; 0 11JO 9 36 0.69 
RA controls 8; 8 8; 0 3; 2 9 0.000 <0.001 
BAS II reading score 
Acquired dyslexia 47.7 52 26 9 
CA controls 88.6 89 1.9 9 0.000 <0.001 
RA controls 47.1 49 26 9 40.0 0.965 
BAS H reading abilities 
Acquired dyslexia 112.3 115 43 9 
CA controls 212 214 12 9 0.000 <0.001 
RA controls 112 ill 43 9 40.0 0.965 
BAS II reading age 
Acquired dyslexia 8; 10 8; 3 2; 11 9 
CA controls 17; 9 18; 0 0; 6 9 0.000 <0.001 
RA controls 8; 10 8; 3 2; 11 9 40.5 1.0- 
Nonword readin score (Ph, 4B) 
Acquired dyslexia 4.2 2 3.8 9 
CA controls 18.6 18 1.2 9 0.000 <0.001 
RA controls 11.9 11 5.4 9 11.0 0.009 
BAS II spellina score 
Acquired dyslexia 11 4 13.4 9 
CA controls 67 69 6.3 9 0.000 <0.001 
RA controls 26.3 28 16.2 9 17.5 0.042 
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M MDN SD Nu 

BAS II spelling abilities 
Acquired dyslexia 11 
CA controls 166 
RA controls 78.7 

4 13.4 
166 22 
83 30.5 

p 

9 
9 0.000 <0.001 
9 17.5 0.042 

BAS II spelling age 
Acquired dyslexia 6; 7 5; 7 1; 9 7 
CA controls 17; 2 18; 0 1; 5 9 0.000 <0.00 I 
RA controls 8; 4 8; 3 2; 2 9 16.5 0.108 

WISC vocabulM raw score 
Acquired dyslexia 15.8 10 16.0 9 
CA controls 54.6 57 4.8 9 4.0 0.001 
RA controls 25.2 22 12.3 9 17.5 0.042 

9.3.2. Computerised Tests 

9.3.2.1. Phoneme-Grapheme Awareness Tasks 

Initial Phoneme and Final Phoneme were intended to assess the participants' 

skills in matching phonology to orthography at the start and end, respectively, of a 

word or nonword. The PALPA 16 and 17 paper and pencil equivalents of these tests in 

Chapters 6 and 7 had implied that there may be similarities between alphabetic 

abilities in acquired dyslexia and in the beginning readers who were clustered in the 

'intermediate readers' cluster of those two studies. This study was therefore 

investigating whether a similar likeness might be seen in the outcomes of the 

computerised assessments between the groups with acquired dyslexia and the reading 

age controls. 

The acquired dyslexia group was slower and less accurate than the control 

groups in both the Initial and Final Phoneme tests. The results are in Table 9.5. 

A related measures comparison between accuracy in the Initial Phoneme and 

Final Phoneme tests showed that the reading age control group was the only one 

whose accuracy was significantly different in the two tests, Z= -2.120, p=0.034, 
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N =9 (2-tailed, asymp. ); Initial Phoneme mean = 21.8, Final Phoneme mean = 19. The 

CA group's mean scores for the Initial and Final Phoneme tests were 22.7 and 2 1, 

respectively, Z= -8.48, p= 0.396, N=9 (2-tailed, asymp. ); whilst the acquired dyslexia 

group mean for the Initial Phoneme task was 9.3, and for the Final Phoneme test was 

5.8, Z=-1.609, p=0.108, N=8 (2-tailed, asymp. ). 

Table 9.5: Results of Initial Phoneme and Final Phoneme, Grapheme-Phoneme 

Awareness Tasks. 

M MDN SD NUp 
Initial Phoneme 
Count of correct responses 
Acquired dyslexia 9.3 7.5 7.5 8 
CA controls 22.7 24 3.1 9 5.5 0.003 
RA controls 21.8 23 3.9 9 8.5 0.007 
Initial Phoneme 
Mean of all responses' (right and wrong) 
Acquired dyslexia 4097 4226 495.5 8 
CA controls 2328 2255 279.5 9 0.000 0.001 
RA controls 3105 3130 679 9 8.0 0.007 
Initial Phoneme 
Mean of correct responses' 
Acquired dyslexia 4261 4510 632 8 
CA controls 2343 2275 279 9 0.000 0.001 
RA controls 3100 3143 672 9 7.0 0.005 
Final Phoneme 
Count of correct responses 
Acquired dyslexia 5.8 3.0 7.8 8 
CA controls 21 23 7.0 9 7.0 0.005 
RA controls 19 21 7.0 9 9.5 0.011 
Final Phoneme 
Mean of all responses' (right 
and wrong) 
Acquired dyslexia 4799 4907 464 8 
CA controls 2796 2647 555 9 0.000 0.001 
RA controls 3852 3720 723 9 9.0 0.009 
Final Phoneme 
Mean of correct responses' 
Acquired dyslexia 4724 4681 295 6 
CA controls 2768 2567 531 9 0.000 0.001 
RA controls 3874 3932 749 960.013 

Note. a= Mean time in milliseconds. 
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9.3.2.2. First and Last Sounds 

The First and Last Sounds task is an assessment of the participant's ability to 

identify the initial and final sounds in a spoken word or nonword. It was intended in 

this instance, to assess the phonological abilities of participants with acquired dyslexia 

vis-a-vis those of adults who read normally and children whom are at the same 

reading level. A particular aim of the assessment was to see whether the impairment in 

recognising the first sound, which was found in developmental dyslexia when 

compared with CA controls (but not when compared with RA controls), in Chapter 8, 

was also present in acquired dyslexia. 

Table 9.6 shows the results of the First and Last Sounds test. The participants 

with acquired dyslexia were significantly slower than both the RA and CA controls in 

their overall responses. The acquired dyslexia group was significantly less accurate in 

recognising the first and last sounds of words than the two control groups. However, 

there was no significant difference in this regard between the dyslexia and RA control 

groups when identifying nonwords. CA controls were significantly more accurate than 

the acquired dyslexia group in recognising the first or last sound in a nonword. 

There was no significant difference in the overall accuracy of responses to 

either the first or the last sound in a word or nonword between RA controls and 

participants with acquired dyslexia, but the CA group showed significantly greater 

accuracy than the acquired dyslexia group. 

Table 9.6: First and Last Sounds Phoneme Identification Task 

M MDN SD Nup 

First and Last Sounds 
Mean of al [ res )onses' (right and 
wrong) 
Acquired dyslexia 5557 4991 4184 8 
CA controls 1133 1105 223 8 0.000 0.001 

RA controls 2007 2019 709 9 9.0 0.009 
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First and Last Sounds: Count of correct nonwords 
Acquired dyslexia 
CA controls 
RA controls 

M 

19 
30.3 
24 

MDN SD Nup 

18 
30.5 
28 

4.7 8 
1.5 820.002 
7.7 9 23.5 0.226 

First and Last Sounds: Count of correct words 
Acquired dyslexia 17.1 16 
CA controls 30.9 31 
RA controls 25.3 29 

First and Last Sounds: Count of correct responses 
Acquired dyslexia 36.4 34 
CA controls 59.4 59.5 
RA controls 49.4 57 

4.6 8 
180.000 0.001 

6.9 9 2.0 0.002 

8.3 8 
2.1 8 0.000 0.001 
14 9 17 0.066 

First and Last Sounds, Mean of correct responses' 
Acquired dyslexia 5381 4882 4529 8 
CA controls 1109 1109 227.8 8 1.0 0.001 
RA controls 1955 2066 660 9 13 0.027 

First and Last Sounds, Count of correct Beginning Responses 
Acquired dyslexia 22.6 23 7.7 8 
CA controls 31.3 31 0.7 870.008 
RA controls 27.8 31 6.5 9 19.5 0.107 

First and Last Sounds, Count of correct End Responses 
Acquired dyslexia 13.5 11.5 10.2 8 
CA controls 29.9 30 1.6 820.002 
RA controls 21.4 27 10.7 9 18.5 0.091 

Note. a= Mean time in milliseconds. 

9.3.2.3. First and Last Letters 

The orthographic equivalent task to First and Last Sounds was First and Last 

Letters. Its results are shown in Table 9.7. 

Like First and Last Sounds, First and Last Letters demonstrated a significant 

difference in response speed between the acquired dyslexia group and both control 

groups, whom were quicker in their responses than the participants with acquired 

dyslexia. However, there was no significant difference in overall accuracy between 

the acquired dyslexia group and RA controls. The CA control group's score was 

significantly higher than that of the acquired dyslexia group. 
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Unlike First and Last Sounds, the First and Last Letters task did show a 

position effect. There was no significant difference in score between the three groups 

in the correct recognition of the first letter but the CA group was significantly better 

than the acquired dyslexia group in identifying the last letter of the stimulus sequence. 

There was no significant difference between the RA controls and the acquired 

dyslexia group in their accuracy in recognising the last letter. These results were 

similar to those found in First and Last Sounds, except that there was an improvement 

in the acurracy of the acquired dyslexia group relative to the RA group in identifying 

first and last letters, as opposed to the initial and final sounds, of words. 

Table 9.7: First and Last Letters Identification Task 

m MDN SD Nu 

First and Last Letters: Mean of all responses' (right and wrong) 
Acquired dyslexia 4309 4141 1885 8 
CA controls 1194 909 479 9 1.0 0.001 
RA controls 2542 2088 1504 9 14 0.034 

First and Last Letters: Count of correct responses 

Acquired dyslexia 44 45.5 11 8 
CA controls 58.3 62 9.9 9 7.5 0.005 
RA controls 45.8 43 12.5 9 32 0.700 

First and Last Letters, Mean of correct responses' 
Acquired dyslexia 3957 3934 1640 8 
CA controls 1155 909 450 910.001 
RA controls 2469 2014 1459 9 15 0.043 

First and Last Letters: Count of correct Beginning Responses 
Acquired dyslexia 26.3 28 7.4 8 
CA controls 30.9 33 5.2 9 23.5 0.203 

RA controls 27.3 31 6.7 9 35 0.922 

First and Last Letters: Count of correct End Responses 
Acquired dyslexia 19.3 21.5 9.3 8 
CA controls 29.1 31 4.9 970.004 
RA controls 18.6 21 9.6 9 34 0.847 

First and Last Letters: Count of correct words 
Acquired dyslexia 22.4 24 58 
CA controls 29.3 31 4.3 9 10.5 0.011 

RA controls 22.3 22 5.7 9 35.5 0.961 
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MDN SD N 
First and Last Letters: Count of correct nonwords 
Acquired dyslexia 23 22.5 6.7 8 

p 

CA controls 30.7 33 5.9 9 9.0 0.008 
RA controls 23.6 24 7.1 9 33.0 0.772 

Note. a= Mean time in milliseconds. 

9.3.2.4. Visual Temporal Order Judgement (TOJ) 

The Visual Temporal Order Judgement (TOJ) task was intended to examine 

the ability of participants with acquired dyslexia to identify non-linguistic visual 

stimuli in a temporal sequence. It was particularly included in this study to find out 

whether participants with acquired dyslexia resembled the children with 

developmental dyslexia in Chapter 8, who were less accurate in identifying the last 

element of the stimulus sequence than their CA controls (there was no significant 

difference in comparison to RA controls). The data from this assessment are to be 

found in Table 9.8. 

The acquired dyslexia group was, once more, significantly slower in this task 

of Visual Temporal Order Judgement than their CA and RA counterparts. However, 

there was no significant difference between the acquired dyslexia and RA groups in 

accuracy, although the CA group was significantly more accurate in this task than the 

participants with acquired dyslexia. 

No positional effect was noted in the between group analyses (see Table 9.8). 

However, a within group analysis of performance on the Visual TOJ task revealed that 

the acquired dyslexia group was the only one to show a significant difference between 

accuracy on the first and last elements of the visual stimulus. Their mean score for 

correctly identifying the initial shape was 9.4, and for the end shape was 6.4, Z= - 

2.263, p=0.024, N= 8. The RA group means were 8.8 for the first shape and 6.4 for 

the last shape, Z= -0.137, p=0.89 1, N=8. The CA group mean score was 11.8 for 
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both the initial shape and the final shape, Z= 0.000, p=1.000, N=9. All three 

Wilcoxon calculations were asymptotic and 2-tailed. 

Most of the participants with acquired dyslexia reported that they perceived 

all the shapes at once. 

Table 9.8: Visual Temporal Order Task 

M MDN SD NU p 
Visual TOJ 
Count of correct responses 
Acquired dyslexia 15.8 14 5.8 8 
CA controls 23.6 24 0.05 940.001 
RA controls 17.9 19.5 6.3 8 23.5 0.364 
Visual TOJ 
Mean of correct responseSa 
Acquired dyslexia 6071 4073 5534 8 
CA controls 1087 994 414.5 9 1.0 0.001 
RA controls 1797 1569 1029 8 6.0 0.006 
Visual TOJ 
Count of beginning correct 
responses 
Acquired dyslexia 9.4 9.5 2.3 8 
CA controls 11.8 12 0.4 9 12 0.012 
RA controls 8.8 10 3.8 8 31.5 0.957 
Visual TOJ 
Count of end correct responses 
Acquired dyslexia 6.4 6 4.3 8 
CA controls 11.8 12 0.4 930.001 
RA controls 9.1 9.5 2.9 8 16.5 0.099 

Note. a= Mean time in milliseconds. 

9.3.2.5. Auditory Temporal Order Judgement Task 

The Auditory Temporal Order Judgement Task was intended as the auditory 

equivalent of the Visual TOJ task, using non-verbal sounds as stimuli. Three tones of 

different frequencies were used. The task was employed in this study both as a means 

of investigating the temporal ordering skills of participants with acquired dyslexia 

compared to controls, and also as a comparison with developmental dyslexia in which 

it was found, in Chapter 8, that there was a deficit in registering the initial element in 
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the stimulus sequence, compared to CA controls (there was no significant difference 

compared to RA controls). 

Overall, the acquired dyslexia group was significantly slower and less accurate 

than both the control groups in the Auditory TOJ task (see Table 9.9). Despite CA 

controls scoring significantly higher than the acquired dyslexia group in identifying 

the final tone, there was no significant difference between the participants with 

acquired dyslexia and RA controls in their accuracy in identifying beginning sounds. 

None of the groups demonstrated a significant difference between performance 

on the first and last tones: Z= - 1.119, p=0.263, N=8 (2-tailed, asymp. ) for the 

dyslexia group; Z= 0.000, p=1.000, N= 9 (2-tailed, asymp. ), for the CA group, and 

Z= - 1.3 82, p= 0.167, N=8, for the RA controls. 

Table 9.9: Auditory Temporal Judgement Task 

M MDN SD N 
Auditoa TO 
Count of correct 
responses 
Acquired dyslexia 11.4 11.5 2.7 8 
CA controls 23.8 24 0.4 9 0.000 <0.001 
RA controls 17.8 19.5 68 12 0.035 
Auditoty TOJ 
Mean of correct 
responses' 
Acquired dyslexia 4616 4318 2296 8 
CA controls 1031 948 369 9 0.000 0.001 
RA controls 1903 1977 770 8 6.0 0.006 
Auditory 
Count of beginning 
correct responses 
Acquired dyslexia 6.9 6.5 3.0 8 
CA controls 11.9 12 0.3 950.001 
RA controls 8.5 9 2.7 8 21.5 0.264 
Auditorv TOP Count of end correct responses 

Acquired dyslexia 4.5 5 1.8 8 
CA controls 11.9 12 0.3 9 0.000 <0.001 
RA controls 9.3 11 3.4 8 9.5 0.016 

Note. a= Mean time in milliseconds. 
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9.3-2-6. Onset and Offset Detection Tasks 

Auditory Beginning 

Reaction time and response accuracy to the onset of a simple tone were 

assessed by the Auditory Beginning task (see Table 9.10). It was used to study the 

speed of response to a non-verbal auditory stimulus as a way of gauging temporal 

low-level auditory sensitivity in acquired dyslexia. It was also intended as an index of 

the integration of the auditory and visual modalities, by its comparison against 

reaction times to visual onsets in the Visual Beginning task. Thus, the behaviour of 

participants with acquired dyslexia may be judged against that of controls within this 

chapter and against the performance of children with developmental dyslexia, from 

Chapter 8, whom were found to be slower and less accurate than their CA and RA 

controls. 

Reaction times of the acquired dyslexia group to tone onset was significantly 

slower than that of the CA controls but was not significantly different from that of the 

RA controls. There was no significant difference between the acquired dyslexia group 

and either of the control groups in accuracy. 

Table 9.10: Auditory and Visual Onset and Offset Detection Tasks, 
AuditoryBeginning, Visual Beginning, Auditory End and Visual End. 

m MDN SD NU 
Auditory Beginning 
Reaction Time' 
Acquired dyslexia 531 422 177 9 
CA controls 254 266 25 9 0.000 <0.001 
RA controls 415 408 109 9 23.0 0.122 
Audito? y BeginnjEg 
Number of repeat 
responses 
Acquired dyslexia 22.3 1 36 9 
CA controls 1.3 1 1.9 9 34 0.550 
RA controls 6.2 3 6.5 9 39 0.893 
Visual Beginning, Reaction Time' 
Acquired dyslexia 533 566 116 9 
CA controls 291 266 61 930.001 
RA controls 416 402 107 9 17 0.038 
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M MDN SD NUP 
Visual Beginning: Number of repeat responses 
Acquired dyslexia 7.6 1 14.3 9 
CA controls 0.4 0.000 0.7 9 26.0 0.159 
RA controls 2.7 1 3.8 9 40.5 1.000 
Auditorv End: Reaction Timea 
Acquired dyslexia 573 528 232 9 
CA controls 328 303 112 9 10.0 0.007 
RA controls 427 443 109 9 28 0.270 
Auditoa End: Number of repeat responses 
Acquired dyslexia 5.7 1.0 10.1 9 
CA controls 2.1 1.0 3.1 9 40.5 1.000 
RA controls 2.9 3.0 1.5 9 25 0.162 
Visual End: Reaction Timea 
Acquired dyslexia 494 488 138 9 
CA controls 268 244 40.8 9 3.0 0.001 
RA controls 404 421 118.7 9 26.0 0.200 
Visual En& Number of repeat responses 
Acquired dyslexia 7.7 3.0 10.9 9 
CA controls 3.1 1.0 7.1 9 22.5 0.099 
RA controls 2.2 2.0 1.2 9 36.0 0.684 

Note. a= Mean time in milliseconds. 

Visual Beginning 

Visual Beginning was the visual equivalent to the Auditory Beginning task. It 

measured reaction time and accuracy of response to the onset of a light and was 

intended to assess sensitivity to visual onsets in acquired dyslexia, when compared to 

controls. It also served as a comparison with the behaviour of children with 

developmental dyslexia in Chapter 8, who demonstrated no significant difference in 

overall reaction times compared to RA and CA controls, but whose accuracy was 

significantly lower than that of CA controls, although not differing significantly from 

RA controls in this respect. 

Reaction times of the acquired dyslexia group on Visual Beginning was 

significantly slower than both RA and CA controls. Yet, there was no significant 

difference in accuracy score between the acquired dyslexia and control groups (see 

Table 9.10). 
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Auditory End 

The purpose of this task was to assess reaction time and accuracy of responses 

to the offset of a non-verbal auditory stimulus (a simple tone) as part of the 

investigation into temporal low-level auditory sensitivity in acquired dyslexia. As 

before, an evaluation of such abilities in acquired dyslexia were intended to be made, 

as well as a comparison between acquired dyslexia and developmental dyslexia, 

furnished by contrasting the results from this chapter with those from Chapter 8, in 

which children with developmental dyslexia completed the same test. There was no 

significant difference between the accuracy of responses to Auditory End by children 

with developmental dyslexia and RA and CA controls in that study. However, there 

was a significant difference between the 'poorest readers' and 'intermediate readers' 

cluster in Chapter 7 in this regard, whereby the children in the 'intermediate readers' 

cluster were significantly quicker in their responses to the offset of a tone than were 

those in the 'poorest readers' cluster. 

Reaction times to Auditory End were significantly faster for the CA controls 

than the acquired dyslexia group (see Table 9.10). However, there was no significant 

difference between the acquired dyslexia group and the RA controls. There was no 

significant difference between the accuracy scores of the acquired dyslexia group and 

those of the two control groups. 

Visual End 

This task assessed the reaction time and accuracy of responding to the offset of 

a non-linguistic temporal visual stimulus, with the intention of enquiring into the 

temporal processing processes of acquired dyslexia. 

Responses to the offset of a visual stimulus in this study revealed no 

significant difference between the reaction times to visual offset between the acquired 
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dyslexia group and the RA controls, but the CA controls demonstrated a significantly 

faster reaction time to visual offset than the acquired dyslexia group. The accuracy of 

responses between participants with acquired dyslexia and the two control groups 

demonstrated no significant differences. 

9.3.3. Within Modality Temporal Analysis 

A within groups analysis of the differences between Auditory Beginning and 

Auditory End reaction times was carried out because in Chapters 7 and 8, no 

significant difference was found between the reaction times to auditory onset and 

offset in children with developmental dyslexia, and also in children in the 

'intermediate readers' cluster. This thesis set out to investigate whether these three 

groups representing acquired dyslexia, developmental dyslexia and early readers 

(specifically, children whose reading characteristics conform to those which Ehri 

(1995) described as 'the partial alphabetic phase') show similarities in their reading 

characteristics, and it has been suggested in previous chapters that a lack of temporal 

differentiation in registering the beginning and end of a spoken word may lead to 

unstable phonological representations, which would impair fluent alphabetic reading. 

The related measures analysis revealed that only the CA controls showed a 

significant difference in the speed of their mean reactions to onsets and offsets of 

auditory stimuli, Z= -2.192, p= 0.028, N= 9. There was no significant difference 

between mean reaction times to Auditory Beginning and Auditory End for the 

participants with acquired dyslexia Z= - 1.125, p= 0.260, N= 9, nor for their RA 

controls, Z= -0.059, p= 0.953, N=9. 
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9.3-4. Absolute Onset and Offset Differences 

Chapters 7 and 8 included investigations of a possible 'temporal gap' (Breznitz 

2002) between behavioural reaction times to the visual and auditory onset times. The 

absolute difference is taken because it was thought that it did not matter from which 

modality the first mono-modal signal arrived at the multi-modal neuron for 

integration, the limiting factor was the amount of time elapsing between the first and 

second signal. The rationale for this was based on Stein and Meredith (1993) and was 

discussed in detail in Chapters 7 and 8. 

The mean absolute onset difference for the acquired dyslexia group was 127ms 

(SD =81 ms), whilst that of the RA controls was 48ms (SD = 42), and for the CA 

controls was 54ms (SD = 43). This mean time for the acquired dyslexia group was 

outside the 100ms gap duration which Stein and Meredith (1993) claimed that most 

polymodal visual-auditory neurons operated. The participants with acquired dyslexia 

demonstrated a significantly larger absolute onset difference than the CA controls, U 

18.0, p=0.047, n, = 9, n2 = 9; they also showed a significantly wider onset gap than 

RA controls, U= 16.0, p=0.03 1, n, = 9, n2 = 9- 

9.3.5. Intercorrelations between Onset and Offset Reaction Times 

In order to provide continuity with the developmental dyslexia and early 

reading studies of Chapters 8 and 9, the pattern of correlations between the auditory 

and visual onset and offset reaction times has been included for the three groups in 

this study. Once again, it is intended as a purely descriptive aid. Furthermore, even 

greater caution should be exercised when scrutinizing the present data because they 

are derived from much smaller sample sizes. Calculations of whether correlational 

values are significant depend on the number of subjects and with low numbers of 

participants, such as in this study, the coefficient must be of a higher value than when 
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there are many subjects. Spearman's correlation coefficient must be 0.6 or above in 

order to reach significance for nine participants; whereas, for example, when there are 

30 subjects, the coefficient has only to be 0.31 or above, to be significant (Greene, 

1990). 

Figure 9.1: Significant Two-way Correlations (Spearman's) between RTs in the 
Acquired Dyslexia, Chronological Age and Reading Age Control Groups 

Acquired Dyslexia group: 
Auditory 
Beginning 

Auditory End 

Chronological Age Controls: 

Auditory 
Beginning 

Auditory End 

Reading Age Controls: 

Auditory 
Beginning 

rs=0.750* 

I 

Auditory End 

Note. - *p<0.05, **p<0.01 

rs=0.667* 

r,, =0.850** 

Visual Beginning 

rs =0.667* 

Visual End 

Visual Beginning 

Visual End 

Visual Beginning 

Visual End 

Figure 9.1 shows the correlations between overall reaction times to Auditory 

Beginning, Visual Beginning, Auditory End and Visual End for the dyslexia and 
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control groups. The RA group demonstrated most intercorrelations. The CA group 

showed no significant correlations. Equally unexpectedly Oudging from the study of 

developmental dyslexia in Chapter 8, the acquired dyslexia group demonstrated a 

significant correlation between onset reaction times. It also showed significant 

correlations within the visual modality but not within the auditory modality. A strong 

correlation was evident in the acquired dyslexia group between reaction times to the 

onset of a sound and the offset of a light. 

9.4. Discussion 

This study set out to employ a methodology which is often used in 

developmental studies, which examines. -dyslexia 
in comparison to both (i) controls of 

the same chronological age as the participants with dyslexia; (ii) younger individuals 

who were matched for reading age. Inclusion of the reading age group was intended to 

enable comparisons with non-dyslexic individuals of the same reading level as those 

in the dyslexia group. Similarities with this RA group, combined with contrasts with 

the CA group, would suggest that a cognitive immaturity was present in the acquired 

dyslexia group, whereas a significant deficit in the acquired dyslexia group in 

comparison to both control groups might signpost a cognitive aberration. Such a 

rationale in the past has been applied to developmental dyslexia, notably that implied 

by Bryant and Impey's 1986 espousal of the methodology of using reading level 

controls in addition to chronological age controls. Hence, the objective of this chapter 

was to examine acquired dyslexia within the same methodological framework as has 

been used to research developmental dyslexia. 
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The expectation set by the data from the developmental dyslexia study in 

Chapter 8, was that the performance of participants with dyslexia would resemble that 

of reading age controls but differ significantly from chronological age controls. This 

prediction was generally upheld in the case of this group of adults with acquired 

dyslexia, indicating that acquired dyslexia may demonstrate a regression to an 

immature cognitive and / or neurological state. Specifically, this cognitive immaturity 

pertained to particular aspects of temporal processing. Since these underdeveloped 

temporal abilities coincide with a dyslexic condition (and are not present in the CA 

controls), it may be reasonable to assume that they are connected in some way to the 

participants' problems with written language. Perhaps, aspects of temporal processing 

may underlie the phenomenon of acquired dyslexia, as has been suggested in the 

separate realm of developmental dyslexia by researchers such as Tallal (1980) and 

Breznitz (2002). 

