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vi. 

ABSTRACT 

Two spatial location tasks were used to investigate 

early stages of visual information processing in Specifi

cally Reading Disabled Children (SRD). It was intended that 

the perceptual consequences of deficient transient system 

processing would be measured. Problems defining SRD and 

theoretical approaches are reviewed and a theory considering 

deficient transient processing and SRD evaluated. Three 

groups of children were used in the study. Two groups were 

individually matched on age, sex and intellectual ability, 

one group consisting of SRDs. A third group of younger 

children was individually matched to the SRD group on read

ing level, sex and intellectual ability in order to test 

whether performance on the location tasks was related to the 

lower level of reading achievement. Evidence supportive of 

deficient transient processing was not forthcoming. No 

relevant between groups differences were found. A strong 

tendency was found for second targets to be located and 

identified less accurately and a weaker tendency for location 

and identification errors to increase with target eccentricity 

and this was the same for all groups. 
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CHAPTER I 

INTRODUCTION 

I. DEFINITION: 

The inability of children to perform adequately in 

areas of academic achievement despite seemingly adequate 

intellectual skills and educational opportunity has come 

to be recognised as a significant educational, social and 

economic problem (Benton & Pearl, 1978). The term 

learning disability (LD) was first coined in the 1960's 

to describe such a pattern of difficulties and still one 

of the most frequently and consistently cited criticisms 

levelled against the LD field has been the lack of 

consensus concerning a definition of this term. This lack 

of agreement about the definition and about who should be 

diagnosed as LD has even led some to question whether 

there is such a thing as LD and whether LD constitutes 

a discrete field of study (e.g. Algozzine & Ysseldyke, 

1986, cited in Adelman & Taylor, 1986). 

There are two major approaches to defining LD. 

The first type of definition is basically a theoretical 

statement specifying the delimiting characteristics, 

broad enough to include all known examples of LD's, yet 

narrow enough to permit the distinction of LD 1 s from 

other conditions. The most widely, although not 

unanimously accepted definition of this type was that 

adopted by the National Joint Committee for Learning 
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Disabilities (NJCLD) in 1981: 

Learning disabilities is a generic term that refers 
to a heterogeneous group of disorders manifested by 
significant difficulties in the acquisition and use of 
listening, speaking, reading, writing, reasoning or 
mathematical abilities. These disorders are intrinsic 
to the individual and presumed to be due to central 
nervous system dysfunction. Even ~hough a learning 
disability may occur concomitantly with other handi
capped conditions (e.g., sensory impairment, mental 
retardation, social and emotional disturbance) or 
environmental influences (e.g. cultural differences, 
insufficient/inappropriate instruction, Psychogenic 
factors), it is not the direct result of those condi
tions or influences. 

(Hammill et al., 1987) 

This type of definition is broad and so is open to 

misinterpretation and does not provide specific criteria 

for identifying individual cases. Hence critics have 

argued for definitions comprised of terms that are opera

tionally defined. This alternative approach to defining 

LD's makes no reference to presumed etiologies. A 

good example of this type of definition is as follows: 

Learning disability refers to an academic deficit 
accompanied by a disorder in one or more of the basic 
psychological processes involved in understanding or 
in using language - spoken or written - in a child 
whose intellectual, emotional, and/or physical status 
allows participation in a traditional academic curri
culum. 

(Schere et al., 1980). 

Unfortunately definitions of this type have not 

escaped controversy. Problems relate to defining an aca

demic deficit and to the nature and measurement of the 

basic psychological processes said to be involved. Chal

font and King (1976) and Schere et al. (1980) provide a 

good discussion of these problems. 

However, despite these problems with definition, 
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the most commonly accepted criterion for a LD is an 

ability-achievement discrepancy. As Keogh (1986) notes, 

the range of individual characteristics within this pool 

is broad and clearly there is no single prototype LD 

pupil. The ongoing difficulties establishing an accept

able definition relate to this heterogeneity within the 

LD field. Preoccupation with the search for "the defini

tion" only obscures the nature of LD's, and acceptance 

that LD is not a single syndrome but a set of related 

subgroups may well serve to broaden research and inter

vention efforts. Collapsing children with learning prob

lems into heterogeneous groups obscures important differ

ences and limits generalization and replication of 

research findings. Research examining subgroups of LD 

individuals is more likely to yield reliable results and 

will be more useful in explaining the nature of LD's in 

general. 

Various classifications have been offered, partic

ularly those based on etiology or the type of psychologi

cal process thought to underlie observed deficits (see 

Lyon, 1983; McKinney, 1984, 1986 for a discussion). A 

better case can be made for grouping LD individuals on 

the basis of the academic skills showing deficits. This 

type of classification system is utilized by the DSM-111 

(American Psychiatric Association, 1980) and others (see 

Barkley, 1982). Broad categories include Specific 

Reading Disability, Specific Arithmetic Disability and 

Specific Writing and Spelling Disabilities. By far the 
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most prevalent of these, and the group to receive the 

most attention from researchers and remediators is Spe

cific Reading Disability (SRD). As for the general term 

LD, problems defining what constitutes a SRD have also 

impeded research efforts. This is probably partly 

related to the complex nature of the reading process as 

difficulties in learning to read can conceivably occur at 

many levels. Subclassifications of SRD have also been 

suggested and vary considerably. There is some agreement 

on the usefulness of a distinction between individuals 

unable to identify words on the basis of sounds of the 

component phonemes, and individuals who cannot identify 

words on the basis of what they look like. At a more 

general level, useful distinctions have been made between 

reading difficulties that occur in the context of low 

intelligence and low overall achievement, that is, 

reading backwardness; and reading difficulties that are 

specific in the sense that the child shows a discrepancy 

between reading achievement and performance on tests of 

general ability which do not involve reading (Rutter & 

Yule, 1975). The former type of reading problem is not 

usually included under the general SRD umbrella. 

Consistent with DMS-111 criteria the definition of 

SRD adopted for this thesis is a significant discrepancy 

between intellectual ability and reading achievement. 

This discrepancy cannot be attributed to gross neurologi

cal deficit, defective hearing or vision, cultural 

deprivation, emotional problems or mental retardation. 



The specific operational criteria for qualifying as SRD 

(based on that originally developed by Stanley and Hall 

(1973)) was 

(1) reading performance, measured by a standardized 

reading test, is at a level two or more years 

below that expected for grade level and age. 

5 . 

(2) Average or better performance in other academic 

subjects and average or better intelligence as 

measured on an individually administered intelli

gence test. 

(3) No gross behavioural problems. 

(4) No detectable organic disorders. 

(5) At least normal visual acuity. 

As previously noted, a working definition of this 

nature is not without problems. However in order to 

facilitate comparisons with other studies and to reduce 

the risk of the present study being influenced by extra

neous variables, the above criteria were used to define 

SRD in this thesis. Adopting a two year or greater dis

crepancy between observed and expected reading achieve

ment limits selection of younger children suffering a 

SRD. This criterion does not consider children who have 

not been in school long enough to show a discrepancy of 

this magnitude. There can therefore be no consideration 

of SRD children younger than about 10 years old, in the 

present study. 

For consistency throughout this thesis the term 

SRD will be used even though many researchers whose work 
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is reviewed generally used other terms such as dyslexia, 

reading retardation, specific learning disability, poor 

reader. Despite the differences in terminology, there 

often seems to be no consistent differences between the 

groups to which these labels are applied (Jorm, 1983). 

II. THEORETICAL APPROACHES TO SPECIFIC READING DISABILITY: 

Much discussion has been directed towards the 

difficulties defining what constitutes a SRD. Related 

problems can also be seen in efforts to explore the issue 

of what causes severe reading problems. Parallel to the 

movement away from attempting to define LD and in partic

ular SRD in terms of a unitary 'syndrome', research is 

moving toward a multi-factorial approach to etiology. 

Various views have been explored and are by no means 

mutually exclusive, however, nor have any been demon

strated to be the cause of reading disorders. Clearly 

the search for a single cause of SRD is not indicated and 

has only served to limit progress in the field generally. 

What has been the result of an array of specific theories 

of SRD is isolated pockets of research utilizing differ

ing criteria for subject selection, different research 

designs, and fundamental differences in hypotheses relat

ing to the psychology of human behaviour in general. It 

is not surprising that progress in the SRD research has 

been to date slow and controversial. It is difficult to 

make sense of a research field that firstly cannot agree 

on what it is that is being researched and secondly how 



to go about researching what causes the thing it is 

researching~ 

7. 

Most theories of SRD have derived from three broad 

paradigms, the neuropsychological paradigm, the informa

tion processing paradigm and the applied behaviour 

analysis paradigm (Torgeson, 1986). All three paradigms 

represent different viewpoints about reading disabilities 

in that they ask different kinds of questions, employ 

different types of explanatory constructs, use different 

methods, and emphasize different assumptions about their 

subject matter. Despite these very different approaches, 

similarities can be seen across the specific theories 

within these paradigms. 

Three broad types of theory are evident 

(Kinsbourne, 1975). Firstly there are theories relating 

to what has been termed a 'difference' model. This model 

suggests that reading problems are the result of natu

rally occurring, poorly developed, specific cognitive 

traits. It is based on the premise that individual 

differences in cognitive abilities tend to be normally 

distributed and that lower ability in any of a variety of 

skills may predispose an individual to have difficulties 

when learning to read. Secondly, there are theories 

suggesting a 'deficit' of some sort. In particular the 

learning problem is seen as being organically based and 

that the individual's approach to a learning task is 

qualitatively different from that of his/her normal 

counterparts. Finally, there are theories that propose a 
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delay in the development of certain capacities or 

functions. The suggestion is that the individual is 

functioning primitively in some circumscribed respects, 

but the level of functioning may ultimately achieve 

parity with that of his/her peers at a later date. That 

the individual ultimately 'catches up 1 with peers at some 

stage is a controversial point and is not necessarily 

implicated in these types of theories. Theories that 

posit disruption to the learning processs (such as severe 

anxiety) as instrumental in the development of reading 

problems have been popular. However, in keeping 

with the definition adopted by this thesis, reading prob

lems resulting from these factors are not normally 

included as being bona fide SRD. 

Major theories of etiology influential in the 

progress of the field, historically and currently, will 

be reviewed and the indications and contraindications for 

each will be discussed. 

Neuropsychological Theories: 

Interest in neuropsychological factors underlying 

specific reading disability has been prominent. In fact 

many of the systems for diagnosing a SRD have implicitly 

stated that presumed dysfunction in the central nervous 

system is a necessary condition for diagnosis. 

Minimal Brain Damage (MBD): 

Strauss and Lehtinen (1947, cited in Aman & Singh, 

1983) proposed that the behavioural symptoms of 
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hyperactivity, inattention, conduct problems, and percep

tual and learning problems were often the result of minor 

or diffuse brain damage. MBD appealed to many researchers 

who were looking for a practical and effective explana

tion for behaviour and learning problems and it has 

become common for a wide array of developmental problems 

including SRD to be attributed to MBD. Approaches to 

diagnosing MBD have varied and there has often been the 

unfortunate tendency to infer MBD from the presence of a 

SRD and then to explain the SRD in terms of the MBD. Hard 

signs of neurological abnormality are not required in 

order for a child to be suffering MBD. Hence the diagno

sis of MBD is frequently based on 'soft' or equivocal 

signs of neurological dysfunction. It is not surprising 

that the concept is notoriously unreliable and has little 

utility for either understanding or treating SRD (Gomez, 

1967; cited in Schwartz and Johnson, 1985). 

Perinatal complications and known histories of 

brain trauma have been researched in order to shed light 

on any relationship between such neurological dysfunction 

and SRD. Likewise, electrocortical studies have consid

ered differences in EEG patterns and evoked potentials in 

SRD and normal children (see Aman and Singh, 1983 for 

review). Unfortunately evidence for the role of neuro

logical factors in the etiology of SRD have been tenuous 

and serious methodological problems have marred what 

positive evidence has been presented. Such problems 

include failure to include control subjects at worst and 
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a frequent failure to control for intellectual ability. 

The concept of MBD does not appear to be useful and apart 

from receiving little support from the respective 

research the concept can be criticized on logical grounds 

(that is, circularity of definition). 

Cerebral Dominance: 

The hypothesis that faulty cerebral dominance 

underlies SRD dates back to the work of Orton in the 

first part of this century. Whilst his theory was 

largely speculative and has few adherents in current 

research, there are still those who propose 'laterality 

problems' as being responsible for learning difficulties, 

especially SRD. His work will be briefly discussed as it 

served as the major impetus for research on cerebral dom

inance problems and SRD. 

Orton's theory basically involved failure of one 

side of the brain to dominate the other side. He 

hypothesized that all visual information was recorded in 

both the left and the right hemispheres of the brain in 

mirror image fashion. Learning to read required the con

stant suppression of the images in the nondominant hemi

sphere by the dominant hemisphere. Interhemispheric 

rivalry caused reversals of letters which Orton believed 

typified the errors of SRD children (Bakker, 1982). 

Orton's theory was vague and speculative and as 

experimental methods have developed to enable testing of 

his postulates, limited verification can be found. Like

wise research considering an association between measures 
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of lateral preference (handedness, footedness and eyed

ness) and proficiency in written and spoken language has 

been limited in support for faulty dominance, There was 

renewed interest in a possible relationship between 

asymmetry of the brain and cognitive functioning when 

Kimura (1967) demonstrated the value of dichotic listen

ing techniques to trace hemispheric specialization for 

linguistic and nonlinguistic processing. In a comprehen

sive review by Satz (1976) studies on dichotic listening 

were evaluated. The evidence is disappointing and the 

relationship between laterality and reading disability is 

at best inconclusive. Other approaches have been to 

measure left and right hemisphere functioning on 

batteries designed to tap each hemisphere differentially 

(e.g. Harness et al., 1984). Whilst some have shown 

reading disabled students to be poorer in left hemisphere 

functions others have shown similar groups of subjects to 

be poorer in the right hemisphere functions. Methodolog

ical problems such as variations in the subjects used and 

use of unreliable and invalid measures of laterality have 

certainly contributed to the inconclusive nature of this 

research. The hemispheric lateralization hypothesis, 

despite its popularity, has not proven to be of much 

value. 

Maturational Lag: 

A delay in the development of certain cortical 

functions is a popular view as to the etiology of SRD. 

The major proponents of delay theory, Satz and his 



associates (Satz, Rordin, & Ross, 1971; Satz & Friel, 

1974; Satz, Taylor, Friel, & Fletcher, 1978) firstly 

postulate that the behavioural pattern of deficits 

observed in SRD children is quite similar to adults who 

have sustained damage to the left cerebral hemisphere. 

12. 

As studies have failed to document any structural alter

ation or damage to the left cerebral hemisphere in SRD 

individuals a partial resolution is to hypothesize that 

the great majority of SRD cases will be classifiable not 

on the basis of brain pathology, but simply as represent

ative of a lag in the functional development of the brain 

and nervous system that subserves the learning of reading 

(Money, 1966; cited in Satz, Rardin, & Ross, 1971). 

