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AB S'IRAC'I 

Normal, slow, and dyslexic reacers at graae twc reading 

level were ccmfared on a series of four tasks requiring fhe-

netic skills. A same-different comfarison of fairs of 

three- and four-letter nonsense words 

auditorially, visually, and cross-modally. 

was fresented 

There were no 

differences in group performance for auditory-auditory 

comparison (A-A), visual-visual ccmparison (V-V), er fer the 

cross-modal cemFarisen in which the auditory stimulus was 

given first and the visual stimulus second (A-V ccnditicn). 

The groups did differ in cross-medal ferformance when the 

initial stimulus was visual and the second was auditory (V-A 

condition) • Dyslexic readers performed more poorly than 

normal and slow readers; the latter two groups did not 

differ from each ether in V-A performance. 

Post hoc analysis showed that dyslexic readers made more 

errors than the slow or normal readers of the same level, 

whether the stimulus pairs differed in the initial, central, 

er final letters of the nonsense wcrd pair. 

Dyslexic readers are more imfaired in the phonetic skills 

used in visual-auditory cempariscn of nonsense words than 
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normdl or slow r eaders of the same reading l e vel . 

Exami ne rs : 
Dr . o. Spreen 

Dr . W. H. MacGinit i e 
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Chapter I 

INTBODOCTION 

Learning tc read is a cemflex ficcess requiring that we 

associate meaningful spoken language with a graphjc sywbel 

system. ~be symtols are arbitrarily though more or less 

consistently assigned to sounds, not words; and the code fer 

translating frcm letters to meaningful words is a complex 

one. 

some children have unusual difficulty learning tr.is cede. 

Those children whose prcblems in learning to read seem tc be 

disproportionate to their cafabilities in ether academic 

prctlem: 
I 

areas are ccnsidered to have a Sfecific reading 

dyslexia. J 

The study described here examined the performance cf 

three grcufs of children who differed in the amount cf 

difficulty they had in reaching the level of reading 

competence apfropriate to grade twc. The three greups were 

designated as ncrmal, slew, er dyslexic readers; they were 

measured on a set of tasks using phonics skills. 

There are three areas of study which are relevant to this 

paper, and each will te reviewed in turn. The first deals 

with definiticns of dyslexia; the second, with factcrs which 
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may contritute to dyslexia; and the third, with research 

addr essing characteristics of the reading process. 

1.1 DEFIIITIOIS OF DYSLEXII 

It has generally been agreed that it is imfcrtant to 

distinguish i:cor readers who are specifically and 

disproporticnately disabled in reading as comfared to ether 

academic skills, frcm those whc are generally slower in all 

their schcol subjects. The twc groups may differ in 

intelligence, 

variables. 

neurclogical status and a host cf other 

In any case, it is assumed by many authors that 

the two grcups are not part cf the same population. 

The World Federation of 

de velopmental dyslexia as 

Neurolcgy defines specific 

a discrder manifested by difficulty in learning to 
r e ad despite conventional instructicn, adeguate 
intelligence, and sociocultural ci:pcrtunity. It 
is dependent upon fundamental ccgnitive 
disabilities which are freguently of 
constitutional origin (Critchley, 1970). 

While this is an imfrcvement over definitions based 

solely on a difference tetween chronological age anc reading 

age, several guesticns are raised by this definition. 

is the degree of severity meant by 'difficulty•? 

what 

What is 

•conventional' reading instruction, 'adequate• intelligence, 

or •sociocultural CffOrtunity•? 

( 
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Myklebust (1967) suggested a definition of disability 

based on objective measures of achievement and intelligence. 

Ee suggested calculating a 'Learning Quctien t' ( IQ) for 

other academic ability. In the case cf :reading or any 

reading this was 

child's observed 

done by calculating the ratio between a 

reading level and 'Expectancy Ase'. 

Myklebust reccmmended using the full scale IQ score from the 

Wechsler Intelligence Scale for Children (WISC; Wechsler, 

1949) as the measure of mental age. Chronological age, 

grade age, and mental age were then averaged to calculate 

'Expectancy Age'. Thus, 

LQ = Reading Age/ Expectancy Age. 