Evidence emerged from this study to support the notion of there being a 

regression to a less advanced cognitive state in acquired dyslexia. It came from the 

phonological and orthographic tasks, as well as from the assessment of visual 

temporal order judgement, and reaction times to visual offset, auditory onset and 

auditory offset. Added to these, data suggested a regression in acquired dyslexia in 

sensitivity to the first element of a three-tone auditory stimulus in the auditory TOJ 

task. In all the aforementioned cases, with the exception of the onset and offset 

detection tasks listed, the impairments of the acquired dyslexia group were in the 

accuracy of responses, wherein they gave the correct responses, as often as RA 

controls but less often than the CA group. 

Speed of response in assessments showed the acquired dyslexia group to be 

slower than both control groups. As such, their impaired speed of processing on these 
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tasks might be conceptualized as a disorder rather than a regression. Surprisingly, with 

the exception of the visual onset task, these were not tests of reaction time to low-level 

sensory stimuli, but were tasks involving higher level cognitive processes: the 

grapheme-phoneme awareness tests; First and Last Sounds; First and Last Letters, 

and the temporal order judgement tasks (although the latter type of assessment was 

construed by Tallal et al., 1997, as a low level sensory measure). It could be 

interpreted that these represent deficits in higher order cognitive processes, in the 

relative absence of low-level sensory processing impairments, but there is a more 

likely explanation that should be investigated before reaching such a conclusion. The 

sensory onset and offset reaction times were recorded in a different fashion from the 

other computerized tests. Auditory Beginning, Visual Beginning, Auditory End and 

Visual End all required the simple response of pressing the space bar on the lap top 

computer, whereas the rest of the tasks necessitated responses via moving and clicking 

on the roller-ball mouse. Thus, any slowness in the component motor skills involved 

in this process would affect the latencies in these tasks. 

All the participants with acquired dyslexia were right-handed and had leamt to 

use their left hand for writing and actions requiring fine motor skills, such as using a 

mouse. Therefore, the slow responses seen in most of the computer tests may be 

attributable to their use of their less favoured hand in the tasks (they all used their left 

hands). Therefore, accuracy would seem to be a fairer measure on which to assess the 

performance of those with acquired dyslexia. However, the possibility cannot be ruled 

out that speed of response may have affected accuracy as well. This is likely to have 

occurred in the grapheme phoneme awareness tasks (First Phoneme and Last 

Phoneme), which timed out if a response was not given within six seconds. A version 
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of this test without a time limit would be an improvement that could be employed in 

future studies. 

First Phoneme and Last Phoneme both demonstrated a slower and less 

accurate performance in the acquired dyslexia group relative to both control groups. 

On face value, this might be interpreted as the participants with acquired dyslexia 

having a profound deficit in alphabetic ability, which would seem consistent with the 

results of Chapter 5, as well as with the Berndt et al. (1996) study, where conversions 

between grapheme and phonemes were found to be impaired. Unfortunately, owing to 

the methodological issues examined in the previous paragraph, these conclusions 

cannot be made using the current version of the test, and must remain the subject of 

future research. 

None of the tasks of: auditory temporal order judgement, First and Last 

Sounds; or First and Last Letters had a time limit for responses, yet all produced 

performances by the acquired dyslexia group which were less accurate than CA 

controls, but not significantly different from that of RA controls. Thus, it may be 

claimed that the participants with acquired dyslexia had regressed to a less advanced 

level of temporal processing in these areas. 

The acquired dyslexia group's overall score on Auditory TOJ was significantly 

lower than both control groups, implying that they had a profound deficit in ordering 

temporal auditory stimuli. This was consistent with the results of the within subjects 

analysis of reaction times to auditory onsets and offsets. The acquired dyslexia group 

was the only one to demonstrate no significant difference between reaction times to 

Auditory Beginning and Auditory End, thereby implying that the participants with 

acquired dyslexia would be likely to be unable to reliably distinguish the first and last 

part of a spoken word. Such a finding was also observed in Chapters 7 and 8 among 
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children with developmental dyslexia and children in the partial alphabetic phase, 

where it was argued that one of the consequences of such a lack of differentiation may 

be to distort the middle of the word. This may be consistent with the particular 

problem with vowel sounds reported by Berndt et al. (1996) in a group of adults with 

acquired phonological dyslexia. 

It should be noted that the RA group also demonstrated no significant 

difference between their reaction times to Auditory Beginning and Auditory End, 

which might suggest that fine tuned discrimination of auditory onsets and offsets may 

be a developmental process in childhood. These results could therefore be interpreted 

as further evidence of a regression of temporal processing skills in acquired dyslexia. 

Analysis of onset reaction times demonstrated that the absolute difference 

between reactions to Visual Beginning and Auditory Beginning was significantly 

greater for the acquired dyslexia group than for the other groups and that the 'onset 

temporal gap' for the acquired dyslexia group was 127ms, which was outside the 

100ms visual-auditory onset difference which had detected in the majority of bi-modal 

neurons in mammalian experiments (Stein & Meredith, 1993). Lack of visual-auditory 

synchrony was thought by Breznitz (2002) to hamper alphabetic reading and an 

asynchrony of ERP responses to visual and auditory stimuli was found by Breznitz 

(2002) in developmental dyslexia. Similar ERP experiments on adults with acquired 

dyslexia might therefore be useful to elucidate whether the visual - auditory RT 

differences found in the present study might indicate a similar asynchrony in acquired 

dyslexia as Breznitz (2002) claims for developmental dyslexia. 

The alphabetic reading processes that may be affected by such a theorised 

asynchrony of the visual and auditory modalities are likely to be required in nonword 

reading, and it is this skill which has been shown to be impaired in the participants 
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with acquired dyslexia in this study. Their nonword reading scores were significantly 

below even that of the controls who were of the same word reading age, suggesting a 

profound deficit in the constituent skills required to read nonwords aloud. 

Visual Beginning indicated that the acquired dyslexia group possessed a deficit 

compared to both control groups in their speed of reaction to the onset of a visual 

stimulus, which may possibly have downstream effects in reading. 

Another aim of the study was to discover whether the specific deficits in 

temporal order judgements observed in the participants with developmental dyslexia 

in the last chapter, were present in the acquired dyslexia group. They had shown a 

lack of accuracy, compared to CA controls (but not to RA controls), in identifying the 

first element of a visual three-part stimulus and the last in a sequence of three auditory 

tones. The acquired dyslexia group in th!, - present study showed a much more general 

deficit in these tasks than did the participants with developmental dyslexia in Chapter 

9. In comparison to the CA control group, they were less accurate for both the 

beginning and the final stimulus for these tasks. The within group analysis of Visual 

TOJ revealed that their score for the initial stimulus was significantly higher than for 

the last, which also fails to replicate the positional effects seen in the study of 

developmental dyslexia. 

A further area of difference found between the participants with acquired 

dyslexia in this chapter and those with developmental dyslexia in the last, is that the 

developmental group showed a relative lack of integration between the auditory and 

visual onset and offset reaction times, when compared with both CA and RA controls 

(see Figure 9.1). Yet, the acquired dyslexia group in the present study demonstrated a 

well integrated pattern of reaction times, especially compared to CA controls, who 

showed no significant correlations at all between Auditory Beginning, Visual 

M3176650 



221 

Beginning, Auditory End and Visual End. A possible explanation for the apparent lack 

of intercorrelation may reside in the tenuous nature of making observations from 

correlational data involving such small numbers as eight or nine participants. The 

possible reason behind the unexpectedly rich intercorrelation pattern within the 

acquired dyslexia group may be that the specific deficits in the first visual and last 

auditory stimulus observed in the developmental dyslexia group were not seen in the 

acquired group. These specific deficits in the developmental group may have been 

reflected in a lack of correlation between auditory and visual onset reaction times, 

whereas the correlations between the acquired dyslexia group's onset timings would 

be unaffected in the absence of the positional impairments evident in their 

developmental counterparts. 

It must be acknowledged that the differences found in this study between the 

acquired dyslexia and reading age control groups may simply due to the large age 

difference between these adults and children. They may not be related to the dyslexic 

condition. Indeed, given such a wide age gap, it is surprising that so many similarities 

have been observed between the adults with acquired dyslexia and the children acting 

as RA controls. 

Previous chapters have presented the argument for the need to empirically 

compare groups with acquired dyslexia and developmental dyslexia with children 

from the partial alphabetic phase of reading. This is the object of the study in the next 

chapter. The present study has provided some evidence that regression may take place 

in acquired dyslexia and has drawn some parallels with developmental dyslexia. It has 

also suggested that the temporal auditory deficit is more generalized and profound in 

acquired dyslexia than developmental dyslexia, when compared to RA and CA 

controls. 
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The next chapter is a three-way group study, comparing acquired dyslexia, 

developmental dyslexia and the 'intermediate readers' cluster of beginning readers. 
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Chapter 10: Three-way Group Comparison 

This chapter makes a direct comparison between early reading and acquired 

and developmental dyslexia, with a view to identifying commonalites between these 

groups, as well as differences that may distinguish between them. The cluster of 

alphabetic ability from the early readers study in Chapter 7 chosen for this comparison 

was the one that was tentatively termed the 'intermediate readers' group. The reasons 

for this selection are: (i) that the 'poorest readers' cluster contained mainly non- 

readers, and therefore would not be suitable to compare with adults with acquired 

dyslexia who are not completely without literacy, as witnessed by the findings of 

Chapters 5 and 9, and confirmed in the acquired dyslexia literature (e. g. Ellis, 1984); 

(ii) that Chapters 5 and 6 suggested that the alphabetic skills of adults with acquired 

dyslexia and children in the 'intermediate readers' cluster may be similar; (iii) the 

'intermediate readers' showed a partial mastery of the alphabetic principle (as for 

example judged by their nonword reading scores), and would suggest similarities 

between members of this cluster and children whom Ehri (1995) would consider to be 

in the 'partial alphabetic phase'. If the children in the 'intermediate readers' cluster 

did indeed bear a resemblance in their alphabetic abilities to those alphabetic skills 

considered by Ehri (1995) to be typical of the 'partial alphabetic phase', then there is 

a theoretical justification for their comparison with the developmental dyslexia group, 

because Ehri 0 997,1999) thought that the partial alphabetic phase was the pivotal 

developmental period during which the typical and dyslexic patterns of reading 

diverged. 

Evidence from the previous chapter supported the notion of a regression in 

temporal processing associated with alphabetic reading occurring in acquired dyslexia. 

Thus, a comparison of reading characteristics in acquired dyslexia and an early 
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alphabetic phase would seem an appropriate extension of that study. Chapter 9 also 

suggested some similarities between the temporal processing abilities of participants 

with acquired dyslexia and a group of children with developmental dyslexia. 

10.1. Introduction 

Previous chapters have described and provided the background to theories 

about developmental and acquired dyslexia, and also for the theorised alphabetic 

phases of reading development proposed by Ehri (1995,1999). For the sake of the 

studies in this and the next chapter, the 'intermediate readers' cluster from Chapter 7 

will be tentatively considered as representing a group of readers who possess some 

(but not all) alphabetic links, which is consistent with Ehri's (1995,1999) notion of a 

developmental period which she calls the 'partial alphabetic phase'. This introduction 

will focus on some of the ways in which the three groups of 'intermediate readers' and 

participants with acquired and developmental dyslexias, have been found to be similar 

or different so far in the thesis, and suggests ways in which the three groups were 

expected to be found to resemble or differ from each other, in the present study. 

10.1.1. Similarity in the Auditory Onset - Offset Differential 

In Chapters 7,8 and 9, all three groups (the 'intermediate readers' cluster, 

children with developmental dyslexia and adults with acquired dyslexia) demonstrated 

the common characteristic of showing no significant difference between reaction 

times to Auditory Beginning and Auditory End. 

The importance to the perception of word sounds of there being little or no 

time difference between the registration of the onset and offset of a word may be that 

either the initial or final sound is obscured by the other, or that the medial sounds 

(usually vowels) may be rendered indistinct. All three groups have been reported as 

having difficulties with vowels (Berndt et al., 1996; Ehri, 1999; Holmes, 1973). 
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It is possible that children with developmental dyslexia may not formulate 

accurate memory representations of the sounds in words when their temporal auditory 

differential between onset and offset is too narrow. If the alphabetic profile of the 

'intermediate readers' cluster does indeed approximate to the kind of alphabetic 

ability which Ehri (1995,1999) envisaged as occurring during the partial alphabetic 

phase, this data would seem to support Ehri's (1997,1999) idea that the partial 

alphabetic phase may constitute the crossroads during early reading at which the 

dyslexic pattern diverges from the normal pattern of reading. 

The differential between auditory onset and offset reaction times was not 

significantly different in the 'intermediate readers' in Chapter 7, which was also true 

for the children with developmental dyslexia in Chapter 8, whose ages ranged 

between 7 and 16 years of age. It is therefore possible that the auditory differential 

among children with developmental dyslexia does not radically alter from an early 

period of reading that may be conceptualised as the 'partial alphabetic phase'. This 

creates the assumption that it changes in the non-dyslexic population after the 'partial 

alphabetic phase'. This is a topic for future research. However, the difference between 

Auditory Beginning and Auditory End in CA controls in both the developmental and 

acquired dyslexia studies demonstrated a significant auditory differential, which 

implies that skilled readers do, at some point, develop a marked difference in reaction 

times to auditory onsets and offsets. 

10.1.2. Anticipated Similarites between All Three Groups 

Following on from the similar lack of Auditory beginning, Auditory End 

reaction time differential observed in the three groups, it is likely that the 

groups would show commonalities in the other tasks involving the auditory 

modality, the Auditory TOJ task and the First and Last Phoneme tasks. 
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The nonword reading level of the three groups was expected to be similar. Ehri 

(1999, p. 9 1) claimed that children in the partial alphabetic phase 'have 

difficulty decoding unfamiliar pseudowords', implying that they would be 

successful in reading the occasional nonword. Nonword reading has acted as a 

prominent measure in many studies of developmental dyslexia, and poor 

nonword reading is a cardinal trait of phonological and deep acquired dyslexia, 

and has been discovered in individuals with 'type H' acquired surface dyslexia 

(Berndt, 1996; Coltheart, 1996; Shallice & McCarthy, 1985). 

The basis of the rationale that there are similarities between these three groups 

derives from Ehri's (1995,1997,1999) theory of reading development, which 

proposes that there is an incomplete set of alphabetic connections available to 

the reader during the partial alphabetic phase. A similarly incomplete 

collection of alphabetic mappings has been indicated in acquired dyslexia in 

Berndt et al. (1996), and in Chapter 5 of this thesis. It is assumed here that, in 

effect, the children with developmental dyslexia in this study are lacking a full 

set of correct alphabetic connections, since some of them are likely to be 

imprecise according to the phonological representations hypothesis (e. g. 

Snowling, 1998). 

Thus, it is predicted that the three groups will show similar accuracy in the 

grapheme-phoneme awareness tasks. 

If alphabetic reading is a matter of synchronising the visual and auditory 

modalities, as suggested by Breznitz (2002), and who claims that asynchrony 

is an underlying factor in developmental dyslexia, then it would be anticipated 

that the developmental dyslexia group would demonstrate a similar absolute 

auditory-visual onset difference as the acquired dyslexia group, who have 
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demonstrable alphabetic impairments. Given, the similarities in alphabetic 

abilities noted in chapters 5,6,7,8 and 9, between the 'intermediate readers' 

and the two dyslexia groups, it was also anticipated that there would be no 

significant difference between all three groups in absolute onset difference. 

10.1.3. Differences between the Three Groups 

The probability of two groups resembling each other is higher than for three 

groups proving to be similar to one another on any given measure. It is therefore more 

likely that one of the two areas of dyslexia (acquired or developmental) will resemble 

the partial alphabetic phase, which in this chapter is operationalised as the 

performance of the 'intermediate readers', on any measure than it is that both these 

dyslexia groups should show a similarity to the partial alphabetic phase (i. e. to the 

'intermediate readers') on any given measure. Hence, it may be that the 'intermediate 

readers' share some characteristics with acquired dyslexia and some with 

developmental dyslexia. An illustration of this is in the pattern of intercorrelation that 

has been found during the thesis between reaction times to auditory and visual onsets 

and offsets within each group. 

The patterns of intercorrelations differ considerably between the three 

conditions. The 'intermediate readers' demonstrated a rich network of correlations, 

see Figure 10.1. However, the correlations between these reaction times in 

developmental dyslexia suggest a much less integrated system between the auditory 

modality and a less co-ordinated relationship within the visual modality, see Figure 

10.2. 

Yet another pattern of intercorrelations was witnessed for the visual-auditory 

temporal relations within the acquired dyslexia group. In contrast to the 

developmental dyslexia group, their visual modality appeared to be co-ordinated, in 
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terms of reaction times to visual onsets and offsets, but their auditory modality was 

not. They showed integration between the auditory and visual onset reaction times but 

none such in the offset reaction times. Thus, the acquired dyslexia group demonstrated 

exactly the opposite pattern of interrelationships in visual and auditory onset and 

offset reaction times to the developmental dyslexia group (Figure 10.3). 

Figure 10.1: Significant Spearman's 2-Way Correlations in the 

'Intermediate Readers' between Visual and Auditory Onsets and Offsets 

Auditory rs=0.48** Visual 
Beginning ýmmýbeginning 

r,, =0.34* 
I 

Auditory 

Note: *p<0.05 **p<0.0' 
End 

I 

rs=0.50** 

Visual 
End r,, =0.60** 

Figure 10.2: Significant Spearman's 2-Way Correlations in Developmental 

Dyslexia between Visual and Auditory Onsets and Offsets 

Auditory 
Beginning 

r, =0.577** 
I 

Auditory End 

Note. *p<0.05, **p<0.01 

Visual Beginning 

Visual End 
rs=0.617** 
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Figure 10.3: Significant Spearman's 2-Way Correlations in Acquired 

Dyslexia between Visual and Auditory Onsets and Offsets 

Auditory 
Beginning 

Auditory End 

rs=0.667* 

rs=0.817** 

I 

rs =0.667* 

Visual End 

Note. *p<0.05, **p<0.01 

The relationship between these patterns of correlation can be seen graphically 

in Figure 10.4. The acquired and developmental dyslexia groups appear to represent 

opposite and complementary aspects of the onset, offset relationships observed in the 

intermediate readers group. However, causative inferences cannot be attributed to the 

correlation patterns, which are intended as purely descriptive aids to appreciating the 

similarities between the three groups. 

Figure 10.4: Pattern of Significant (p<0.05) Onset and Offset Spearman's 

Correlations, based on RTs in the 'Intermediate readers' Cluster, Developmental 

Dyslexia and Acquired Dyslexia Groups. 
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Differences were reported between the developmental and acquired dyslexia 

groups in the last chapter in their responses to temporal order tasks, when it was noted 

that participants with acquired dyslexia did not show the selective deficits present in 

developmental dyslexia to the initial auditory and final visual stimuli, when compared 

to CA controls. The direct comparison in accuracy on the TOJ tasks was therefore 

expected not to reveal a significant difference between the two groups. 

10.2. Method 

10.2.1. Participants 

The participant data gathered for this study were taken from the study of early 

development in Chapter 7, the developmental dyslexia study in Chapter 8, and the 

acquired dyslexia study in Chapter 9. 

Table 10.1: 

Participant Summary 

Group Mean Age Males Females Mean BAS II 
Reading Age 

Acquired dyslexia 59; 0548; 10 

Developmental dyslexia 11; 6 20 3 8; 6 

'Intennediate readers 
cluster 

9 5; 6 19 33 6; 0 
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10.3. Results 

The data from many of the variables in this study were found by the 

Kolmogorov-Smirnov test not to conform to a normal distribution. Nonparametric 

statistics were therefore used to analyse the results. The Kruskal Wallis test was used 

to determine whether there were any significant differences between the three groups, 

employing a p<0.05 level of significance. Later, pair-wise analysis was carried out by 

conducting Mann-Whitney tests with a Bonferroni correction, which altered the level 

of significance to p<0.0 167, in order to reduce family-wise Type I errors. 

10.3.1. Baseline Measures 

The baseline inferential data are featured in Table 10.2 and baseline 

descriptive data are shown in Table 10.3. They show that there was no significant 

difference between the acquired and developmental dyslexia groups in BAS II reading 

scores, abilities and reading age, whereas the developmental dyslexia group scored 

significantly higher on the test than the acquired dyslexia and the 'intermediate 

readers' groups (reading age means of 8; 10 and 6; 0, respectively; whilst the 

developmental group's mean was 8; 6). 

The BAS II spelling measures produced a different picture, whereby the only 

comparison to show no significant difference was that between the spelling scores of 

the acquired dyslexia and the 'intermediate readers' groups. 

Table 10.3 shows the descriptive statistics for the baseline variables for the 

acquired dyslexia, developmental dyslexia and 'intermediate readers' groups. 
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10.2: Kruskal Wallis 3-way Comparisons and Mann Whitney 2-Way 

Comparisons between the 'Intermediate Readers', Acquired Dyslexia and 

Developmental Dyslexia Groups on Baseline Variables. 

Kruskal Wallis Mann Whitney 
j df P* n, n2 up ** 

Age (years) 
_3-way 

comparison 61.7_ 2 <0.001 
acq. v. intermed 9 52 0.000 <0.00 I 
acq. v. dev. 9 23 0.000 <0.00 I 
dev. v. intermed 23 9 0.000 <0.001 

BASH reading 3-way comparison 23.7 2 <0.001 
score acq. v. intermed 9 52 94.0 0.004 

acq. v. dev. 9 23 94.5 0.706 
dev. v. intermed 23 52 210.5 0.000 

BASH reading 
_3-way 

comparison 23.7 2 <0.001 
abilities acq. v. intermed 9 52 94.0 0.004 

acq. v. dev. 9 23 94.5 0.706 
dev. v. intermed 23 52 210.5 0.000 

BASH spelling 
_3-way 

comparison 24.6 2 <0.001 
score. acq. v. intermed 9 52 164.0 0.154 

acq. v. dev. 9 22 39.0 0.009 
dev. v. intermed 22 52 160.0 0.000 

BASH spelling 
_3-way 

comparison 24.6 2 <0.001 
abilities acq. v. intermed 9 52 164.0 0.154 

acq. v. dev. 9 22 39.0 0.009 
dev. v. intermed 22 52 160.0 0.000 

PhAB nonword 
_3-way 

comparison 8.2 2 0.017 
reading scores 

_acq. 
v. intermed 9 52 191.5 0.381 

acq. v. dev. 9 23 56.0 0.046 
dev. v. intermed 23 52 372.0 0.009 

WISC 3-way comparison 34.9 2 <0.001 
9 50 205.5 0.680 vocabulary raw 

_acq. 
v. intermed 

score acq. v. dev. 9 22 30.5 0.002 
dev. v. intermed 22 50 63 0.000 

Note. p* p<0.05 level of significance; p** p<0.017 level of significance; 
acq. = acquired dyslexia group; dev. = developmental dyslexia group; 
intermed. = 'intermediate readers' cluster; v. = versus. 

PhAB nonword reading raw scores were neither significantly different between 

the acquired dyslexia and 'intermediate readers' groups, nor between the acquired and 

developmental dyslexia groups. However, the participants with developmental 

dyslexia correctly read significantly more nonwords than the 'intermediate readers' 

group. 

The WISC vocabulary test was intended as a measure of productive 

vocabulary. The developmental dyslexia group scored significantly higher on this task 
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than the other two groups. There was no significant difference between the 

'intermediate readers' and the acquired dyslexia participants. 

Table 10.3: 

Baseline Results for the 'Intermediate Readers', Acquired Dyslexia and 

Developmental Dyslexia Groups. 

m MDN SD Min Max N 
Age (years) 
Intermediate readers 5; 6 5; 6 4m 5; 7 6; 3 52 
Acquired dyslexia 59; 0 64; 0 14; 7 33; 0 78; 0 9 
Developmental dys. 11; 6 11; 8 2; 9 6; 10 15; 10 23 
BAS H reading score 
Intermediate readers 14.8 13.0 7.7 5 40 52 
Acquired dyslexia 47.7 52.0 26.1 7 79 9 
Developmental dys. 43.0 44.0 24.7 6 78 23 
BAS H reading abilities 
Intermediate readers 63.3 62.0 13.7 40 99 52 
Acquired dyslexia 112.3 115 43.3 47 172 9 
Developmental dys. 106.2 104 39.8 44 170 23 
BAS H reading age 
Intermediate readers 6; 0 5; 10 0; 7 5; 0 7; 7 52 
Acquired dyslexia 8; 10 8; 3 2; 11 5; 4 14; 3 9 
Developmental dys. 8; 6 7; 10 2; 8 5; 1 13; 9 23 
BAS H spelling score. 
Intermediate readers 10.5 9.5 5.4 3 30 52 
Acquired dyslexia 11.0 4.0 13.4 0 31 9 
Developmental dys. 26.9 25.5 14.7 8 54 22 
BAS H spelling abilities 
Intermediate readers 51.2 50 11.6 30 87 52 
Acquired dyslexia 43.4 34 32.3 10 88 9 
Developmental dys. 81.4 79.5 25.5 47 130 22 
BAS H spelling age 
Intermediate readers 6; 4 6; 4 0; 9 5; 0 8; 3 52 
Acquired dyslexia 6; 7 5; 7 1; 9 5; 0 8; 9 7* 
Developmental dys. 8; 6 8; 1 2; 1 6; 1 13; 3 22 
PhAB nonword reading score 
Intermediate readers 4.8 5208 52 
Acquired dyslexia 4.2 2 3.8 0 12 9 
Developmental dys. 8.4 7 5.4 0 20 23 
WISC vocabulyff score 
Intermediate readers 13.0 13.0 4.6 3 23 50 
Acquired dyslexia 15.8 10.0 16.0 2 55 9 
Developmental dys. 29.2 28.5 9.9 11 51 22 

Note. * two participants in this group were below the minimum score for conversion into spelling age. 
Developmental dys. = developmental dyslexia group. 