Hence they suggest that the distinction between loss of 

language and lack of language development may be the key 

to the problem. More specifically the theory suggests 

that SRD reflects a lag in the maturation of the left 

cortical hemisphere that may result in differential delay 

of those skills which are in primary ascendancy at 

different chronological ages. Those skills that develop 

earlier in childhood (e.g. visual-perceptual skills) are 

more likely to be delayed in younger children who are 

maturationally immature, and those skills that have a 

slower rate of development or develop later (e.g. concep

tual-linguistic skills) are more likely to be delayed in 

older children who are maturationally immature. Relating 

the theory more directly to the reading process, it is 

postulated that the child is delayed in those 
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developmental skills which have been shown to be crucial 

to the early stages of reading such as learning to dif

ferentiate graphic symbols or perceptual discrimination 

of letters (Luria, 1966). The theory predicts that 

whilst SRD children may catch up on those skills that 

develop early in childhood, their reading problem may 

persist because they will subsequently lag on skills that 

develop later in childhood. Other factors such as the 

child's learning history (e.g. the cumulative effects of 

reading failure in school) may also preclude attaining 

eventual parity with peers with respect to reading skill. 

Supporting evidence from various sources is avail

able for the maturational lag formulation. Research by 

Satz, such as Satz, Rardin and Ross (1971), Satz and 

Friel (1974) and Satz et al. (1978) has provided support 

for the lag theory. In particular the 1978 study which 

was the culmination of a 6-year longitudinal study of 

kindergarten boys, indicated that measures of 

sensorimotor-perceptual ability were the best predictors 

of reading achievement in younger children and linguistic 

measures were better as the children grew older. This is 

consistent with the hypothesis outlined by the theory. 

Other researchers (e.g. Benton, 1962; cited in Aman & 

Singh, 1983) have also demonstrated perceptual 

deficiencies in younger SRD children and conceptual 

deficiencies in older SRD children. 

In general the evidence does suggest that SRD 

children frequently display lags on various tests of 
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cognitive skill. However, there are problems with this 

and the greatest criticisms come from proponents of 

'deficit' theories. Much of the evidence cited as sup

portive of the lag theory can also be seen as supporting 

evidence for general neurological dysfunction. The 

theory has also been criticized as being too inclusive, 

attempting to exlain all variations of skill-deficit 

patterns in SRD individuals on the basis of age-related 

differences in patterns of cognitive ability. Evidence 

can be provided showing deficits in skills that would be 

inconsistent with Satz's theory (e.g. Vellutino, 1979). 

Hence the lag theory cannot fully accommodate the 

currently available data. Criticisms aside, appeal for 

Satz's theory relates to its focus on providing predic

tors for early detection of reading problems. The impor

tance of early detection on subsequent prognosis is well 

documented. It is also optimistic in terms of its treat

ment implications. 

Visual Deficit: 

Most definitions of SRD explicitly exclude visual 

impairment as a contributing factor. Whilst none would 

disagree that visual problems affect acquisition of 

skills such as reading, reading problems resulting pri

marily from visual impairment are not normally considered 

as being a SRD. However it has been suggested that more 

subtle problems in the visual system, not normally 

detected by routine eye examination, are major contribu

tors to SRD. Within this approach to the etiology of SRD 
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there have been different lines of research, each sugges

ting different types of subtle visual difficulty. There 

has been much heated debate as to the status of visual 

deficits in the etiology of SRD (Aman & Singh, 1983), 

however it is a popular approach and sectors of research 

have shown that a small number of SRD individuals may be 

helped. 

Viewing ocular dominance as an etiological factor 

in reading problems has been one popular approach. This 

involves inconsistency between sighting eye or control

ling eye and handedness, with reading and spelling dis

orders being strongly associated with crossed dominance. 

However these theories are anatomically inconsistent with 

the structure of the CNS and have thus received little 

support (Flax, 1966; cited in Aman & Singh, 1983). 

Theories of ocular dominance, whilst attracting much 

research interest have little to offer in terms of the 

etiology of SRD. 

A very different line of investigation, the study 

of eye movement patterns, has also attracted much 

research interest. Interest in eye movements relates back 

to the discovery by Javal (1878; cited in Griffin et al., 

1974) that the eyes moved in a series of little jumps 

(saccadic movements) with intervening fixation pauses. 

Fixation pauses are periods of clear vision and it is 

during these pauses that perception occurs. Most of the 

research relating to these eye movements and SRD has con

sidered the relationship between the number and duration 
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of the fixations in SRD's versus controls. What has been 

consistently shown is that reading disabled individuals 

exhibit rather abnormal patterns characterized by 

increased frequency and duration of fixations and more 

frequent regressive eye movements, that is movement back

wards along the line of print (Elterman et al., 1980; 

Griffin et al., 1974; Lefton et al., 1978). Unfortu

nately, whilst SRD individuals do seem to exhibit abnor

mal eye movements while reading, a causal connection has 

not been established. The eye movements in disabled 

readers can be explained by direct reference to the read

ing problem itself. It seems more likely that abnormal 

eye movements are symptoms of the reading disorder rather 

than causal contributors in that one would expect an 

individual who has poorly developed word comprehension 

and/or recognition skills to be processing information 

more slowly and thereby exhibit the very pattern of eye 

movements so frequently shown in SRD individuals. 

Research that examines this phenomena utilizing nonverbal 

stimuli has not documented differences between SRD's and 

controls in the nature of their eye movements (e.g. 

Leisman & Schwartz, 1978). 

Whilst the research has failed to document con

vincing evidence regarding the role of eye movements in 

causing reading problems at a molar level, research 

examining the nature of saccades and fixations at a 

molecular level may be more promising. Vision is thought 

to be suppressed during saccades or at best only blurs 
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and streaks are observed, these blurs being extremely 

brief due to the speed of the saccadic movement (less 

than .25 second) and very faint due to minimal brightness 

contrasts which normally prevail (Griffin et al., 1974). 

Whilst the role of saccades, that is, directing the fovea 

to informationally pertinent parts of the visual field, 

is not deemed unimportant, research has typically over

looked the importance of saccades in visual information 

processing. A relatively recent line of research has con

sidered the visual system as being comprised of two com

plementary channels relating to the fixation-saccade 

sequence. In relation to SRD, development of this 

research has suggested that one of these channels is weak 

or deficient in some disabled readers which may explain 

their problems with reading. The development of this 

theory will be explored more fully in a later section as 

the rationale for the experimental tasks used in this 

thesis is based on this work. 

Information Processing Theories 

Information processing approaches to learning 

failure focus on deficient underlying cognitive processes 

and deficient performance on such complex tasks as 

reading has received much attention. Development of 

theories within this domain is relatively recent, hence 

theories are less firmly established and researched as 

some of the etiological theories discussed in the previ

ous section. The major influences within this domain 
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will be reviewed. 

The major impetus for research centres around the 

view that SRD is primarily a function of linguistic 

dysfunction. Research has been undertaken by many inves

tigators considering a broad range of language-based 

processing skills, such as phonological and semantic 

encoding and retrieval, involving various aspects of the 

memory system (Baddeley, 1979; cited in Jorm, 1983; Mark, 

Shankweiler, Liberman & Fowler, 1980; Olson et al., 1984; 

Shankweiler et al., 1979; Vellutino et al., 1977; 

Vellutino, 1979; Vellutino, 1987). 

Short term Memory 

Short term memory problems in reading disabled 

individuals have attracted much interest. Research 

relating short term memory capacity, serial ordering and 

phonological coding to reading difficulties will be 

discussed. 

i) Memory capacity: 

SRD individuals have shown deficient performance 

on tasks purporting to measure short term memory capacity 

in a number of studies (Jorm, 1983). Most of these 

studies have used the Digit span subtest of the WISC or 

variations of this to measure memory span. However sev

eral researchers (e.g. Ellis, 1979) have noted that 

although group differences in memory span have 

consistently been found between SRD and normal readers, 

there is considerable overlap between groups on this task 

and a memory span deficit is not found in all SRD 
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individuals. A study by Torgeson and Houck (1980) fur

ther elucidated this point by examining digit span 

performance in a group of SRD subjects showing consistent 

deficits on this task compared to a matched SRD group 

showing no such deficits. 

ii) Serial Order: 

Several studies have attempted to show that SRD 

children have difficulty in retaining the serial order of 

items in short term memory tasks. A study by Bakker 

(1972; cited in Jorm, 1983) found SRD children to be 

worse than normal readers on tasks involving series of 

letters presented in different modes (visually, hapti

cally or aurally in temporal succession). Likewise 

Corkin (1974; cited in Jorm, 1983) also found SRD chil

dren to perform at a lower level than normal readers on 

nonverbal serial tasks. Interestingly this task incor

porated a 6 second delay and between-group differences 

were only found in delayed recall. Further studies have 

considered whether poor performance could be explained by 

failure to retain items rather than failure to retain 

their order, even though some (e.g. Manis & Morrison, 

1982) have provided evidence suggesting that {tern and 

order information are processed separately in the memory 

system. However, the results thus far have been incon

clusive and whilst SRD individuals do tend to have a 

problem with memory for serial order this problem may be 

associated with difficulties in item memory rather than 

order memory per se. 
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iii) Phonological coding: 

Shankweiler et al. (1979) and others, have 

suggested that SRD individuals have a deficit in phono

logical coding. In their 1977 study (cited in Shank

weiler et al., 1979) they discovered that the disruption 

caused by phonetically similar memory items differed for 

disabled and normal readers. They found that normal 

readers were more disrupted by rhyming lists in contrast 

to non rhyming lists than disabled readers regardless of 

presentation mode. They argued that disabled readers 

were less disrupted by rhyming items in the memory list 

because they were less likely to use a phonetic memory 

code. Similarly, several studies have produced results 

consistent with these showing that disabled readers were 

less prone to phonological confusions in memory tasks 

than normal readers (e.g. Mann et al., 1980; cited in 

Jorm, 1973; Olson et al., 1984; Shankweiler et al., 

1979). A consistent feature of studies showing less use 

of phonological coding in disabled readers was the ten

dency to use young subjects (2nd graders). Studies using 

older subjects (e.g. Olson et al., 1984) have shown that 

the older disabled readers' phonetic effect was compara

ble to that of the younger normal readers this being 

suggestive of a developmental lag in their use of 

phonetic coding in memory. 

Long Term Memory: 

Studies of non-verbal long term memory give a con

sistent result of no differences in performance between 
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disabled and normal readers. For this reason only 

studies considering verbal long term memory and SRD will 

be discussed. Tasks involving storage of semantic infor

mation in verbal long term memory have not been shown to 

discriminate between the performance of disabled and nor

mal readers. Such tasks have included word-word, word

digit, word-symbol, and nonsense syllables-symbol paired 

associates learning, with the words being presented 

either visually or aurally; and recognition for words, 

symbols and sentences (see Jorm, 1983, for review). 

Studies that have used similar kinds of tasks but 

that consider differences in the encoding of phonological 

information have been a little more promising. Vellutino 

and associates (Vellutino et al., 1975a,b) analysed the 

performance of disabled and normal readers on paired

associates learning tasks and found that the errors made 

by the normal readers were more often novel combinations 

of the phonemes in the nonsense syllables, whereas the 

disabled readers had a greater tendency to give real 

words as error responses. They concluded that disabled 

readers appeared to semantically encode the nonsense 

syllables, while the normal readers were encoding phono

logical information. Research examining retrieval speed 

for overlearned name codes in disabled readers has also 

been consistent with the suggestion of problems storing 

phonological information. For example, Spring and Capps 

(1974) tested naming of digits, colours and pictures with 

elementary school children and found disabled readers to 
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be slower at naming all stimuli especially digits. 

Whilst the evidence for difficulty with phonologi

cal information in long term memory in SRD individuals 

has been consistent it is unclear whether these problems 

relate to difficulties at the acquisition stage, that is, 

in short term memory. If there are difficulties in the 

initial storage of phonological information problems in 

retrieval for long term memory are likely to be seen. 

In general, the notion of a phonological coding 

deficit in retarded readers seems to be fairly consis

tently supported. Other short term memory difficulties 

have been isolated, such as reduced memory span and 

difficulties with serial order. This research however has 

been correlational in that it has only shown that 

disabled readers have problems, particularly with 

phonological coding. Any causal inference as to a phono

logical coding deficit being responsible for reading 

difficulty cannot be made. It can be speculated as to 

how such a deficit might impair acquisition of reading 

skills particularly with word recognition and also com

prehension. However little, if any, research has focused 

on whether there is a causal relationship. There is a 

clear need to draw theory of memory function and cogni

tive accounts of the reading process together in order to 

provide a framework within which the etiological 

significance of information processing problems and SRD 

can be considered. 
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The Role of Non-Memory Factors: 

An association between memory problems and SRD has 

been demonstrated, however not all disabled readers 

appear to have such problems. As has been noted with 

problems defining SRD, there are a number of factors 

contributing to individual differences in reading 

achievement, and children may be reading-disabled for 

reasons other than a particular memory deficit. It is 

also conceivable that they may perform poorly on memory 

tasks because of non-memory factors. Along this vein 

Torgeson (Torgeson & Licht, 1983) has proposed the read

ing disabled child as being an inactive, inefficient 

learner. The central idea in this conceptualization is 

that many SRD children fail to learn because they do not 

efficiently use the intact intellectual abilities avail

able to them. Much of the research supporting Torgeson's 

hypothesis has focused on deficiencies commonly exhibited 

by disabled readers on short term memory tasks. Generally 

such studies have shown disabled readers to underutilize 

strategies to improve acquisition, such as the use of 

rehearsal, and to use less effective elaborative encoding 

methods to improve retention and recall (Bauer, 1979; 

Bauer & Emhert, 1984; Dallago & Moeley, 1980; Torgeson, 

1977; Torgeson & Goldman, 1977). Research considering 

Torgeson's framework of the reading disabled child as an 

inactive learner on tasks more related to the reading 

process have also shown that whilst these children do not 

show deficits in the appropriate skills needed to employ 
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strategies to enhance learning, they fail to employ them 

spontaneously (Kotsonis & Patterson, 1980; Wong, 1979, 

1980). In the studies by Wong, passages were read to 

groups of normal and disabled readers; in half of each of 

these groups of children questions were asked preceding 

the paragraph the questions were related to. It was pre

dicted that the use of questions would increase the 

recall of the most thematically important idea units of 

the passages and that the questions would specifically 

activate the cognitively inactive disabled reader. The 

results showed that the disabled readers in the question 

condition performed as well on the subsequent recall task 

as the normal readers but in the no question condition 

the disabled readers performed at a significantly lower 

level than both the normal readers and the disabled read

ers in the question condition. These results were inter

preted as showing that the normal children were sponta

neously generating processing strategies to produce 

effective comprehension and the disabled readers were 

not. An interesting aspect of these results is the dem

onstration that appropriate guidance in the use of such 

strategies can lift the performance of the reading dis

abled children to a level comparable to their non

disabled peers. 

In general the research suggesting that reading 

disabled children do not adequately organise the material 

they are learning and that they can improve their use of 

organizational strategies under certain conditions, is 
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encouraging. However, methodological shortcomings must 

be considered, particularly inconsistency in subjects 

used across studies. Differences in terminology and 

selection criteria mean little comparability between 

studies particularly when less rigorous selection criteria 

have been employed. Other problems relate to the failure 

to control for intelligence and the use of ambiguous 

experimental tasks especially those that rely on verbal 

reports to verify use of particular processing strategies 

(e.g. Garner & Reis, 1981; cited in Baker, 1982; Torgeson 

& Goldman, 1975). A further criticism relates to the 

nature of the research in that again it is largely corre

lational and cannot adequately address the issue of 

causality. At present the research is only able to show 

that these particular deficiencies are evident in some 

disabled readers on some tasks. Clearly these children 

are not inefficient in all tasks or they would not show 

average or better achievement in some school activities 

(other than reading) nor would they demonstrate average 

intelligence! Whether these problems are instrumental in 

the development of the disability or appear as a conse

quence of it, remains to be clarified. 