The use of a ratio, however, presents a statistical 

problem: the 'regression effect' (Thorndike, 1963). When the 

me asures used to define the ratic are less than perfectly 

correlated, the children who receive extreme scores en cne 

me asure are likely to receive less extreme scores on the 

other. lhe 'Learning Quotient' is most likely to take the 

value of unity in the center of the score distribution. 

Children of average intelligence and reading atility wculd 

b e most likely tc have a 'Learning Quotient• which wculd 

accurately reflect their achievement-potential ratio. The 

'LQ' would classify as under-achievers too many children cf 

high IQ and too few cf low IQ. The solution tc this protlem 

is to derive a regression equation to describe the 
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relationship of scores in the populat ion being stuaied 

(Yul e , Rutter, Berger & Thcmi:son; 1574). 

Yule (1967) did use such an equaticn to defin e specific 

r e ading disability. He used normative data frcm a large 

numbe r of schcol children frcm the Isle of Wight to derive a 

r e gre ssion equation which used age and score en the sr.ort 

form of the WI SC to predict reading as measured by Neale's 

ccmparing each child's Analysis cf Beading Ability. Ey 

predictea and attained reading sccre, a difference score was 

obtaine d. 'Ih is score was used to separate generally 

backward readers from those ~he bad a specific reading 

disability disproportionate to their other observed 

i ntelle ctual capacities. 

Yul e and Futter (1976) 

severely retarded readers 

subdivided a large grcui: cf 

by measuring the difference 

be tween their predictea and observed reading levels. one 

group was disacled in several ccgnitive areas; the other had 

a disability ~hich was SFecific tc reading. One of the 

purpose s cf the Yule and Futter ( 197 6) study was to 

i nvestigate prognoses fer seve rely retarded readers. 'Ihus 

it was e sse ntial to match the twc groups for degree of 

r eading retardation. 

A similar definition was used in the present study. 

He re, the term 'dyslexic' reade rs refers tc t bcse with 

widely discrei:ant cttained a nd fre dicted reading sccres, and 
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the term 'slew• readers refers to the group whose freaicted 

and obtained scores were relatively ccngruent. Specific 

defining criteria are given in the 'Methods' section below. 

In the current study the groups differed in the severity cf 

reading retaraaticr.. 

Before a definition such as Yule's may te applied, 

normative aata on intelligence measures and reaaing tests 

must be availatle. Differences had been observed between 

o.s. national norms and Canadian local norms gathered ty the 

University of Victcria. It was assumed that national norms 

gathered in the U.S. for the WISC or any of the wiaely used 

reading tests, would not necessarily be applicable in 

Victoria. In any case their relationships tc each ether 

would not te known. 

McAllister (Note 1) collected normative data in greater 

Victoria schools fer the Wide Eange Achievement Test (WRA!; 

Jastak, Eijcu, & Jastak, 1578), which contains subtests for 

reading, Sfelling, and arithmetic. McAllister also 

administered the Peabcdy Picture Vocabulary Test (ffVT; 

Dunn, 1959) and the Elock Cesign suttest of the Wechsler 

Intelligence Scale fer Children - Revised (WISC-R; Wechsler, 

1974). McAllister's ncrms are given in Appendix A. 

McAllister's data were used in the present study tc derive a 

regression equation predicting scores en the reading subtest 

of the ~RA! from each child's age, PPVT and Bleck Design 



6 

scores. Differences between ottained and preoictec reaaing 

scores were then used to assign the sutjects cf the present 

study to the slew, ncrmal, or dyslexic grcups. 

1.2 ~ES~JB~~ OB ~lCTOBS iBICB MIGHT CORTEIBOTE TO QI~!!!l! 

Even in an cversimflied acccunt cf the reading precess, 

several pcssible areas of reading difficulties should be 

mentioned: children may have troutle with the fercepticn cf 

sounds, with the separaticn of the sounds that make up each 

word, with visual perception of the letter symtcls, with the 

translaticn cf infcrmation frcm cne sense modality to 

ancther, with associating meaning to the read wcrds, and 

with organizing larger units cf read material for ~ 

comprehensicn. 