M3176650 



234 

10.3.2. Similarities between the Three Groups 

The non-significant results were of especial interest in this study because 

similarities between the three groups were identified in previous chapters. The 

prediction was made that the difference between reaction times to the onset and offset 

of an auditory stimulus (taken as Auditory End reaction times minus Auditory 

Beginning reaction times) would show no significant difference between the three 

groups. This was because the 'intermediate readers' and the two dyslexia groups had 

shown a lack of temporal auditory differentiation in Chapters 7,8 and 9. 

The auditory onset-offset difference was operationalised in this study as 

Auditory End reaction times minus Auditory Beginning reaction times, in keeping with 

the findings of He, Hashikawa, Ojima & Kinouchi (1997) that OFF cells in the 

mammalian MGN in general showed a longer latency than the ON cells. If the effect 

of this longer delay were passed on to behavioural reaction time, then auditory offset 

RTs would be expected to show a longer latency than onset auditory RTs. 

It was also anticipated that the absolute onset difference (the positive value of 

mean reaction times to Auditory Beginning minus Visual Beginning) for the three 

groups may be similar,, since the acquired and developmental dyslexia groups had 

demonstrated a significantly larger absolute difference between visual and auditory 

onset reaction times than had CA controls. It was considered possible that absolute 

onset difference for the 'intermediate readers' might resemble that of the dyslexia 

groups. If isochronism, and thus presumably temporal convergence, of auditory and 

visual responses were implicated in alphabetic ability, as suggested may be the case 

by the arguments put forward in previous chapters, all three groups would be expected 

to show a similar absolute onset difference. 
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Those variables for which no significant difference between the three groups 

was found are detailed in Table 10.4. They include the absolute onset difference 

(positive difference between reaction times to Auditory Beginning and Visual 

Beginning) and the auditory onset-offset difference (Auditory End minus Auditory 

Beginning). 

Table 10.4: Variables Showing No Significant Difference between the 'Intermediate 
Readers', Acquired Dyslexia and Developmental Dyslexia Groups. 

M MDN SD Min Max N Z2 df P 
Absolute Onset Difference between RTSa to Auditoty Beginning and Visual Beginning 
Intermediate readers 130.3 113.4 114.5 1.3 483.7 44 
Acquired dyslexia 127.9 133.5 86.6 3.4 264.8 8 
Developmental dys. 130.4 78.1 168.8 0.4 815.8 22 0.304 2 0.859 
Absolute Offset Difference between RTSa to AuditoCy End and Visual End 
Intermediate readers 124.9 92.7 97.4 9.2 454.3 46 
Acquired dyslexia 159.3 88.0 138.4 23.4 382.8 9 
Developmental dys. 110.4 85.1 93 6.4 326.7 23 0.954 2 0.621 
AuditoaEnd R7' minus Auditoa Beginning RV 
Intermediate readers 55.7 62.9 249.7 -481 723.5 42 
Acquired dyslexia 42.4 80.4 190.8 -359 266.3 9 
Developmental dys. 6.1 2.5 191.4 -639 355.5 22 0.683 2 0.711 
First and Last Sounds: Mean number of correct responses to the initial stimulus. 
Intermediate readers 24.7 28 7.1 2 32 36 
Acquired dyslexia 22.6 23 7.7 9 32 9 
Developmental dys. 27.5 29 5.5 5 32 22 2.573 2 0.276 
Auditoa Beginning: Overall mean number of first responses to stimuli. 
Intermediate readers 23.3 24 2.0 17 25 45 
Acquired dyslexia 23.9 25 2.0 19 25 9 
Developmental dys. 23.9 24 1.8 17 25 22 2.561 2 0.278 
Auditoty BeginninjuMean number of all responses to stimuli (includes repeat responses). 
Intermediate readers 47.2 36 29.2 22 141 45 
Acquired dyslexia 46.2 26 33.8 24 118 9 
Developmental dys. 41.3 28.5 29.0 18 141 22 1.643 2 0.440 
Auditoly Beginning: Overall mean number of repeat responses. 
Intermediate readers 24.4 12.5 29.7 0 116 44 
Acquired dyslexia 22.3 1 36.3 0 93 9 
Developmental dys. 17.4 4 28.5 0 116 22 3.272 2 0.195 
Visual Beginnina: Overall mean number of first responses to stimuli. 
Intermediate readers 23.7 24 
Acquired dyslexia 23.6 25 
Developmental dys. 24.0 25 

1.3 20 25 46 
1.7 21 25 9 
1.9 17 25 22 2.268 2 0.322 

Visual Begoinning: Mean number of all responses to stimuli (includes repeat responses). 
Intermediate readers 31.9 27 16.5 23 123 46 
Acquired dyslexia 31.1 25 13.4 25 66 9 
Developmental dys. 33.1 26 15.7 17 79 22 
Visual Beginning: Overall mean number of repeat responses. 
Intermediate readers 8.1 3 16.6 0 
Acquired dyslexia 7.6 1 14.3 0 
DevelOpmental dys. 9.2 1.5 15.4 0 
Auditorv En&Mean number of all res 
Intermediate readers 
Acquired dyslexia 
Developmental dys. 

35.5 
24.9 
25.3 

onses to stimuli 
23 
25 
24 

33.8 
6.8 
3.2 

includes re 
3 
15 
22 

99 
44 
54 
eat res 
168 
36 
35 

0.055 2 0.973 

46 
9 
22 0.856 
onses 
47 
9 

2 0.652 

23 1.954 2 0.376 
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M MDN SD Min Max N 21 df P Auditoa End: Overall number of repeat responses. 
Intermediate readers 17.6 4 34.4 0 152 47 
Acquired dyslexia 5.7 1 10.1 0 29 9 
Developmental dys. 3.8 4 3.0 0 15 23 4.235 2 0.120 
Visual End: Overall number of first responses to stimuli. 
Intermediate readers 20.3 20.5 3.2 11 25 48 
Acquired dyslexia 20.1 22.0 6.7 4 25 9 
Developmental dys. 22.1 22.0 1.9 17 25 23 5.435 2 0.066 
Visual End: Number of all responses to stimuli (includes repeat responses). 
Intermediate readers 27.1 24.0 14.3 17 97 48 
Acquired dyslexia 28.0 25.0 8.5 21 49 9 
Developmental dys. 25.9 25.0 6.3 20 51 23 1.715 2 0.424 
Visual End: Overall number of repeat responses. 
Intermediate readers 6.8 2.0 14.5 0 79.0 48 
Acquired dyslexia 7.7 3.0 10.9 0 28 9 
Developmental dys. 3.8 2.0 6.1 0 30 23 0.278 2 0.870 
Note. Developmental dys. = Developmental dyslexia group. 

The mean absolute onset differences were very similar between the groups: 

130ms for both the 'intermediate readers' and the developmental dyslexia group, and 

128ms for the participants with acquired dyslexia. All these onset differences are 

above the 100ms temporal gap below which Stein and Meredith (1993) found most 

bimodal mammalian neurons operated. 

Auditory End reaction times minus Auditory Beginning reaction times were 

hardly differentiated in the developmental dyslexia group, whose mean for this 

measure was only 6ms. The 'intermediate readers' children's mean was the highest of 

the three, at 56ms, whilst acquired dyslexia group's was 42ms. 

In addition to there being no significant difference between the three groups 

for the absolute onset gap and the auditory onset-offset difference, there was also no 

significant difference in the absolute offset gaps between the three groups. This offset 

gap was calculated as the absolute difference between reaction times to Auditory End 

and Visual End. Their means ranged from 1 lOms in the developmental dyslexia group, 

through 125ms in the 'intermediate readers' readers, to 159ms in the acquired dyslexia 

group. 

Chapters 8 and 9 identified among the developmental dyslexia and acquired 

dyslexia groups a lack of accuracy in responding to the first phoneme in the First and 
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Last Sounds task, when compared to CA controls but not in relation to RA controls. 

Accuracy in identifying the first phoneme was found not to be significantly different 

between the three groups. 

The other variables in which no significant difference was detected between 

the groups concerned accuracy, but not reaction times, in the visual and auditory onset 

and offset tasks. All of them demonstrated a lack of significant difference in the total 

number of responses given in the tasks. Thus, the number of erroneous repeat 

responses to stimuli did not differ significantly between the three groups of 

participants in Auditory Beginning, Visual Beginning, Auditory End and Visual End. 

Furthermore, in Auditory Beginning, Visual Beginning and Visual End, the number of 

initial responses to the stimuli (i. e. the responses whose times were treated as the 

reaction time measures) were not significantly different. Only in Auditory End was 

there a significant difference, which was that the children with developmental dyslexia 

missed fewer tone offsets than did the 'intermediate readers': these early readers 

responded to a mean of 17.9 out of 25 stimuli, and the children with developmental 

dyslexia made 21.6 mean responses to the 25 stimuli in the task. The developmental 

dyslexia group did not significantly differ from the acquired dyslexia group, nor did 

the 'intermediate readers' differ significantly from the acquired dyslexia group. 

There were significant differences between the three groups in their accuracy 

to the Initial Phoneme and Final Phoneme tasks. The Kruskal Wallis results for scores 

on Initial Phoneme were: X2 = 30.4, df = 2, p<0.001. The means and standard 

deviations in this test were as follows: the acquired dyslexia group mean was 9.3, 

S. D. = 7.5; the developmental dyslexia group mean was 22.7, S. D. = 1.9, and the 

'intermediate readers' group mean was 7 and S. D. = 4.2. The acquired dyslexia group 

mean was 5.8, S. D. = 7.8; the developmental dyslexia group mean was 19.2, S. D. = 5.6, 
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and the 'intermediate readers' group mean was 13.4, S. D. = 6.7. Significant 

differences were found in all the Mann-Whitney comparisons between the groups: for 

the acquired dyslexia and 'intermediate readers' groups, U= 61.5, p=0.003, nI=8, n2 

= 45; the acquired dyslexia and developmental dyslexia groups, U= 15, p=0.001, nj 

8, n2= 20; and the developmental dyslexia and 'intermediate readers' groups, U 

109, p< 0.001, nj = 20, n2= 45. 

The Kruskal Wallis results for scores on Final Phoneme were: X2= 21.3, df 

2, p <0.001. The Final Phoneme means and standard deviations were: 5.8 for the 

acquired dyslexia group mean, S. D. = 7.8; the developmental dyslexia group mean was 

19.2, S. D. = 5.6, and the 'intermediate readers' group mean was 13.4, S. D. = 6.7. 

Significant differences were detected between all the Mann-Whitney comparisons 

between the groups: between the acquired dyslexia and 'intermediate readers' groups, 

U= 80.5, p=0.013, nj = 8, n2= 45; for the acquired dyslexia and developmental 

dyslexia groups, U= 20, p=0.00 1, nI=8, n2= 23; and the developmental dyslexia 

and 'intermediate readers' groups, U= 119, p<0.00 1, ni = 23, n2= 45. 

Kruskal Wallis and Mann-Whitney analyses of latencies for the Initial and 

Final Phoneme tasks are included in Table 10.5. They demonstrate that on both these 

measures there was no significant difference between the acquired dyslexia and the 

'intermediate readers' groups but there were significant differences between acquired 

dyslexia and developmental dyslexia groups and between the developmental dyslexia 

and 'intermediate readers' groups. 

Table 10.5 shows the results of analyses of response times in: Initial Phoneme, 

Final Phoneme, First and Last Sounds, First and Last Letters, Visual TOJ and 

Auditory TOJ. In every case, there is no significant difference between the acquired 

dyslexia and 'intermediate readers' groups but there were significant differences in the 
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other two Mann-Whitney comparisons, between the acquired and developmental 

dyslexia groups and between the developmental dyslexia group and the 'intermediate 

readers' group. Table 10.7 shows the descriptive statistics for these data. The 

developmental dyslexia group was significantly faster in correct responses than were 

the acquired dyslexia or 'intermediate readers' groups. 

Table 10.5: Comparisons of Latencies Across the Three Groups for Alphabetic, 
Phonological, Orthographic and Temporal Order Judgement Tasks, and RTs for Onset 

and Offset Tasks. 

Initial Phoneme: 
Mean response 
time for correct 
responses 
Final Phoneme: 
Mean response 
time for correct 
responses 
First and Last 
Sounds: Mean 
response time for 
coffect rýjýnseýs 
First and Last 
Sounds: Mean 
response time for 
correct responses 
to initial sounds. 

3-way comparison 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 
3-way comparison 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 
3-way comparison 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 
3-way comparison 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

Kruskal Wallis 
Z, 

35.7 

24.5 2 <0.001 

15.2 2 0.001 

15.4 2 0.001 

P* 
<0.001 

First and Last 
Sounds: Mean 
response time for 
correct responses 
to final sounds 
First and Last 
Letters: Mean 
response time for 
correct rýjýnseýs 
First and Last 
Letters: Mean 
response time for 
correct responses 
to initial letters 

3-way comparison 16.4 2 <0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

3-way comparison 25.5 2 <0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 
3-way comparison 26.4 2 <0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

N2 
Mann Whitney 
u P** 

8 44 94 0.038 
8 20 5 <o. 00 1 

20 8 57 <0.00 1 

6 43 80 0.135 
6 23 8 0.001 
23 43 160 <0.001 

8 36 84 0.068 
8 22 29 0.006 

22 8 189 0.001 

8 36 84 0.068 
8 22 28 0.005 

22 8 188 0.001 

7 34 63 0.052 
7 21 13 0.001 
21 34 171 0.001 

8 35 120 0.533 
8 21 14 0.001 

21 35 86 <0.00 1 

8 35 134 0.851 
8 21 19 0.002 

21 35 73 <0.001 

First and Last 3-way comparison 20.5 2 <0.001 
Letters: Mean acq. v. intermed 7 33 91 0.383 

response time for acq. v. dev. 7 21 13 0.001 
correct responses dev. v. intermed 21 33 113 <0.00 1 
to final letters 
Visual TOP 
Mean response 
time for coffect 
responses 

3-way comparison 26.4 2 <0.001 
acq. v. intermed 8 29 80 0.184 

acq. v. dev. 8 17 6 <0.001 
dev. v. intermed 17 29 38 <0.00 I 
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Kruskal Wallis 

Visual TOP 
Mean response 
time for correct 
responses to 
initial shoes. 
Visual TOP 
Mean response 
time for correct 
responses to final 
ýh 
_, 
Lap es 

Auditoly TOP 
Mean response 
time for correct 
responses 

Auditoal TOP 
Mean response 
time for coffect 
responses to 
initial tones. 
Auditoty TOP 
Mean response 
time for correct 
responses to final 
tones 
Auditory 
Beginning RTSa 

i df 

3-way comparison 23.8 2 <0.00 I 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

3-way comparison 23.2 2 <0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

3-way comparison 14.3 2 0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

3-way comparison 11.5 2 0.003 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 

N2 

8 29 
8 16 
16 29 

7 26 
7 17 
17 26 

8 27 
8 17 
17 27 

Visual BeginniLg 
RTs' 

Auditoa End 
RTs' 

Visual End RTs' 

8 26 
8 17 
17 26 

3-way comparison 13.9 2 0.001 
acq. v. intermed 8 23 
acq. v. dev. 8 16 
dev. v. intermed 16 23 
3-way comparison 21.0 2 <0.001 

Mann Whitney 
up ** 

112 0.883 
10 0.001 
34 <0.00 1 

51 0.078 
5 0.001 
50 <0.00 1 

56 0.041 
10 0.001 
38 <0.00 I 

56 0.051 
17 0.003 
34 <0.00 I 

57 0.114 
6 <o. 00 1 
50 <o. 00 1 

acq. v. intermed 9 45 145.5 0.186 
acq. v. dev. 9 22 48 0.026 
dev. v. intermed 22 45 159 <0.00 1 

9 46 186.0 0.633 
9 22 32 0.004 
22 46 136 <o. 00 1 

9 47 125 0.054 
9 23 62 0.082 
23 47 151 <o. 00 1 

acq. v. intermed 9 48 
acq. v. dev. 9 23 
dev. v. intermed 23 48 

3-way comparison 24.5 2 <0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 
3-way comparison 24.9 2 <0.001 
acq. v. intermed 
acq. v. dev. 
dev. v. intermed 
3-way comparison 25.9 2 <0.001 

119 0.034 
58 0.057 
153 <0.001 

Note. p* p<0.05 level of significance; p** p<0.0 17 level of significance. 
acq. = acquired dyslexia group; dev. = developmental dyslexia group; intermed. = 'intermediate readers' 
cluster; v. = versus. 

Table 10.5 also gives statistical analyses for reaction times to the auditory and 

visual onset and offset tasks. They show that there was no significant difference 

between the acquired dyslexia group and the 'intermediate readers' group in any of 

these measures of reaction times. The Auditory Beginning, Auditory End and Visual 
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End reaction times also demonstrate no significant difference between the acquired 

dyslexia and developmental dyslexia groups. Visual Beginning, however, showed a 

significant difference only between the participants with acquired dyslexia and the 

children in the 'intermediate readers' group. Thus, the sole comparison to consistently 

demonstrate a significant difference was between the developmental dyslexia group 

and the 'intermediate readers' group. The children with developmental dyslexia were 

faster than the early readers in their reaction times to the onsets and offsets of visual 

and auditory stimuli. 

10.3.3. Accuracy 

The performances of the three groups in terms of accuracy in the tests, other 

than the visual and auditory onsets and offsets, produced a different picture from the 

latency data derived from these tasks (see Table 10.6). There was a clear division 

between the tasks involving the visual modality and those concerned with the auditory 

modality. First and Last Letters and Visual TOJ showed no significant differences 

between the acquired dyslexia group and either of the other two groups, but the 

developmental dyslexia group scored significantly higher on these tests than did the 

'intermediate readers' group. Yet, First and Last Sounds and Auditory TOJ revealed a 

pattern whereby the developmental dyslexia group performed significantly more 

accurately than both the acquired dyslexia and the 'intermediate readers' groups. The 

only exception to this pattern was in accuracy to responses to the initial sound in the 

First and Last Sounds task, in which there was no significant difference between the 

groups, which was reported above (see Table 10-4). 
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Table 10.6: Comparisons of Accuracy Across the Three Groups for Alphabetic, 
Phonological, Orthographic, Temporal Order Judgement, and Auditory End Tasks. 

Kruskal Wallis Mann Whitney 
j df P* N, N2 UP 

First and Last 3-way comparison 19.7 2 <0.001 
Sounds: Overall 

_acq. 
v. intermed 8 36 100.5 0.185 

score acq. v. dev. 8 22 24.0 0.003 
dev. v. intermed 22 8 142.5 <0.001 First and Last 

_3-way 
comparison 14.3 2 0.001 

Sounds: Final acq. v. intermed 8 36 124.0 0.542 
sounds score acq. v. dev. 8 22 36.5 0.015 

dev. v. interined 22 34 172.0 <0.00 I 
First and Last 3-way comparison 17.1 2 <0.001 
Letters: Overall acq. v. internied 8 35 96.0 0.169 
score acq. v. dev. 8 21 43.5 0.048 

dev. v. internied 21 35 130.5 <0.001 
First and Last 3-way comparison 8.9 2 0.012 
Letters: Initial acq. v. internied 8 35 100.5 0.217 
letters score. 

_acq. 
v. dev. 8 21 72.0 0.549 

dev. v. internied 21 35 193.0 0.003 
First and Last 3-way comparison 11.6 2 0.003 
Letters: Final acq. v. internied 8 35 118 0.492 
letters score 

_acq. 
v. dev. 8 21 47.5 0.071 

dev. v. interined 21 35 170.0 0.001 
Visual TOP 3-way comparison 11.3 2 0.004 
Overall score 

_acq. 
v. internied 8 29 111.0 0.853 

acq. v. dev. 8 17 33.5 0.041 
dev. v. intermed 17 29 102.0 0.001 

Visual TOP 3-way comparison 7.2 2 0.028 
Initial shgpes 

_acq. 
v. intermed 8 29 101.0 0.576 

score. acq. v. dev. 8 17 40.5 0.083 
dev. v. internied 17 29 136.5 0.010 

Visual TOP 3-way comparison 9.0 2 0.011 
Final shgpes acq. v. internied 8 29 106.0 0.710 
score acq. v. dev. 8 17 31.0 0.026 

dev. v. internied 17 29 125.0 0.005 
Audito? y TOP 3-way comparison 14.1 2 0.001 
Overall score 

_acq. 
v. interined 8 27 93.0 0.552 

acq. v. dev. 8 17 18.5 0.004 
dev. v. internied 17 27 89.5 0.001 

Auditoa TOP 3-way comparison 7.9 2 0.02 
8 27 103.0 0.843 Initial tones acq. v. interined 
8 17 34.5 0.048 score acq. v. dev. 
17 27 120.5 0.008 dev. v. intermed 

Auditoty TOP 3-way comparison 8.6 2 0.013 
8 27 87.5 0.415 Final tones score 

_ 
acq. v. internied 

8 17 22.5 0.008 
_ 

acq. v. dev. 
17 27 132.5 0.019 dev. v. internied 

Auditoty En& 3-way comparison 15.0 2 0.001 
9 47 155.5 0.210 Number of first acq. v. intermed 
9 23 85.0 0.434 responses to tone 

_ 
acq. v. dev. 

23 9 227.5 <0.001 offsets dev. v. intermed 

Note. First and Last Sounds Beginning Sound score is given in Table 10.4. 

p* p<0.05 level of significance; p** p<0.017 level of significance. 
acq. = acquired dyslexia group; dev. = developmental dyslexia group; intermed = 'intermediate readers'; 

v. = versus. 
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Table 10.7: Descriptive Stastitics Across the Three Groups for Alphabetic, Phonological, 
Orthographic, Temporal Order judgement Tasks and Onset Offset Tasks. 

Initial Phoneme task: 
Overall score 

Initial Phoneme task. - Mean 
response time for coffect 
responses 
Final Phoneme task: 
Overall Score 

Final Phoneme task: correct 
response time mean 

First and Last Sounds: 
Overall score 

First and Last Sounds: 
Overall mean of coffect 
responses 
First and Last Sounds: 
Initial sound score 

First and Last Sounds: 
Final sounds score 

First and Last Sounds: 
Mean response time for 
coffect responses to initial 
sounds. 
First and Last Sounds: 
Mean response time for 
correct responses to final 
sounds 
First and Last Letters: 
Overall score 

First and Last Letters: 
Mean response time for 
correct responses 
First and Last Letters: 
Initial letters score. 

First and Last Letters: 
Mean response time for 
correct responses to initial 
letters 
First and Last Letters: Final 
letters score 

First and Last Letters: 
Mean response time for 
correct responses to final 
letters 
Visual TOP Overall score 

Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 

Intermediate 
Acquired 
Developmental 

Intermediate 
Acquired 
Developmental 
intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 

Intermediate 
Acquired 
Developmental 

Intermediate 
Acquired 
Developmental 
Intermediate 
Acquired 
Developmental 

Intermediate 
Acquired 
Developmental 

m MDN SD Min max 
18.1 19.0 4.2 1 23 
9.3 7.5 7.5 2 24 

22.7 23.0 1.9 19 26 
3763 3749 459 2741 4781 
4261 4510 632 3325 5032 
2691 2628 565 1817 3500 
13.4 15.0 6.7 0 24 
5.8 3.0 7.8 0 23 
19.2 22.0 5.6 7 25 
4408 4250 521 3225 5257 
4724 4681 295 4379 5210 
3505 3262 672 2240 4646 
40.4 38.5 8.8 26 56 
36.4 34.0 8.3 28 55 
51.5 55.0 9.3 28 61 
2859 2512 1197 1088 6180 
5381 4882 4529 1309 15741 
2079 1627 1636 621 7747 
24.7 28 7.1 2 32 
22.6 23 7.7 9 32 
27.5 29 5.5 5 32 
15.7 17.0 8.7 0 30 
13.5 11.5 10.2 0 29 
24.0 26.5 7.3 0 30 
2852 2547 1345 969 7363 
5363 5274 3753 1309 12907 
2193 1501 2324 518 11548 

3698 2777 3153 1160 17505 
7736 4461 9865 2317 29908 
1971 1650 1138 717 5175 

38.0 32.0 11.9 23 59 
44.0 45.5 11.1 31 61 
52.5 60.0 15.0 10 63 
3608 3165 1664 1465 9250 
3957 3934 1640 2130 6421 
1804 1639 909 650 4357 
22.7 23.0 8.0 7 33 
26.3 28.0 7.4 13 33 
28.0 31.0 7.8 2 33 

3794 3092 2063 1465 9630 
3867 3880 1804 1667 6421 
1718 1646 835 667 4423 

16.7 18.0 9.2 0 30 
19.3 21.5 9.3 0 30 
24.5 29.0 7.6 8 30 
3406 3223 1355 1711 8808 
3794 3872 1292 2380 5791 
1888 1606 1021 631 4255 

15.4 14.0 5.0 8 24 
15.8 14.0 5.8 10 23 
20.3 23.0 6.1 3 24 
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M MDN SD Min "lax Visual TOP Mean response Intermediate 3676 3225 1439 1757 6530 
time for correct responses Acquired 6071 4073 5534 1757 19250 

Developmental 1513 1432 834 501 3631 

Visual TOJ: Initial sh4pes Intermediate 
score. Acquired 

Developmental 

8.5 9.0 3.2 2 12 
9.4 9.5 2.3 6 12 
10.5 12.0 3.2 0 12 

Visual TOP correct final Intermediate 3550 3180 1508 1672 7023 
sh4pes response time Acquired 5512 3651 5894 1678 19385 

Developmental 1371 1176 800 403 3151 
Visual TOP Final shgpes Intermediate 6.9 7.0 3.9 0 12 

score Acquired 6.4 6.0 4.3 0 11 
Developmental 9.9 11.0 3.0 3 12 

Visual TOP Mean response Intermediate 3513 3259 1580 1148 7231 
time for correct responses to Acquired 6942 5061 5678 1843 18707 
final shai)es Developmental 1587 1553 990 599 4876 
Auditoty TOP Overall score Intermediate 12.6 12.0 3.5 8 24 

Acquired 11.4 11.5 2.7 8 15 
Developmental 17.8 20.0 5.3 4 23 

Auditoa TOP Mean Intermediate 2978 2446 1671 856 6447 
response time for correct Acquired 4616 4318 2296 1954 9406 
responses Developmental 1766 1545 963 611 3800 

Auditogl TOP Initial tones Intermediate 7.0 6.0 3.1 0 12 
score Acquired 6.9 6.5 3.0 4 12 

Developmental 9.4 9.0 2.8 1 12 
Auditolyl TOP Mean Intermediate 2865 2112 1772 963 7301 
response time for correct Acquired 4678 4318 2495 1935 9353 
responses to initial tones Developmental 1807 1358 1188 503 4623 
AuditoCy TOP Final tones Intermediate 5.7 5.0 3.5 0 12 
score Acquired 4.5 5.0 1.8 27 

Developmental 8.4 10.0 3.6 0 12 

Auditoa TOP Mean Intermediate 3093 2779 1788 750 7436 
response time for correct Acquired 4359 4004 2303 1970 9467 
responses to final tones Developmental 1701 1703 762 700 3746 
Aydito! y Beginning: RTs' Intermediate 617 567 188 342 1179 

Acquired 531 422 177 365 809 
Developmental 419 360 185 248 1111 

Visual Beginning: RTSa Intermediate 564 552 126 381 956 
Acquired 533 566 166 385 695 
Developmental 398 359 98 295 596 

Auditoa En&RTs' Intermediate 672 619 193 405 1177 

Acquired 573 528 232 373 1039 
Developmental 434 408 141 251 781 

Visual En& RTSa Intermediate 648 600 215 360 1542 
Acquired 494 488 138 306 689 

Developmental 398 341 152 198 803 
Auditoty En& Intermediate 17.8 19.0 3.9 3 23 
Number of first responses to Acquired 19.2 21.0 5.9 7 25 
tone offsets Developmental 21.6 22.0 2.3 18 25 

Note. Intermediate = 'intermediate readers' cluster; Acquired = acquired dyslexia 

group; Developmental = developmental dyslexia group. 
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10.4. Discussion 

This study investigated the commonalities and differences between the 

'intermediate readers' cluster (who were identified in Chapter 7 and whose alphabetic 

abilities resemble those expected of children in Ehri's (1995) 'partial alphabetic 

phase'), the acquired dyslexia and developmental dyslexia groups. Some of the 

similarities that had been observed between the groups in the two-way comparisons in 

earlier chapters were also evident in the three-way comparisons in this study, 

suggesting that there may be similar cognitive characteristics shared by the groups. 