In conclusion, it appears that research within the 

information processing framework has been to date a 

little more promising than the more traditional research 

from the neuro-psychological approach. However, much of 

the work is still in early stages and has yet to provide 

useful information regarding prediction and remediation 
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of specific reading problems. 

Applied Behaviour Analysis: 

The essential focus of applied behaviour analytic 

work with SRD children is the creation and validation of 

techniques to remediate their specific academic deficits 

(Torgeson, 1986). The foundations of applied behaviour 

analysis were laid in traditional behaviourism and the 

basic behavioural principles of reinforcement and discri

mination learning serve as a guide for the remediation of 

learning problems in educational settings. A wide range 

of academic deficits in SRD have been studied and the 

research as a whole has consistently demonstrated 

improved performance in SRD children following manipula

tion of either the antecedents or consequences of aca

demic behaviours (Koorland, 1986). The success of this 

approach to SRD challenges the utility of the search for 

deficient abilities underlying the individual's reading 

problems as it implies that such variables are not 

necessary to consider when planning effective remedial 

programs. However this approach is narrow and provides 

no conceptual framework within which to consider the 

nature of reading problems in general. 

Various studies have documented decreases in oral 

reading errors, increases in rates of acquisition for new 

sight words and increases in rates of correct responding 

on comprehension exercises in SRD children using 

behavioural techniques (Torgeson, 1986). However an 
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important approach to remediation programming in educa

tional settings involves challenging the traditional 

teaching procedures. Children who are difficult to 

teach, such as the SRD child, often do not learn by 

traditional teaching procedures (Etzel & Le Blanc, 1979). 

Such procedures usually involve a trial and error 

approach where correct responses to stimulus materials 

are reinforced and incorrect responses are corrected but 

not reinforced. Conventional conceptions of discrimina

tion learning see errors as a necessary component of the 

learning process. However work on errorless discrimina

tion training, largely attributed to Terrace (1963), 

suggests that errors are not a necessary component of 

discrimination learning and may in fact be a detrimental 

component. Much of the early work on errorless discrimi

nation training was carried out in animal laboratories 

with pigeons and rats as subjects. The basic operant 

concept that underlies errorless discrimination learning 

is that of stimulus control. During normal discrimina

tion learning, stimuli not relevant to the correct 

response frequently come to control~behaviour (Touchette, 

1968). If errors can be defined as responses to a 

stimulus not related or irrelevant to the reinforcement 

contingencies in a learning situation, it is conceivable 

that these 'errors' can come to control aspects of behav

iour in the learning situation. Hence in a trial and 

error approach to learning, acquisition of stimulus 

control and of the discrimination, might be expected to 
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take longer than if errors during the learning process 

are reduced or eliminated. The concepts of errorless 

learning and stimulus control then, began to be recog

nized as having utility with respect to a wide range of 

learning problems in children. Studies began to show that 

children who failed to learn simple discriminations from 

trial and error procedures were able to learn difficult 

discriminations with few, if any, errors, using errorless 

discrimination procedures (e.g. Bijou, 1968; Sidman & 

Stoddard, 1966). Using these procedures reading skills 

such as word recognition have been taught to groups of 

children in which such learning was previously not 

thought possible, for example, the mentally retarded 

(e.g. Vandever & Stubbs, 1977). The most popular group 

within which the efficacy of errorless learning proce

dures has been researched has been the mentally retarded. 

However these procedures have implications for remedia

tion with other groups as well, in particular the reading 

disabled (Ross, 1976). Programs have been developed using 

errorless learning procedures directed specifically at 

improving word recognition (e.g. The Edmark Reading 

Program, 1972) and these offer an alternative teaching 

approach for early reading in comparison to the more 

traditional approaches. Obviously further research is 

required focusing specifi_cally on the SRD group in order 

to consider the efficacy of this type of approach. 

A related line of research has considered the phe

nomenon of stimulus overselectivity, originally described 
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by Lovaas and colleagues (1979 for review), in children 

with specific learning problems. Briefly defined, stimu

lus overselectivity occurs when an individual faced with 

a complex stimulus, responds to only one or to a reduced 

number of relevant components. The majority of over

selectivity studies have used autistic children as sub

jects, however it has also been reported in retarded 

children (Wilhelm & Lovaas, 1976), and reading disabled 

children (Bailey, 1981). The results of this latter 

study showed that a significant portion of the reading 

disabled sample had some difficulty in responding to all 

the relevant dimensions of a complex stimulus. Again 

only a limited amount of research has addressed itself to 

problems of this nature in children with SRD. Clearly 

such problems have implications for the planning of 

treatment strategies. 

Research within the applied behaviour analysis 

framework does not specifically concern itself with 

underlying etiologies, however it does contend that the 

academic deficits can be remediated by focusing o~ the 

attributes of the learning situation. By implication 

proponents of this type of approach might view reading 

problems as being a function of the learning situation 

itself. Whilst in general this approach to SRD is not 

consistent with the general impetus of the field in that 

the problem is seen as lying within the child, applied 

behaviour analysis has proved to have considerable util

ity in terms of remediation and cannot be ignored. 
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Concluding Comments 

A broad overview of etiological theories of SRD 

tends to show a range of different approaches, each often 

with little empirical validation. What empirical support 

is offered tends to be methodologically loose and corre

lational. Hence causal attributions cannot be made. 

Largely the research has focused on cross-sectional 

method, clearly in order to address causal issues more 

directly longitudinal work is to be desired. Reiterating 

the heterogenous nature of SRD it is likely that no one 

particular theory or approach is going to explain all 

cases of SRD. The three broad approaches discussed each 

offer a different conceptualization of the problem and 

all may have validity at different levels. Neuro

psychology has the potential to offer explanations of SRD 

at the basic level of brain functioning. Information 

processing can identify the specific psychological 

deficits that need to be explained and in contrast, 

applied behaviour analysis has focused on the discovery 

of effective instructional techniques. It is worth 

noting, however, that for any specific theory to have 

utility at this stage in the researching of etiology of 

SRD, it must be able to establish a relationship to early 

detection, prevention and remediation. 

III. A DEFICIT IN THE VISUAL SYSTEM: THE DEVELOPMENT 

OF A THEORY OF SPECIFIC READING DISABILITY 

As noted in the previous section, the role of 



31. 

visual-perceptual factors in the etiology of SRD has been 

a controversial issue. Contributing to the controversy 

has been specific reference to the exclusion of visual 

impairment in relation to SRD in most definitions, and 

the contradictory nature of the research examining visual 

processes in reading disabled individuals. Whilst some 

have concluded that severe reading difficulties are not 

attributable to deficits in basic perceptual processes, 

and have cited substantial evidence in support of this 

conclusion (e.g. Manis & Morrison, 1982), others have 

made conclusions to the contrary, also based on substan

tial research evidence (e.g. Gross & Rothenberg, 1979; 

Mason, 1980). Much of this controversy can be reduced to 

and summarized by two general criticisms: firstly that 

much of the research on visual processes in SRD has 

occurred in isolation and little attempt has been made to 

develop a theoretical framework of visual processing 

incorporating SRD, and secondly as Suchoff (1981) notes, 

it is the way in which researchers have chosen to charac

terize vision rather than research design problems and 

statistical treatments that has contributed to the 

confusing nature of the research to date. In relation to 

the second criticism, researchers have generally opera

tionally defined vision as a series of entities and 

investigated these aspects of vision as if they were 

independent. Previous research has generally demon

strated that there are few one-to-one relationships 

between particular visual conditions and reading 



problems, research in future should take greater cogni

zance of the visual system as a whole, incorporating 

functioning at the level of the retina through to the 

visual cortex. 

32. 

Recently a body of research has emerged consider

ing low level visual processing in SRD that has been 

based within a theoretical framework incorporating both 

neurophysiological and information processing approaches. 

Subtle deficits are being consistently shown between SRD 

and normal individuals and a theory has been proposed 

that attempts to explain many of the inconsistencies in 

the data on visual deficits to date, and appears to have 

face validity in relation to reading problems experienced 

by reading disabled individuals. This theory will be 

described and critically evaluated, particularly consid

ering the general criticisms outlined above. 

Description of The Theory: 

Lovegrove et al. (1986) present a case for the 

existence of a perceptual deficit in the initial stages 

of visual information processing. They have developed 

their theory within the framework of spatial frequency 

analysis and have extended upon the extensive neuro

physiological research of Breitmeyer (Breitmeyer & Ganz, 

1976; Breitmeyer, 1980). This latter research has 

involved validation of a model that conceptualizes the 

visual system as being comprised of two parallel and 

semi-independent channels, which are in a complementary 

relationship. In relation to SRD it has been suggested 



that in only one of these channels do reading-disabled 

individuals differ from normals. 

33. 

The sustained-transient model of the visual system 

was developed to explain the phenomenon of visual masking 

and subsequently discussions and research have been car

ried out regarding its functional significance for tasks 

such as reading (e.g. Breitmeyer, 1980; Lovegrove et al., 

1986). 

i) Assumptions of the Sustained-Transient Model of 

Visual Processing: 

The assumptions of the model are that 

(a) a brief stimulus elicits a short latency transient 

response that persists for a relatively brief 

duration both at stimulus onset and offset; 

(b) it also elicits a long latency, longer duration, 

sustained response with the latency as well as the 

duration of visible persistence increasing as the 

spatial frequency of the stimulus increases; 

(c) transient activity can inhibit sustained 

activity, this inhibition being strongest in the 

periphery; and 

(d) sustained activity can inhibit transient activity, 

this inhibition being strongest in the fovea 

(Breitmeyer, 1980). 

The transient system mediates global movement, 

temporal and spatial information, and predominates at low 

spatial frequencies while the sustained system processes 
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information regarding fine structural detail and predom

inates at medium-high spatial frequencies. Implicit in 

the model is the concept of visible persistence which is 

defined as any continued visible response to a stimulus 

after stimulus offset that is phenomenally indistinguish

able from that occurring during the actual presence of 

the stimulus (Slaghuis & Lovegrove, 1984). The increase 

in duration of visible persistence with spatial frequency 

has been explained in terms of the inhibitory effect of 

transient activity on sustained activity - as spatial 

frequency increases such inhibition decreases, thus 

allowing the sustained response to persist for longer. 

Visible persistence also depends on the retinal 

location of a stimulus in visual space. It is well known 

that the foveal region of the visual field is character

ized by a high degree of spatial resolution relative to 

the extra foveal or peripheral regions. In particular, 

the fovea can resolve gratings of high spatial frequency 

that non-foveal regions fail to resolve. This would be 

consistent with a further assumption of the model that 

sustained neurons and their activity are most highly con

centrated in the fovea but are relatively sparse in per

ipheral regions where transient neurons predominate. 

Hence longer persistence is seen in foveal than in para 

foveal regions of visual space, as in the latter, the 

higher predominance of transient neurons would imply 

stronger transient on sustained inhibition. Consistent 

with this, sustained activity inhibits transient activity 
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ii) The Functional Significance of the Sustained

Transient Model: 

35. 

As noted in an earlier section many studies have 

considered the relationship of saccades and fixations, 

particularly for tasks such as reading. Fixations and 

saccades were defined earlier and it was noted that the 

role of saccades was to change visual fixations in order 

to effect a sequential foveal scan of the environment or 

a line of print, whatever the individual is viewing. 

Considering the properties of the transient and sustained 

channels outlined above it can be reasoned that, as 

Figure 1 shows: 

(a) a stimulus is fixated, firstly activating a short 

latency, short duration transient response which 

serves to transmit general information regarding 

spatial location and more global information 

relating to the stimulus; 

(b) a sustained response is also activated but which 

has a longer latency and persists for the duration 

of the fixation, analysing fine details of the 

stimulus; 

(c) visible persistence occurs in relation to the sus

tained response and increases in duration with 

increasing spatial frequency; 

(d) the fixation is terminated by a saccade, activat

ing a further transient response at stimulus 
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offset; 

(e) transient-on-sustained inhibition operates to 

terminate visible persistence from the sustained 

activity thereby preventing the sustained activity 

generated by this fixation from persisting into 

the succeeding fixation and interfering with pro

cessing via forward masking by integration (see 

Figure 1, panel 2). 

Figure 1: 
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0 250 500 750 1000 1250 1500 

(MSEC) 

Hypothetical response sequence of sustained and 

transient channels during three 250 msec fixation 

intervals separated by two 25msec saccades (Breitmeyer, 

1980, p.61) 

In summary, saccades not only serve to change 

visual fixations, they also activate short latency tran

sient channels that inhibit the sustained activity that 

would persist from a preceding fixation interval and mask 

that of a succeeding one. The result is a series of 
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clear, unmasked, and temporally segregated frames of sus

tained activity, each one of which represents the pattern 

information contained in a single fixation interval. 

iii) The Sustained-Transient Model and Specific Reading 

Disability: 

This model is based on the premise that informa

tion derived from fixation-saccade sequences that occur 

in tasks like reading is mediated by the interaction of 

the sustained and transient channels in the visual sys

tem. Accordingly reading behaviour is likely to be 

influenced by the integrity of these channels. Lovegrove 

et al. (1986) argue that SRD's differ from controls in 

the functioning of their transient but not their sus

tained system and that inconsistencies in the research 

using similar types of visual tasks may be measuring 

either one of these channels, giving rise to seemingly 

contradictory results. 

Specifically a deficient or weak transient system 

might lead to reading difficulties in the following ways: 

(a) Visible persistence generated from sustained acti

vity would not be inhibited to the same degree, 

hence forward masking by integration from 

preceding to succeeding fixations would lead to 

confusion when reading a line of print as it might 

give rise to superimposition of successive inputs. 

(b) Spatial location information as well as global 

details of a stimulus, usually mediated initially 
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by the transient system, might be affected in a 

way that reduces the ability of reading-disabled 

children to keep track of the spatial position of 

information picked up by this more peripheral 

channel, leading to a difficulty integrating 

information from the periphery of eye and from the 

fovea which is necessary in reading. 

Much research has been carried out in order 

firstly to validate the assumptions of the sustained

transient model and secondly assess transient 

system functioning in SRD. 

Empirical Research 

Extensive psychophysical and neurophysiological 

research has been conducted considering the functioning 

of sustained and transient channels in the visual system. 

Much of this work has been carried out in order to 

explain the phenomenon of visual masking (Breitmeyer & 

Ganz·, 1976; Weisstein, Ozog & Szoc, 1975; for reviews). 

Results have consistently provided evidence firstly for 

the existence of these two semi-independent channels in 

the visual system both at the level of the retina, and 

through to the visual cortex; and secondly the suggested 

properties of each channel have been well supported in 

the literature. It appears that the sustained-transient 

model of visual processing rests on a sound theoretical 

and empirical base. 

Several lines of research have also provided evi

dence for deficient transient system processing in SRD 
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individuals. Lovegrove and his colleagues have exten

sively evaluated transient and sustained processing in 

SRD's within the framework of spatial frequency analysis. 

This approach has value as it enables measurement of 

basic mechanisms involved in information processing 

(Breitmeyer & Ganz, 1976) and has been useful in identi

fying visual deficits in various clinical groups (e.g. 