The present study examined the process of translating 

informaticn from one sense modality to ancther. 'Ibis study 

most closely resemtles earlier i:tudies of •cross-modal 

sensory integration•; these earlier studies will be reviewed 

first. studies examining Efecific FErceptual deficits and 

memory will also te reviewed. 

1.2.1 Cross-Rodal Sensory Integration 

In 1964, Birch and Belmont published a study in which 

they proposed that a critical component of the reaaing task 

was the atility tc eguate auditory i:timuli with / 
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corresponding visual ones. 'Ibey used the term 'crc~ n;cdal 

sensory integration• to descrite this precess. Assurring 

that cross-modal senscry integraticn deficits would cause 

froblems at an early stage of informaticn processing, Birch 

and Belmont proposed a task using simfle sensory stimuli to 

test their hyfothesis. They presented a series of tafs (by 

a pencil on a tal::le) and asked their subjects to choose a 

visual representation of the sequence they had jtst heard 

from an array of three visual patterns of dots resemtling 

Morse Code. They referred to this as the A-V task. They 

found that fCCr readers were consistently poorer at this 

task and ccncluded that this demcnstrated a deficiency in 

cress-modal sensory integration. 

Subjects were all beys; the retarded readers were the 150 

children with the lowest 10, of scores on the reading tests 

given all schocl children in Aberdeen, Scotland. Fifty 

control sutjects were matched by age from the remaining 

school pcfulation. Beading score means and standard 

deviations showed the two grcufs to be significantly 

different. He.ever, the twc groufs were also very different 

in IQ. Mean IQ for the retarded readers was g6.7; for the 

normal readers it was 110.8 ( .E < .001). 

Birch and Belmont attempted tc central for the IQ 

differe nce after the study was comfleted by eliminating the 

subjects from both groups whose IC's were less than 1cc. 
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Then they ccmfarea the mean A-V sccr€s of the resultins two 

groups. A one-tailed t-test showed them to be different on 

A-V scores ( E < .01), but only 53 of the retarded reaaers 

and 35 of the normal readers remained in the new groups, and 

Birch and Eelmont did not report the mean IQ scores of the 

two new grcups. 

The possibility that perceptual difficulties might rave 

contributed tc the grouF differences was recognized by Eirch 

and Belmont; they considered that gross sensory screening 

was sufficient to contrcl for this fCssibility. None of the 

children had a significant degree of hearing less er a 

significant uncorrected visual disturbance. The 

contribution cf auaitory memory was assumed to be ccntrolled 

by the results of the WISC Digit Sfan subtest. Digit Span 

scores were compared between high and low A-V sccrers, 

rather than between the original experimental groups cf 

subjects. 

The results cf this study indicated that pcorer readers 

did more poorly en the A-V task than the good readers did. 

However, the conclusion that this demonstrated a deficit in 

cross-modal sensory integraticn was 

several reascns. 

not justified for 

First, the auditory stinulus as presented in the 

criginal experiment included visual elements: the pencil 

tapping was done in full view of the child. Second, IQ 

measures should have been matched from the beginning. 
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Other preblems were pointed out ty Bryant in his 1975 

review. It is invalid to claim demonstration of a cress-

modal sensory integrative deficit when competence in 

comparable within-modal tasks has not teen demcr.strated. 

Further, the task presented by Birch and 

required a temporal-to-spatial transfcrmation. 

authors had good reason to claim that 

discriminated between the twe grocfs, they 

Belmont also 

While these 

their task 

did not test 

whether it did so by its auaitory-visual demancs, its 

temporal-sfatial ones or because it was related to IQ in its 

predictive ability. Without testing for within-medal 

matching they ceuld not attribute the task's discriminative 

ability to an integrative functicn tetween senscry 

modalities. 

Finally, the procedure Eirch and Belment (1964) used to 

c~ntrol fer memcry differences could have capitalized on the 

regression effect. The children receiving the highest and 

lowest A-V scores would be less likely to receive extreme 

scores on the WISC digit Sfan subtest. 