A crucial comparison between the three groups was the absolute difference 

between reaction times to visual and auditory onsets. This measure was discussed in 

the earlier chapters as being a possible index of the differences in the speed of 

processing in the auditory and visual modalities. The 'temporal gap' between the 

registration of the starts to visual and auditory onsets was suggested in Chapters 7 and 

8 as being suggestive of the degree of integration between the visual and auditory 

senses. The mean absolute onset gaps for the three groups in the present study were 

very similar. They were within 3ms of each other. They were also longer than the 

100ms period within which Stein and Meredith (1993) found that most mammalian 

bimodal visual-auditory neurons operate. It might therefore be suggested that the 

groups in this study share a similar disadvantage regarding the isochronism of the 

visual and auditory systems, which Breznitz (2002) would consider, may be a 

correlate of poor alphabetic reading skills. Their absolute offset differences between 

the visual and auditory modalities was also very similar. 

Another important dependent variable assessed in this study was the difference 

between reaction times to the beginning and end of an auditory stimulus (Auditory 

End minus Auditory Beginning). Chapters 7,8 and 9 had shown that the three 
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participant groups of this study, in contrast to their CA controls, showed no significant 

difference between registering the beginning and the end of a tone. The differences 

between auditory offset and onset times in this study showed no significant difference 

between the groups. This may have implications for the development, or reinstatement 

following a stroke, of organisation within an auditory system that must be able to 

extract accurate phonological information from speech such that it can be used in 

alphabetic reading. Specifically, it must be questioned whether reliable phonological 

representations can be established in memory if the timings of auditory onsets and 

offsets are so close as to occur almost simultaneously. The mean difference between 

these two reaction times for the developmental dyslexia group was only six 

milliseconds. Thus, it might be expected that the medial sections of short words or the 

vowel sections of syllables may be compressed and distorted in the perception of the 

child with developmental dyslexia. Such difficulties with vowels were meticulously 

recorded by Holmes (1973). 

Ehri (1999) pointed out that vowels and other medial letters were problematic 

for the partial alphabetic child. Therefore, it is possible that this particular difficulty in 

developmental dyslexia originates in the 'intermediate readers'. It is also possible that 

the lack of auditory onset-offset differentiation is an underlying factor. Future work is 

required to discover whether there is a movement to a wider auditory difference in 

children when they emerge from the phase of reading development represented by the 

'intermediate readers' cluster, in which there is a partial mastery of alphabetic 

principles. Data for the CA control readers in chapter 8, aged between 7 and 16, 

suggested that older children who do not suffer from dyslexia, do indeed develop a 

significant difference between sensitivity to auditory onset and offset. It could be 
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surmised that this may relate to possible recalibrations within the auditory system, for 

example in the temporal relationships between ON and OFF cells in the MGN. 

The lack of temporal differentiation between auditory onset-offset sensitivities 

in the acquired dyslexia group must be presumed to be due to cell damage as a result 

of a left hemisphere stroke, or in the case of C. C., to her closed head injury. It is 

conjectural as to whether an explanation involving under-specified phonological 

representations may be linked with acquired dyslexia in a similar way to that proposed 

above for developmental dyslexia. Presumably, the adults with acquired dyslexia 

would have had adequate phonological representations before their brain injury, as 

none reported having had any reading difficulties prior to it. Indeed, one of the 

participants had been able to speak and read three languages fluently. Is it therefore 

possible that the acquired dyslexia participants have lost those representations, or 

connections to them, and have been unable to form new representations accurate 

enough for alphabetic reading? 

Breznitz (2002) makes the important point that we do not know the exact 

brain mechanisms by which reading is accomplished and that there may be many 

ways in which the auditory and visual modalities work together during the reading 

process. Thus, there may be temporal processing reasons rather than a lack of 

phonological representations, that account for the reading difficulties evident in the 

acquired dyslexia group. 

Comparisons between the two dyslexia groups in this study showed that there 

was a more profound impairment of the auditory modality in the acquired dyslexia 

group than was evident in children with developmental dyslexia. Yet, in the tasks that 

involved visual perception, there was no significant difference detected between the 

two dyslexia groups. 
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The previous chapter indicated that the acquired dyslexia group had a 

profound difficulty in registering both non-linguistic and linguistic auditory stimuli, 

and the results of this study suggest that their speed of response to both visual and 

auditory stimuli were equivalent to that of children in the 'intermediate readers' 

cluster. This may be due to their slow motor co-ordination as much as to any 

perceptual impairment. Slow motor response may be a confounding variable but it did 

not appear to affect the accuracy of the participants with acquired dyslexia in the 

visual tasks, nor in their accuracy in any of the auditory or visual onset, offset reaction 

time tests. Slow movements did, however, appear to have an affect on the phoneme- 

graphemne awareness tasks and has prevented a thorough analysis of the acquired 

dyslexia group's alphabetic abilities compared to those of the developmental dyslexia 

and 'intermediate readers' groups. 

Age has been recognised as a confounding variable in this thesis, and has been 

an unavoidable feature of these studies because the data have been nonparametric, and 

therefore have not been subject to being partialled out, as would occur in parametric 

analysis. However, in the present study, the three groups were significantly different 

from each other in age and yet demonstrated similar accuracies in many of the 

assessments of temporal processing. Previous chapters have argued for the existence 

of a cognitive delay taking place in developmental dyslexia and for a regression 

occurring during acquired dyslexia. The outcome of these two processes may explain 

why groups of participants of significantly differing ages should demonstrate such 

similarities in temporal processing. Both developmental delay and acquired regression 

may result in a cognitive state whereby there is an incomplete set of alphabetic 

connections, which is not substantially different from the cognitive condition of the 

early reader in the 'intermediate readers' group. 
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Despite the view advanced here of there being a cognitive delay. It does not 

necessarily imply a neurological delay. There may be a neurological disorder which 

leads to a cognitive delay. Indeed, just such a disorder was speculated upon in Chapter 

8, where the role of ectopial mediation was considered as a possible physical basis for 

the visual and auditory characteristics observed in that study. 

The present study showed that the developmental dyslexia group was 

significantly faster than the acquired dyslexia and 'intermediate readers' groups, yet 

they were not significantly different from the acquired dyslexia group in terms of 

accuracy. Participants with developmental dyslexia were noted in Chapter 8 as 

showing specific impairments that were absent in RA and CA controls with regard to 

accurately identifying the first tone and the first phoneme of a sequence, and the last 

shape in a temporally presented visual series. In the present chapter, the 

developmental dyslexia group was found to be significantly different from the 

acquired dyslexia group in initial tone and final shape accuracies. However, the First 

and Last Sounds task demonstrated no significant difference between any of the three 

groups in this study. This may be interpreted as evidence for a phonological weakness 

or immaturity shared by all three groups. Taken alongside the lack of temporal 

differentiation between the onset and offset of a tone, discussed above, it also appears 

that an auditory/ phonological deficit is a common factor between the two types of 

dyslexia and the 'intermediate readers' of early reading development. 

One of the key areas of impairment in developmental dyslexia has been 

identified as poor nonword reading (e. g. Castles & Coltheart, 1993). It was also 

highlighted in Chapter 5 as a common deficiency in acquired dyslexia and in the 

'intermediate readers' clusters of chapters 6 and 7. It was therefore expected to be one 

of the measures that would show no significant difference between the groups. 
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Although the similarities between the acquired dyslexia and 'intermediate readers' 

groups in nonword reading was confirmed by the findings of this study, the 

anticipated similarities between the nonword reading of the developmental dyslexia 

group and the other two groups was not discovered. This suggests that children with 

developmental dyslexia are able to progress beyond the nonword reading level shown 

by the 'intermediate readers' but the evidence for the acquired dyslexia group implies 

that they have not passed this point. It was not possible to determine whether the 

participants with acquired dyslexia were able to move on. There may be reasons for 

this result which lie with lack of reading practice or appropriate reading instruction. 

On the other hand, it may be related to the expressive language problems associated 

with acquired dyslexia, such as with phoneme blending, which has been identified as a 

problem in acquired dyslexia, for example by Berndt et al (1996). 

This chapter examined similarities and differences between acquired dyslexia, 

developmental dyslexia and the 'intermediate readers' group of beginning readers by 

employing an approach whereby the participants had had their group membership 

determined prior to the study. The final empirical chapter adopts the approach of 

analysing the patterns of individual differences within these same participants, as well 

as the 'poorest readers' group from Chapter 7, by conducting a cluster analysis and 

looking at how the participants group together. This will also show the extent to 

which the developmental and acquired dyslexia participants are similar not only to 

each other, but to the children who are in the early stages of development. 
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Chapter 11: A Cluster Analysis of the Alphabetic Abilities in Acquired 

Dyslexia, Developmental Dyslexia and Early Reading Development. 

This final empirical chapter aims to take a broader view than has so far been 

adopted in the thesis by assigning the participants from the last chapter, as well as the 
� 

poorest readers' cluster group from Chapter 7, into groups according to their 

alphabetic reading abilities and testing for possible underlying cognitive differences 

between them. The study compares the alphabetic ability of a group of nine 

participants with acquired dyslexia with those of a group of 22 children with 

developmental dyslexia and a group of 52 children in the 'intermediate readers' group, 

and the 45 members of the 'poorest readers' cluster. A cluster analysis is carried out 

on these participants using alphabetic variables as its basis, and it is followed by a 

comparison between these clusters in terms of their temporal processing abilities. If 

the clusters are significantly different from each other, then it may imply that 

developmental dyslexia, acquired dyslexia and early reading occur somewhere along a 

continuum of alphabetic ability. The argument will be made that the quantitative 

factor that may constitute such a spectrum is that of neural connectivity. 

11.1. Introduction 

There has been no empirical group-based study that has compared typically 

developing children with developmental dyslexia, who exhibit written language 

difficulties despite an ostensibly normal development, with adults who have acquired 

dyslexia, whose reading and spelling impairments are a consequence of brain injury 

such as from a stroke. The problem arises of achieving a fair comparison between 

readers of such diverse ages, which is perhaps the reason for the lack of this type of 

study in the literature. However, the previous two chapters have adopted two 

methodologies aimed at tackling this question and the present chapter presents another 
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methodological alternative in an attempt to reveal the similarities and differences 

between acquired and developmental dyslexias. 

Studies subsequent to that of Holmes (1973), claimed to identify not only the 

'surface' type, which Holmes (1973) had suggested was present in the developmental 

population, but also the phonological variety of dyslexia, in a developmental form. 

Coltheart, Masterson, Byng, Prior and Riddoch (1983) presented evidence that 

'developmental surface dyslexia' was present in a case study of an 18-year-old girl. 

Temple and Marshall (1983) identified the phonological type of dyslexia in another 

teenager. Marshall (1984) suggested that developmental dyslexia could derive from 

the failure of a particular part of the adult reading apparatus to develop normally. 

However, Bryant and Impey (1986) thought that such a deduction was not valid unless 

a direct comparison was made with children at an earlier point in reading 

development. 

An awareness of similarities between acquired and developmental dyslexia has 

been evident in the psychological literature for some time. For example, Ellis (1984) 

likened acquired phonological dyslexia to the reading characteristics of children in 

Marsh et al. 's (198 1) first two stages of reading development, in which they appear to 

guess at the identity of words. Acquired surface dyslexia was compared by Ellis 

(1984) to the reading performance of children in Marsh et al. 's stages three and four, 

after alphabetic awareness has been established but when knowledge of orthographic 

rules is still lacking An empirical study that has examined the similarities between 

adults with acquired dyslexia and children during reading development was made by 

Birmboin (1995) who compared four adults with acquired surface dyslexia with eight 

normal seven to eight year olds., and found that the children showed reading 

characteristics in common with the adults. 
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11 
.1 .1- Phases of Early Reading Development 

Ehri (1995,1997,1999) describes a series of qualitative transitions during 

early reading development. As has been described in earlier chapters, particularly 

Chapter 2, the pre-alphabetic child lacks the understanding to make connections 

between written letters and sounds. Some adults with acquired dyslexia who have 

been described in the literature, lack the ability to make any connection between 

letters and sounds (e. g. Davous & Boller, 1994) but these are very much in the 

minority, compared to the main body of recorded cases of acquired and developmental 

dyslexia, who are able to associate at least some graphernes and phonemes. It has been 

a question of the extent to which these mappings between graphemes and phonemes 

(and phonemes and graphemes) can be accurately made that has provided the focus of 

this and other investigations of the condition. Ehri's (1995) next phase of reading 

development, the partial alphabetic phase, was expected in this study as in previous 

chapters, to provide the focus of the comparisons between acquired and 

developmental dyslexia because just as the adults with acquired dyslexia lack a 

complete set of connections between graphernes and phonemes, so do the early 

readers of the partial alphabetic phase. 

The partial alphabetic phase was considered by Ehri (1995 3,1997,1999) as the 

most crucial time in a child's reading acquisition, and that a delay in emerging from 

this phase may result in long-term reading impairment (Ehri, 1997,1999). Thus, the 

partial phase is a possible candidate for the onset of developmental dyslexia. Some of 

its characteristics have also been observed in certain adults with acquired dyslexia. 

Berndt, Haendiges, Mitchum and Wayland (1996) reported that eleven patients with 

phonological dyslexia had difficulty in sounding out letters, especially vowel sounds, 

which are aspects of the partial alphabetic phase as described by Ehri (1995,1997 9 
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1999). Nonword and unfamiliar word reading were regarded by Ehri (1997,1999) as 

being problematic for the child in the partial alphabetic phase, and nonword reading 

difficulties have been widely reported among individuals with dyslexia, particularly in 

both acquired and developmental phonological dyslexia (e. g. Beauvois & Derousne, 

1979; Castles & Coltheart, 1993; Marshall & Newcombe, 1966; Snowling, 2000; 

Temple & Marshall, 1983). Ehri (1999) maintained that amongst the skills that must 

be acquired in order for children to progress to the next (full alphabetic) phase, they 

must learn to separate the final phonemes of words. In the full alphabetic phase, 

children can separate all the sounds in a word and form an almost complete mapping 

of letters onto their sounds. It is the start of automatic sight-reading, when children 

can decode many nonwords and unfamiliar words. They begin to understand the role 

of vowels and consonant clusters (Ehri, 1999). The consolidated phase is the final 

phase proposed by Ehri (1995), characterised by a reorganisation of vocabulary, 

resulting from an identification of underlying orthographic patterns within the lexicon. 

Reading is rapid and automatic. 

11.1.2. Comparisons between Acquired and Developmental Dyslexia 

Comparisons of the two types of dyslexia have been hampered, not only by 

their typical differences in age, but also by their being considered as belonging to 

separate paradigms. Hence, acquired dyslexia has been investigated using the medical 

model and developmental dyslexia has been studied within a developmental 

framework. Different methodologies have precluded a straightforward comparison 

between the two areas of dyslexia. The medical model employed to study acquired 

dyslexia has emphasized the individual case study approach (e. g. Beauvois & 

Derousne, 1979; Marshall & Newcombe, 1966; Marshall & Newcombe, 1973), 
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whereas researchers of developmental dyslexia have generally favoured group-based 

analyses. These two methods of study were discussed in chapter 4. 

A consequence of utilizing the medical model has been that individuals with 

acquired dyslexia have been classified according to the outward 'symptoms' of their 

deficits. Those who demonstrate a relative impairment in reading nonwords compared 

to reading real words, are classed as 'phonological dyslexics' (Beauvois & Derousne, 

1979) whilst those who regularize exception words, are classed as 'surface dyslexics' 

(Marshall & Newcombe, 1973). 

11.1.3. Developmental Dyslexia and Its Sub-Types 

Following the case studies of Coltheart et al. (1983) and Marshall and Temple 

(1983), which indicated that children with developmental dyslexia might be classified 

in a similar way to the conventions used in acquired dyslexia, Castles and Coltheart 

(1993) adopted a regression method to investigate the viability of such a classification 

system in developmental dyslexia. They were interested in phonological dyslexia and 

surface dyslexia. 

Castles and Colheart (1993) tested for phonological dyslexia by assessing 

nonword performance and for surface dyslexia by performance on exception word 

reading. They found evidence to support these two sub types but did so only by 

comparing children with dyslexia to chronological age-matched (CA) controls. This 

did not meet the challenge set by Bryant and Impey (1986), that developmental 

dyslexic readers should be compared with normally developing younger readers. In 

particular, Bryant & Impey (1986) doubted that surface dyslexia was an actual 

developmental disorder, but rather a delay. They therefore predicted that the surface 

dyslexic pattern would be found in children of a similar reading age to the older 

children who were considered as showing surface dyslexia. 
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Stanovich, Siegel and Gottardo (1997), who used the Castles and Coltheart 

(1993) method but included reading age-matched (RA) controls as well as CA 

controls, found empirical support for Bryant and Impey's (1986) suggestion that 

surface dyslexia may be a developmental delay. Their data were also consistent with 

Bryant & Impey's (1986) opinion that phonological dyslexia was a developmental 

disorder, as pure phonological types in their regression analyses continued to be 

outliers even when compared to RA controls. 

Developmental surface dyslexia was starting to be thought of as a milder 

phonological delay (Stanovich et al., 1997) or as a condition resulting from 

insufficient reading experience or 'print exposure' (Griffiths & Snowling, 2002). 

Moreover, Castles and Coltheart (1993), Manis, Seidenberg, Doi, McBride-Chang and 

Petersen (1996) and Stanovich et al (1997), using the regression method, had all 

identified some 'pure' surface and phonological sub types, but the majority of the 

children fell into the 'mixed' category of dyslexia, showing both surface and 

phonological characteristics. 

The literature on developmental dyslexia is dominated by the view that there is 

a single area of impairment that characterises the condition: a phonological deficit 

(e. g. Bradley & Bryant, 1978,1983; Brady & Shankweiler, 199 1; Nation & Hulme, 

1996; Snowling, 2000; Swan & Goswami, 1997; Wolf et al., 2002). Although the 

search for sub types of developmental dyslexia has received a boost from sensory- 

motor theories of dyslexia (e. g. McAnally, Castles, & Stuart, 2000), Ramus (2003) 

and Ramus et al. (2003) launched a robust defence of the centrality of phonological 

deficits in developmental dyslexia, asserting that purported visual and other sensory- 

motor subtypes were merely conditions which sometimes co-existed with dyslexia. At 

this point, it must be conceded that this is a circumstance which is exceedingly 
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difficult to tease apart, since phonological deficits are a characteristic of reading 

difficulties, regardless of whether they be classed as 'dyslexia', 'garden variety' 

(Stanovich, 1988) or another form of reading difficulty. 

Research into acquired dyslexia is still heavily influenced by discussion of sub 

types, in contrast to the single deficit model that is popular in much current 

developmental dyslexia research. Hence, the studies of acquired and developmental 

dyslexias have remained largely separate. 

This study sets out to investigate a group of adults with acquired dyslexia in 

relation to a group of children who have been identified as having developmental 

dyslexia and to a group of children from the earliest periods of reading development. 

The aim is to test the Bryant & Impey hypothesis that the dyslexic pattern occurs at an 

early stage of reading development. In this instance, the term 'dyslexia' is interpreted 

as referring to the behavioural symptoms exhibited in both developmental and 

acquired dyslexia. 

it was anticipated from Ehri's (1997,1999) hypothesis that the children with 

developmental dyslexia would cluster with typically developing children who were in 

the 'intermediate readers' cluster from chapter 7 (i. e. with children who showed an 

incomplete mapping of graphemes and phonemes and whose abilities could be 

suggested as analogous to the skills expected of children in the 'partial alphabetic 

phase' as proposed by Ehri (1995) on measures of word and nonword reading and 

word spelling. It was also expected that adults with acquired dyslexia would cluster 

with the children in the 'intermediate readers'cluster. This is based on observations 

from studies such as Berndt et al. (1996), that some adults with acquired dyslexia lack 

a complete mapping of letters and sounds, which is predicted by Ehri (1995) for 

typically developing children in the 'partial alphabetic phase' 
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11.2. Method 

11 
. 2.1. Participants 

The participants with acquired dyslexia in this study were the same ones as in 

Chapters 9 and 10. Participants with developmental dyslexia in this study were the 

same as those featured in Chapters 8 and 10, except that one of the boys had not 

completed the spelling assessment and was therefore excluded from the cluster 

analysis. Hence, the developmental dyslexia group comprised 22 members. 

Children from the 'poorest readers' and 'intermediate readers' clusters were 

those who were classified in those clusters by the cluster analysis performed in 

Chapter 8. There were 45 in the pre- alphabetic phase cluster, and the group called the 

'intermediate readers' included 52 children. 

11.2.2. Cluster Analysis 

The cluster analysis was conducted based on the same variables as 

employed in the Chapter 7 study: BAS II reading, BAS II spelling, and PhAB nonword 

reading, in that order. These tests are described in Chapter 4 and were intended as 

measures of alphabetic ability, which Ehri (1995) considered to be a pivotal aspect of 

early normal reading development because Ehri (1995) thought that early reading was 

essentially a time of increasing alphabetic skill and knowledge. The raw scores of the 

British Ability Scales II word reading test (BAS II; Elliott, 1996) and British Ability 

Scales II spelling test (Elliott, 1996) were converted to standardised scores prior to the 

cluster analysis. The PhAB nonword reading test results remained as raw scores 

because many of the children were below the minimum age of six at which 

standardised scores were provided. All three tests were administered in line with the 

standardised procedures 
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11.2-3. Test Battery 

The test battery was the same as that used in Chapters 7 to 10 and is 

described in Chapter 4. The British Ability Scales H (BAS 111) word reading test 

(Elliott, 1996) and BAS H spelling test (Elliott, 1996) were administered in line with 

the standardised procedures, and were included as baseline measures of single word 

reading and spelling ability. Raw scores were converted to standardised scores prior 

to analysis. A test of nonword reading was taken from the Phonological Assessment 

Battery (PhAB; Frederickson, Frith & Reason, 1997). Raw scores are reported here 

because standardised data were only available for children aged six years and 

older. The Wechsler Intelligence Scalefor Children III vocabulary sub-test (Wechsler, 

1992) is a measure of productive vocabulary. Raw scores were used in the statistical 

analysis. 

The following computerized tests detailed in the Chapter 4 were 

employed in this study: 

Phoneme-grapheme awareness tasks: (i) Initial phoneme sub-test, (ii) Final 

phoneme sub-test, to assess accuracy and latency of phoneme-grapheme 

mapping at the start and the end of a monosyllabic word / nonword; 

First and Last Word and First and Last Letters tests, which assessed 

identification of the first or last sound or letter, respectively in a contiguous 

CVC stimulus; 

" Visual and auditory Temporal Order Judgement Tasks ( TOJs), which tested 

the accuracy and latency of identifying the first or last light or tone, 

respectively, in a series of three contiguous stimuli; 

" Light and Tone Onset and Offset tasks: (i) Auditory Beginning, to assess 

reaction time (RT) and accuracy to the start of a simple tone, (ii) Visual 
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Beginning, which assessed accuracy and RT to the onset of a white light, (iii) 

Auditory End, to assess RT and accuracy to the end of a simple tone, (iv) 

Visual End, which assessed accuracy and RT to the offset of a white light. The 

onset and offset stimuli were of durations of 500ms, 750ms, 1000ms, 1250ms 

and 1500ms, and the interstimulus intervals (ISIs) were of the same durations. 

Table IM: Summary Table of Participants 

Mean Males Females BAS Reading 
Age Age Mean 

'Poorest readers' cluster 5; 0 29 16 5; 1 
'Intermediate readers' cluster 5; 6 19 33 6; 0 
Acquired dyslexia group 59; 0548; 10 
Developmental dyslexia group 11; 7 19 3 8; 5 

11.3. Results 

The cluster analysis dendrogram. suggested a three-cluster solution. 

11.3.1. Composition Of The New Clusters Compared To Previous Group 

Membership. 

The cluster analysis indicated three groups with 72,45 and II members. The 

group of 45 was composed exactly of the children who had been labelled as the 

4 

poorest readers' cluster in the Chapter 7 study. This cluster of 45 in the present study 

is tentatively called the 'low alphabetic' cluster. 