Bodis-Wollner, 1972). SRD is one such clinical group. 

Three lines of evidence are presented indicating 

that disabled readers have a deficient transient system. 

Further evidence is also provided indicating no differ

ences in sustained system processing between normal and 

disabled readers (Lovegrove et al., 1986). 

i) Measures of visible-persistence duration as a 

function of spatial frequency in normal and SRD 

individuals show that disabled readers have a different 

pattern of temporal processing across spatial frequen

cies. These differences disappear when transient system 

activity is reduced. 

As noted previously the duration of visible per

sistence increases with increasing spatial frequency 

(Breitmeyer & Ganz, 1976; Lovegrove & Heddle, 1980) and 

transient-on-sustained inhibition, stronger at low 

spatial frequencies, has been suggested as the mechanism 

by which this occurs. Experiments by Lovegrove and asso

ciates (Badcock & Lovegrove, 1981; Lovegrove, Heddle & 

Slaghuis, 1980) have shown that SRD children have a 
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smaller increase in persistence duration with increasing 

spatial frequency compared to controls. It was also 

noted that the disabled readers had longer durations of 

visible persistence at low spatial frequencies and 

shorter durations at high spatial frequencies relative to 

controls (Badcock & Lovegrove, 1981). These results 

might be expected if SRD's do have deficient or weak 

transient system functioning and hence, have weaker tran-

sient inhibition in the periphery. Research by other 

investigators has also documented longer visible persis

tence in SRD's compared with controls (e.g. Blackwell et 

al., 1983; Stanley & Hall, 1973). An interesting study 

by Geiger and Lettrin (1986) considering the perception 

of form in peripheral vision from brief visual displays 

further indicates the possibility that disabled readers 

have weaker transient-on-sustained inhibition. Whilst 

these authors prefer a higher-order attentive processing 

explanation for their findings, the results are certainly 

consistent with the deficient transient system hypothe

sis. 

It has been suggested that reducing the transient 

processing requirements of a task might influence SRD 

subjects less than controls if their transient system was 

deficient. To test this hypothesis, Slaghuis and 

Lovegrove (1984) administered a task similar to 

Breitmeyer at al. (1981) which reduced transient channel 

involvement in persistence by superimposing on the per

sistence task a uniform field cycling at 6 Hz. Such a 
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manipulation has been shown to increase persistence dura

tion at low but not high spatial frequencies (Breitmeyer 

et al., 1981). Their results were consistent with the 

hypothesis, the flickering mask did influence SRD's less 

than controls at low spatial frequencies. In the control 

group the mask increased persistence duration at low 

spatial frequencies but did not significantly change per

sistence duration for the SRD's. This suggests that 

under normal unmasked conditions SRD's experience little 

transient-on-sustained inhibition at low spatial 

frequencies. It was further noted that under the masked 

conditions visible persistence differences between the 

groups essentially disappeared again suggesting deficient 

transient activity in SRD's. 

Smith et al. (1986) investigated the influence of 

flicker masking on reaction times to visual stimuli using 

a similar method to both Breitmeyer and Slaghuis and 

Lovegrove but failed to show differences between disabled 

and normal readers at varying spatial frequencies. They 

interpreted their results to be unsupportive of suggested 

transient-cell abnormality in SRD. Closer examination of 

the experimental tasks in these studies however, reveals 

subtle differences. The requirements of the tasks dif

fered in that the Slaghuis and Lovegrove task involved 

reporting the detection of a near threshold event whilst 

the Smith et al. task involved reaction times to the 

detection of a clearly supra threshold event. The 

Slaghuis and Lovegrove task appears to be more difficult 
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particularly as the stimuli were harder to detect. 

Ceiling effects in the Smith et al. study may have 

obscured any differences between groups. Subject groups 

also differed in that, on average, the reading disabled 

subjects in the Slaghuis and Lovegrove study were more 

"disabled" than the subjects in the Smith et al. study. 

Whilst Smith et al's results do not necessarily provide 

support for their conclusion of no transient system defi

cit in SRD, they do indicate that further research is 

required to examine these discrepancies. 

A transient deficit in disabled readers is further 

shown by their decreased sensitivity to low spatial 

frequencies (Lovegrove et al., 1980a; Martin & 

Lovegrove, 1984) but not to high spatial frequencies. 

Differences in sensitivity between SRD's and controls at 

low but not high spatial frequencies is consistent with 

repeated findings of normal or corrected-to-normal visual 

acuity in SRD's. 

Lovegrove and colleagues have also considered 

whether the visible persistence differences mediated by 

spatial frequency between normal and disabled readers are 

retinal or cortical in origin. A distinction has been 

made between two components of persistence, component-one 

which is retinal and component-two which is probably 

cortical (see Slaghuis & Lovegrove, 1985). A further dis

tinction has been made between visible persistence and 

iconic memory. Iconic memory refers to the storage unit 

inferred from results of partial-report experiments 
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whereas visible persistence has been defined as any con

tinued visible response after stimulus offset as outlined 

above. The proposal of two components of visible persis

tence was based initially on the relationship between 

stimulus duration and persistence duration (see Slaghuis 

& Lovegrove, 1985; for a discussion). Studies using 

techniques that measure either component-one alone, a 

combination of component-one and component-two or 

component-two alone have been conducted (Badcock & 

Lovegrove, 1981; Lovegrove et al., 1980a; Slaghuis & 

Lovegrove, 1985) in order to assess the origin of the 

observed differences in visible persistence in reading 

disabled children. The results are consistent in showing 

that much greater differences in visible persistence are 

seen on measures of component-two persistence suggesting 

processing differences at the cortical level, in the 

visual cortex. Further support for this suggestion can 

be seen in studies examining contrast sensitivity in 

SRD's and these studies will be reviewed next. 

ii) On measures of pattern-contrast sensitivity dis-

abled readers are less sensitive than controls at low 

spatial frequencies, but equal or more sensitive at high 

spatial frequencies. 

Several studies (Badcock & Lovegrove, 1981; 

Lovegrove et al., 1980a; Martin & Lovegrove, 1984) have 

investigated contrast sensitivity and SRD. Contrast 

sensitivity in these studies was defined as the recipro-



44. 

cal of the minimum contrast required for stimulus detec

tion, and when plotted as a function of spatial frequency 

is referred to as the contrast sensitivity function 

(CSF). Small but reliable differences in CSF's between 

disabled and normal readers have been found in these 

studies, specifically showing reduced sensitivity at low 

spatial frequencies in the former group. The finding 

that SRD's are at least as sensitive as controls at high 

spatial frequencies is again consistent with the general 

finding that SRD's have normal or correctable-to-normal 

acuity (Lovegrove et al., 1986). The presence of sensi

tivity loss in disabled readers to low but not high 

frequencies also suggests a deficit in the transient but 

not the sustained subsystem. 

It has been shown too that contrast has more 

influence on tasks measuring component-two persistence 

than component-one (Bowling & Lovegrove, 1981; Slaghuis & 

Lovegrove, 1985). This further supports the contention 

that differences between subjects relate to cortical 

functioning rather than retinal functioning. 

iii) On measures of temporal-contrast sensitivity dis-

abled readers are less sensitive than controls at all 

flicker rates with the greatest differences being at 

higher temporal frequencies. 

Lovegrove and associates have presented evidence 

consistent with the hypothesis of a transient system 

deficit in SRDs, however the measures used in their 
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studies have generally measured transient functioning 

indirectly. They argue that more direct investigation is 

possible via flicker threshold analysis. Evidence 

suggests that flicker thresholds are mediated by the 

transient system (Breitmeyer, 1980; Kulikowski & 

Tolhurst, 1973; cited in Lovegrove et al., 1986). 

In a series of experiments reported in Lovegrove 

et al. (1986) flicker thresholds were measured under a 

range of conditions in SRD's and controls. Results 

showed that SRD's are less sensitive than controls at all 

temporal frequencies and the differences were greatest at 

the highest temporal frequencies. As it has been argued 

that the transient system is maximally sensitive to low 

spatial frequencies and high temporal frequencies, the 

deficient transient functioning hypothesis is further 

supported. 

iv) Tasks measuring sustained system processing have 

not revealed differences between SRD's and controls. 

As transient system functioning has been investi

gated more directly, a series of experiments reported in 

Lovegrove et al. (1986) purported to measure sustained 

activity directly. The sustained system is primarily 

concerned with transmitting information about spatial 

detail hence these investigators examined spatial 

frequency and orientation tuning, and oblique effects in 

SRD's and controls. No evidence of differences between 

the groups was found in any of these experiments. This is 
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consistent in suggesting that the two groups differ in 

terms of transient but not sustained system functioning. 

The evidence provided by Lovegrove and colleagues 

as discussed here does provide convincing support for 

their hypothesis. They employed stringent criteria for 

selecting SRD individuals, and controls were always 

matched on age and intellectual ability. Further, their 

measures were based on sound psychophysical principles 

and contained within a well supported theoretical frame

work. A criticism of this approach to SRD and etiology 

however is that it is a highly specific, technical method 

of investigating differences in these individuals com

pared to normals. Whilst this approach certainly has 

some value it is necessary to extend this research in 

order to examine the implications of weak transient pro

cessing on tasks that require higher level processing 

skills. If the theory has external validity then the 

spatial frequency differences found by Lovegrove will 

also be reflected in SRD's performance on such tasks. 

Research extending into other areas particularly related 

to information processing models of reading and visual 

processing can also be interpreted using the sustained

transient model as a base. 

A number of studies investigating rates of visual 

information processing in SRD individuals have been car

ried out and the results have been generally consistent 

with an hypothesized deficient or weak transient system. 

These studies have focused on rates of processing in the 
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initial stages of visual information processing. One 

method used to estimate the rate of visual processing is 

use of backward visual masking. Backward masking occurs 

when the perception of a temporally leading test stimulus 

is impaired by a trailing masking stimulus displayed in 

close spatial proximity (Di Lallo et al., 1983). 

Stimulus-onset asynchrony (SOA) is the length of separa

tion between the onset of the test stimulus and onset of 

the mask. The assumption is that if the SOA is brief then 

perception of the test stimulus is more likely to be 

impaired as there is insufficient time to process the 

test stimulus before the arrival of the mask. In fast 

acting visual systems a given brief SOA may have less 

interference capacity than in a slow visual system, as 

masking may occur in the latter system. Studies using 

backward masking tasks have generally indicated that 

disabled readers require longer SOA's than normal readers 

to escape effects of masking, implying slower rates of 

visual information processing in the disabled group (e.g. 

Blackwell et al., 1983; De Lollo et al., 1983; Lovegrove 

& Brown, 1978; Stanley & Hall, 1973). However Arnett and 

Di Lollo (1979) reported no differences in the rates of 

visual processing between normal and disabled readers on 

a similar backward masking task, and Fisher and 

Frankfurter (1977) reported the performance of disabled 

readers to be superior to normal readers at locating and 

identifying letters using a backward masking task. 

A closer examination of these studies suggests an 
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explanation of the seemingly contradictory results. The 

backward masking task used by Fisher and Frankfurter 

employed a SOA of 200 msec. It is interesting to note 

that the minimum SOA required by disabled readers in 

order to negate the effects of the mask in Stanley and 

Hall's (1973) study was only 122 msec. Hence the masking 

used by Fisher and Frankfurter may not impair the perfor

mance of their disabled readers. Also the ta~ks used by 

both Arnett and Di Lallo and Fisher and Frankfurter 

involved presenting targets in foveal regions only hence 

demands on the transient system would be minimized. Thus 

no differences between disabled and normal readers would 

be predicted by the transient deficit theory. 

Studies investigating the processing of identity 

and position information in disabled readers can also be 

related back to the functioning of sustained and tran

sient channels. The assumption is that if the transient 

channel is involved in detecting spatial location and 

gross stimulus details and that disabled readers have 

weaker transient systems than normal readers, then the 

disabled readers ought to be less accurate at locating 

objects, particularly in peripheral visual space, from 

brief visual displays. Most research relating peripheral 

sensory processes to SRD has confined itself to investi

gations of item perception, and location perception has 

been largely ignored (Mason, 1980). Consistent with the 

sustained-transient model it appears that item perception 

might be mediated by the sustained channel and spatial 
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location perception by the transient channel. Research 

has shown no differences on item perception tasks between 

disabled and normal readers where the need to process the 

location of letters has been bypassed (Jackson & 

McClelland, 1979). Reading, however, is a task that 

requires continuous integration of item and location 

information ~nd concluding that no peripheral sensory 

differences exist between disabled and normal readers on 

the basis of item perception task performance is 

certainly premature. 

Mason (1980) measured the performance of good and 

poor readers on two tasks, an item, location dependent 

task and an item, location independent task. Subjects 

were required to identify single letters presented either 

at a fixed location or at variable locations. Results 

showed that subjects were equivalent at identifying 

letters in the item, location independent task where 

location was already known. However in the item, loca

tion dependent task clear differences emerged, suggesting 

that poor readers were significantly less accurate at 

identifying letters when location information had to be 

resolved prior to identification. Whilst these results 

are consistent with the idea of a deficient transient 

system in disabled readers, this must be tempered by the 

fact that poor readers in this study were undergraduate 

psychology students who were less skilled at reading. 

Subjects were selected on the basis of percentile scores 

ranging from llth-40th percentiles on a reading test. 
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Whilst some may qualify as SRD on the basis of the crite

ria discussed earlier, clearly this was not the case for 

the entire experimental group. 

A similar study by Manis and Morrison (1982) using 

more stringent criteria for selection of SRD subjects was 

unable to find differences between disabled and normal 

readers on tasks requiring processing of identity and 

position information. In this study third-, fourth- and 

sixth-grade children were required to identify whether a 

probe letter had appeared in a previously briefly dis

played array of five letters and in a second task also to 

indicate the position of the probe letter in the array. 

In contradiction to Mason's results these investigators 

found differences on the identity task but not on the 

position task between disabled readers and controls. 

These results would seem to be inconsistent with a tran

sient deficit in disabled readers except that the letter 

array and probe letters were presented within foveal 

vision and for relatively long stimulus durations, hence 

transient system functioning may not be measured on these 

tasks. A related study (Solman & May, 1987) considering 

localization of briefly displayed shapes and letters at 

varying spatial positions, has attempted to explain these 

seemingly discrepant results within the sustained

transient system framework provided by Breitmeyer. In 

their tasks they required subjects to locate targets 

flashed at varying distances from a fixation point. In 

keeping with sustained and transient system functioning a 
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transient deficit will become more obvious as the target 

appears further from fixation particularly when flashed 

in peripheral vision. The results from the performance 

of good and poor readers on both tasks were similar but 

the second task involving location and identification of 

two targets flashed in succession are of particular 

interest. In this task the processing demands on the 

transient system are increased as it involves two tran

sient events. A deficient transient system should become 

apparent in this type of task. In both tasks the good 

readers were more accurate at identifying the letters, 

this being consistent with Manis and Morrison's results. 

It is also consistent with Mason in that she found dif

ferences in the ability of poor readers to identify let

ters when the task involved resolution of spatial loca

tion information. Solman and May were also able to show 

that for target locations close to fixation, good and 

poor readers did not differ in their ability to locate 

targets but as eccentricity of targets increased, clear 

differences emerged. When targets were flashed in per

ipheral vision poor readers were significantly less accu

rate at locating them. It is interesting to note that 

the eccentricity range within which no differences were 

observed in location of targets between the groups is the 

range utilized by Manis and Morrison in their experimen

tal task. It would seem that the results from both Manis 

and Morrison, and Solman and May are consistent in show

ing that there are no sustained system processing 
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differences between experimental and control subjects. 