The remainder of this section will review studies wtich 

used a cross-medal sensory integraticn paradigm to study 

reading, with Sfecial attention paid to the alternative 

hypotheses which grew out cf attemfts to replicate or extend 

Birch and Belmont's 1964 study. rach of the studies 

reviewed below addresses a different area of weakness in the 

original wcrk. 
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The first extension of the study tote discussed is Eirch 

and Be 1 m c n t ' s o wn ( 1 9 6 5 ) • They ex amine d the r e 1 at ion c f IQ 

and readin~ tc their A-V task in ncrmal children of several 

ages. subjects were 220 children, atout 30 from each grade, 

kindergarten through grade six. Findings in this study were 

that the mean numter cf correct A-V judgements increased 

with age. Secondly, product-moment correlaticns bEtween IQ 

and A-V score were highest in the lcwer grades, as were the 

correlaticns between A-V score and reading. IQ remained 

highly correlated with reading thrcughcut the age range of 

the sami:le. 

The authors suggested that there was a curvilinear 

relationshiF tetween the A-V task and reading; that is, the 

cross-modal matching skill was more important in the early 

stages of reading than in the later cnes. An alternative 

suggestion was that there was a ceiling effect for the elder 

children. ~his suggestion was bcrne cut in a later study 

(Kahn 6 Birch,1968), in which task difficulty was increased 

for the older children. While this removed the ceiling 

effect, it increased the intercorrelation between reading, 

IQ, and the auditory-visual matching task, making it even 

less clear bow the A-V task is related to reading. 

The Birch and Eelmont (1965) study was directed at the 

relationshiF tetween IQ, A-V task perfcrmance and reading in 

normal readers. Beery (1967) studied these three factors in 
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well as a refined administraticn 
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selection cf sutjects as 

cf the A-V task. She 

compared 30 retarded readers with 15 normal readers matched 

for ager ICr and sex. Fetarded readers were twc years er 

more below grade level in their reading skills. She also 

chose all the subjects from the files of schocl 

psychologistsr so that while the normal readers had not had 

reading problemsr they did have similar histcries cf 

troucles with schocl. 

Beery expanded the test battery frcm Birch and Eelmont's 

original 10 items to 20r with the first 10 the same as Birch 

and Belmont's. She also included a 20-item visual-to-

auditory matching task. Auditory stimuli were fresented 

from a speaker, without visual cues. 

Beery found that all three forms of the A-V test 

discriminated between the two groups of subjects, and were 

equivalent to each ether in their ability to discriminate 

between the good and poor readers. 

Temporal-spatial elements in matching task performance 

were examined ty Blank and her colleagues (Blank 6 Bridger, 

1966; Blank, 'Weider 6 Eridger,1S68). The 1966 study used 26 

fourth gradersr 13 normal readers and 13 poor readers, 

matched for IQ. One stimulus was visual-temporal --a light 

flashing between long or short pauses. The ether was a 

visual-spatial dot pattern. !he first task was to match the 
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visual-temporal (VT) standard to a visual-sFatial (VS) 

comparison. The second required matching a VS pattern to 

another VS pattern; the third task was to give a verbal 

description of the visual-temporal patterns. Blank and 

Eridger found that toth groufs performed at ceiling on the 

vs-vs matching task, but that the fOOrer readers were 

deficient en the VT-VS task and on the verbal descrifticn 

task. 

The authors did net test auditory stimuli at all in this 

study, nor did they use a task matching two visual-temfcral 

stimuli. The conclusicns drawn were that the poor readers' 

froblems were a result of being unable to code the visual 

sequences vertally, tut that the visual-sfatial patterns did 

not require the same extent of coding. As Bryant (1975) 

FOinted out, this conclusion was unjustified without testing 

the children's ability to match VT with VT stimuli. Blank 

and Bridger (1966) argued that such a con trol task is not 

really valid either, because of the different memory demands 

in successive presentation of three temporal ccmfariscn 

stimuli as cpfosed to simultanecus fresentation of the three 

visual-spatial dot pattern choices. 

One of the questions raised by Elank and Bridger is 

whether these results are the cause of reading frcblerrs er 

the result of them. Normal readers would have had more 

fractice in visual sequential tasks than poor readers, and 
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the differences in temFcral tasks may have been greater 

after several years of reading. To test this hypctbesis 

Blank and her colleagues conducted the second study with 

younger subjects. 