The large cluster of 72 included all 52 of the typically developing readers who 

had been labelled as 'intermediate readers' in the Chapter 7 cluster analysis of early 

readers. It also contained eight of the nine participants with acquired dyslexia and 

twelve of the twenty-two children with developmental dyslexia who were included in 

this study. 
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The BAS II reading and spelling abilities and PhAB nonword reading raw 

scores were higher for this group, who are tentatively labelled the 'middle alphabetic' 

cluster. 

The final cluster consisted of eleven readers, who showed the highest BAS II 

reading and spelling abilities and PhAB nonword reading scores of the three clusters, 

and it was therefore tentatively referred to as the 'high alphabetic' cluster. Ten of its 

members were children with developmental dyslexia. There were no early readers 

('poorest readers' or 'intermediate readers' children) in this cluster. There was a single 

participant with acquired dyslexia, C. C.. C. C was the only one of the adults with 

acquired dyslexia not to have experienced a focal cerebro-vascular accident. Hers was 

a traumatic brain injury involving damage to a number of areas of the brain, as 

opposed to a localized stroke. 

Table 11.2 displays the descriptive data for the three clusters. 

Table 11.2: 
Descriptive Baseline Data for Reading, Spelling and Vocabulary for the 

Three Clusters. 
M MDN SD min max 

Age (years) 
Low alphabetic 5; 0 5; 0 0; 5 4; 3 6; 2 
Middle alphabetic 12; 8 5; 8 18; 0 5; 9 78; 0 
High alphabeti 14; 8 11; 6 9; 8 7; 6 43; 0 
BAS II reading score 
Low alphabetic 212.9 0 13 
Middle alphabetic 19.7 13.5 15.4 5 72 
High alphabeti 64.1 65 15.5 38 79 
BAS II reading abilities 
Low alphabetic 21 16 14.2 10 62 
Middle alphabetic 70.3 63 23.7 40 155 
High alphabetic__ 141.4 138 29 97 172 
BAS II reading age 
Low alphabetic 5; 6 5; 0 0; 2 5; 0 5; 10 
Middle alphabetic 6; 4 5; 10 1; 2 5; 0 11; 9 
High alphabetic 10; 11 9; 9 2; 8 7; 7 14; 3 
Nonword reading score ýPhAB) 
Low alphabetic 0.27 0 0.69 03 
Middle alphabetic 4.5 5 2.2 08 
High 13.3 12 3.1 9 20 
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MDN SD min max BAS H spelling score 
Low alphabetic 0.69 0 1.2 04 
Middle alphabetic 11.4 10 7.6 0 40 
High alphabetic 37.5 38 11 20 54 
BAS II Telling abilities 
Low alphabetic 14.4 10 7.7 10 34 
Middle alphabetic 52.1 51 16.8 10 103 
High alphabetic 99.6 100 19 70 130 
BAS II spelling age 
Low alphabetic 5; 2 5; 0 0; 9 5; 0 5; 4 
Middle alphabetic 6; 6 6; 4 1; 0 5; 0 10; 3 
High alphabetic 9; 10 9; 9 1; 10 7; 4 13; 3 
WISC vocabulary raw score 
Low alphabetic 8.8 9.5 4.2 0 14 
Middle alphabetic 14.8 14 7.3 2 39 
High alphabetic 36.1 35 10.9 22 55 
Note. Low alphabetic = Low alphabetic cluster; Middle alphabetic Middle alphabetic 
cluster; High alphabetic = High alphabetic cluster. 

Table 11.3 shows a breakdown of the 'middle alphabetic' cluster according to 

which group the participants originated from, whether from the developmental 

dyslexia or acquired dyslexia group. It provides the means and standard deviations for 

these contingents. These descriptive statistics for the members of the new 'Middle 

alphabetic cluster' who were from the original Chapter 7 'intermediate readers' group, 

are shown in Table 7.1. 

Table 11.3: Descriptive Statistics for the Developmental and Acquired Dyslexic 
Members of the 'Middle Alphabetic' Cluster. 

Variable Mean Standard 
Deviation 

Cluster members with 
developmental dyslexia Chronological Age 11; 4 3; 1 

(n=12) BAS Reading Raw Score 25 17 
BAS Reading Age 7; 8 1; 1 
BAS Spelling Raw Score 18 10 
BAS Spelling Age 7; 3 1; 2 
PhAB Nonword Reading score 42 

Cluster members with 
acquired dyslexia Chronological Age 61; 0 14; 0 

(n=8) BAS Reading Raw Score 44 25 
BAS Reading Age 8; 2 2; 2 
BAS Spelling Raw Score 8.5 11.9 
BAS Spelling Age 6; 3 1; 6 
PhAB Nonword Reading score 3.3 2.7 
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Table 11.4 shows descriptive baseline data for those members of the 'high 

alphabetic' group who originated from the developmental dyslexia and acquired 

dyslexia groups. 

Table 11.4: 
Descriptive Statistics for the Members of the 'High Alphabetic' Cluster. 

Variable Mean Standard 
Deviation 

Cluster members Chronological Age 11; 10 2; 6 
with developmental BAS Reading Raw Score 63 15 

dyslexia BAS Reading Age 10; 7 2; 6 
(N=10) BAS Spelling Raw Score 38 11 

BAS Spelling Age 10; 0 IJI 
PhAB Nonword Reading score 13 3 

Cluster members 
with acquired Chronological Age 44; 0 

dyslexia BAS Reading Raw Score 79 
(N=1) BAS Reading Age 14; 3 

BAS Spelling Raw Score 31 
BAS Spelling Age 8; 9 

PhAB Nonword Reading score 12 

Two a priori comparisons were conducted, one between the 'low alphabetic' 

cluster and the 'middle alphabetic' cluster, and one between the 'middle alphabetic' 

cluster and the 'high alphabetic' cluster. The rationale for this, as opposed to a three- 

way comparison of the clusters, was that the theoretical premise for conducting the 

cluster analysis in this chapter was that there may be a continuum of connectivity in 

reading. Such a continuum, it was thought, would be based upon Ehri's notion of 

increasing connectivity as the skill of reading becomes more and more accomplished. 

Following from this, the crucial differences for investigation would be between 

neighbouring phases, as opposed to those which are separated by an intervening 

phase. The three clusters in this study might be regarded as representing three levels 

of alphabetic ability and that there is a shift in the degree of connectivity between the 
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'low alphabetic' and 'middle alphabetic' clusters and between the 'Middle alphabetic' 

and 'high alphabetic' clusters. Therefore, these constitute the two a priori 

comparisons in this study. 

Significant differences between the 'low alphabetic' and 'middle alphabetic' 

clusters and between the 'middle alphabetic' and 'high alphabetic' clusters were 

observed at the p<0.0 I level of significance, for all the baseline measures (see Table 

11.5). 

The phoneme-grapheme awareness tasks of Initial Phoneme and Final 

Phoneme were intended as assessments of alphabetic ability. They were included 

because Ehri's (1995) theory states that growth in reading skill is underpinned by an 

expansion in the understanding and in the ability to manipulate alphabetic principles. 

Therefore, the notion of there being a spectrum of connectivity which may underlie 

reading performance is conceptually closely linked to alphabetic ability. It was 

expected to see a progression in the speed and precision in the Initial Phoneme and 

Final Phoneme tasks between the 'low alphabetic' and 'middle alphabetic' clusters, 

and between the 'middle alphabetic' and 'high alphabetic' clusters. 

Table 11.5: Baseline Results for the 'Low Alphabetic', 'Middle Alphabetic' and 
'High Alphabetic' Clusters. 

N, N2 UP 

A-ge (years) 
Low v. Middle clusters 45 72 439 <0.001 
Middle v. High clusters 72 t1 145 0.001 
BAS II reading score 
Low v. Middle clusters 45 72 79 <0.001 
Middle v. High clusters 72 11 28.5 <0.001 
BAS II reading abilities 
Low v. Middle clusters 45 72 79 <0.001 
Middle v. High clusters 72 11 28 <0.001 
BAS II reading age 
Low v. Middle clusters 45 72 134 <0.001 
Middle v. High clusters 72 11 28 <0.001 
BAS II spelling score. 
Low v. Middle clusters 45 72 83.5 <0.001 
Middle v. High clusters 72 11 24 <0.001 
BAS II spelling abilities 
Low v. Middle clusters 45 72 83.5 <0.001 
Middle v. High clusters 72 11 24 <0.001 
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BAS II spelling age 
Low v. Middle clusters 
Middle v. High clusters 
PhAB nonword readinR score 
Low v. Middle clusters 
Middle v. High clusters 
WISC vocabulM score 
Low v. Middle clusters 
Middle v. High clusters 

N2 

45 70* 112 <0.00 1 
70 11 24.5 <0.00 1 

45 72 185.5 <0.00 1 
72 11 0.000 <0.00 1 

22 70 340.5 <0.00 1 
70 11 30.5 <0.00 1 

p 

Note. Two participants scored below the minimum for conversion to a spelling age. 
Low = 'Low alphabetic' cluster; Middle = 'Middle alphabetic' cluster; High 
'High alphabetic' cluster. 

11.3.2. Initial and Final Phoneme Tasks 

Table 11.6 and Table 11.7 show the results of the statistical analyses and 

descriptive data for the Initial Phoneme and Final Phoneme tasks. They, generally, 

demonstrate the expected differences between the clusters in accuracy and response 

times, whereby the 'middle alphabetic' cluster was significantly better than the 'low 

alphabetic' cluster in both Initial Phoneme and Final Phoneme, and that the 'high 

alphabetic' cluster was significantly faster and more accurate than the 'Middle 

alphabetic' cluster in both tasks. The only exception was that in the Final Phoneme 

task, there was no significant difference between the 'low alphabetic' and 'middle 

alphabetic' clusters in response times. 

Table 11.6: Results of Initial Phoneme and Final Phoneme, Grapheme-Phoneme 
Awareness Tasks. 

N, N2 UP 

Initial Phoneme 
Count of correct responses 
Low alphabetic v. middle alphabetic clusters 22 64 293.0 <0.00 I 
Middle alphabetic v. high alphabetic clusters 64 9 53.0 <0.00 1 
Initial Phoneme 
Mean RT of all correct responseSa 
Low alphabetic v. middle alphabetic clusters 22 63 477.0 0.030 
Middle alphabetic v. high alphabetic clusters 63 9 61.0 <0.00 I 
Final Phoneme 
Count of correct responses 
Low alphabetic v. middle alphabetic clusters 22 64 222.0 <0.00 I 
Middle alphabetic v. high alphabetic clusters 64 11 74.0 <0.001 
Final Phoneme 
Mean RT of correct responseSa 
Low alphabetic v. middle alphabetic clusters 19 60 559.0 0.900 
Middle alphabetic lers 60 11 87.5 <0.00 I 
Note. a= mean time in milliseconds 
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Table 11.7: 
Descriptive Baseline Data for Initial and Final Phonemes for the Three 

Clusters. 
M MDN SD min max Initial Phoneme: Count of correct responses 

Low alphabetic 12.6 13 4.8 2 20 
Middle alphabetic 17.7 19.5 5.6 1 24 
High alphabetic 23.6 24 1.9 19 26 
Initial Phoneme: Mean of all correct responseSa 
Low alphabetic 3985 3994 547 2738 4800 
Middle alphabetic 3648 3600 673 1861 5032 
High alphabetic 2629 2649 548 1817 3355 
Final Phoneme: Count of correct responses 
Low alphabetic 3.6 3.5 2.9 0 12 
Middle alphabetic 12.9 15 7.2 0 24 
High alphabetic 21.5 23 4.3 9 25 
Final Phoneme: Mean of correct responseSa 
Low alphabetic 4146 4386 1046 2023 5508 
Middle alphabetic 4317 4252 592 3086 5257 
High alphabetic 3301 3193 704 2240 4481 
Note. Low alphabetic. = 'Low alphabetic' cluster; Middle alphabetic. = 'Middle alphabetic' 
cluster; High alphabetic. = 'High alphabetic' cluster. Note. a= mean time in milliseconds 

11.3.3 First and Last Sounds 

First and Last Sounds was a phonological assessment of differences between 

the three clusters. Its inclusion in this study is because of the crucial role attributed to 

phonological processing difficulties in developmental and acquired dyslexia and the 

difficulties identified through this test in these groups in previous chapters of the 

thesis. 

Tables 11.8 and 11.9 show the inferential and descriptive statistical data for the 

First and Last Sounds task. There was no significant difference between the 'low 

alphabetic' and 'middle alphabetic' clusters in overall accuracy or response time. The 

only significant difference between the 'low alphabetic' cluster and the 'middle 

alphabetic' cluster was that the members of the'middle alphabetic' cluster correctly 

identified more of the last phonemes of the sequences than did those of the 'low 

alphabetic' cluster. 

Overall, the 'high alphabetic' cluster was significantly faster and more 

accurate than the 'middle alphabetic' cluster. However, there was no significant 
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difference between the clusters in the accuracy of their identification of the first 

phoneme of the stimulus. 

Table 11.8: 
First and Last Sounds Task 

N, 
First and Last Sounds 
Number of correct responses 
Low alphabetic v. middle alphabetic clusters 
Middle alphabetic v. high alphabetic clusters 
First and Last Sounds 
Mean RT of correct respOnseSa 
Low alphabetic v. middle alphabetic clusters 
Middle alphabetic v. high alphabetic clusters 
First and Last Sounds 
Number of correct beginning responses 
Low alphabetic v. middle alphabetic clusters 
Middle alphabetic v. high alphabetic clusters 
First and Last Sounds 
Number of correct final responses 
Low alphabetic v. middle alphabetic clusters 
Middle alphabetic v. high alphabetic clusters 

Note. a= mean time in milliseconds 

N2 U p 

9 55 152 0.065 
55 11 44 <0.001 

9 55 218 0.569 
55 11 139 0.005 

9 55 240.5 0.892 
55 11 213.5 0.124 

9 55 136 0.031 
55 11 63 <0.001 

Table 11.9: 
Descriptive Statistics for First and Last Sounds 

M MDN SD min max 
First and Last Sounds: Number of correct responses 
Low alphabetic 34.7 34 6.9 25 47 
Middle alphabetic 41.1 39 9.5 26 60 
High alphabeti 56.6 56 2.8 52 61 
First and Last Sounds 
Mean of correct responses' 
Low alphabetic 3436 2545 1970 1573 7239 
Middle alphabetic 3075 2500 2223 621 15741 
High alphabeti 2051 1378 1939 923 7747 
First and Last Sounds: Number of correct beginning responses 
Low alphabetic 24.9 30 7.5 14 32 
Middle alphabetic 24.6 27 7.2 2 32 
High alphabetic 29.1 29 1.8 26 32 
First and Last Sounds 
Number of correct final 
responses 
Low alphabetic 9.3 9 6.8 0 17 
Middle alphabetic 16.3 17 90 30 
High 27.7 28 1.9 25 30 

Note. Low alphabetic. 'Low alphabetic' cluster; Middle alphabetic. = 'Middle alphabetic' 
cluster; High alphabetic. = 'High alphabetic' cluster. a= mean time in milliseconds 
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11.3.4. The First and Last Letters 

The First and Last Letters task was designed as the orthographic equivalent of 

the First and Last Sounds task. It was intended to determine whether there were any 

differences between the clusters in respect of sensitivity to temporally presented 

orthographic stimuli. 

There was a similar, but not identical, pattern of results that emerged from this 

assessment to that of First and Last Letters (see Tables 11.10 and 11.11). No 

significant difference between the 'low alphabetic' and 'middle alphabetic' clusters 

was observed in overall accuracy or response time. The sole significant difference 

between the 'middle alphabetic' and 'low alphabetic' clusters was that the 'Middle 

alphabetic' cluster more often correctly recognized the last letter of the sequence than 

did the 'low alphabetic' cluster. 

The 'high alphabetic' cluster was significantly faster and more accurate than 

the 'middle alphabetic' cluster. 

Table 11.10: First and Last Letters Identification Task 

Ni N2 u 

First and Last Letters 
Number of correct responses 
Low alphabetic v. middle alphabetic clusters 7 53 127 0.177 
Middle alphabetic v. high alphabetic clusters 53 10 28.5 <001 
First and Last Letters 
Mean RT of correct responseSa 
Low alphabetic v. middle alphabetic clusters 7 53 176 0.827 
Middle alphabetic v. high alphabetic clusters 53 to 42.5 <0.00 1 
First and Last Letters 
Number of correct beginning responses 
Low alphabetic v. middle alphabetic clusters 7 53 171.5 0.747 
Middle alphabetic v. high alphabetic clusters 53 10 67.5 <0.001 
First and Last Letters 
Number of correct final responses 
Low alphabetic v. middle alphabetic clusters 7 53 89.5 0.027 
Middle alphabetic v. high alphabetic clusters 53 10 66.5 <0.001 
Note. a= mean time in milliseconds 
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Table 11.11: Descriptive Statistics for First and Last Letters 

-M 
MDN SD min nwx 

First and Last Letters Count of correct responses 
Low alphabetic 33.0 32 6.5 25 46 
Middle alphabetic 40.9 35 12.7 23 62 
High alphabetic 60.7 62 3.1 53 63 
First and Last Letters Mean of all correct responseSa 
Low alphabetic 3028 3413 960 1883 4497 
Middle alphabetic 3369 3048 1670 926 9250 
High alphabetic 
First and Last Letters Count of correct beizinning responses 
Low alphabetic 25.1 27 7.8 14 33 
Middle alphabetic 23.9 26 7.6 7 33 
High alphabetic 32 33 1.7 29 33 
First and Last Letters Mean of correct final responseSa. 
Low alphabetic 9.3 9 7.1 0 20 
Middle alphabetic 18.1 19 9.1 0 30 
High alphabetic 28.8 29.5 1.5 26 30 
Note. Low alphabetic. = 'Low alphabetic' cluster; Middle alphabetic. 'Middle alphabetic' cluster; 
High alphabetic. = 'High alphabetic' cluster. a= mean time in milliseconds 

11.3.5. Visual and Auditory TOJ 

The Visual Temporal Order Judgement task was intended as a measure of 

sensitivity to temporally presented non-linguistic visual stimuli. In Chapter 8, the 

developmental dyslexia group was found to demonstrate a deficit in accuracy for the 

last element of the three-shape stimulus. In this study, it was intended to detect any 

such positional differences between the clusters. 

The results of the Visual TOJ task (see Tables 11.12 and 11.13), once more in 

this study, demonstrated that the 'high alphabetic' cluster scored significantly higher 

and were significantly quicker than the 'middle alphabetic' cluster. 

There was no significant difference between the 'low alphabetic' and the 

'middle alphabetic' clusters in overall accuracy or response time. The only significant 

difference between the 'middle alphabetic' cluster and the 'low alphabetic' cluster 

was that the 'middle alphabetic' cluster showed a significantly higher score for 
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correctly identifying the last of the three shapes of a sequence than did the 'low 

alphabetic' cluster. 

Auditory TOJ was intended as an assessment of sensitivity to non-linguistic 

sound stimuli. Chapter 8 found a selective impairment in registering the first tone of a 

three-tone sequence in developmental dyslexia. In this study, it was intended to detect 

any such positional differences between the clusters. 

Table 11.12: Visual Temporal Order Task 
N, N2 UP 

Visual TOJ 
Count of correct responses 
Low alphabetic v. middle alphabetic clusters 9 44 122 0.07 
Middle alphabetic v. high alphabetic clusters 44 9 30.5 <0.00 I 
Visual TOJ 
Mean RT of correct responsesa 
Low alphabetic v. middle alphabetic clusters 9 44 135 0.136 
Middle alphabetic v. high alphabetic clusters 44 9 23 <0.00 I 
Visual TOJ 
Count of beginning correct responses 
Low alphabetic v. middle alphabetic clusters 9 44 180 0.664 
Middle alphabetic v. high alphabetic clusters 44 9 77.5 0.003 
Visual TOJ 
Count of end correct responses 
Low alphabetic v. middle alphabetic clusters 9 44 87.5 0.008 
Middle alphabetic v. high alphabetic clusters 44 9 44 <0.001 
Note. a= mean latency in milliseconds; Low alphabetic. = 'Low alphabetic' cluster; Middle 
alphabetic. = 'Middle alphabetic' cluster; High alphabetic. = 'High alphabetic' cluster. 

Table 11.13: Visual Temporal Order Task, Descriptive Statistics 
M MDN SD min max 

Visual TOJ: Count of correct responses 
Low alphabetic 11.8 12 1.9 9 15 
Middle alphabetic 16 16.5 5.4 8 24 
High alphabetic 23.3 23 0.7 22 24 
Visual TOJ: Mean of all correct responseSa 
Low alphabetic 4683 4086 2273 1893 9293 
Middle alphabetic 3816 3343 2846 653 19250 
High alphabetic 1167 1136 461 501 1757 
Visual TOJ: Count of correct beginning responses 
Low alphabetic 8.6 9 2.9 5 12 
Middle alphabetic 8.9 9.5 3.0 2 12 
High alphabetic 11.8 12 0.4 11 12 

Visual TOJ: Mean of correct final responses 
Low alphabetic 3.2 3 3.3 09 
Middle alphabetic 7.1 7.5 3.9 0 12 

High alphabetic 11.6 12 0.5 11 12 

Note. a= mean latency in milliseconds; Low alphabetic. 'Low alphabetic' cluster; Middle 

alphabetic. = 'Middle alphabetic' cluster; High alphabetic. = 'High alphabetic' cluster. 

M3176650 



271 

The results of the Auditory Temporal Order Judgement task (Table 11.14 and 

11.15) showed that there was no significant difference between the 'low alphabetic' 

and 'middle alphabetic' clusters in either speed or accuracy. Overall, the 'high 

alphabetic' cluster was significantly quicker and more accurate than the 'middle 

alphabetic' cluster. However, when responses to the first tone of the sequence was 

considered, there was no significant difference between them. 

Table 11.14: Auditory Temporal Order Task 
N, N2 u p 

Auditory 
Count of correct responses 
Low alphabetic v. middle alphabetic clusters 9 42 178 0.784 
Middle alphabetic v. high alphabetic clusters 42 9 40 <0.001 
Auditoa 
Mean RT of correct responseSa 
Low alphabetic v. middle alphabetic clusters 9 42 177 0.767 
Middle alphabetic v. high alphabetic clusters 42 9 75 0.005 
Auditory 
Count of beginning correct responses 
Low alphabetic v. middle alphabetic clusters 9 42 177 0.765 
Middle alphabetic v. high alphabetic clusters 42 9 114.5 0.064 
Auditory 
Count of end correct responses 
Low alphabetic v. middle alphabetic clusters 9 42 139 0.213 
Middle alphabetic v. high alphabetic clusters 42 9 45 <0.00 1 
Note. a= mean latency in milliseconds; Low alphabetic. 'Low alphabetic' cluster; Middle 
alphabetic. = 'Middle alphabetic' cluster; High alphabetic. = 'High alphabetic' cluster. 

Table 11.15: Descriptive Statistics for Auditory Temporal Order judgement Task. 
M MDN SD min max 

Auditoa TOJ: Count of correct responses 
Low alphabetic 
Middle alphabetic 
High alphabetic 

12.2 12 1.6 to 15 
13.1 12 3.9 8 24 
19.9 21 3.4 13 23 

Auditoly TOJ: Mean of all coffect responses 
Low alphabetic 3323 
Middle alphabetic 3105 
High alphabetic 1463 

7.8 
7.5 
9.6 

Auditoa : Count of coffect beginning responses 
Low alphabetic 
Middle alphabetic 
High alphabetic 
AuditoCy TOJ: Mean of correct final responses 
Low alphabetic 
Middle alphabetic 
High alphabetic 

3126 1972 1260 7673 
2504 1886 856 9406 
1513 608 611 2269 

8 
7 
9 

2.1 5 11 
3.1 0 12 
2.1 6 12 

4.4 4 1.4 37 
5.6 5 3.3 0 12 
10.3 1.7 7 12 

Note. a= mean latency in milliseconds; Low alphabetic. = 'Low alphabetic' cluster; Middle 

alphabetic. = 'Middle alphabetic' cluster; High alphabetic. = 'High alphabetic' cluster. 
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11 . 3-6. Visual and Auditory Onset and Offset Sensitivities 

Auditory Beginning, Visual Beginning, Auditory End and Visual End were 

intended as assessments of sensitivity to auditory and visual onsets and offsets. 

Chapter 7 found that Visual Beginning, Auditory End and Visual End correlated 

significantly with BAS II reading and spelling abilities and with nonword reading 

score. It was also demonstrated that, after taking account of age and vocabulary 

ability, that Visual End was a significant predictor of alphabetic ability. Chapter 8 

showed that each of the overall mean reaction times for Auditory Beginning, Visual 

Beginning, Auditory End and Visual End, was a significant predictor of BAS II reading 

and BAS II spelling abilities, as well as PhAB nonword reading raw scores (when the 

latter had chronological age accounted for). 

The evidence from previous chapters, cited in the above paragraph, implies 

that speed of processing is an underlying factor in reading: a contention that is also 

asserted by researchers such as Bowers and Wolf (1993), Breznitz (2002), Wolf, 

O'Rourke, Gidney, Lovett, Cirino, and Morris (2002). Thus, onset and offset reaction 

times are used here as assessments of whether the clusters can be distinguished by 

speed of processing. The onset and offset tasks also act as measures of accuracy of 

response to salient auditory and visual stimuli, which is another possible distinction 

between the clusters. 

All four onset, offset tasks (Auditory Beginning, Visual Beginning, Auditory 

End and Visual End) showed that the 'middle alphabetic' cluster was significantly 

faster than the 'low alphabetic' cluster and that the 'high alphabetic' cluster was 

significantly faster than the 'middle alphabetic' cluster (Tables 11.16 and 11.17). 

Auditory Beginning demonstrated no significant differences in accuracy (as 

measured by the number of repeat responses) between either the 'low alphabetic' and 
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'middle alphabetic' clusters or between the 'high alphabetic' cluster and the 'middle 

alphabetic' cluster. 

Auditory End and Visual End also failed to show any significant differences 

between clusters on this accuracy measure. 

Visual Beginning demonstrated no significant difference in this accuracy 

between the 'low alphabetic' and 'middle alphabetic' clusters, but showed that the 

'high alphabetic' cluster was significantly more accurate than the 'Middle alphabetic' 

cluster. 

Table 11.16: Auditory Beginning, Visual Beginning, Auditory End and Visual End. 