The results from this study provide further support for a 

deficient transient system in disabled readers. However 

as for Mason (1980) this study did not use a strict SRD 

group although examination of the reading scores and 

intellectual ability of the poor readers indicates they 

approximate those of the subjects used by Manis and Mor

rison. 

Like Solman and May, Williams and her co-workers 

(Brannan & Williams, 1987; May, Williams & Dunlap, 1986; 

Williams et al., 1987) have also expanded on Lovegrove's 

work by studying the perceptual consequences of a visual 

processing deficit in poor readers. The Brannan and 

Williams' study examined the ability of good and poor 

readers to direct attention across visual space. Cues 

presented in peripheral visual space indicating location 

of subsequent targets would involve the transient system 

specifically and a deficient transient system might lead 

to problems using the cue information. Their results 

showed that the performance of children reading at least 

one year below grade level on a location task was not 

improved by addition of cues to indicate the location of 

targets presented parafoveally, whereas the performance 

of good readers was enhanced. They suggest that this 

result could arise from deficient transient system pro

cessing in the poor readers. Likewise, May, Williams and 

Dunlap (1986) present evidence of a temporal order judge

ment deficit in a group of poor readers. Williams et al. 
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(1987) examined visual search time of poor readers and 

compared their performance with a group of good readers 

and a group of adults. They varied the location of a 

target in a list of characters and measured the search 

time to locate it. Their results showed the search time 

for the poor readers was much greater than for both con

trol groups and was significantly related to the position 

of the target in the list. Considering the functional 

characteristics of the sustained and transient systems as 

outlined by Breitmeyer's model, the consequences of a 

deficient transient system might be reflected in visual 

search and temporal order judgements, as Williams and 

coworkers have shown. 

Whilst these studies taken together provide some 

further support for Lovegrove's work, some important 

caveats must be noted. In particular examination of sub-

jects used in most of the studies cited indicates some 

wide discrepancies. Many of the studies have involved 

poor readers rather than strictly SRD subjects (e.g. 

Mason, 1980; Solman & May, 1987) and in fact very few 

studies cited, with the exception of Lovegrove's work and 

Stanely and Hall (1973) have incorporated stringent 

criteria for subject selection. Subjects were usually at 

least one year below grade level in reading (e.g. Manis & 

Morrison, 1982) but in many cases average or better 

intellectual ability was not required. It is therefore 

questionable whether in fact the perceptual processing of 

bona fide SRD subjects, selected on the basis of the 
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criteria outlined previously, has been studied. The 

implications for the theory are of course that if the 

transient system deficit is reliably found in individuals 

with reading problems, this may not be specifically 

related to SRD. A second point worth noting is the 

variability in experimental tasks used. Studies using 

tasks that at face value appear extremely similar reveal 

inconsistencies, particularly in stimulus durations and 

visual angles of presented targets. Considering the rela

tive properties of the sustained and transient systems 

particularly in relation to duration of a stimulus and 

location of a target in visual space (that is, in foveal 

regions or in the peripheral visual field) some 

studies may be tapping sustained processing and others 

transient processing. This would inevitably lead to con

tradictory results although this is not a problem for the 

theory. 

In the next section the transient deficit theory 

will be evaluated in relation to its potential implica

tions for SRD research. 

Explanatory Power: 

This section will consider how well the transient 

deficit theory relates to SRD research in general. Sev-

eral points are relevant for discussion here. Firstly, 

the heterogeneous nature of characteristics seen in 

reading disabled individuals needs to be considered. For 

example, does the theory attempt to explain all cases of 

SRD or can a reliable subtype be identified of 
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individuals with this particular deficit. Furthermore, 

is this deficit restricted to individuals with a SRD or 

can individuals with other types of reading problems be 

expected to show such a visual deficit. 

Due to the recency of the majority of the research 

addressing deficient transient processing in SRD, little 

work has been directed towards these issues. Lovegrove 

et al. (1986) do include a discussion in their paper con

sidering how their visual deficit relates to the visuo

spatial subgroup of disabled readers frequently proposed 

(Barkley, 1982). Firstly they note that not all the 

SRD's in their studies show visual deficits relating to 

their theory. However their estimates of 75.4% of their 

reading-disabled sample who do show visual deficits is 

significantly higher than estimates of classification 

systems commonly identifying a visuo-spatial deficit 

group. They carried out a post hoc analysis of all sub

jects used in their studies and found that of the 75.4% 

of disabled readers showing their visual deficit, some 

showed evidence of phonological coding deficits and some 

visuo-spatial deficits of the type usually considered in 

classification studies. This indicates that the visual 

processes examined in their research are independent of 

the types of deficits commonly used to delineate sub

groups of SRD's. The implication is that existing clas

sification systems may need to reconsider the role of 

subtle visual deficits, and the incidence of SRD's with 

such visual deficits may in fact be much higher than 
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previously thought. Research is necessary in order to 

further examine the incidence of SRD's with a transient 

system deficit, if such a deficit can be reliably demon

strated. 

The related question of whether the transient 

deficit is specific to SRD has been addressed in the pre

vious section but it is reiterated that research must 

focus on studying subjects selected by strict and consis

tent criteria in order to shed light on this issue. 

It is Lovegrove's contention that in part the 

seemingly contradictory nature of the research on visual 

deficits so frequently noted in the literature can make 

sense by considering his transient deficit proposition. 

As can be seen when broad theories of etiology are 

reviewed, SRD has been related to a variety of factors 

ranging from peripheral sensory events to more complex 

linguistic processes, from the neuropsychological 

approach to the strict information processing approach. 

Unfortunately the tendency either implicitly or expli

citly has been to consider these factors as being 

mutually exclusive. This need not be the case and in 

view of both the complex nature of the human central 

nervous system and the requirements of the reading task 

(Belmont, 1974) the law of parsimony might suggest con

sideration of early sensory processing before assuming a 

higher level functional deficit explanation for SRD. It 

is extremely likely that reliably demonstrated differ

ences at the basic sensory level such as a transient 
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system deficit will have implications for more complex 

cognitive processing. The arguments over the etiological 

significance of visual deficits are particularly related 

to this discussion. Visual processing has been researched 

at many levels with little recourse to the functioning of 

the visual system as a whole. The strongest proponents 

of the 'no-visual deficit position', Vellutino and asso

ciates (Vellutino, 1979; Vellutino et al., 1977), have 

based their position on extensive research illustrating 

no differences between SRD and control subjects on visual 

tasks. However some of their results might be predicted 

by the transient deficit theory. Their visual tasks 

involved letter and word recognition where targets were 

presented in single fixations and in spatial isolation. 

In tasks where saccades are not required and targets are 

presented at relatively long stimulus durations, clearly 

sustained processing is being measured, and no differ

ences between groups would be predicted. Likewise many 

visual tasks showing no differences between normal and 

disabled readers can be demonstrated as measuring sus

tained processing with little or no demands on the tran

sient system. However, it is likely that reading disabled 

individuals will be identified that do not exhibit a 

visual deficit such as deficient transient system pro

cessing. As noted previously, there is good evidence for 

problems with phonological coding and other language

based problems that would be difficult to relate to sus

tained-transient system processing. Again the difficulty 
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It can be seen then that whilst the transient 

deficit theory is not ambitious in attempting to explain 

every case of SRD, it does appear to relate well to the 

SRD research at many levels. It provides an explanation 

of how difficulties in reading such as SRD might arise 

based on systematic and theoretical research as well as 

attempting to provide an explanation for some of the 

anomalies seen in etiological research with SRD to date. 

Predictive Power and Implications for Remediation: 

The pragmatic approach suggests that the ability 

of any theory of causation to offer guidelines for early 

detection, prevention and remediation is of paramount 

importance. Crucial to these considerations is whether 

the deficit described by the theory exists prior to prob

lems with reading or appears as a result of the reading 

problems. As yet this issue has not received research 

attention directly. Indirect support for the existence 

of visual deficits such as transient system problems 

prior to acquisition of reading has been discussed by 

Lovegrove et al. (1986). Their data show that (i) the 

relationship between spatial frequency and visible per

sistence does not change as children learn to read; and 

(ii) contrast sensitivity to low spatial frequencies in 

6-year-olds is positively and significantly related to 

later reading ability. Taken together these results 

suggest that transient system problems exist prior to 
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commencement of reading instruction. If this can be 

reliably shown then screening young children for such 

visual problems may offer means of predicting later read

ing problems and provide an opportunity for prevention. 

In terms of prevention and/or remediation of 

reading failure due to this type of visual deficit, the 

suggestion is that such a subtle deficit at the cortical 

level may not be remediable. If this is so the question 

must be reduced to consideration of means of compensating 

for such deficits in order to facilitate reading acquisi

tion. Suggestions as to how this might be achieved have 

been offered in speculation only. Blackwell et al. (1983) 

suggest some strategies for compensating for such visual 

deficits in reading disabled individuals. Reducing the 

complexity of stimulus materials, for example, fewer 

words per line, fewer lines per page, that is, requiring 

fewer fixations per line of print, may aid the individual 

with a deficient transient system. 

A related issue is whether or not the visual 

deficit represents a maturational lag rather than a 

deficit per se. Some tentative evidence was presented by 

Badcock and Lovegrove (1981) suggesting that the severity 

of the visual deficit exhibited by disabled readers may 

diminish with increasing age. Equally tentative sugges

tions have been made by Dk Lollo et al. (1983) also indi

cating age trends in the severity of the visual deficit 

in disabled readers. Others however (e.g. Fisher & 

Frankfurter, 1977) have produced evidence to the 
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contrary. Whilst this issue has yet to be resolved, it 

is interesting to note that age trends of this nature are 

consistent with the extensive body of research by Satz 

and associates previously cited. They presented a matu

rational lag explanation for SRD that indicated visual

perceptual processing deficits in young readers. The 

Satz and De Lallo et al. work does not, however, imply 

that the reading problems will necessarily disappear with 

an improvement in initial perceptual performance. Other 

areas of functioning important to reading may 

subsequently lag, and also the initial perceptual defi

cits may have led to aberrant higher level strategies 

that persist as a consequence of the initial perceptual 

deficit (Di Lallo et al., 1983). 

Conclusions: 

An overall evaluation of the theory proposed by 

Lovegrove and colleagues indicates several advantages in 

terms of its status as a theory of SRD. It has been 

developed from a sound theoretical base and the basic 

assumptions of sustained and transient channel processing 

appear to have good support in the relevant literature, 

as well as having functional validity for tasks such as 

reading. Whilst the theory initiated from a highly tech

nical and specific area of study it can be extended to 

have implications for SRD research in general. It is 

logically consistent and empirical support can be drawn 

from different areas of research, both directly and 

indirectly relating to its basic tenets. The transient 
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deficit theory also attempts to explain some of the seem

ingly contradictory data on visual deficits and SRD, 

hence as a theory it has more to offer SRD research than 

just being yet another theory. 

Disadvantages and caveats include limited implica

tion for remediating such visual deficits and whether 

such visual deficits are specific to SRD or generalize to 

reading problems in general. Such issues have not been 

considered empirically as yet. The theory is still in 

its early stages and replication and extensions of 

Lovegrove's work need to be undertaken. Whilst inference 

in relation to a transient deficit causing SRD can be 

speculated upon, such a relationship has not yet been 

directly demonstrated. As such the research thus far is 

of a correlational nature and longitudinal investigations 

will be important in order to directly demonstrate any 

such relationship. 

The Present Study: 

Breitmeyer's model of the visual system involving 

sustained and transient channels has been shown to have a 

good theoretical basis, and to have functional signifi

cance for tasks such as reading. Further to this, the 

research carried out by Lovegrove and associates, with 

rigorously defined groups of SRD children, has indicated 

that transient system processing may be deficient in 

these individuals. Their research however was contained 

within a strict psychophysical framework. Several 

studies were cited that examined the perceptual 
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consequences of a transient deficit and produced consis

tent results supportive of the theory. Unfortunately, 

less rigorous criteria were used to select disabled read

ers in these studies and most really only considered poor 

readers. The purpose of the present study was to investi

gate the perceptual consequences expected from deficient 

transient processing in a SRD group selected by rigorous 

criteria similar to that used in Lovegrove's work. 

Further to using a strict operational definition of SRD, 

careful matching of subjects on the basis of intellectual 

ability, age and sex, was employed to enhance the rigor 

of this study. 

Two computer based perceptual tasks were used to 

examine functioning of the transient system. These tasks 

were developed by Solman and May (1987) and used in their 

study with a group of poor readers. Subjects were 

required to locate two targets flashed briefly in succes

sion around a central fixation point, in a subsequently 

displayed matrix. As transient processing is hypothes

ized to be involved in this type of task, if disabled 

readers have weakened or deficient transient processing 

then this should become evident on such a task. It would 

be expected that as targets were flashed at further dis

tances from the fixation point, SRD subjects might have 

proportionately greater difficulty locating the spatial 

position of the targets compared with controls. Two tar

gets were used to increase the demands on the transient 

system as two transient events would be involved. Two 
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different types of stimuli were used as targets. In the 

first task a nonsense shape was the target, in the second 

task, lower case letters were used. As well as locating 

the letters in the second task, there was the additional 

requirement of identifying the letters. This will not 

only increase the demands of the task further but will 

also closer approximate those skills used when reading. 

As noted previously tasks such as reading require conti

nuous integration of item and location information. 

Whilst it would be expected that as letters were flashed 

further from the fixation point they would be harder to 

recognize, this trend should be evident for all subjects 

in the study, that is, there should be no differences 

between groups on this aspect of performance. 

Research Design 

Three groups of children performed the Solman-May 

tasks. Groups one and two were matched for chronological 

age, sex and intellectual ability (IQ), group one con

sisting of SRD subjects and group two of normal controls. 

The third group was matched to the reading disabled group 

in reading level, sex and IQ and so were at least two 

years younger than groups one and two. 