The Blank, Weider and Bridger study (196€) also 

elaborated the tasks used. Testing children at the end of 

grade cne, Blank, et al. found that younger children cculd 

not comprehend the required transfcrmations from temporal to 

spatial presentation unless the sti~uli were presented in a 

series. 1he first stimulus was a bank of lights with some 

lit and some unlit in a spatial pattern like the visual 

spatial dots. 1he next task wculd use groups cf lights 

going on one group at a time. Finally the children wculd 

s 9e just one light flashing on and cff with different time 

intervals between, corresponding tc the VT stimulus cf the 

Elank and Bridger (1966) study. 

The study also used a task of matching vs dots with VS 

dots, and cne in which the children imitated clafped 

rhythms. Finally the subjects were asked to describe a 

visual-temporal light series, and again the findir.gs given 

most emphasis by Blank, et al. were these verbal repcrts. 

They found again that the FCCr readers made more mistakes in 

telling about the sequences than the normal readers did. 

They found in beth studies that all the children used verbal 

coding cf scme kind to remember the sequential stimuli, but 

that the pcorer readers used it less efficiently. 
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very few subjects for the number 

cbservations on efficiency of 
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studies is that they have 

cf measures used. The 

vertal coding are rrcre 

clinical imfressions than experimental data, but thej are 

frobably wcrth examining further. 

sterritt and Rudnick published two studies using multiple 

regression to examine the value of auditory-visual tasks in 

predict ing r ea ding (Sterri t t 6 Rudnick, 19 6 6; Rudnick, 

Sterritt & Flax, 19€7). They used samples of normal readers 

who were in the high normal range on IQ and reading 

achievement tests. In these studies three types of temporal 

stimuli were matched to visual-spatial dct fatterns. one 

task used a visual-temporal 

flashing light stimulus; 

standard similar to Blank's 

thus a temporal-to-spatial 

modality was required. transformation within the visual 

Another stimulus ccnsisted of auditcry tcne patterns as the 

standard. !his required an auditory-temporal tc visual­

spatial transfcrmation. !he Birch and Belmont auditory 

task--a pencil tapped 

subject--was also used. 

on the table in view of the 

Regressior eguations were derived 

to see if any of the auditory tasks added significantly to 

the amount of variance acccunted fer bj IQ. 

The 196€ study was done with grade four boys; the 1967 

study with grade three boys. Both studies feund that the 

Eirch and Belmont task did net fredict reading when IC was 

held constant. For the fourth graders, only the auditory 



15 

task aaaea a significant ccntributicn to the reading score 

whe n IQ ~as held constant; for the third graaers both the 

audit ory ana the visual task accounted for significant 

variance. Sterritt et al. interpreted these resultE as 

indicating that the auditcry-temfcral to visual-spatial 

transformation was probatly the critical preaictcr of 

r e ading success, teEide IQ. For the 1966 study cf fourth 

grade readers the authors concluaea that the Sfatial­

temporal shift within the spatial mcdality was not an 

important preaictor cf reaaing. For the third grade reaaers 

in the 1967 study the task requiring the spatial-temfcral 

shift was a significant fredictcr cf reading ability. lhe 

authors interpreted this as evidence of changing importance 

of different subskills at different levels of reading skill. 

In 196t Kahr. and Birch published a study directed at 

three issues ~hich had come up in the research sir.ce 1964. 

The first was Sterritt and Rudnick's finding that the Birch 

ana Be lmont task aid not significantly predict reading 

pe rformance when IQ was held constant though a variant cf 

the Birch and Eelmcnt task did. The second issue was that 

raised ty Blank et al., cf the importance cf verbal 

me diation in the A-V task performance. The third was the 

fOssibility that Eirch ana Belmont's cwn 1965 reEults had 

demonstrated a ceiling effect rather than the decreasing 

importance of the A-V measure with increasing reading level. 
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Some incidental refinements were included in the aesign. 

The auditory stimulus was Froduced behind a screen to reauce 

visual confcunding of the auditcry task. To ensure that the 

grcups did not differ in auditory memory, the WISC cigit 

span subtest was given to all subjects. Product-moment 

correlations between digit span and A-V scores were lcw for 

children of all ages. 