NI N2 

Auditory Beginning: Reaction Time' 

Low alphabetic v. middle alphabetic clusters 41 65 934 0.01 
Middle alphabetic v. high alphabetic clusters 65 11 184 0.01 
Aydito? y Beginning: Number of repeat responses 
Low alphabetic v. middle alphabetic clusters 41 64 1288.5 0.877 
Middle alphabetic v. high alphabetic clusters 64 11 237.5 0.085 
Visual Beginninga: Reaction Time' 
Low alphabetic v. middle alphabetic clusters 44 66 977 0.004 
Middle alphabetic v. high alphabetic clusters 66 11 78 <0.00 1 
Visual BeainninR: Number of repeat responses 
Low alphabetic v. middle alphabetic clusters 44 66 1340.5 0.491 
Middle alphabetic v. high alphabetic clusters 66 11 220 0.034 
Auditoly End 
Reaction Time 
Low alphabetic v. middle alphabetic clusters 43 67 810 <0.001 
Partial v. full alphabet clusters 67 11 118 <0.001 
Auditory End 
Number of repeat responses 
Low alphabetic v. middle alphabetic clusters 43 67 1413 0.865 
Middle alphabetic v. high alphabetic clusters 67 11 295 0.288 
Visual End: Reaction Time' 
Low alphabetic v. middle alphabetic clusters 44 68 709 <0.001 
Middle alphabetic v. high alphabetic clusters 68 11 131 0.001 
Visual End: Number of repeat responses 
Low alphabetic v. middle alphabetic clusters 44 68 1253.5 0.145 
Middle alphabetic v. high alphabetic clusters 68 11 271.5 0.141 

Note. a= mean latency in milliseconds 
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Table 11.17: Descriptive Statistics for 

Auditory Beginning, Visual Beginning, Auditory End and Visual End 

M MDN SD min max AuditoCy Beginning: 
Reaction Time' 
Low alphabetic cluster 667 623 202 431 1322 
Middle alphabetic cluster 567 546 193 267 1179 
High alphabetic cluster 447 365 243 248 1111 
AuditoCy Beginnink: 

-Number of repeat responses 
Low alphabetic cluster 24.6 9 36.3 0 165 
Middle alphabetic cluster 23.4 11.5 29.2 0 116 
High alphabetic cluster 14.6 2 34.3 0 116 
Visual Beginning: Reaction Time a 
Low alphabetic cluster 612 585 123.6 426 956 
Middle alphabetic cluster 537 542 131.0 300 956 
High alphabetic cluster 366 354 70.0 295 536 
Visual Beginning: 

-Number of repeat responses 
Low alphabetic cluster 10.9 1.5 26.9 0 139 
Middle alphabetic cluster 8.8 3 15.9 0 99 
High alphabetic cluster 5.7 0 16 0 54 
Auditot: y End: Reaction Time' 
Low alphabetic cluster 799 772 242 253 1481 
Middle alphabetic cluster 622 588 210 264 1177 
High alphabetic cluster 401 400 96 251 543 
Audito! y End: Number of repeat responses 
Low alphabetic cluster 15.5 4 32.9 0 148 
Middle alphabetic cluster 13.9 4 29.5 0 152 
High alphabetic cluster 2.7 2 1.8 06 
Visual End: Reaction Time 
Low alphabetic cluster 784 768 203 416 1332 
Middle alphabetic cluster 590 548 216 198 1542 
High alphabetic cluster 378 320 163 270 803 
Visual En& Number of repeat responses 
Low alphabetic cluster 8.6 3 14.7 0 85 
Middle alphabetic cluster 6.7 2.5 13.1 0 79 
High alphabetic cluster 2.2 1 2.6 09 

Note. a= mean latency in milliseconds 

11.3.7. Correlations 

Table 11.18 shows the correlations between the onset, offset reaction times 

and the baseline word reading abilities and nonword reading raw scores and the 
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spelling abilities for all the participants in the study. It demonstrates that all these 

intercorrelations are highly significant (p<0.01). 

Each of the onset, offset variables of Auditory Beginning, Visual Beginning, 

Auditory End and Visual End, is significantly negatively correlated with chronological 

age, showing that as the age of the readers increase, reaction times to auditory and 

visual onsets and offsets become faster. 

Auditory Beginning, Visual Beginning, Auditory End and Visual End are also 

significantly negatively correlated with BAS H reading and spelling abilities and with 

PhAB nonword reading scores. 

Table 11.18: Kendall's Tau Correlations between the Visual and Auditory Onset 
and Offset Reaction Times, Age, Reading and Spelling. 

Age Reading Spelling Nonword Visual Aud Beg. Visual 
Ability Ability readingd Beg. End 

Auditory -0.375 -0.349 -0.328' -0.343 0.359f 0.3631 0.508i 
End a 

Visual -0.369 -0.387 -0.389 -0.354 0.425' 0.3201 
Endb 

Auditory -0.325 -0.249 -0.268 -0.244 0.3761 
Beg. ' 

Visual -0.337 -0.333 -0.332 -0.322 
Beg. 
N= 121 

Nonword 0.429 0.643 0.642 
readingd 
N= 128 

BAS H 0.499 0.739 
Spelling 
Ability 
N= 128 

BAS 11 0.566 
Reading 
Ability 
N= 128 

Note. All correlations were significant at p <0.01. All correlations were two-way tests; 
a, N= 121 unless otherwise stated; b, N= 123 unless otherwise stated; c, N= 117 unless otherwise 
stated; d= PhAB nonword reading raw score; f, N= 117; g, N= 112; j, N= 119; x, N= 120; y, N= 115. 
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11 . 3.8. Kendall's Partial Correlation Coefficient Analysis 

A further analysis of the correlations shown in Table 11.18 was conducted in 

order to ascertain whether the significant correlations between the auditory and visual 

onset and offset reaction time measures and the baseline variables could be accounted 

for by the association between increasing age and faster reaction times. This was done 

because this study included participants from an extremely large age range (four to 

seventy-nine years of age) and age was expected to be a major influence on written 

language ability. The results of the simple Kendall's Tau correlations in Table 11.18 

suggested a close association between reaction times and literacy skills and also 

between both these sets of variables and chronological age. 

As in Chapter 7 (Section 7.3.4. ), the Tau partial correlation coefficient was 

used to remove the influence of age by holding it at a fixed value and calculating the 

correlations between the reaction time variable (e. g. Auditory Beginning) and the 

reading or spelling measure (e. g. PhAB nonword reading). This procedure determines 

whether the simple correlations in Table 11.18 represent a relationship between faster 

auditory and visual onset and offset RTs and improved written language skills or 

merely show the association both these variables have with age. 

The observed significant correlations between Auditory Beginning and BAS II 

reading abilities, and between Auditory Beginning and PhAB non-word reading raw 

scores were found to be the only correlations mediated by chronological age, which 

were respectively: Txy. z = -0.078, N= 117, Z=-1.25, p=0.106; TXY. z = -0.117, N= 

117, Z= -1.88, p = 0.029. Both these exceeded the two-tailed significance level of p 

0.025. 
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All the other partial correlation coefficients were significant at the p=0.025 

level and were therefore deemed to be independent of the effect of age. The results of 

these partial correlations are given in Table 11.19. 

Table 11.19: Kendall's Tau Partial Correlation Coefficients between Visual and 

Auditory Onset and Offset Reaction Times, and Baseline Literacy Measures. 

Auditory 
Beginning 
(N=117) 

BAS II Txy. z -0.078 
Reading z -1.25 

P 0.106 
BAS II Txy. z -0.127 
Spelling z -2.03 

P 0.021 * 
PhAB Txy- z -0.117 
nonword z -1.88 
Reading P 0.029 

Visual 
Beginning 
(N=121) 

-0.180 
-0.293 
<0.0 1* 

-0.197 
-3.20 

<0.00 1 

-0.205 
-3.34 

<0.001* 

Auditory 
End 

(N=121) 

-0.173 
-2.82 

<0.01* 
-0.170 
-2.76 

<0.0 I* 

-0.216 
-3.51 

<0.00 1 

Visual 
End 

(N =123) 
-0.230 
-3.77 

<0.00 I 

-0.252 
-4.14 

<0.00 1 

-0.230 
-3.76 

<0.001* 

* Significant (p<0.025) 

11.4. Discussion 

The present chapter was intended to address Bryant & Impey's (1986) 

hypothesis as to whether the dyslexic pattern can be said to exist in early normal 

reading development. This study also examined the regression hypothesis that 

acquired dyslexia may constitute a retrograde step back to an earlier stage of reading 

development. The results suggest that both the acquired and developmental dyslexic 

patterns can be found in early reading. 

In the three-cluster solution, 12 of the 22 children with developmental dyslexia 

clustered with the group that had been labelled as 'intermediate readers' in the 

Chapter 7 study of typically developing early readers. Similarities in the alphabetic 

reading profiles of these 'intermediate readers' with the reading characteristics of 

children whom Ehri (1995,1999) would describe as typical of partial alphabetic 
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phase of reading development, have been pointed out in previous chapters. The 

'intermediate readers' appear to share an incomplete mastery of alphabetic 

associations, which is a defining trait of Ehri's (1995) partial alphabetic phase. Thus, 

it could be argued that the 'intermediate readers' cluster is analogous to Ehri's 

theorised partial alphabetic phase, and furthermore, that the 12 children with 

developmental dyslexia who clustered with the 'intermediate readers' may be 

described as 'partial alphabetic' readers. Indeed, Ehri (1997,1999) considered that an 

overly long exposure to the partial alphabetic phase may underlie long-term reading 

difficulties. The ten children with developmental dyslexia who demonstrated more 

advanced alphabetic skills formed another cluster which it is possible may be 

consistent with Ehri's 'full alphabetic phase'. Ehri (1997,1999) conceded that 

children with dyslexia may progress beyond the partial alphabetic phase to the 'full 

alphabetic' phase. 

Word and nonword reading, as well as spelling and productive vocabulary, 

were found to be improved from the 'low alphabetic' to the 'middle alphabetic' 

cluster, and also from the 'middle alphabetic' to the 'high alphabetic' cluster. 

Alphabetic ability demonstrated a similar pattern of significant improvements in 

accuracy between the clusters. These results are in accord with the anticipated growth 

in alphabetic ability during reading development (Ehri, 1995), and with the anticipated 

differences between the clusters if they were to represent qualitatively distinct states 

of alphabetic abilty. Taking Ehri's theory that increased connectivity occurs as reading 

skill grows, it could be speculated that a quantitative increase in alphabetic 

connections (such as between graphemes and phonemes) underlies these 

improvements in assessments of reading, spelling and phoneme-grapheme awareness 
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between the 'low alphabetic' and the 'middle alphabetic' clusters, and between the 

'middle alphabetic' and 'high alphabetic' clusters. 

Significant differences were found between the clusters in respect of reaction 

times to visual and auditory onsets and offsets. These reaction times significantly 

decreased between the 'low alphabetic' and 'middle alphabetic' clusters and from the 

'middle alphabetic' to the 'high alphabetic' cluster, which supports the contentions of 

such researchers as Bowers and Wolf (1993), Breznitz (2002), Wolf, O'Rourke, 

Gidney, Lovett, Cirino, & Morris (2002), who consider that speed of processing is a 

determinant of written language ability. However, as reading and spelling 

performances improved from the low to the middle and thence to the high alphabetic 

clusters, age increased in the same fashion. Thus, the issue arose as to whether age 

may be a confounding variable responsible for the association between faster reaction 

times and increasing written language ability. Kendall's partial correlations, including 

all the participants in the study, were employed to ascertain whether age was indeed 

such a confounding variable. 

Kendall's partial correlations showed only two of the relationships between 

onset / offset RT variables and baseline measures to be mediated by age: Auditory 

Beginning and BAS II word reading, and Auditory Beginning and PhAB nonword 

reading. Hence, the relationship between reaction time to the onset of a non-linguistic 

auditory stimulus and both word and nonword reading ceased to be significant when 

the age of the reader was taken into account. None of the other associations between 

onset / offset RTs and literacy measures was found to be reliant upon chronological 

age. This may be seen as strengthening the case presented by such researchers as 

Bowers and Newby-Clark (2002), Bowers and Wolf (1993), Catts et al. (2002), and 
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Wolf et al. (2002), regarding the central importance of speed of processing in reading 

attainment. 

The speed of processing data provided in this chapter widened the picture from 

that shown in previous chapters, particularly by the Chapter 7 partial correlation 

analysis. Like Chapter 7, this study found that the associations between Visual End 

reaction times and the baseline measures of spelling, word and nonword reading, were 

not subject to the effects of age. Both analyses agreed that the relationships between 

Auditory Beginning and both word and nonword reading, were mediated through age. 

Thus, even when the two dyslexia groups were included alongside early readers, as 

was the case in the present study, some aspects of sensitivities to auditory and visual 

onset and offset measures were found to be under the influence of chronological age 

and others were not. It should however-be noted that the early readers far out- 

numbered the members of the acquired and developmental dyslexia groups and that 

such observations may be simply a reflection of this sampling decision. 

There were differences in accuracy and latency in the phonological and 

orthographic tests (First and Last Sounds and First and Last Letters) between the 

'high alphabetic'and 'middle alphabetic' clusters, whereby members of the 'high 

alphabetic' cluster were faster and scored significantly more than the 'Middle 

alphabetic' cluster. The only facet of these assessments that revealed a better 

performance by the 'middle alphabetic' cluster than 'low alphabetic' cluster was in 

their accuracy of responses to the final element of the stimulus. This resembles the 

situation found in Chapter 7, where the 'intermediate readers' were significantly more 

accurate than the 'poorest readers' in identifying final phonemes in the First and Last 

Sounds task and also scored higher in the responses to the last letters of nonwords in 

the First and Last Letters task. 
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It is possible that the participants in the 'middle alphabetic) cluster used a 

similar strategy to the 'low alphabetic' cluster in this study when they did not know 

the correct response, and guessed that it was the first letter or sound, since the First 

and Last Letters and First and Last Sounds tests required that a response was given 

before progressing to the next stimulus. 

The visual and auditory TOJ tasks showed no overall significant difference in 

accuracy between the 'low alphabetic" and 'middle alphabetic' clusters, whilst the 

'high alphabetic' cluster was more accurate than the 'middle alphabetic' cluster. 

Therefore, ability to identify the first and last elements of a stimulus distinguishes the 

'high alphabetic cluster', whose membership demonstrates the most advanced 

alphabetic awareness, from the rest. This suggests that sensitivity to the beginnings 

and ends of auditory and visual stimuli may be in some way related to an increase in 

alphabetic awareness. 

Suggestions of a link between acquired and developmental dyslexia, by such 

researchers as Holmes (1973), Marshall (1984) and Ellis (1984), were under test 

during this study. Marshall (1984) had suggested that a component of the adult 

reading apparatus had failed to develop or had developed incorrectly in developmental 

dyslexia. Therefore, the implication for acquired dyslexia is that the connections 

within the brain which were established during early reading development have been 

disrupted by brain injury. If this were the case, then research should look for a point of 

commonality between these two dyslexia groups, which would be needed to associate 

them in such a way. The partial alphabetic phase (Ehri, 1995) is a period when some 

but not all connections have been formed between orthography and phonology. The 

present chapter, like the previous one, suggests that this phase is the link between 

developmental and acquired dyslexia. In this chapter, a group of readers whose 
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alphabetic skills would be considered analogous to those expected in Ehri's (1995) 

hypothesised partial alphabetic phase were produced by cluster analysis, and they 

were labelled as the 'middle alphabetic' cluster. All but one of the participants with 

acquired dyslexia clustered in the 'middle alphabetic' group on alphabetic measures 

with the early readers who had been characterized as the 'intermediate readers' group 

in Chapter 7's study of early reading. This would imply a commonality between the 

participants with acquired dyslexia and typical beginning readers whose 

characteristics are similar to Ehri's (1995) partial alphabetic phase. Likewise, over 

half of the children with developmental dyslexia were included in the 'Middle 

alphabetic' cluster. Hence, this study suggests a tentative link between acquired 

dyslexia, developmental dyslexia and an early phase of reading which may equate to 

the partial alphabetic phase, as conceptualised by Ehri (1995). 

This study has made no distinctions between the various categories of acquired 

dyslexia (as dual-route theorists would have done). However, the cluster analysis has 

only indicated one distinction within the group of people with acquired dyslexia, 

which was that one of their number (C. C. ) was situated in another cluster from the 

rest, in the 'high alphabetic' cluster. C. C. was the one person not to have experienced 

a stroke. She had suffered a traumatic brain injury affecting various brain areas, as 

opposed to the focal damage caused by a stroke. Perhaps this pattern of impairment 

produced a less severe form of dyslexia. C. C. was also the only one of this group of 

adults with acquired dyslexia not show any signs of aphasia, which was reflected in 

her scoring in the normal range in the RBANS assessment of verbal fluency and 

picture naming in Chapter 9. An improvement to the study would have been to include 

a more specific assessment of phonemic reproduction, such as a nonword repetition 

task, to allow a comparison between the participants with acquired dyslexia with the 
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other groups, and between the clusters, in order to eliminate speech problems as a 

confounding variable. 

Apart from characterizing acquired and developmental dyslexias as lesions to 

particular parts of the brain, these disorders may be considered in quantitative terms. 

Ehri (1995,1999) emphasized that her theory of normal reading development was 

founded upon the quantitative concept of the establishment of connections between 

units of orthography and phonology. A similar notion of a relationship between 

orthographic and phonological units is inherent in some connectionist models of 

reading. Seidenberg & McClelland (1989) for example, devised a computational 

model that mapped phonemes onto letters. They were therefore attempting to simulate 

the alphabetic principle, by capturing statistical regularites underlying the 

orthographic system and producing a concomitant phonological output. This could be 

seen as similar to Ehri's statement that her theory of reading development was based 

on an alphabetic principle in which children gained alphabetic knowledge and skills 

from understanding the underlying regularities in the orthographic system. 

The quantitative notion of reading development as forn-iing an increasing 

number of connections between phonology and orthography has consequences for 

theories of dyslexia. It may be seen to provide a possible explanation for the 

emergence of sub-types in developmental and in acquired dyslexia, without the need 

to postulate specialized pathways for processing words. The severity hypothesis 

(Stanovich et al, 1997) maintains that there are no qualitatively different mechanisms 

or pathways that are deficient in developmental dyslexia, but that the same underlying 

deficit can manifest itself as apparently qualitatively distinct types, according to the 

severity of the deficit. Snowling, Goulandris and Stackhouse (1994) considered that 

the defect is a phonological one and that the surface type of developmental dyslexia is 
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simply a milder form of phonological deficit that has resulted in a developmental 

delay rather than a disorder. 

A sin-Lilar question could be asked of acquired dyslexia as has been posed of 

developmental dyslexia in terms of the severity hypothesis. It has been mooted that 

two forms of acquired dyslexia, deep dyslexia and phonological dyslexia, are likely to 

occur on a continuum (Glosser & Friedman, 1990), according to the severity of 

reading impairment. Newcombe and Marshall (1980a; 1980b) suggested that the 

cardinal trait of deep dyslexia, semantic reading errors, might be entirely due to a 

severely impoverished phonological ability in converting graphemes to phonemes. 

Glosser & Friedman (1990) and Friedman (1996) describe participants with acquired 

dyslexia who have recovered from deep dyslexia to phonological dyslexia and 

consider that the two forms of acquired dyslexia are not separate disorders but are 

different points along a spectrum of phonological disorder. 

DePartz (1986) gave an account of a participant with acquired deep dyslexia 

whose reading recovered to almost ceiling levels on some assessments and whose 

reading errors changed from being in large part semantic and nonword mistakes, to 

becoming inappropriate application of grapheme-phoneme rules. Thus, he appeared to 

have progressed from traits associated with deep dyslexia to a reading style typical of 

surface dyslexia. It seems that during recovery, dePartz's participant may have 

exhibited the reading characteristics of different types of dyslexia. These patterns of 

reading are usually treated as different varieties of disorder but may in actuality be 

manifestations of the severity of the damage to neuronal reading networks. Dual-route 

advocates would counter this by asserting that it is rather that individual pathways are 

seen to recover at different points in the recovery process. However, the possibility 

remains that the greater the damage to the brain circuits that are recruited during 
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reading, the more severe the reading impairment. Thus, it would be possible for others 

with acquired dyslexia, like the de Partz patient, to improve from deep to phonological 

to surface dyslexia, and thence perhaps in certain circumstances, to normal reading. 

A limitation of this study is that no groups of early readers were included in 

the cluster analysis who may have been described as having a complete set of 

grapheme-phoneme links and whose reading characteristics may be equivalent to 

those expected in the 'full' or 'consolidated' phases of Ehri's theory. Thus, it would 

not seem possible to ascertain whether the cases that do not cluster with the 'low 

alphabetic' cluster (whose abilities would seem to correspond to the earliest period of 

alphabetic ability, such as the pre- alphabetic phase) or with the 'Middle alphabetic' 

cluster (whose characteristics have been tentatively suggested as equating to those of 

the partial alphabetic phase), belong to the full alphabetic or to a more advanced 

reading phase, such as a consolidated phase. Neither was it possible to establish 

whether there may be more than the four phases that Ehri describes, e. g. as Beech 

(2005) asks, why should there not be a fifth stage that corresponds to mature adult 

reading? 

There was no exhaustive examination of the 'categories' of acquired dyslexia 

in this thesis, but there was also no attempt to sub-type the participants with 

developmental dyslexia, and it was intended to compare them both in a consistent 

way. 

Further research might be conducted to assess Ehri's ideas about there being 

four phases of reading development by carrying out a cluster analysis on a larger 

population of readers, ranging from pre-literate children to adults. The present study 

might also be conducted but with a larger number of participants with acquired and 

developmental dyslexia, so that individual categories of dyslexia may be analysed 
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through cluster analysis against early normal readers, e. g. acquired surface dyslexics 

and developmental surface dyslexics. The study does not contain any partricipants 

with acquired dyslexia who do not demonstrate some nonword deficits, so a 

replication of this study with participants who show a 'pure' form of surface dyslexia, 

may be informative. 

Overall, the data showed that the majority of readers with acquired and 

developmental dyslexia clustered with the 'intermediate readers' group of typically 

developing readers. If the alphabetic similarities between the 'intermediate readers' 

group and what is expected in the partial alphabetic phase were accepted, then this is 

consistent with Ehri's (1997) hypothesis that the partial alphabetic phase is of crucial 

importance in the process of acquiring competent reading skills, and that the inability 

to progress from this phase may be a crucial factor in long term reading impairment. 

Results from this study imply that some of the participants with acquired dyslexia 

have not advanced from a level of alphabetic ability equivalent to that expected, 

according to Ehri's (1995) theory, in the partial alphabetic phase in typically 

developing children. Hence the ideas of Ellis (1984) and others, of similarities 

between acquired dyslexia and early reading may contain substance. Perhaps the brain 

injury sustained by people with acquired dyslexia may disrupt or destroy the 

connections established as children during early reading development. A connectionist 

perspective of these results may suggest that both developmental and acquired 

dyslexic sub-types (e. g. surface and phonological) may be epiphenomena associated 

with the magnitude of damage caused to the neural networks involved in reading. 

Ultimately, Bryant and Impey's (1986) hypothesis that the dyslexic pattern of reading 

is present in early reading would seem to be upheld. 
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Chapter 12: General Discussion 

Three overall research questions were investigated in this thesis: 

1. To what extent is the alphabetic awareness of adults with acquired dyslexia 

similar to that of children with developmental dyslexia and children who are in 

the early stages of learning to read? 

2. To what extent is temporal processing in adults with acquired dyslexia similar 

to that of children with developmental dyslexia and children who are in the early 

stages of learning to read? 

3. To what extent is rapid awareness of either the beginning or the end of a 

stimulus related to phonological awareness and alphabetic awareness? 

This chapter will consider each of the empirical studies featured in the thesis 

and will illustrate how these questions were addressed. It will also reflect upon the 

theoretical basis of the thesis and consider how the methodological challenges have 

been handled. 

12.1. Contributions of the Studies in this Thesis 

One of the main contributions of this thesis to the psychological literature has 

been in making an empirical comparison between developmental and acquired 

dyslexia, whilst enquiring into some aspects of the possible developmental origins of 

developmental dyslexia and addressing the notion of regression in acquired dyslexia. 

Ehri's (1995) theory of reading development provided a point of commonality 

between the two types of dyslexia and normal reading development. The choice of 

Ehri's (1995) theory of early reading development as the strand linking developmental 

dyslexia and acquired dyslexia was that the theory is based upon a development in the 

quantitative and qualititative connections made during typical reading acquisition. A 
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central assumption of the thesis is that developmental dyslexia involves certain 

disruptions in this process of increasing the number and sophistication of cross-modal 

connections, and that acquired dyslexia constitutes a dismantling of a mature reading 

system which entails the loss of certain connections. 

12.1.1. Chapters 5 and 6 

Ehri's very descriptive account of the partial alphabetic phase of reading 

development enabled the observations in Chapter 5, in which the nonword reading 

difficulties, letter confusions and incomplete mapping of graphemes and phonemes in 

a collection of four case studies of acquired phonological dyslexia, suggested a link 

between acquired dyslexia and the partial alphabetic phase of reading development, 

as theorised by Ehri (1995,1999), as well as with the 'intermediate readers' cluster of 

early readers in Chapter 6. It was reasoned that these findings might be evidence for a 

regression to an earlier cognitive / neurological state taking place in acquired dyslexia, 

presumably as a result of the brain injury which occasioned that dyslexia. 

Another contribution of this thesis was the study in Chapter 6, which posed the 

question whether alphabetic shifts, such as those described by Ehri (1995) as 

'alphabetic phases', could be detected in an empirical study of a group of unselected 

early readers. Up until this study, evidence for Ehri's (1995) theory of reading 

development had been from isolated studies of narrow aspects of written language 

ability in targeted groups of children whose performance would test certain aspects of 

Ehri's model. 

Furthermore, the Chapter 6 study queried whether the alphabetic awareness of 

children who are in the early stages of learning to read was similar to adults with 

acquired phonological dyslexia (i. e. research question 1), and suggested that there was 
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a shared difficulty in relating phonemes to graphemes at the end of a spoken word or 

nonword in the 'intermediate readers) cluster of this study. 