This type of design has been labelled the Reading

level (three group) design (Backman et al., 1984) and is 

becoming popular in SRD research. This design represents 

an attempt to overcome some of the difficulties in inter

pretation encountered in research using traditional 

designs where between-group differences presumed to 
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reflect deficits causally related to reading failure in 

the SRD's, would be attributed solely to the lower level 

of reading achievement in this group. To this effect the 

inclusion of a reading level matched control group can 

provide some additional and potentially useful informa

tion (Bryant & Goswami, 1985). 
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CHAPTER II 

METHOD 

I. PARTICIPANTS: 

Basis for Selection: 

All children included in this study met certain 

criteria of intellectual ability, reading ability, 

general visual functioning and general performance in the 

classroom. Most participants were obtained from primary 

and intermediate schools in Christchurch, however, six in 

the reading disabled group were referred from the 

Specific Learning Disability Association (SPELD). Per

mission was obtained from the Department of Education to 

go into schools and test the children, parental permis

sion was also sought for each participant either directly 

or through the Principals of the schools involved. 

i) Intellectual ability: 

Consistent with the definition of SRD adopted in 

this thesis all participants were functioning in the 

average or better range of intellectual ability as 

measured by the New Zealand adapted version of the 

Wechsler Intelligence Scale for Children -Revised 

(WISC-R). The minimum fullscale score for inclusion was 

85. The WISC-Risa standardized, individually adminis

tered test battery and is widely used in SRD research. 
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ii) Reading ability: 

Estimates of general reading ability for each 

pupil were based on scores from the Progressive Achieve

ment Tests of Reading Comprehension and Reading 

Vocabulary (Elley & Reid, 1969). The Progressive 

Achievement Tests of Reading Comprehension and Reading 

Vocabulary (PAT-RC and RV) are standardized educational 

achievement tests that are widely used in New Zealand 

schools. They are group administered, nationally normed 

paper-and-pencil scales intended to assist teachers in 

determining the level of achievement attained by their 

pupils in these basic skills. The Reading Comprehension 

Test involves a series of short prose passages followed 

by a number of multiple-choice questions designed to mea

sure factual and inferential comprehension of prose. The 

Reading Vocabulary Test measures the number of common 

words understood by the testee, the words being selected 

from a list of the most frequently encountered 10,000 

words in the English language. The child is required to 

select a synonym for a word underlined in a sentence from 

five alternatives. Raw scores on these tests are con

verted to level scores which represent a broad level of 

achievement on a scale from one to ten. Percentile 

scores can then be obtained from these level scores. The 

average age group to which each level corresponds is pro

vided but the use of level scores to provide a reading 

age is not recommended (Elley & Read, 1969, p.12). 
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The PAT-RC and RV cover New Zealand class levels 

of standard two to form four, approximately ages 8 to 14 

years. A great majority of New Zealand primary and 

intermediate schools administer these tests at the begin

ning and end of each school year. 

Generally research has indicated adequate reliab

ility (although not as good at the lower performance 

levels or for repeated testings such as the end of year 

testing) and good content validity (Beck & St George, 

1983). A limitation is that only a limited picture of a 

child's reading behaviour is provided, for example these 

tests do not assess word recognition skills as such. A 

good assessment of reading ability needs to consider both 

comprehension and word recognition skills in order to 

provide more information as to where problems might be 

occurring (Belmont, 1974). In compensation for these 

limitations, discussion with teachers regarding each 

pupil's reading ability was undertaken and participants 

were selected when their PAT-RC and RV scores were 

consistent with other information available. General 

classroom performance, particularly achievement in areas 

other than reading, was also discussed with class 

teachers in order to establish that each potential par

ticipant was performing adequately in these areas. 

iii) Visual Functioning: 

As previously indicated, it was essential that 

general visual functioning, in particular visual acuity, 
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be normal for pupils selected. A standard visual exami

nation was carried out and visual criteria for exclusion 

was as follows: 

(a) Visual acuity: Using a standard Snellen chart, 

acuity is generally considered normal if it is less than 

20 in each eye. A pupil was excluded if visual acuity was 

more than 40 in either eye at 6 metres. 

{b) Stereo acuity: 

Using the Titmus Stereo Tests a score of less than 

5 is considered indicative of a problem with stereo 

acuity. Hence this was chosen as the cut-off for exclu

sion from the study. 

{c) Eye Muscle Balance: 

The Cover Test {Cashell and Durran, 1967) was 

administered to check eye muscle balance. Pupils with 

obvious movement were excluded. 

(d) Colour Vision: 

Tests for Colour Blindness {Ishihara, 1976) were 

administered and more than four errors was considered 

sufficient for exclusion; 

Participant Groups: 

Three groups of 18 pupils each were selected to 

participate in the study. Each participant in the SRD 

group was individually matched to a participant in the 

Age Control group and to a participant in the Reading 

Level Control group on the variables described above. 

Hence there were 18 matched triplets of participants. 
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i) SRD Group: 

This group consisted of 11 boys and 7 girls rang

ing in age from 10 years 10 months to 13 years 5 months 

at the time of testing. Pupils meeting the selection 

criteria outlined above were included in this group on 

the basis of their PAT-RC and RV level scores. If the 

corresponding average age level of achievement was two or 

more years below a pupil's chronological age the pupil 

was considered reading disabled. 

The mean IQ of this group was 101, ranging from 90 

to 118 and the mean reading levels for RC and RV were 

3.16 and 3.0 respectively (see Table 1 for a summary of 

all three groups.) 

ii) Age Control Group: 

This group was matched for IQ, sex and age with 

the SRD group and differed only on reading ability as 

measured by the PAT-RC and RV level scores. Pupils in 

this group ranged in age from 11 years to 13 years 4 

months. Mean IQ was 100.67, ranging from 87 to 118. 

Average reading scores were 6.44 and 6.27 (see Table 1). 

Participants in this group were generally performing at a 

level corresponding to their chronological age or better 

in reading although some were included who scored one 

level below that expected for their age in either RC or 

RV but not both. Discussion with the teachers of these 

subjects verified that they were performing adequately in 

class and it was not considered that these subjects had 

any specific difficulty with reading. 



Table 1: Biographical Details of the Participant Groups 

Group Selection Variables 

Age 

M 144.5 mths 
SRD 

SD 7.79 mths 

M 143.5 mths 
Age 
Controls 

SD 7.38 mths 

M 109.4 mths 
Reading-
Level 
Controls 

SD 12.15 mths 

WISC-R 

101.0 

8.94 

100.67 

9.85 

102.06 

9.19 

RC 
level 
score 

3.16 

1.4 

6.44 

1.01 

3.16 

1.48 

RC 
age 

equiv. 

(8½-9 yrs) 

(11 yrs) 

(8½-9 yrs) 

RV 
level 
score 

3.0 

1.24 

6.27 

1.01 

3.29 

1.16 

RV 
age 

equiv. 

(8½-9 yrs) 

(11½ yrs) 

(8½-9 yrs) 

--.J 
0 



iii) Reading Level Control Group: 

The third group was matched to the SRD group on 

IQ, sex and reading level, and differed only on 
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chronological age. Ages ranged from 7 years to 10 years 

11 months and mean IQ was 102.06, ranging from 88-120. 

Average reading levels were 3.16 and 3.11 (see Table 1). 

Due to difficulties with reliability at the lower age 

limits of the PAT some were included in this group if 

they were one level either side of their corresponding 

SRD-matched participant in either RC or RV but not both. 

The lowest age limit for the PAT is 8 years and one 

pupil, aged 7 years, was included even though no PAT 

scores were available. Information from other reading 

tests and discussion with his teacher indicated that he 

was reading at a level corresponding to his age and 

performed well in other areas of classwork. This partic

ipant was matched with a SRD participant who was reading 

below the lowest level on the PAT-RC and RV, that is, 

below that expected for an 8 year old. 

II. STIMULI AND APPARATUS 

The experimental tasks were as for Solman and May 

(1987), and consisted of a location task and a location+ 

identification task. For both tasks stimuli were pre

sented on a V Line:V size Sundox visual display unit 

(VDU) with a green screen monitor. The VDU was driven by 

an Apple //e computer. The participant was required to 

touch the VDU screen at the locations in a matrix display 
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where he/she thought the previously displayed targets had 

appeared. The viewing distance was 400 mm and the 

targets subtended 1° of visual angle. The full response 

matrix subtended 16.7° of visual angle. The stimulus for 

the location task was a nonsense shape made up as the 

upper case letter 'O' surrounding a cross (i.e.~). The 

stimuli for the location+ identification task were lower 

case letters selected at random from the full alphabet, 

for each target. This meant that the same letter could 

be displayed for both targets in one trial. 

A fixation point, a small dot in the centre of the 

screen, was present at the beginning of each trial for 

both tasks and the two targets were presented consecu

tively around it. The fixation point was maintained 

until the 11 x 11 response matrix was displayed following 

presentation of the second target. The onset of the 

second target followed the onset of the first target by 

280 msec, and the matrix was displayed 280 msec following 

the onset of the second target. The target stimuli were 

maintained for 20 msec and then decayed taking less than 

3 msec to reach 1/e of original luminance. The location 

of the first target on each trial was a cell selected at 

random without replacement from the inner 7 x 7 cells of 

the full 11 x 11 matrix. The location of the second 

target was then restricted to the cells in the quadrant 

of the matrix diagonally opposite the location of the 

first target. The full response matrix was extended two 

cells either side of the most extreme target locations so 
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that responses to targets furthest from the fixation 

point were less restricted by the outer boundary of the 

matrix. Targets could be displayed at the following 

visual angles from fixation: 2.16, 3.44, 4.34, 4.85, 

5.54 and 6.51 degrees. The location responses were 

recorded by the experimenter by moving the cursor to the 

specified cell of the response matrix and pressing the 

return key. The matrix was maintained until both loca

tion responses had been recorded. Each trial was initi

ated by the experimenter by pressing the return key. 

The participant was warned that a trial had begun and 

reminded to look at the fixation dot at the same time as 

the experimenter initiated each trial. It was essential 

that participants fixated on the dot on each trial. As 

many steps as possible were taken to ensure that this was 

so, such as reminding the participant to look at the dot 

and checking that he/she was looking at it, one, by ask

ing the participant, and two, by visually checking that 

he/she was looking at it. 

The middle cell of the matrix was at the position 

of the fixation point and was given the cartesian co

ordinates of (0,0). The remaining cells were labelled 

accordingly. The responses of the participants were 

reported as the discrepancy between the location response 

(Xr,Yr) and the actual target location (Xs,Y 8 ) and this 

was calculated by the following equation: 
2 ½ (y Yr) 2] + s -

For the location+ identification task the participants 
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were required to identify the target letters as well as 

indicating their location in the matrix. The participant 

was asked to report the letters as they appeared and 

these responses were entered into the computer by the 

experimenter following the recording of the location 

responses. 

III. PROCEDURE 

Assessment for selection of participants was 

carried out prior to participation in the experimental 

tasks. Pupils were tested individually in a quiet room 

at their school. Those referred by SPELD were seen 

individually in a quiet room in the Psychology Department 

at the University of Canterbury. 

i) Assessment for Selection: 

All participants were given the standard visual 

examination previously detailed prior to administration 

of the WISC-R battery. Discussion with parents and/or 

class teachers was then undertaken firstly to establish a 

reading level for each participant, secondly to establish 

that the pupil was achieving at an average or better 

level in subjects other than reading, and finally that 

the student was not a significant behaviour problem in 

the classroom. PAT results for Reading Comprehension and 

Reading Vocabulary were collected from class teachers. 

Prior to administration of any tests it was 

explained to each participant that he/she was 



75. 

participating in research relating to how children learn 

to read and that the tests were not related to their 

classwork. 

ii) Experimental tasks: 

Pupils meeting the criteria for selection were 

seen individually on a second occasion when the tasks 

were presented. All participants completed the location 

task first. Once the participant was seated comfortably 

in front of the screen, the nature of the task was 

explained. The participant was told that a small dot 

would appear in the centre of the screen (fixation 

point), that he/she was to look at the dot and then two 

shapes (first task)/lower case letters (second task) 

would flash briefly around it. He/she was asked immedi

ately on seeing the target stimuli to touch the screen 

with one finger from each hand at the location where 

he/she thought they had appeared. It was explained that 

a grid would appear and that they would be required to 

indicate the location of the targets in the grid. 

Following this explanation a demonstration of the flash

ing targets was given, and continued until the partici

pants indicated that they could see both targets. Ten 

practice trials were administered following this demon

stration and then a block of 36 trials was presented. 

For each trial the participant's response was 

recorded and the next trial was immediately initiated. 

Participants were reminded to look at the fixation point 
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at the beginning of each trial. The experimenter asked 

the child if he/she was looking at the dot and if he/she 

was ready for the next trial. 

No feedback was given regarding the correctness of 

specific responses. If anyone asked whether a response 

was correct or not, non specific positive feedback was 

given, such as "you are doing fine". This format was the 

same for both tasks, the difference in the location+ 

identificatirntask being the additional requirement of 

letter identification. The demonstration trials here 

were continued until participants were happy that they 

could see the letters. The two tasks were completed 

within 30 to 40 minutes for each participant. 
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CHAPTER III 

RESULTS 

I. METHOD OF ANALYSIS 

Target location responses from both the location task 

and the location+ identification task were analysed as a 

function of stimulus distance from fixation, and target 

order, that is, whether the target to be located was first 

or second on a given trial. Individual responses were 

calculated as location discrepancies expressed as previously 

detailed and reported in degrees of visual angle. The mean 

location discrepancy for each of the six distances from 

fixation, for first and second targets, was calculated for 

each participant. Identity responses were calculated as 

the proportion of letters correctly identified for first and 

second targets for each of the six distances from fixation. 

The basic data to be analysed consisted of the mean discre

pancy and proportion scores. 

As explained in the Method section, the subjects 

estimated location for each target was entered by moving the 

cursor to the indicated location. Because the computer 

program expects the location for the first target to precede 

that of the second, it is imperative that locations be 

entered in that order, otherwise computed discrepancies 

reflect the distance of a target from its diagonally opposite 

partner on a trial, and spuriously large discrepancies 

result. The presence of very large discrepancies, found 

when examining the data after all subjects had been run, 
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suggested that in entering the results the locations of 

first and second targets were reversed. A post hoc data 

correction procedure was carried out in order to rectify the 

problem. A program was written that compared the signs of 

the x and y co-ordinates on each trial for both targets and 

both responses. This involved four comparisons between the 

signs of the x and y co-ordinates for Target-1 and the 

second response, and for Target-2 and the first response. 

If all four signs agreed then the co-ordinates of the first 

response were deemed to be those for Target-2, and vice 

versa. If one or more response co-ordinates was entered 

as zero the reversing of Response 1 and 2 was also performed 

if the signs of all three remaining co-ordinates agreed. 

If subjects did not know where a target occurred a response 

with co-ordinates (0,0) was entered. Again if a pair of 

response co-ordinates was zero but the signs of the remain

ing two agreed with the opposite numbered target, the 

reversal was performed. 

A further problem arises with a (0,0) or 'don't know' 

response. Discrepancies for these increase with increasing 

eccentricity. Therefore, to isolate the effects of eccen

tricity on discrepancies it is necessary to remove those 

trials where subjects were adamant they had no idea where a 

target occurred. For each subject the number of 'don't 

know' responses per distance condition was recorded and 

mean of the remaining discrepancies computed. In the course 

of this analysis it was discovered that for two of the sub

jects in Group 2, in some conditions, all responses were 

'don't know' responses. These subjects and their matched 

counterparts in the other groups were excluded from the 
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analysis. The resulting analyses were performed on three 

groups of 16 subjects. The exclusion of these subjects 

resulted in small changes in the values reported in Table 1. 

The revised group means and standard deviations are given 

in Table 2. 

The discrepancies from the location and location+ 

letter identification tasks, and proportion of correct letter 

identifications, were treated by separate Groups x Distance 

from fixation x Target Order (first or second) analyses of 

variance (ANOVA) in which only the Groups factor was treated 

as a between subject variable. The complete ANOVA summary 

tables are reported in the Appendix. Mean percentages of 

'don't know' responses for each distance condition for each 

group were also computed. 

II. RESULTS FROM DATA ANALYSES 

i) Location Discrepancies 

Discrepancies (in degrees of visual angle) between 

judged and actual locations were obtained for both the 

location and location+ letter identification tasks. The 

group mean discrepancies for the location task (stimulus~) 

as a function of distance from fixation and target order are 

presented in Table 3 and Figure 2. The location discrepan

cies of the letters in the location+ identification task 

are given in Table 4 and Figure 3. The mean percentage of 

'don't know' responses for each distance condition for each 

group and each task are shown in Tables 5 and 6 and Figures 

4 and 5. 