Presumably, Kahn and Eirch's choice to give the digit 

span subtest to all subjects in the 1968 study was intended 

as an improvement over the Birch and 

procedure. However, Kahn and Birch (1968) 

de ficits in ipsi-mcdal FErformance using 

Belmont (1964) 

ccntrclled for 

the same logic 

Birch and Eelmcnt (1964) had used to address auditcry 

me mory. In their 1968 study Kahn and Birch administered 

ipsi-mcdal versions cf the A-V task tc the subjects with the 

10 lowest and 10 highest scores on the A-V task. lhe low 

and high scorers dia not differ en the ipsi-modal tasks. 

Once again, the regression effect would help to conceal a 

correlaticn if there were one. A second protlem with this 

procedure is that ty testing cnly the highest and lowest A­

V score rs, Kahn and Birch tested ipsi-modal performance as 

it was related to cross-medal performance, not as it was 

r e lated to reading. The extreme A-V scores could tave ccme 

from either reaaing grcup. 
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Kahn and Birch predicted that among normal readers, their 

form of A-V matching task would te related te reading even 

when IQ was held ccnstant. lhey also fredicted that verbal 

mediation was not as significcnt 

performance as Blank et al. had claimed; 

more difficult A-V matching tasks 

in matchir:g task 

and they expected 

to 

discriminate tetween geed and fccr readers 

continue to 

in the higher 

grades. 

The Kahn and Birch 1968 study supported its authors• 

fredictions. However, Kahn and Birch say they statistically 

held constant the variance from IQ , but they neither give 

the scores nor their variance nor explain what frocedure 

they used tc held the variance constant. 

Kahn and Birch used different criteria from those used by 

Blank et al. to define strategies as verbal or non-vertal. 

Blank and her colleagues descrited all strategies as vertal; 

Kahn and Birch categorized them as verbal , visual, feeling, 

or 'don't knew•. Blank et al. 

compare the efficiency with which 

(1968) analysed errors to 

each reading group used a 

strategy; Kahn and Birch regrcufed the subjects according to 

the strategy used and compared the results cf each grcuf. 

They did net examine the efficiency with which different 

reading groups used their chosen strategies. 

The ceiling effect questien did seem to te cl early 

resolved; ty increasing the difficulty of the A-V matching 



tasks, the relationship 

scores ccntinued at the 

range testec. 

between reading scores and 

same strength throughout the 
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A-V 

age 

Two studies by Vande Voort and his collecgues cddressed 

the temporal-spatial ccnfound. Vande Voort and Senf's study 

(1973) was published second but completed first; the study 

by Vande Voort, Senf and Benton (1972) addressed scrre cf the 

puzzling results cf the 1S73 study. 

Vande Voort and Senf (1973) examined the cress-medal 

matching paradigm for the effects of the temporal-spatial 

dimension. In addition to the A!-VS matching task, they 

presented AT-AT, VS-VS, and VT-VT matching tasks. They 

reasoned that if it is cress-modal integration which is 

farticularly troutlescme for retarded readers, their 

performance should be significantly different en the A!-VS 

task only; if there are ether variables involved, their 

performance should be depressed on all tasks. 

One factor Vande Voort and Senf thought aould te 

important aas short-term memory; tc ccntrol for this they 

modified the interstimulus interval (ISI), providing the 

l0ngest interval tetween the vs-vs tasks. 

Testing 16 male good readers and 16 male peer readers, 

matched for IQ, Vande Voort and Senf found that their 

results did net replicate Birch and Belmont's (1~€4) 

results, but neither were the results what the experimenters 
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all the tasks, 
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Sccres cf the retarded readers were lower on 

tut the difference was significant only on 

the vs-vs task. Correlating error scores and reading sccres 

for the retardEO readers, cnly the vs-vs task was correlated 

significantly with reading scores. The VS-VS task was also 

the task with the longest ISI. !his study was not designed 

to test short-term memory effects, tut the results suggested 

that a memory deficit might be involved. 

Vande Voort, Senf, and Benton extended these results ty 

examining the ISI variable as well as using a larger sample 

of subjects (48 each of retarded and ncrmal readers). !hey 

also examined 

groups ty age. 

vs. 

develofmental trends by separating their 

They used three tasks: AT-AT, vs-vs, and AT-

Regarding Birch and Belmont's develofmental hypothesis 

that auditory-visual integration improves with age, Vande 

Voort et al. found that the elder ncrmal readers did better 

than the ycunger ones, but only in the longer ISI ccndition. 