12.1.2. Chapters 7 and 8 

Research question 3 was inspired by the difficulties with the final phoneme- 

grapheme matching in a word / nonword observed in the children in the 'intermediate 

readers' group in Chapter 6, and also by the same impairment in adults with 

phonological acquired dyslexia in Chapter 5. These observations prompted a more 

thorough investigation of the beginnings (onsets) and ends (offsets) of various types of 

stimuli, which were pursued throughout Chapters 7 to 12. The computer tasks were 

intended to assess the sensitivities of readers to the beginnings and ends of 

phonological, orthographic and non-linguistic visual and auditory stimuli, as well as to 

alphabetic stimuli. 

Chapter 7 replicated the findings of Chapter 6, that shifts in alphabetic ability 

were detected in beginning readers, and it agreed with the number (three) of such 

transitions occurring. Sensitivities to visual offsets and to the last stimulus in the 

visual TOJ task appeared to discriminate most between the two alphabetic clusters 

statistically investigated, the 'poorest' and 'intermediate' readers. There was also 

evidence that sensitivities to the offset off a tone was another distinguishing feature 

between these two groups of early readers. Unlike the 'poorest readers', the 

'intermediate readers' showed no significant difference between their reaction times to 

the onset and offset of a tone. The 'intermediate readers' cluster might be expected to 

be analogous to Ehri's (1995) partial alphabetic phase because they were the second 

of the three clusters in the beginning readers and their alphabetic abilities (e. g. in 

nonword reading, spelling and grapheme-phoneme awareness) imply a partial mastery 
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of alphabetic principles, which is consistent with the alphabetic skills expected of 

children in the partial alphabetic phase as hypothesised by Ehri (1995). 

Taken overall, the above results suggest that there may be a re-organisation in 

sensitivities to the final part of non-linguistic visual and auditory stimuli which 

coincides with early reading development at about the time the child is acquiring 

grapheme-phoneme skills. 

Another outcome of the Chapter 7 study provided an important link to the 

developmental dyslexia study in Chapter 8. It was that, Chapter 8 made a further 

unique contribution to current knowledge about temporal processing abilities in 

developmental dyslexia by the finding that the group of children with developmental 

dyslexia showed opposite deficits in the visual and auditory TOJ tasks, whereby they 

were less accurate than CA controls in identifying the first tone of a series and the last 

shape of a temporal sequence. Their accuracy was not significantly different from that 

of RA controls and therefore suggested that there was a developmental delay in this 

respect. 

The theoretical link was made with Ehri's contention that partial alphabetic 

children demonstrate difficulties with medial elements of words, such as vowels. 

Similar observations had been made of children with developmental dyslexia (e. g. 

Holmes, 1973). The Chapter 8 developmental dyslexia study also observed a lack of 

differentiation between the registration of audioty onsets and offsets. A lack of 

temporal differentiation between the registration of the start and end of a spoken word 

was thought to imply a possible distortion of the intervening sounds and thus 

difficulties with establishing reliable memories of the component sounds in words. It 

was conjectured in Chapter 8 that it may be a link between some sensory-motor 

theories of developmental dyslexia, such as Tallal (1980), and the phonological 
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representations deficit hypothesis (e. g. Snowling 2000). Thus, a contribution of this 

study is the finding of a lack of auditory differentiation in developmental dyslexia and 

in early reading, specifically within the 'intermediate readers' cluster, which may be 

thought to correspond to the partial alphabetic phase. The Chapter 7 and Chapter 8 

studies also suggest this as a possible developmental origin of an important aspect of 

developmental dyslexia. 

Responses to linguistic auditory stimuli in the First and Last Sounds task 

confirmed the impairment of the developmental dyslexia group in registering the 

initial element of an auditory stimulus, this time to the first phoneme of a sequence. 

Once again, there was no gap between the presentation of the elements of each 

sequence. This would seem to agree with Tallal (1980) and Tallal et al. (1997) who 

suggested that low-level auditory abilities may lead to phonological processing 

abilities in developmental dyslexia 

Another consideration of the third general research question with regard to the 

developmental dyslexia study of Chapter 8 involves the role of the speed of 

processing in alphabetic ability. Chapter 8 showed that when results from the three 

experimental groups of: children with developmental dyslexia and their CA and RA 

controls were subject to linear regressions, that each of the auditory and visual onset 

and offset reaction time measures was a significant predictor of BAS II spelling 

abilities, once age had been taken into account. In addition, Visual Beginning, 

Auditory End and Visual End were all significant predictors of BAS II reading abilities 

and of PhAB nonword reading raw score, after age had been partialled out, in each 

case. Thus, the Chapter 8 results were consistent with the conclusions of Bowers and 

Newby-Clark (2002). Bowers and Wolf (1993), Breznitz (2002), Catts et al. (2002) 
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Wolf, O'Rourke, Gidney, Lovett, Cirino, & Morris (2002), who considered that 

written language abilities were dependent upon speed of processing. 

12.1.3. Chapters 9 and 10 

Research Question 1 was concerned with the following: To what extent is the 

alphabetic awareness of adults with acquired dyslexia similar to that of children with 

developmental dyslexia and children who are in the early stages of learning to read? 

Much of the answer depended upon the Initial Phoneme and Final Phoneme tasks, 

which had been successful in investigating this issue in early readers and in children 

with developmental dyslexia, but unfortunately had been too stringent for the adults 

with acquired dyslexia who had not been fast enough at responding before the 

program timed out for each item. Consequently, the scores and latencies for the 

acquired dyslexia group were poorer than for children at the same reading level (RA 

controls) or for adults of the same chronological age. As stated in previous chapters, 

the time limit had affected the accuracy of the adults with acquired dyslexia. An 

improvement would be to make this a non-time-dependent task. 

Research Question 1 was investigated by the group comparison study of 

Chapter 10, as well as by statistical cluster analysis in Chapter 11. 

Research Question 2 asked: To what extent is temporal processing in adults 

with acquired dyslexia similar to that of children with developmental dyslexia and 

children who are in the early stages of learning to read? 

Both Chapter 9 and Chapter 10 attempted to answer this question directly. 

Chapter 9 conducted a comparison with typical adult readers who had been matched 

for age (CA controls), as well as with children who had been matched for the same 
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reading age (RA controls) with adults with acquired dyslexia. This study supported 

the idea of there being a regression to a less advanced cognitive state in acquired 

dyslexia that equated to the reading age level of the acquired dyslexia participants. 

Such evidence came from measurements of accuracy in assessments of: the 

phonology, orthography, visual temporal order judgement, as well as in reaction times 

to visual offset, auditory onset and auditory offset, and in sensitivity to the first 

element in the auditory TOJ task. These commonalities were in the accuracy of 

responses, where the adults with acquired dyslexia gave the correct responses as often 

as RA controls but less often than the CA group. 

Chapter 10 employed a somewhat different measurement for the difference 

between Auditory Beginning and Auditory End. Up until this study, the within subjects 

analyses of Chapters 7,8 and 9, had shown that there was no significant difference 

between reaction times to Auditory Beginning and Auditory End in either the 

'intermediate readers' or the developmental dyslexia or the acquired dyslexia groups, 

yet the CA controls, in the case of the dyslexia groups, and the 'poorest readers' 

group, in the comparison with the 'intermediate readers', had demonstrated significant 

differences between these measures. Chapter 11 adopted a stricter view, based on the 

He, Hashikawa, Ojima, & Kinouchi, (1997) findings, that the OFF cells of the 

mammalian thalamus showed generally longer latencies than the ON cells. Thus, a 

measure of Auditory End minus Auditory Beginning was taken to act as a direct 

comparison between the three groups of developmental dyslexia, acquired dyslexia 

and 'intermediate readers' readers. There was no significant difference between the 

groups in this respect. The Auditory End reaction time minus Auditory Beginning 

reaction time mean was only 6ms for the developmental dyslexia group, whilst this 

difference for the 'intermediate readers' children's was 56ms, and the acquired 
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dyslexia group mean difference was 42ms. Such a result, taken alongside the earlier 

data showing that they had no significant differences between their reaction times to 

the onsets and offsets of auditory stimuli, suggested that the three groups shared 

similar auditory temporal processing abilities (in answer to research question 1). 

This thesis has also used behavioural visual and auditory RTs as an indication 

of whether the speeds of processing in these modalities were isochronous. This was a 

variation on the methodology employed by Breznitz (2002) who investigated the 

degree of synchrony between the auditory and visual modalities using ERP and 

behavioural RT measures, and who claimed that asynchrony was an underlying factor 

in developmental dyslexia. The measurement chosen in the thesis to assess this was 

the absolute difference between visual and auditory onset reaction times. Not only was 

there no significant difference between the absolute temporal onset gaps between the 

three groups, but there was also no significant difference detected between the 

absolute offset gaps between the acquired dyslexia, developmental dyslexia and 

partial alphabetic groups. In fact, their absolute onset temporal gaps were remarkably 

similar: 130ms for both the 'intermediate readers' cluster and for the developmental 

dyslexia group, and 128ms for the participants with acquired dyslexia. All these onset 

differences exceeded the 100ms absolute difference within which Stein and Meredith 

(1993) found had operated in the majority of the mammalian visual-auditory neurons 

that they had investigated. This suggests that the bi-modal neurons of these groups are 

operating at a disadvantage, if they are to converge the two uni-modal signals and 

achieve a cross-modal integration. It would be necessary for this to be investigated 

biologically in order to confirm or deny such a possibility. 

All three groups: the 'intermediate readers' from Chapter 7, the developmental 

dyslexia and acquired dyslexia groups showed a common impairment in the accuracy 
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with which they were able to identify the initial phoneme of a three-phoneme series. 

This deficit, combined with the previously reported lack of discrimination between the 

beginnings and endings of temporally presented auditory stimuli, suggest that all three 

groups share a phonological deficit. The presumption is that in typically developing 

children, there is a sensory reorganisation that leads onto a non-dyslexic pattern of 

reading, whereas children who later develop dyslexia, fail to complete this auditory 

recalibration. On the other hand, adults with acquired dyslexia are assumed to regress 

to this earlier state of sensory/cognitive organisation wherein their ability to 

temporally distinguish between the start and end of an auditory stimulus resembles 

that of the 'intermediate readers'. Such a lack of auditory differentiation might be 

expected to impact upon their ability to form specified phonological representations, 

which in turn, may affect their alphabetic abilities, such as word and nonword reading 

and spelling. All of these were found to be impaired in the acquired dyslexia group. 

The idea that phonological representations may be distorted in acquired 

dyslexia suggests that the memory traces for phonological elements that existed pre- 

morbidly in those adults have become erased or rendered inaccessible by brain injury. 

Thus, new representations would be needed, but the laying down of such 

representations have been inhibited. The lack of auditory differentiation may have 

prevented it, whilst the wider than normal temporal onset gap might be expected to 

prevent the working together of the auditory and visual systems in alphabetic 

processing. 

12.1.4. Chapter 11 

The cluster analysis in Chapter 11, which included the developmental and 

acquired dyslexia groups as well as the 'poorest readers' and 'intermediate readers' 

clusters from Chapter 7, was an innovative approach to comparing typical and atypical 
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readers of different ages. Age has been acknowledged throughout this thesis as a 

variable which is very difficult to separate from measures of temporal processing. 

Although this final empirical chapter implied that age remained a confounding 

variable, the cluster analysis shed light in research questions I and 2, by showing: (i) 

how the alphabetic awareness of adults with acquired dyslexia is similar to that of 

children with developmental dyslexia and children who are in the early period of 

learning to read; (ii) the ways in which temporal processing in adults with acquired 

dyslexia is similar to that of children with developmental dyslexia and children who 

are in an early period of learning to read. 

Cluster analysis reassigned the members of the two dyslexia groups and the 

early readers into clusters which showed common alphabetic profiles in word reading, 

spelling and nonword reading. The three emergent clusters suggested that the acquired 

dyslexia participants predominantly resembled the 'intermediate readers' in alphabetic 

skills. This seemed consistent with previous findings in this thesis, which had 

indicated similarities between these groups. However, the developmental dyslexia 

group defied expectation when approximately half of the group clustered with the 

'intermediate readers' and the rest formed a separate cluster showing significantly 

higher scores on the baseline alphabetic measures. 

These three clusters differed significantly from each other on measures of 

accuracy in: alphabetic ability (Initial Phoneme and Final Phoneme), Visual TOJ, and 

in reaction times for Auditory Beginning, Auditory End and Visual End. The 

interpretation was suggested that there is a continuum of alphabetic ability along 

which the three groups occur. Processing speed in all but visual onset appeared to be 

involved in this continuum. However, it must be borne in mind that these groups do 

not represent a normal population of skilled readers, and that the number of early 
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readers far outweighed the members of the two dyslexia groups in this cluster analysis 

sample. The main purpose of the cluster analysis was to see how the acquired and 

developmental dyslexia groups compared in their alphabetic profiles to the 

'intermediate readers', whose level of alphabetic ability has been equated in this thesis 

to that of children in Ehri's (1995) theorised partial alphabetic phase. The answer 

appeared to be that the participants with acquired dyslexia were similar to the 

'intermediate readers' group but that only some of the developmental dyslexia group 

resembled these beginning readers, the rest of them demonstrated alphabetic ability 

beyond that of the 'intermediate readers'. Ehri (1997,1999) suggested that although 

fixation in the partial alphabetic phase was likely to be a cause of long-term reading 

impairment, she thought that it was possible for children with developmental dyslexia 

to break out of this phase towards a full mastery of alphabetic principles, such as she 

hypothesised was gained during the full alphabetic phase. 

Therefore, if the results of the Chapter 11 cluster analysis were interpreted 

along the lines of Ehri's (1995,1997,1999) theory, the participants with acquired 

dyslexia would be generally said to be at the partial alphabetic phase, as would many 

of the children with developmental dyslexia. This offers a commonality between the 

three groups in this study: those with acquired dyslexia, developmental dyslexia and 

children during early reading development. 

12.2. Methodological Critique 

12.2.1. Grapheme-Phoneme awareness tasks 

Intial and Final Phoneme have been criticised in this thesis for the fact that 

they timed out six seconds from the time the stimulus was heard, which was not 
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sufficient for the adults with acquired dyslexia, who found difficulty in making a 

decision and then moving the mouse and clicking on the response box within that 

timeframe. The task could be improved by taking away its time limits. However, the 

timing-out decreased the likelihood of guessing. A forced choice paradigm whereby 

the display of the next item was dependent on participant response would increase this 

likelihood. A better alternative might be to extend the timing out to twelve seconds. 

Some of the stimulus items within these tasks were retained from the paper 

PALPA tests yet they did not conform to the three letter CVC stimulus items used 

throughout all the other computer tests. One such item was the word 'time', which 

caused confusion in the Final Phoneme task because it ended in a silent V. These 

three-phoneme but four-letter words should have been replaced by other CVC words. 

12.2.2. Phonological and Orthographic and TOJ Tasks 

First and Last Sounds and First and Last Letters were probably too long, at 64 

items, and shortened versions of these might be more suitable for the very youngest 

children who found them difficult. It could be argued that the longer the task, the more 

likely there is to be a spurious difference thrown up between typical and atypical 

groups (such as participants with dyslexia) since the latter may have shorter attention 

spans. However, their length enabled a proper statistical analysis of words versus 

nonword scores and latencies at the beginning and end of the presentations and there 

was no evidence of ceiling or floor effects. Future designs for these tests might be 

improved by having thirty to forty items, at about the same length as the Initial and 

Final Phoneme tasks. 
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First and Last Sounds, despite its length, held the attention of the participants 

and produced some informative results, but First and Last Letters did inspire 

restlessness in some cases and produced few differences between the groups. 

It was not possible to ensure that the level of difficulty was controlled for in 

the visual and sound TOJ tasks, unlike all the other computer tasks. The tones may 

have been less distinguishable from each other than the familiar shapes (which could 

also be named and thus made them more distinctive). Lack of an objective 

equivalence in auditory versus visual TOJ tasks is a problem that affects many studies. 

The main difficulty with the First and Last Sounds, First and Last Letters, and 

the TOJ tasks was that they were not strategy free. The participants needed only to pay 

attention to the first stimulus item in order to know if the target stimulus was first or 

last. This may have been a contributory factor in the lack of differentiation between 

groups uncovered by the First and Last Letters task, which due to the opportunity to 

name the letters sub-vocally (some participants named them out loud), combined with 

the length of the task, allowed participants to become practised at this strategy. The 

shorter visual TOJ task was also open to naming the items and so the possible 

involvement of two modalities. 

Since all the phonological, orthographic and TOJ tasks required a response of 

some description, they were possibly subject to guessing. Had they timed-out after a 

certain number of seconds following each stimulus, the number of guesses would have 

declined but there would have been problems for slow responders, as seen in the 

Initial and Final Phoneme tasks. An alternative might have been to provide a third key 

denoting that the letter was in the middle and ask the participants to choose if the 

target stimulus occurred at the beginning, middle or end, despite there being no 

M3176650 



300 

middle stimulus. This would have entailed a small amount of deception but would 

have provided some estimate of guessing level. 

An alternative for the First and Last Letters design could be for the response to 

be made in the same format as for the Initial and Final Phoneme tasks, where a row of 

five letters appears on the screen and the participants click on their choice. However, 

this would be impossible for the First and Last Sounds task to remain purely a test of 

phonological ability, it would then become an alphabetic task. Thus, one could not 

have comparable phonological and orthographic tasks. 

12.2.3. Onset, Offset detection Tasks 

These tasks were short and appeared to engage the attention of the 

participants throughout. However, the onset tests were open to a possible criticism 

that some participants may have thought that by repeatedly pressing the space bar that 

they could turn the sound or the light off. The number of repeat responses was a major 

differentiator between children with developmental dyslexia and their CA controls but 

not compared to RA controls, who also repeatedly hit the space bar in the presence of 

the stimulus. Only one child (a 12 year old member of the developmental dyslexia 

group) commented that 'You can't turn it off'. When debriefed as to whether he 

thought that if he repeatedly pressed the space bar, it would turn it off, he replied no, 

he knew it would not turn it off but that he could not help pressing the bar. 

Explicit instructions to press the space bar only once were not used because 

this might confuse some of the younger participants into thinking only one press per 

trial was required. Given that all the participants with developmental dyslexia were 

within the normal range of intelligence, according to their statements, this issue is 

thought unlikely to have had an impact on the results. All the participants in the thesis 
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experienced identical practice sessions for this test during which they would have 

discovered that they could not switch off the stimulus by pressing the space bar. 

12.2.4. Test-Retest Reflabilities 

A weakness of this thesis has been the inconsistent test -retest reliabilities 

across the computer tests, which varied from very weak to very good. These would 

indicate that the results of the studies should be regarded with caution. They are 

summarised in Table 12.1. 

Table 12.1: 
Summary of Test-Retest Reliability Correlation Coefficients in the Thesis 

Task 
Initial Phoneme 
Final Phoneme 
Reaction Time Tests 

Auditory Beginning 
Visual Beginning 
Auditory End 
Visual End 
Visual TOJ 

Test-Retest Reliability Correlation Coefficients (N = 15) 
Pearson's r 

Accuracy Speed of response 
0.55 0.42 
0.50 0.80 

All Number of All RTs 
Responses Repeat Responses 

0.35 
0.36 

-0.07 
0.97 

Responses 
0.63 0.63 0.89 
0.37 0.72 0.68 

-0.11 0.07 0.13 
0.99 0.74 0.52 

Could not be computed. * 0.65 
Auditory TOJ -0.07 0.73 
First & Last Sounds 0.86 0.84 
First & Last Letters 0.24 0.74 

Note. *All participants scorerd 24 out of 24 on the retest,, thus the retest result was a 
constant variable. 

Table 12.1 shows that the First & Last Sounds task produced good test-retest 

reliabilty in terms of both response time and score (r=0.84 and r=0.86, 

respectively). In Chapter 8, the results of this task demonstrated that children with 

developmental dyslexia were less accurate in their responses to the first part of a word 

than were controls of the same age. However, the very poor test-retest reliability of the 

auditory TOJ task in relation to accuracy (r =-0.07), implies that the apparent link 

which Tallal (1980) suggested between the temporal order judgements of non- 
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linguistic (as represented by the auditory TOJ data) and linguistic stimuli (from the 

First and Last Sounds task) has not been conclusively demonstrated and that a 

replication of the study is needed. 

The First and Last Letters task score test-retest reliability was also poor (r 

0.24). Participant fatigue may have played a part in the results of this task. Perhaps a 

shortened version of the First and Last Letters task should be used in any replication 

of the studies in this thesis. 

The phoneme-grapheme matching tasks of Initial Phoneme and Final 

Phoneme produced a confusing pattern of test-retest reliabilities whereby the 

correlation for the response times in Final Phoneme was good (r = 0.8) but for 

accuracy was poor to moderate (r = 0.5). Yet, the response time correlation coefficient 

for test-retest reliability for response times in the Initial Phoneme task was poor (r = 

0.42) and was poor to moderate (r = 0.55) for accuracy. This suggests that out of the 

phoneme-grapheme mapping tasks, only Final Phoneme response times may be 

regarded as truly reliable. In this thesis, most of the interpretation of the data from 

these tasks has centred upon participant accuracy, rather than response time, and must 

therefore be treated with a degree of caution. 

A set of tasks that features prominently in the narrative of this thesis is the 

group of onset / offset auditory and visual reaction time tasks. The Chapter 7 results 

particularly hinged upon the differences between the two groups of early readers in 

Auditory End and Visual End reaction times. of particular interest in Chapter 7 were 

the findings that reaction times to the offsets of visual and auditory stimuli were 

significantly correlated with baseline measures of literacy and moreover, that several 

of these associations (especially for Visual End) were not mediated through age. 

These conclusions from Chapter 7 must be tempered by the knowledge that the poor 
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test-retest reliability coefficients of the Auditory End and Visual End reaction time 

tasks may have had an influence on these data (Auditory End, r=0.13; Visual End, 

r=0.52). 

Probably the main focus throughout the empirical chapters of the thesis has 

been upon the visual and auditory onset variables, Visual Beginning and Auditory 

Beginning RTs. The RT test-retest correlation coefficient for Auditory Beginning was 

good (r = 0.89) and that for Visual Beginning was moderate, at r=0.68. The fact that 

test-retest reliabilities are moderate to good, strengthens the inferences in the 

empirical chapters of the thesis concerning visual and auditory RTs and the 

associations between them. Most of the interpretations based upon Visual Beginning 

and Auditory Beginning have concerned RT. A few have involved Visual Beginning 

and Auditory Beginning scores, which the test-retest results suggest should be 

regarded with much more caution, since scores for all responses for Auditory 

Beginning and Visual Beginning were poor, r=0.35 and r=0.36, respectively. 

The weak test-retest reliabilities, however, may simply be an artefact of 

sample size. Fifteen participants is a small sample on which to base the test-retest 

reliability calculations. Moreover, six of them were older than 60 years of age and so 

their consistency of performance would be considerably poorer than that of younger 

adults (Hultsch et al., 2002). Crucially, five of these six older adults, along with a 38 

year old participant, were retested 18 months after their first tests. After such a long 

period, it is possible that their reaction times may have declined or become more 

variable. A participant sample of 30 young adults would have been preferred. 

Ultimately, test-retest reliability is an assessment of stability over time. It may 

therefore be the case that the weak correlations may not so much reflect an inherent 
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unreliability within the computer tests used in this thesis but rather the sensitivity of 

these skills to the passage of time. 

12.2.5. Future additions to the Test Battery 

Attention is a variable that has not been measured in these studies. A baseline 

task measuring attention would be advisable in future research. A baseline test of 

simple reaction time in which a stimulus is brief and is over before the participant is 

able to hit the space bar and one in which the interstimulus interval is the same 

throughout, might provide a useful addition which would show whether children with 

dyslexia generally have slower reaction times. If this were the case, then this factor 

could be taken into account statistically. 

Another recommended amendment to the test procedures would be to repeat 

the auditory and visual onset and offset reaction time tests so that each of them was 

performed, say three times, and to take a mean time for statistical analysis, which 

should improve the accuracy of the measurement of individual participant reaction 

times. 

12.2.6. Future Extensions to the Thesis 

It should be noted that a limitation of this thesis is that it investigates only the 

behavioural level and not the neurophysiological. Many of the speculations it offers 

concern activity on the biological level, such as the possible involvement of ON and 

OFF cells in the thalamus. Future research could attempt to take on some of the 

challenges laid down by these speculations. 

An Event Related Potential (ERP) study, comparing acquired dyslexia and 

developmental dyslexia would be a valuable addition to the behavioural data from this 

thesis, particularly one which focused on speed of processing within the auditory and 

M3176650 



305 

visual domains. An ERP comparison of the dyslexia groups with a group of early 

readers would enable a better understanding of the similarities and differences 

between these groups by investigations on the level of electrical activity in the brain. 

Thus, the temporal nature of the brain activities underlying the onset and offset 

sensitivities found in the thesis may become elucidated. Neuroimaging techniques 

with high spatial resolution, such as functional magnetic resonance imaging (fMRI) 

could be employed to further investigate the crossmodal nature of reading in the three 

participant groups. Magnetoencephalography (MEG) also offers an exciting 

opportunity as a non-invasive neurophysiological tool, with high spatial resolution (in 

the region of mms) and also very good temporal resolution, measured in ms 

(Shimogawara, Tanaka, Kazumi & Haruta, 2005). These electrophysiological 

techniques would allow an investigatiou of the neurological events subserving the 

roles of speed of processing and intermodal mechanisms in early reading, 

developmental and acquired dyslexia. 

There is also a need for further research on a behavioural level, particularly for 

studies of auditory - visual simultaneity responses to stimulus onsets and offsets in 

early readers, children with dyslexia and adults with acquired dyslexia. This would 

provide a way of testing the ideas put forward in this thesis regarding the relative lack 

of simultaneity of the visual and auditory modalities in the three participant groups. 

Some therapies for developmental and acquired dyslexia might be practical 

applications of the findings of this thesis, whereby participants' responses to auditory 

stimuli are encouraged to temporally coincide with their reactions to visual stimuli, 

such as lights and auditory tones or between graphemes and phonemes. 
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12.2.7. Statistical Considerations 

Non-parametric statistics were used throughout this thesis due to the large 

number of variables that did not conform to the normal distribution and resisted 

transformation, many of which showed a bimodal distribution, particularly in the 

baseline variables in the early readers. Another issue preventing a parametric analysis 

was the inequality of variance between the groups. Parametric analysis of the data 

would have provided a more powerful statistical analysis and would have enabled 

possible confounding variables such as age to be taken into account. Where the 

opportunity occurred, the possible confounding variable of age was partialled out, for 

example, in the non-parametric Kendall's partial correlations of chapters 7 and 11. 