Table 2: Revised Biographical Details of the Participant Groups 

Group Selection Variables 

M 

SRD 

SD 

M 

Age Controls 

SD 

M 
Reading 
Level 
Controls 

SD 

Age 
(mths} 

144.4 

8.27 

143.7 

7.8 

109.0 

12.67 

WISC-R 

101.19 

9.5 

101.1 

10.38 

102.13 

9.78 

RC 
level 
score 

3.06 

1.41 

6.5 

1.57 

3.12 

1.47 

RC 
age 

equiv. 

8½-9 yrs 

11 yrs 

8½-9 yrs 

RV 
level 
score 

2.88 

1.26 

6.37 

L02 

3.31 

1.2 

RV 
age 

equiv. 

8-8½ yrs 

11½ yrs 

8½-9 yrs 

00 
0 
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Examination of the figures indicated that the first 

target on a given trial was located much more accurately at 

all distances from fixation. The target order effect was 

clearly significant for both tasks: location task, F(l,45) 

= 86.6, p < .001, location+ identification task, F(l,45) 

= 35.7, p < .001. There appears to be a weak tendency for 

discrepancies to increase with eccentricity. The distance 

from fixation effect was marginally significant for the 

location task, F(5,255) = 3.86, p < .05, and significant 

for the location+ identification task, F(5,255) = 7.27, 

p < .001. 

However contrary to the transient system deficit 

hypothesis of SRD, there were no differences between groups 

in the magnitude of their discrepancies nor any tendency for 

the discrepancies of the SRD group to increase at a greater 

rate with distance of target from fixation. Likewise second 

targets did not pose greater difficulties for the SRDs 

compared with their normal counterparts. The groups, groups 

x distance, and groups x target order and groups x target 

order x distance effects were not significant for either 

task. 

The only other significant effects involved the 

distance x target order interactions for the location task, 

F(5,255) = 4.62, p < .001. Examination of Table 3 and 

Figure 2 indicates the better performance of the first 

target over the second target to be less pronounced for mid

range eccentricities, that is, between 3.44 and 5.54 degrees 

of visual angle. 

Group mean percentages of 'don't know' responses are 

given in Tables 5 and 6 and Figures 4 and 5. The relative 
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Table 3: Mean location discrepancies in degrees of visual 

angle between stimulus location and response location for 

each group as a function of target eccentricity and target 

order. Stimulus=©. 

Group 

SRD 

Age 
Control 

Reading 
Level 
Control 

Distance of Target from Fixation 
(degrees of visual angle) 

Target 
Order 

1st 

2nd 

1st 

2nd 

1st 

2nd 

2.16 

0.22 

1.40 

0.53 

1.15 

0.69 

1. 63 

3.44 4.34 4.85 

0.59 0.80 0.95 

1.54 1.30 1.50 

1.10 0.74 1.05 

1.41 1. 27 1. 32 

0.85 1.01 1. 32 

1. 61 1. 38 1.45 

5.54 6.51 

0.67 0.98 

1.49 1.69 

0.76 0.80 

1.29 1.45 

0.92 1.01 

1.42 1. 76 



Figure 2: Mean discrepancies between stimulus location and response location, in degrees of 

visual angle, for each group, as a function of target eccentricity and target order. Stimulus=~-
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Table 4: Mean location discrepancies in degrees of visual 

angle between stimulus location and response location, for 

each group, as a function of target eccentricity and target 

order. Stimulus= letters. 

Group 

SRD 

Age 
Controls 

Reading 
Level 
Controls 

Distance of Target from Fixation 
(visual angle) 

Target 
Order 

1st 

2nd 

1st 

2nd 

1st 

2nd 

2.16 

1.20 

1.77 

1.26 

1. 74 

2.08 

2.46 

3.44 4.34 4.85 

1.0 1.24 1.08 

1.55 1. 58 1.35 

1.0 1.52 0.94 

1.51 2.05 1.30 

1.20 1.88 1. 37 

1.59 2.52 1. 32 

5.54 6.51 

1.14 0.93 

2.06 1.62 

1.09 1.02 

2.03 1.54 

1.83 0.98 

2.29 1.64 



Figure 3: Mean discrepancies in degrees of visual angle between stimulus location and response loca

tion for each group, as a function of target eccentricity and target order. Stimulus= Letters. 
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Table 5: Mean percentage of 'Don 1 t know 1 responses for 

each target. Stimulus=@. 

Group 

SRD 

Age 
Control 

Reading 
Level 
Control 

Distance of Target from Fixation 
(degrees of visual angle) 

Target 2.16 3.44 4.34 4.85 5.54 
Order 

1st 0 1.0 0 2.0 1.0 

2nd 3.0 2.0 3.0 1.0 1.5 

1st 0 1.5 0 1.0 1.5 

2nd 1.5 2.0 1.5 1.0 1.0 

1st 1.5 2.0 1.5 1.0 2.0 

2nd 3.0 4.0 0 2.0 3.0 

6.51 Overall 
Means 

1.5 .92 

1.5 2. 0 

3.0 1.17 

1.5 1.42 

3. 0 1. 83 

3.0 2.50 
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Table 6: Mean percentage of 'Don't know' responses for 

each target. Stimulus= Letters. 

Group 

SRD 

Age 
Control 

Reading 
Level 
Control 

Distance of Target from Fixation 
(degrees of visual angle) 

Target 2.16 3.44 4.34 4.85 5.54 6.51 Overall 
Means 

1st 0 1.0 3.0 1.0 1.0 3.0 1.50 

2nd 8.0 12.0 1.0 9.0 8.0 8.0 7.67 

1st 3.0 0 0 0 2.0 0 .83 

2nd 6.0 9.0 3.0 9.0 9.0 3.0 6.50 

1st 9.0 4.0 5.0 4.0 5.0 11.0 6.33 

2nd 19.0 15.0 20.0 10.0 12.0 11. 0 16.0 
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infrequency of 'don't know' responses by most subjects in 

most conditions precluded any statistical testing of these 

data. Examination of the location task data in Table 5 and 

Figure 4 indicates that the percentage of 'don't know' res

ponses was more common for the second target (mean= 1.97) 

than the first (mean= 1.30), similar for the SRD and age 

controls (respective means 1.46 and 1.29) but more common 

among the younger reading level controls (mean= 2.17). No 

obvious relationship between eccentricity and percentage of 

'don't know' responses is evident. The data from the 

location+ identification task, shown in Table 6 and Figure 

5, show the same trends as for the location task but the 

percentages of 'don't know' responses are much higher. 

Again the percentage of 'don't know' responses was higher 

for the second target (mean= 10.05) than the first (mean 

= 2.89) and the difference between them is much larger than 

in the first task. The mean percentages were more similar 

between the SRD and age control groups (means 4.59 and 

3.67 respectively) and again more common among the reading 

level controls (mean= 11.17). Again there was no suggestion 

of a relationship between eccentricity and rate of 'don't 

know' responding. 

ii) Letter Identification 

The proportions of letters correctly identified at 

each of the distances from fixation for first and second 

target presentations are given in Table 7 and Figure 6. 

Examination of Figure 6 clearly shows that, as predicted, 

letters presented further from fixation were harder to 

identify, this effect being significant, F(S,255) = 14.203, 

p < .001. There were no significant effects involving 



Table 7: Mean proportions of letters correctly identified 

as a function of target eccentricity and target order. 

Group 

SRD 

Age 
Controls 

Reading 
Level 
Controls 

Distance of Target from Fixation 
(visual angle) 

Target 
Order 

1st 

2nd 

1st 

2nd. 

1st 

2nd 

2.16 

0.53 

0.57 

0.51 

0.44 

0.42 

0.26 

3.44 4.34 4.85 

0.49 0.49 0.42 

0.41 0.28 0.28 

0.48 0.47 0.42 

0.36 0.25 0.4 

0.47 0.46 0.35 

0.32 0.28 0.3 

5.54 6.51 

0.39 0.24 

0.31 0.31 

0.36 0.22 

0.2 0.26 

0.35 0.33 

0.26 0.15 

89. 



Figure 4: Mean proportions of correctly identified letters for each group as a function 

of target eccentricity and target order. 
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groups, suggesting that SRD's were not on average any better 

or worse than controls at correctly identifying the briefly 

displayed letters. Furthermore, there were no group 

differences in the extent to which eccentricity affected 

letter identification, the groups x distance interaction was 

not significant. The remaining significant effects involved 

target order. First targets were correctly identified more 

often, F(l,51) = 35.33, p < .001. The distance by target 

order interaction was marginally significant, F(S,255) = 

2.40, p < .05, suggesting that this effect is not uniform 

across distances, which is shown in Figure 6. 
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CHAPTER IV 

DISCUSSION 

I. SUMMARY OF RESULTS: 

As outlined in Chapter 1 the main prediction derived 

from the hypothesis of deficient transient functioning in 

SRDs was that SRD participants in the present study would 

have greater difficulty than controls in locating the tar

gets. In particular, as targets were presented at distances 

progressively further from the fixation point, the discre

pancies between actual and judged locations would increase 

for all participants but at a greater rate for SRDs. If 

ability to locate targets is a causative factor in SRD we 

would expect differences between the SRDs and their age

matched controls, but not necessarily between the SRDs and 

their reading level-matched counterparts, in their ability 

to locate particularly the more peripheral targets. Presenta

tion of two targets on a given trial, involving two transient 

events would be expected to increase the difficulty of the 

tasks but again SRDs ought to be more disadvantaged than 

controls. For the letter identification aspect of the 

second task, it was expected that letters would be harder 

to recognize as target eccentricity increased (because of 

decreasing acuity) and that this would be equally so for all 

groups. A groups x distance effec.t for letter identification 

was not specifically predicted by the transient hypothesis 

as in keeping with the transient-sustained model, the 

transient system is not said to be directly involved in 

identification of stimuli. 
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The results of the present study indicated that the 

second target on a given trial was much harder to locate and 

identify and this effect was the same for the three partici

pant groups. SRDs did not appear to be differentially 

affected by target order and did not appear to have greater 

difficulty locating the target stimuli compared with controls. 

There was a slight tendency in the location task and a 

stronger tendency in the location+ identification task for 

the location discrepancies to increase as target eccentricity 

increased but again SRDs were not differentially affected. 

The letter identification results however did reveal a much 

stronger distance effect in that as the letters were pre

sented at further distances from fixation they were more 

difficult to recognise and this also was equally true of 

each group. Again there was no suggestion that SRDs were 

less accurate at identifying the letters compared with their 

matched counterparts. Examination of the percentage of don't 

know responses for the three groups did suggest a group 

effect in that the younger reading level controls showed 

much higher percentages of don't know responses over all 

distance conditions compared with the older participants. 

The rate of don't know responses was also higher for second 

targets for all participants and this is again consistent 

with the target order effects in the location discrepancy 

and letter identification analyses. 

II. RELATIONSHIP TO SOLMAN AND MAY'S RESULTS: 

The results of the present study are at variance with 

those found by Solman and May. Their poor readers were 
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poorer at location and identification and were more affected 

by eccentricity than their controls. They used the same 

tasks, procedure and equipment as in the present study. 

The following comments can be made regarding these disparate 

results: 

a) Subject Selection and Subject Variables. 

Firstly, Solman and May did not use strict SRD cri

teria but used groups of good and poor readers. Secondly, 

their participants were much younger overall, the average 

age being 8 years 6 months. Thirdly, participants were 

required to have average or better IQ but IQ was not matched 

as in the present study. Good readers' average IQ was 118 

and poor readers was 109. It is possible that performance 

on the location tasks correlates with intellectual ability 

rather than reading ability per se. When this variable is 

carefully controlled, as in the present study, performance 

differences between groups were not found. Furthermore, 

given that the SRD participants in the present study tended 

to be more severely impaired on average, with respect to 

reading ability, it would be expected that if there were 

underlying differences bewteen SRDs and normals on these 

tasks, the present study would have been more likely to pro

duce between group differences. 

b) Eccentricity Effects and 1 Don 1 t Know' Responses. 

The effect of eccentricity on location accuracy was 

much weaker in the present study than that of Solman and 

May. Also, the relationship between increasing target 

eccentricity and disproportionately poorer location ability 
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by SRDs on these tasks, explicitly predicted by the transient 

hypothesis, was not shown in the present study. It was 

noted in Chapter 3 that trials on which subjects reported 

they had no idea where a target occurred, that is, a 'don't 

know' response, were excluded due to their spurious influence 

on the target eccentricity effects. The exclusion of these 

trials resulted in only a weak eccentricity effect and no 

hint that SRDs were any less accurate than their age con

trols. There was a suggestion however, that the younger 

reading level controls found the tasks more difficult, par

ticularly in the combined localization and letter identifi

cation task. Solman and May make no reference of don't know 

responses and therefore it is not known how they treated 

trials on which subjects were unable to localize a target, 

if indeed they arose. The reading level controls in the 

present study were comparable with respect to age and to 

some extent IQ with the subjects in the Solman and May study 

and our younger subjects produced much higher rates of 'don't 

know' responses than the older subjects in the other two 

groups. The weaker eccentricity effects may be due to 

exclusion of these trials from the analysis in the present 

study. 

The letter identification results did show the pre

dicted trends regarding increasing target eccentricity and 

decreasing identification accuracy as did those of Solman 

and May, however no group differences in accuracy were noted. 

This aspect of the second task does not have direct bearing 

on the transient hypothesis and given that the results 

directly predicted by the transient hypothesis regarding 



9 6. 

location ability, target eccentricity and SRD were not found 

these results will not be discussed further. 

III. DESIGN CONSIDERATIONS: 

The failure to find significant differences between 

SRDs and controls suggests, in view of the hypotheses 

pursued, that spatial location ability and transient system 

processing are not implicated in SRD. However, before 

accepting this conclusion it is necessary to consider the 

nature of the tasks used and sampling problems associated 

with this kind of research. 

a) Sampling Problems 

The outcome of any study, and particularly that using 

SRD participants, will be affected by the criteria used to 

select the participants. In particular, the severity of the 

disorder, age, IQ and sex are all characteristics of the 

sample that may determine whether differences are observed 

between normal and disabled readers. The present study has 

attempted to minimize the effects of these extraneous varia

bles. Subjects were carefully selected using strict cri

teria to qualify as SRD and were rigorously matched 

individually on sex, IQ, age and reading level (for the 

corresponding control groups). It was noted in Chapter 1 

that SRD research using well defined and well matched 

subject groups is rare. However as noted in Chapter 1 this 

type of definitional criteria is still not without problems. 

Problems sampling from a general SRD population, 

such as heterogeneity of characteristics and the likelihood 



of subtypes (see Chapter 1) make interpretation of null 

results difficult. Diversity in a small sample may result 

in significant effects, possibly present in subgroups, 

being obscured in the total group. Difficulty obtaining 

SRDs in sufficient numbers precluded any examination of 

subgroups in the present study. 

(b) Critique of Experimental Tasks: 

97. 

The experimental tasks were those used by Solman and 

May (1987) and whilst they appear to have face validity 

regarding the perceptual consequences of transient system 

processing the experience of using the tasks revealed 

uncertainties regarding their interpretability. 

i) Range of Eccentricities 

The range of eccentricities used in the present study 

was 2.16 to 6.51 degrees of visual angle. This range would 

involve peripheral ~ision as foveal vision, being the area 

of high acuity in the centre of vision, extends approxi

mately 2 degrees around the fixation point (Raynor & McConkie, 

1976, cited in Lovegrove et al., 1986). According to the 

transient-sustained model, the transient system predominates 

in the periphery hence, transient functioning ought to be 

involved in locating target stimuli presented in this range. 