Another occasion when age was eliminated as an influence was in the linear 

regressions of Chapter 8 when the relevant variables allowed parametric analysis to be 

carried out. 

It could be argued that cluster analysis, to some extent, may be open to some 

subjective interpretation as to how many cluster groups are delineated and labelled, 

and that reification is a problem. However these are criticisms that can also be levelled 

at such widely used statistical techniques as factor analysis (Gould, 198 1) and 

structural equation modelling. 

Cluster analysis was used to split the samples into groups which behaved in 

ways to justify their labelling as representing, for example, the 'intermediate readers'. 

It is a descriptive technique that allows for subsequent inferential statistical analysis of 

early readers that may be useful in future studies of reading development. It also 

provided some insights into the similarities and differences between acquired and 

developmental dyslexia, as well as their relationships with the 'intermediate readers'of 

early reading development. 
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12-3. Towards a Unifying Cognitive Model of Dyslexia 

The results from the studies in this thesis pose the question: is there a cognitive 

model of dyslexia that enables an understanding of both acquired and developmental 

dyslexia? 

Earlier in the thesis (Section 4.1.3.2. ) the issue was raised as to whether 

children with developmental dyslexia may be experiencing difficulty in transferring 

from a state of serial sub-lexical processing, which was thought by Ehri (1995) to be 

characteristic of the partial alphabetic phase, to the kind of parallel processing 

suggested by Ehri (1995,1999) and, Ehri and Wilce (1983) as occurring during the 

full alphabetic phase of reading development. Ehri's (1995,1997,1999) theory has 

been utilised extensively in this thesis as a common framework with which to 

understand early reading development, developmental dyslexia and acquired dyslexia. 

Therefore it would be tempting to speculate that developmental dyslexia could be a 

problem in transferring from a form of serial processing to a form of parallel 

processing. This interpretation is close to Ehri's (1997,1999) characterisation of 

developmental dyslexia which likened reading impairment to the immature literacy 

skills synonymous with the partial alphabetic phase. 

On the other hand, developmental dyslexia could be thought of as an 

imbalance between the serial manipulation of individual grapheme-phoneme 

representations and the parallel processing mechanisms associated with whole-word 

units. Such an interpretation would imply that children with developmental dyslexia 

do not fully complete the reading phase during which grapheme - phoneme 

connections are made and abstracted representations of these are stored, before 

shifting their reading strategies to favouring whole-word recognition. As Ehri (1999) 
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points out, such whole-word recognition is rapid and automatic, which are traits 

associated with parallel processing (Slack, 1990). 

Acquired dyslexia could also be characterised in terms of the relative strengths 

of grapheme-phoneme and whole-word levels of representation. The data from 

Chapter 5 and Chapter 9 demonstrated that the participants with acquired dyslexia 

performed better at whole-word recognition than at tasks requiring sub-lexical 

recognition, such as nonword reading. Hence, it could be claimed that acquired 

dyslexia is characterised by the dominance of an holistic level of representation 

(whole-word representation) over sub-word, particularly grapheme-phoneme, 

representations. 

Both levels of processing, which give rise to grapheme-phoneme associations 

and to whole-word representations, may be said to involve automation as well as 

simultaneous inputs from more than one modality (Raij et al., 2000) for their 

operation. It may therefore be more accurate to portray these mechanisms as 

signifying different levels of complexity of parallel processing. It would therefore 

seem curious that an apparently more complex parallel processing skill of whole-word 

recognition should remain relatively well preserved compared to the simpler one of 

grapheme-phoneme association. However, if a word is indeed stored as a distributed 

representation (cf. Seidenberg & McClelland, 1989), then it may be expected to be 

less prone to degradation than grapheme-phoneme representations which may be 

associated with specific brain regions (Raij, 2000). Thus, it would follow that 

grapheme-phoneme representations would be more prone to focal damage of the 

varieties witnessed in acquired dyslexia than would word representations, which are 

distributed more widely around the neural networks of the brain. While this account 

seems intuitively plausible, it would need to be tested empirically. The evidence 
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presented in this thesis indicates that this may be a worthwhile avenue for further 

exploration. 

12.4. General Summary 

Some cognitive similarities have been identified between the three groups who 

are the subjects of this thesis: children with developmental dyslexia, adults with 

acquired dyslexia and beginning readers. 

Visual and auditory processing speed has been implicated in alphabetic ability 

across all the participants in this thesis, which is consistent with results from 

automatic naming tasks (e. g. Bowers and Wolf, 1993). 

The three groups (the two dyslexia groups and the 'intermediate readers' 

cluster) shared a lack of temporal differentiation between the registering of auditory 

onsets and offsets, which has been proposed here as possibly leading to downstream 

effects of difficulty in extracting well-specified phonological representations from 

spoken language, which is likely to affect accurate alphabetic reading and spelling. 

This supported the phonological representations theory of developmental dyslexia 

(e. g. Snowling, 2000), and also suggested a possible developmental origin for 

developmental dyslexia, as well as pointing to a phonological basis for the alphabetic 

deficits of the participants with acquired dyslexia in this thesis. 

Opposite patterns of temporal order judgement in the visual and auditory 

modalities were found in the developmental dyslexia group, in which they were less 

accurate than CA controls in identifying the first tone of a sequence and the last shape 

of a series than were their CA controls. A concomitant impairment in recognising the 

initial phoneme of a series was also discovered in the developmental dyslexia group. 

Greater similarities in temporal processing and alphabetic abilities were 

observed between the 'intermediate readers' children and the acquired dyslexia group 
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than between the 'intermediate readers' and the developmental dyslexia group. 

Participants with acquired dyslexia resembled children with developmental dyslexia in 

terms of their accuracy on most tasks, but were not significantly different from the 

'intermediate readers' group in reaction times and latencies. 

The large cluster analysis of Chapter 11 confirmed the similarities in 

alphabetic ability between the acquired dyslexia and 'intermediate readers' group and 

showed that almost half the developmental dyslexia group possessed alphabetic skills 

that were superior to the 'intermediate readers' and the adults with acquired dyslexia. 

Similarities were pointed out between the alphabetic profiles of the 

'intermediate readers' clusters in Chapters 6 and 7, and those characteristics predicted 

by Ehri (1995,1997,1999) in her hypothesised partial alphabetic phase. Ehri's (1997, 

1999) assertion of the critical role of the partial alphabetic phase in ongoing reading 

impairment was discussed in relation to a possible failure in developmental dyslexia to 

accomplish sensory readjustments in early reading which might enable the acquisition 

of skilled alphabetic reading. This was considered alongside Snowling et al. 's (1994) 

hypothesis that the severity of the phonological deficit experienced by a young reader 

may determine the type of dyslexic symptoms exhibited later, and that a delay in 

acquiring well specified phonological representations early in reading development 

may result in a reading disorder later. 

Similarities between the participants with acquired dyslexia and: (i) children in 

the 'intermediate readers' cluster, whose alphabetic performance might be regarded as 

analogous to the partial alphabetic phase, and (ii) RA controls, suggested that 

acquired dyslexia involved a regression to an earlier cognitive and, presumably, 

neurological state. This is something that has been variously suggested over the years, 

e. g. Holmes (1973). Resemblances between children with developmental dyslexia 
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and: (i) children in the 'intermediate readers'cluster (or partial alphabetic phase), and 

(ii) RA controls, offer support to claims by researchers such as Ellis (1984) that 

children with developmental dyslexia resemble children at an early stage of reading 

development, and to Bryant and Impey (1986), who believed that the developmental 

dyslexic reading pattern was present in younger typically developing children of the 

same reading level. These findings are summarised in Figure 12.1, which depicts the 

interrelationships between the conditions of acquired dyslexia, developmental 

dyslexia and the partial alphabetic phase of reading development. 

Figure 12.1: 

Hypothesised Relationship between the Main Themes of the Thesis Revisited 

Acquired Dyklexia Developmental Dyslexia 

Partial alphabetic phase 
I 

Early Reading Development 

1L, luy 
X%Ll-ld 

Regression to a less mature cognitive state through loss of 
connections. 

Deviation from normal reading development towards a 

oooý dyslexic pattern of reading. 

I 

Normal beginning reading development. 
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Appendix A 

Initial Phoneme and Final Phoneme Stimulus Lists 

Target Words 

Letter Initial 

phon. 

face f, p, t, s, l fa rl f, z, v, s, t 

Non- 

Words 

Initial 

phon. 

Response 

options 

Words 

Final 

phon. 

Response 

options 

Non- 

Words 

Final 

phon. 

Response 

opbons 

b ball p, gt, b, q baf d, b, p, t, q 

d date t, p, [, d, g dife t, q, b, p, d 

f 

9 
I 

m 

good 

Response 

options 

c, g, h, d, y goaf k, g, t, d, y 

lock M, n, l, i, r lep 

might w, l, u, m, n marf n, m, u, l, w 

n need d, n, b, u, m niz u, d, t, m, n 

p pack q, c, s, p, b pem b, q, t, p, d 

room r, 1, n, 1, m rarg l, r, f, w, m 

S 

t 

soon 

toad 

z, e, t, s, c sari z, e, s, t, g 

c, g, t, d, f tafe t, b, r, p, d 

van u, f, z, v, s virp U, V, f, Z, S 

zip z, f, d, x, s zif 

rob t, q, b, p, m lub t, d, b, q, p 

road d, n, t, r, k fod d, n, t, q, k 

safe l, s, r, f, v moif v, s, d, r, f 

bag g, b, d, y, e feg y, k, b, v, g 

tall l, i, d, n, z zill t, l, n, d, i 

time b, p, m, l, d zeem w, d, b, m, n 

pan t, u, In. d voon u, n, m, b, d 

shop b, q, t, p, d fip q, c, s, p, b 

fea r i, r, n, l, m zer l, r, f, w, m 

miss s, z, d, e, t Voss s, z, d, e, t 

right d, t, s, m, r sa rt f, t, p, g, d 

leave z, f, v, u, k meev zISIUIfIv 

s, v, x, f, z buzz x, d, s, t, z tayz s, d, x, z, t 

Note. Initial phon. = Initial Phoneme Task; Final phon = Final Phoneme Task. 
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Appendix B 

Stimulus items for First and Last Letters and First and Last Sounds 

Target: first letter Target: last letter 

letter word nonword word nonword word nonword word nonword 

b bad bod boy bon sob sib rub' -reb 

d day doy dot dit sad yad red rad 

9 get gat gun gep big nig dog dag 

mud mod sum sem 

n now nom nut nup man mun 2 win pon 

p pig pag pot pob top tep tap tup 

S sat sut saw sab bus bis gas gos 

t tin tid mat mot yat3 

W wet wut new gow 

ran rin bar ber 

Note I Appears as 'bru' in First and Last Letters 

2 Does not appear in First and Last Letters 

3 Does not appear in First and Last Sounds 
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APPENDIX C: 

Reading Research Information Sheet for Schools 

Aims of the Research 
This research began by investigating reading problems arising as the result of a stroke. It was discovered that, some adult stroke patients have similar reading characteristics 
to those of children who are at an early stage of reading development, at about 5 or 
years of age. In particular, both groups find it difficult to link sounds to letters. It was 
predicted that there would also be similarities between these adults and young children 
regarding the speed with which they process sounds and written materials. Such a link 
between reading skill and processing speed may also exist in children who have 
dyslexia. This project aims to compare the reading performance and underlying 
processing speeds of adults who have experienced a stroke, with children who have 
dyslexia and with Reception Year children. 

Benefits of This Research 
This research has implications for: the teaching of reading to infants; interventions to 
assist children who have dyslexia, and in helping adults to recover their reading after a 
stroke. 

What will participants be asked to do? 

Those who agree that their child can take part will be asked to complete: 
Four brief computerised tasks which measure rates of reactions to 
sounds, words and other auditory and visual stimuli. 
A short reading, spelling and vocabulary assessment. 

General Procedure 

All children will be tested individually over two sessions, each one lasting 
approximately 30 minutes. 

Ethical Considerations 
This study will be conducted in accordance with The British Psychological Society's 
Code of Conduct: Ethical Principles and Guidelines. 
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" Complete confidentiality & any data will be secure at all times 
That children and their parents give informed consent 

" The children will be debriefed after the study 
" That children have the right to withdraw from the study 

Further Questions 
If you have any further questions concerning this research project, then please feel 
free to contact either: 

Bernardine King or Dr Clare Wood 
Centre for Childhood Developmen. & Learning, The Open University 

Telephone: [number] 

email b. king@open. ac. uk email: c. p. wood@open. ac. uk 
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APPENDIX D: 

An example of the letter sent out to parents (originals were on either school or 

university letter headed paper, according to the preference of the headteacher). 

To the Parents of [narne of school] 

Dear Parent or Guardian 

I am a PhD research student who is interested in how children learn to read. I 
also work with adults who have developed reading problems after a stroke or other 
brain injury. This project has so far found that, as a result of a stroke, some people 
seem to revert to a way of reading which is similar to children when they first start to 
learn to read. Its aims to further investigate these similarities. [name of school] has 
kindly given me permission to carry out some research into early reading [on date(s)], 
providing that parents / carers have no objections. I would be grateful for your child's 
participation in this study and I ask for your permission. Please complete and return 
the slip at the end of this letter to [teacher's name I or to your child's class teacher by 
[date]. 
Each child will be given a brief reading, spelling and vocabulary assessment. At 
another short session, there will be about four computer tasks, each one taking about 
five minutes. 1f you have further questions, I would be delighted to answer them. My 
telephone number is [number] and my email is b. king@open. ac. uk My supervisor can 
also be contacted: Dr. Clare Wood and her telephone number is [number] and her 
email is c. p. wood@open. ac. uk 

Many thanks for your support with this work. 
Yours faithfully 
Bemardine King (Mrs. ) MSc, BSc, BA, PGCE 

--------------------------- Iýv - ----------------- a,. < ------------------- ý11 ----------------- ---------- 
Reading Research Consent Form: to be returned by [date] 

I do / do not* wish my child 

in class to participate in the reading project. 

Signature of Parent / Guardian : 

Date * please delete as appropriate 
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Appendix E 

Application to the Human Participants and Material Ethics Committee 

by Bernardine King 

Supervisors: Dr. Clare Wood & Dr. Dorothy Faulkner 

of the Centre for Childhood Development and Learning 

in the Faculty of Education and Language Studies 
at The Open University 

April 2003 
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Title of Project 
The cuffent title of this study is "Phonological and orthographic processing in 
acquired and developmental dyslexia " 

Preamble 
This is the final set of research arising from PhD studies begun at Essex University in 
October 2001. The initial phase of my doctoral study at Essex was an investigation of 
reading problems in adults who had experienced a stroke. The research now focusses 
on comparisons between this group and children. Two groups of children will be 
considered: those who have recently started formal reading instruction and older 
children who have been identified as having dyslexia. 

Schedule 
The main data collection period will be the three months from May to July 2003. 
There will be three groups tested: ten or so adults who have acquired dyslexia as a 
result of suffering a stroke; about 40 children at a critical phase of early reading 
development, aged around 5 years, and an older group of about 20 children who have 
been identified as having developmental dyslexia. 

April 2003: Test construction for the study, contacting suitable schools and adults for 
participation and arranging ethical approval. 
May to July 2003: Visiting and testing the adults with acquired dyslexia and the 
schools, all of whom have been fully informed about the study and have voluntarily 
decided to participate. 
August 2003: Collate and analyse results from the study. Run statistical analysis on 
the data and determine the need for, and nature of, any further data collection. 
September to December 2003: Plan & conduct further data collection, after having 
acquired new permission from the schools and adult participants. 

Abstract 

This study builds on the observation from early studies in the PhD that adults with 
acquired phonological dyslexia have similar reading characteristics to children at an 
early stage of normal reading development, specifically those of Ehri's (eg 1999) 

partial alphabetic phase. It seeks to replicate these findings using more stringent 
measures. More importantly, it seeks to examine whether these similarities correspond 
to underlying cognitive abilities in the realm of rapid temporal processing of 
phonemic, orthographic, auditory and visual stimuli. A three-way comparison will be 

made between children with developmental dyslexia, young readers in the partial 
alphabetic phase and people with acquired phonological dyslexia. 

Source(s) of funding 
This study forms part of the applicant's PhD thesis, which is funded externally by the 
Economic and Social Research Council, (October 2001-October 2004). 

Justifications for research 
Bryant & Impey (1986) suggested that the dyslexic pattern is present during normal 

reading development. They also drew attention to similarities between characteristics 

M3176650 



338 

of children with developmental dyslexia and adults who have acquired dyslexia, 
which results from brain injury. My first year PhD work provided evidence that Ehri's 
(1999) partial alphabetic phase may be the common denom inator to these two 
observations. That is, there is a strong similarity between the alphabetic abilities of 
adults with acquired dyslexia and children who are normally progressing through the 
partial alphabetic phase. Hence, the adults with acquired dyslexia might, effectively, be halted within the partial alphabetic phase: their strokes may have destroyed the 
brain connections that were formed when they were children leaming to read. It may 
also follow that a prolonged period in the partial alphabetic phase during a child's 
reading development could contribute to developmental dyslexia. This research aims 
to discover whether the three groups under investigation share common cognitive 
profiles. Tests for rapid temporal processing may reveal a common underlying 
cognitive deficit across the groups or there may be differences between them in 
temporal processing. Either determination will shed light on current models of 
dyslexia and normal reading. The study's findings might also inform methods of 
intervention in developmental and acquired dyslexia 

Investigator(s) 
Bernardine King 

Dr Clare Wood (First supervisor) 
Dr Dorothy Faulkner (Second supervisor), 

Published ethical guidelines to be followed 
All research will be conducted in accordance with the British Psychological Society's 
Code q Conduct Ethical principles and guidelines especially regarding !f 
confidentiality, informed consent, debriefing and withdrawal. My graduate 
membership of the British Psychological Society entails adherence to their ethical 
principles and guidelines concerning applied psychological research. 

Location(s) of data collection 
The study will be carried out in the counties of Essex and Suffolk. The adult 
participants are resident within these counties. There will be five schools in the region 
taking part. 

Participants 
The participants fall into three experimental groups: 

(1) adults who have suffered strokes, aged between 35 years old and 80 years of 
age; 

(2) children in their last term of their Reception Year, aged approximately five; 
(3) older children ( age range between 7 and 16 years of age) who have been 

identified as having dyslexia 

There will be control individuals participating for groups (1) and (3) above. They will 
mainly be the spouses of the adults who are suffering from acquired dyslexia and 

children from the same schools as the developmental dyslexics. 
There will be up to ten participants from group I (and 10 control adults), about 40 

children from group 2, and 15 children (and 15 controls) from group 3. 
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Table 1: Summary of research desiRn 

Child 
developmental 

Control group 
for 

Adult 
acquired 

Control 
group for 

Normal stages in the development of early 
readers dyslexics developmental dyslexics the acquired Prealphabetic Partial full 

dyslexics dyslexics readers alphabetic alphabetic 
readers early readers 

Approx 20 Approx 20 Approx 10 Approx 10 Approx Approx Approx 
participants participants participants participants 10-15 10-15 10- 15 

participants participants participants 

Recruitment procedures 
Initial contact has already been established with the five schools through letters, 
telephone conversations and visits, which have aimed to provide a clear overview of 
my research. This initial communication will be followed by future contacts. I have 
arranged meetings at the schools to run through the test battery and answer any 
resulting queries they may have. I am liasing closely with the headteachers and special 
needs teachers in regard to their specific requirements in relation to parental 
information, the wording of parental consent forms and the nature of subsequent 
feedback to parents. Consent letters will be sent out to all parents. These letters will 
also provide them with an understanding of the research and offer them a chance to 
ask questions concerning the study, supplying contact telephone numbers and email 
addresses should they wish to know more. 
My adult participants have known me and worked with me for about three years. 
More information on this is given in the next paragraph. 

Consent 
Schools will be given an information sheet, which outlines the intentions behind the 
study. It also provides an overview of the assessment battery to be used in this study. 
Every effort has been made to guarantee that both the teachers and the parents have a 
detailed understanding of the research study in question. I will continue to liase with 
every school in order to produce a consent form which meets the exact requirements 
of the staff and parents of that school, in order to fully meet the BPS guidelines on 
informed consent. Feedback from the research will similarly be tailored to the needs 
of the particular school and will be readily available to parents. I will be sensitive to 
each child's behaviour during testing and acknowledge any signs of discomfort or 
unwillingness to participate. Children have the right to withdraw from the study at any 
point. If this occurs, any data obtained for that child will be destroyed. 
The adult participants in this study are not hospital patients. Initial contact was made 
with them via a social club to which they belong, run by The Clacton & District 
Stroke Association. I have had a long affiliation with this club, stretching back a 
number of years and I have worked as a helper there before conducting my present 
research. Everyone who has agreed to take part in the study has had individual 
discussions with me about the study's purpose and the authorities at the Stroke Club 

are fully aware and supportive of the research. I have visited most of the participants' 
homes and discussed the research and consent issues with the participants' families. I 
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will conduct the tests in the participants' homes, with their complete permission. The 
adult participants from the stroke club have signed individual forms consenting to the 
study and have had it explained to them that they may withdraw, and may immediately or retrospectively, withdraw their data from the study at any time they 
wish. 

I have received intensive training in neuropsychological research from Professor J. R. 
Hanley at Essex University as part of a case study I carried out during my MSc in 
Cognitive Neuropsychology. 

Data protection 
Raw data will be kept securely at all times. The raw data files will be kept within a 
locked filing cabinet to ensure confidentiality. If schools ask for a copy of the 
children's scores on certain reading or other cognitive measures, and consent for this 
disclosure has been agreed by parents, then care will be taken to ensure that disclosure 
of such information is strictly confined to the confidential domain of the relevant 
educational establishment concerned (and to the research team. ) Similarly, only 
anonymous data will be entered into excel and SPSS spreadsheets. It will be ensured 
that no one else could gain access to the data. Furthermore, we will retain complete 
confidentiality and guarantee that no data can be traced back to any individual child in 
any publications. 

Release of information to the Stroke Association will be bound by concomitant 
measures to those outlined for schools. 

All data collected will be registered in accordance with the Data Protection Act. 

Recompense to participants 
No-one will receive any financial reward for taking part in the study. Schools and the 
stroke association will receive copies of any research reports and publications, and 
will be thanked formally and informally for their co-operation and assistance. 

Deception 

Special care will be taken to ensure that the adult participants and their families, the 
children and their parents and the schools are not misled in any way, especially with 
regard to the intentions underlying the study. The aims of the research have been 
frankly and honestly discussed with all parties to this study. Any questions regarding 
the nature of the study have and will be addressed in all cases to ensure that there are 
no misunderstandings or unanswered questions. I will guarantee that in the situation 
whereby a child or adult withdraws from the study and wishes their data to be 

removed, that their data will be destroyed. 

Risks 
Given the nature of these studies, adults' and children's cognitive performance will be 

assessed using a number of measures, including reading assessments and reactions to 
fast sensory stimuli. These tests may be quite demanding for these groups of 
participants but every attempt has been made to keep the number of assessments to a 
minimum within each session. Should the participants require a rest from testing, it 

will be given without question. 
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For example, if the child or adult were seen to become restless or disinterested, then testing will be stopped at that point and the remaining tests completed in a later 
session. It is anticipated that assessment will take place in two separate occasions, 
each of less than half an hour. 
A second potential risk is the individual nature of the assessments and being alone 
with each child / adult. Although each child is individually assessed in a quiet area 
within the school, this will not take place in a solitary area. Every effort will be made 
to find a suitable quiet area that is open-plan and in close vicinity to other individuals. 
The lap top computer will be operated without a cable and recharged between 
participants, in order to avoid a trip hazard. 
When in adults' homes, I will endeavour to ensure that another adult is present, 
preferably a member of the participant's family. I am aware of the possibility that 
people who have suffered a stroke may have subsequent epileptic fits. I have received 
training in this regard, in my teaching and social work careers, during which time I 
looked after people whilst they were undergoing epileptic fits. 

I am a trained and experienced teacher, and consider that my background enables me 
to be sensitive to the practical problems and risks of working within a school 
environment. My experience as a helper at the stroke club and as a generic social 
worker, experienced in psychiatric social work, child care, working with physically 
challenged clients and in geriatric social work, will also help me assess risks in my 
work with adults who have suffered a stroke. 

Debrief ing 
The school and the stroke club will receive a copy of the final overall results of the 
study and any published work based on it. This will provide an overview of the 
findings and a chance for those parents and families who expressed an interest to have 
equal access to our findings. A letter will be provided for all parents that will provide 
a brief outline of the findings obtained in each study for the purpose of clarity and 
debriefing. I would also like to re-visit each school and the stroke club, to speak to 
teachers /carers / parents / families who should require further details concerning the 
research project. Contact details are always left with the school and the stroke club to 
ensure that any concerned parent or family member can still get in touch, even after 
the study has concluded. 

Declaration 
I can guarantee that all work conducted within this thesis will be done following 

ethical guidelines set out by the British Psychological Society (BPS). 
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APPENDIX F 

Copy of Adult Participant consent form. 

FORM OF CONSENT TO TAKE PART AS A PARTICIPANT IN A 
RESEARCH PROJECT 

CONFIDENTIAL 

Title of project / investigation: 

Phonological and orthographic processing in acquired and developmental dyslexia. 

Brief outline of project, including an outline of the procedures to be used: 

This is an investigation into reading problems following a stroke. It aims to compare 
reading performance with that of children who are learning to read and those who 
have reading difficulties. It looks for underlying cognitive similarities and differences 
between these groups ofparticipants. 

It involves reading and spelling assessmentsfrom the batteries I have just shown you 
(which were the PALPA, Phab and BAS test batteries) and computer tests of responses 
to words, and other visual and sound stimuli. 

19 ... .... 000 ........ 0000 .... �*(participant's füll name) 
agree 

to take part in the above named project / investigation, the details of which have been fully 

explained to me. 

Signed 
................................................ 

Date .................................. 

L-Bernardine King (Mrs. ) .......................................... 
* (Investigator's full name) 

certify that the details of this project / investigation have been fully explained and described to 
the subject named above and have been understood by him / her. 

Signed 
.................................................................. 

Date .................................. 
(Investigator) 

*Please type or print in block capitals 
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