It is crucial then that participants fixated on the centre 

dot prior to presentation of the target stimuli. If parti

cipants were not fixated prior to presentation the effect of 

targets being presented in peripheral vision would not 

be achieved and transient system functioning not measured. 

It might be argued that the weaker distance effect and the 

larger target order effect of the present study arose because 
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subjects were not fixated on the dot, or did not maintain 

fixation throughout a trial. We see no reason why failure to 

fixate the centre dot should be more of a problem in the 

present study than that of Solman and May, given the iden

tical equipment and procedures. However, absolute guarantee 

that subjects fixated cannot be given in the present study 

or that of Solman and May because the program does not allow 

either the subject or the experimenter direct control over 

the timing of the onset of a trial. 

ii) Target Independence 

The present analysis assumes that each target pre

sented on a trial is independent and the analysis is based 

on order and distance from fixation. It is likely however 

that the spatial separation of the two targets on a given 

trial is highly confounding. For example, two targets 

closer together may be easier to locate, or those further 

apart easier to identify. Likewise, the distance of the 

first target from fixation may influence the ability to 

locate the second target. Hence target order and distance 

effects and the target order x distance interactions are 

difficult to interpret and significant differences between 

groups may be obscured. The Solman and May program which 

was used does not record information about target separation. 

iii) Attentional Factors 

Clear target order effects in the present study 

suggest that attentional factors might be involved in 

performance on these tasks, particularly when the incidence 

of 'don't know' responding is examined. 'Don't know' 

responses were much more common in the dual location 

+ identification task and for second targets. This 

is difficult to explain in terms of a sustained-transient 



distinction. It is more likely that the attentional

concentration factors are involved. It is well known that 

a transient peripheral event (such as the first target in 

the present experiment) will involuntarily draw the focus 
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of attention to its position (e.g. Posner, 1980; Posner et 

al., 1980) and it seems reasonable to suppose that attention 

will dwell there longer when the task requires finer resolu

tion and additional identification processes as in the 

location+ identification task. However, whatever the 

reason for the greater location accuracy and identification 

of the first target, it is significant to note the over

whelming simi~arity between the groups in the target order 

effect. 

iv) Temporal Order Judgements 

A further difficulty with interpretation of these 

results is that either the participants must be aware of 

which target comes first when they respond to the targets, 

or the experimenter must attend to this feature in order to 

record the participants' responses in the correct order. If 

the participants are asked which target comes first this 

increases the demands of the tasks and performance becomes 

influenced by factors additional to transient system effi

ciency and consequently results become more difficult to 

interpret. If the experimenter notes the order and records 

the participant's response accordingly, the tasks are then 

open to experimenter bias and error. In the present study 

post hoc analysis suggested responses were misrecorded 

possibly through experimenter error. A data correction pro

cedure was carried out to rectify this. It is not clear 
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what effect this had on the outcome of the study. However 

group differences on the basis of differential temporal 

order judgement ability may have been obscured. Evidence 

for temporal order judgement deficits in poor readers 

(Bakker & Schroots, 1981, cited in May et al., 1986) have 

been found and have also been related to the functioning of 

the transient system. 

v) Concluding Comments 

The foregoing discussion suggests the tasks used in 

the present study are not uncontaminated measures of tran

sient system functioning. The implications are that the 

null results with respect to group differences in the 

present study cannot be taken as refutation of the transient 

deficit hypothesis. Whilst deficient transient processing 

ought to become evident on these tasks they may be too 

gross to discriminate between the groups and not sensitive 

enough to pick up deficient ability in the SRD group. 

Furthermore, problems with data collection may have obscured 

differences between groups involving the ability to dis

criminate temporal order. 

IV. RELATIONSHIP TO OTHER RESEARCH 

Several other studies finding no differences between 

SRDs and controls using perceptual tasks similar to those of 

the present study were cited in Chapter 1 (Arnett & Di Lollo, 

1979; Fisher & Frankfurter, 1977; ·Manis & Morrison, 1982). 

Generally these studies used eccentricities of less than 

2.5 degrees of visual angle to present targets, hence it is 

likely that sustained rather than transient system 
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processing was being measured and their results would be 

predicted by the Sustained-Transient Model. Differences 

also in target exposure duration across these studies, 

important for the differential predictions regarding tran

sient and sustained processing, were used making direct 

comparison difficult. However, in relation to the present 

study, it was directly hypothesized that the location tasks 

would place demands on the transient system. Studies that 

do show location ability differences between SRDs and 

controls (e.g. Blackwell et al., 1983; Mason, 1980) again 

used tasks that differed in range of eccentricities of 

targets, duration of target exposure, and different response 

requirements from those of the present study and other 

research. There appear to be no obvious factors relating 

to SRD and poor performance on these tasks. The finding of 

no group differences with respect to letter identification 

ability in the present study is consistent with Mason's 

study, however at variance with others such as Manis and 

Morrison {1982). In light of problems with task validity 

in the present study interpretation of these results is 

difficult. 

The research indicating that SRDs may have slower 

rates of information processing (Lovegrove & Brown, 1978; 

Stanley & Hall, 1973; see Chapter 1) is relevant here. The 

Stanley and Hall study indicated that SOA's of 122 msec 

were sufficient to negate the effects of backward masking 

in disabled readers and this was used as an indicator of 

length of time required to process target information. In 

the present study delays between target stimuli and the 
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response matrix was 280 msec. This might suggest the SRDs 

had sufficient time to process target stimuli and that the 

present tasks were not sensitive enough to indicate between 

group differences. 

V. SUMMARY AND CONCLUSIONS 

The present study used two perceptual tasks to 

investigate the hypothesized consequences of deficient 

transient system processing in SRD. The results did not 

confirm the hypothesis that due to a deficit in transient 

system processing SRD participants would have proportion

ately greater difficulty on these tasks compared with 

controls. It was noted in Chapter 1 that there appears to 

be consistent empirical support for the Transient Deficit 

theory of SRD, from well designed, well controlled 

studies, particularly from those of Lovegrove and associates. 

However, because of problems with the validity of the 

present tasks no firm conclusions regarding the transient 

theory can be derived from the essentially null group 

differences obtained in the present study. 
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APPENDIX 

ANALYSIS OF VARIANCE SUMMARY TABLES FOR LOCATION 

DISCREPANCIES (LOCATION TASK AND LOCATION PLUS 

IDENTIFICATION TASK) AND LETTER IDENTIFICATION 

118. 

Table 8: Analyses of Location Discrepancies for Location 

Task. 

Source Deg. of Sum of Mean F Pless 

Freedom Squares Square than 

Groups ( G) 2 3.847 1.942 1.2 

ERROR 45 

Distance from 

fixation ( D) 5 8.082 1.616 3.86 .05 

G x D 10 2.234 0.223 .53 

ERROR 225 

Target order ( T) 1 54.557 54.557 86.6 .001 

G x T 2 2.227 1.114 1. 77 

ERROR 45 

D X T 5 5.026 1.005 4.62 .001 

G X D X T 10 2.052 0.205 0.94 

ERROR 225 



119. 

APPENDIX CONT ..... 

Table 9: Analyses of Location Discrepancies for Location+ 

Identification Task 

Source Deg. of Sum of Mean F Pless 

Freedom Squares Square than 

Groups ( G) 2 17.347 8.674 2.96 

ERROR 45 

Distance from 

fixation ( D) 5 34.83 6.966 7.27 .001 

G x D 10 11.655 1.166 1.22 

ERROR 225 

Target Order ( T) 1 37.271 37.271 35.7 .001 

G x T 2 0.634 0.317 0.3 

ERROR 45 

D X T 5 4.518 0.904 1.88 

G X D X T 10 2.011 0.201 0.42 

ERROR 225 



120. 

APPENDIX CONT ..•.. 

Table 10: Analyses for Letter Identification 

Source Deg. of Sum of Mean F Pless 

Freedom Squares Square than 

Groups ( G) 2 0.426 0.213 1.848 

ERROR 51 5.886 0.115 

Distance from 

fixation ( D) 5 2.918 0.583 14.203 .001 

G x D 10 0.694 0.069 1. 69 

ERROR 255 10.479 0.041 

Target Order ( T) 1 1.568 1.568 35.33 .001 

G x T 2 0.125 0.062 1.414 

ERROR 51 2.263 0.044 

D X T 5 0.521 0.104 2.404 .05 

G X D X T 10 0.521 0.052 1.202 

ERROR 255 11.069 0.043 



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803105223
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         AllDoc
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     122
     121
     122
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset -3.69, 0.00 Width 26.74 Height 841.00 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803105239
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         AllDoc
         377
              

       CurrentAVDoc
          

     -3.6886 0.0006 26.7422 840.9972 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     122
     121
     1f274ca3-275a-4d43-a5b9-7b68bc0c4ada
     122
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 104 to page 104
     Mask co-ordinates: Left bottom (509.34 17.52) Right top (533.32 371.62) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     509.3394 17.5208 533.3152 371.6249 
            
                
         104
         SubDoc
         104
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     103
     4ff7f990-c7d2-4d2d-a86c-0398e98d3cd8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 93 to page 93
     Mask co-ordinates: Left bottom (513.95 11.07) Right top (539.77 302.46) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     513.9501 11.0658 539.7703 302.4639 
            
                
         93
         SubDoc
         93
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     92
     e1ca2b53-e4f4-4127-9635-c94bfdd74861
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 92 to page 92
     Mask co-ordinates: Left bottom (493.66 6.46) Right top (544.38 337.51) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     493.663 6.455 544.381 337.5055 
            
                
         92
         SubDoc
         92
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     91
     7db0069e-209e-41f6-aa70-e663937cb9be
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 87 to page 87
     Mask co-ordinates: Left bottom (485.36 12.91) Right top (538.85 261.89) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     485.3636 12.91 538.8481 261.8895 
            
                
         87
         SubDoc
         87
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     86
     2604131a-b088-4413-9d11-86a54fc023a7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 85 to page 85
     Mask co-ordinates: Left bottom (515.79 17.52) Right top (547.15 319.06) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     515.7944 17.5208 547.1474 319.0625 
            
                
         85
         SubDoc
         85
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     84
     48415811-91e5-4004-b734-156210df6c13
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 78 to page 78
     Mask co-ordinates: Left bottom (456.78 14.75) Right top (539.77 471.22) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     456.7771 14.7543 539.7703 471.2166 
            
                
         78
         SubDoc
         78
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     77
     1a9481ca-17d2-47f5-ae33-bf61f81caafd
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 77 to page 77
     Mask co-ordinates: Left bottom (448.48 20.29) Right top (531.47 359.64) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     448.4778 20.2872 531.4709 359.637 
            
                
         77
         SubDoc
         77
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     76
     2c0208a8-cea3-4e11-a55e-ec6f1a84ac4b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 76 to page 76
     Mask co-ordinates: Left bottom (500.12 22.13) Right top (537.00 184.43) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     500.118 22.1315 537.0038 184.4292 
            
                
         76
         SubDoc
         76
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     75
     161d7c4b-32fc-4fb1-842a-803896aeb029
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 75 to page 75
     Mask co-ordinates: Left bottom (447.56 30.43) Right top (448.48 30.43) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     447.5556 30.4308 448.4778 30.4308 
            
                
         75
         SubDoc
         75
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     74
     6cda2008-f947-4921-ad4c-32a068431658
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 75 to page 75
     Mask co-ordinates: Left bottom (469.69 15.68) Right top (530.55 297.85) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     469.6871 15.6765 530.5488 297.8532 
            
                
         75
         SubDoc
         75
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     74
     790262dc-cc75-4d3d-af2e-a728cbd8795a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 67 to page 67
     Mask co-ordinates: Left bottom (509.34 22.13) Right top (546.23 107.89) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     509.3394 22.1315 546.2253 107.8911 
            
                
         67
         SubDoc
         67
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     66
     972fb432-5aa8-44f3-b6fa-e8bc4ac2f494
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 63 to page 63
     Mask co-ordinates: Left bottom (514.87 0.00) Right top (539.77 235.15) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     514.8723 0 539.7703 235.1472 
            
                
         63
         SubDoc
         63
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     62
     15b3a59e-d86b-4626-92af-42147ba1aa37
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 58 to page 58
     Mask co-ordinates: Left bottom (483.52 0.00) Right top (556.37 333.82) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     483.5193 0 556.3689 333.8169 
            
                
         58
         SubDoc
         58
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     57
     07d3f2d3-98a2-4e5b-a008-40df96133f33
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 51 to page 51
     Mask co-ordinates: Left bottom (474.30 15.68) Right top (545.30 268.34) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     474.2979 15.6765 545.3031 268.3445 
            
                
         51
         SubDoc
         51
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     50
     6e56cf78-9cb9-466b-ae98-a571093cb4c4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 34 to page 34
     Mask co-ordinates: Left bottom (509.34 19.37) Right top (543.46 351.34) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     509.3394 19.3651 543.4589 351.3376 
            
                
         34
         SubDoc
         34
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     33
     672aaae0-cba6-4779-b682-af5618e22d8a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (498.27 11.99) Right top (540.69 343.96) points
     Colour: Default (white)
      

        
     D:20220803105728
      

        
     1
     0
     498.2737 11.9879 540.6924 343.9605 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     121
     122
     7
     f1baabb5-3b1c-490a-8c02-ecb4125e858f
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803105931
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         CurrentPage
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     3
     122
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -3.69, 1.84 Width 62.71 Height 837.31 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803105944
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     -3.6886 1.8449 62.7059 837.3086 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     3
     122
     3
     91a24563-b419-4867-b497-1c90676fb488
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803110057
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         CurrentPage
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     15
     124
     15
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -11.99, 2.77 Width 46.11 Height 837.31 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803110107
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     -11.9879 2.767 46.1073 837.3087 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     15
     124
     15
     7d39268e-ff9b-4bd1-8de6-13aac27fbf01
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803110222
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         CurrentPage
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     28
     124
     28
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -0.92, 0.00 Width 56.25 Height 841.00 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803110234
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     -0.9221 0.0006 56.2509 840.9972 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     28
     124
     28
     bc9b1af1-8395-4f32-9ebc-41d8e409d79e
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803110336
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         CurrentPage
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     44
     127
     44
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -3.69, 0.00 Width 55.33 Height 839.15 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803110344
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     -3.6886 0.0006 55.3288 839.1529 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     44
     127
     44
     e36077d2-c896-4417-81ca-ad024768b341
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803110529
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         CurrentPage
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     60
     127
     60
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 2.77, 0.00 Width 38.73 Height 840.08 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803110537
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     2.7664 0.0006 38.7302 840.0751 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     60
     127
     60
     4ab52d1a-537e-478b-9c89-1222f8e735d2
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220803110659
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         CurrentPage
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     127
     72
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -1.84, 0.00 Width 64.55 Height 839.15 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220803110706
      

        
     1
     Default
     0
     BL
     1424
     503
    
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     -1.8443 0.0006 64.5502 839.1529 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     127
     72
     d3cfb975-be98-48f7-87e6-9da4fef38591
     1
      

   1
  

 HistoryList_V1
 qi2base