This suggested that the critical develcfmental factor may te 

cne of memcry rather than integraticn. In answer to Eirch 

and Belmont's hypothesis that retarded readers wculd shew 

de lay in the develcfment of integrative abilities, retarded 

r eaders were deficient on the AT-VS task relative tc the 

normal readers, but they were alsc fCOrer on the vs-vs and 

AT-AT ccnditicns. 
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One of the cautions Vande Voort, Senf and Eenton suggest 

in interpreting these results is that a crcss-secticnal 

design in the study cf reading disabilities may result in a 

sample with progressively more severe handicap in the elder 

age groups, since readers with milder frcblems are returned 

to r e gular classes as their reading improves. 

Intertask correlaticns were obtained on the screening 

variables used in the study. Normal readers had r.igh 

correlations across all the skills involved in reading but 

the reading disabl~d children did not. Vande Voort et al. 

suggest that different subjects in the retarded reading 

group account fer low scores en different tasks, depressing 

group scores without reflecting the individual weakness cf 

each child. 

The full range of stimulus combinations was finclly used 

by Eryden (1572). He varied beth the auditory-visual 

dimension and the temporal-spatial one. Bryden used tcne 

s equences (AT), light flashes (VT), and visual-spatial dot 

patterns (VS). He presented them in all orders and 

combinations. 

subjects differed in reading level, with the poor readers 

having a mean reading retardation of 1.5 years cc~parea to 

their grade level. The two subject grcups were matched for 

age and IQ. There were 10 beys and 10 girls in each grcup. 

The initial analysis showed nc sex differencs in reading 

performance, and the groups were collapsed across sex. 
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The stimulus patterns were shorter than these of Kahn and 

Birch (1968) which had shown a correlation tetween reaaing 

ana matching task Ferfcrmance in the elder grades. The 

ISI's in the Eryden study were short (2 seconds); these two 

factors may have contributed to the c eiling effect wtich 

Bryden otserved for the geed readers. The ceiling effect 

limits the breadth of conclusions which should te arawn. 

Results frcm the analysis showed that the matching tasks 

did differentiate the two reading grcUFS• There was no task 

by reading group interaction--the poorer reaaers dia Kcre 

poorly than tte good readers on all the tasks. This study 

frovided nc support for the Birch and Belmont hypcthesis 

that there is a specific auditory-visual integrative aeticit 

for retarded readers. 

Analysis 

difficulty 

of variance did 

cf the varicus 

indicate 

matching 

differences in 

tasks. The 

the 

tasks 

fresenting a spatial pattern first were much easier (results 

of whole grouF). A subsequent series of multi;le t-tests 

revealed that the FCCr readers fcund the AT-AT task 

significantly harder than the gcod readers did. 

Bryden found different intertask ccrrelaticns in the two 

groups, and different correlaticns between the matching 

tasks and the screening tests; the peer readers tad hi~her 

correlations tetween matching tasks and IQ than the normal 

readers. However, the ceiling effe ct for the normal readers 

calls both cf these findings into question. 
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The Bryden study is cited as cne cf the few adeguate 

tests of Birch and 

( B r ya n t , 1 9 7 5) • 

great deal more 

Belmcnt's senscry integraticn hypothesis 

Though Eryden's results suggest that a 

than senscry integrative atility 

differentiates good and fCOr readers, a clearer pattern of 

differences might emerge from a series of tasks witt a 

high er ceiling for the gcod readers. 

The tasks used in the studies reviewed atcve were 

appropriate tc the hyFotheses 

studies exflored the way that 

under investigation. 

simfle percepticns 

'The 

frcm 

different sensory modalities were recognized as equivalent. 

The studies have indicated that the tasks are not as simple 

as they looked on first viewing; the tasks can indeed 

discriminate tetween grcups of geed and foor readers, but 

the basis cf that distinction is not clear. 

Further mere, early studies 

integration often used auditory 

of cross-medal sensory 

and visual ferceFtual 

me asures to rule cut perceptual deficits, and assumed they 

had demonstrated competence on the ipsi-modal coun terfarts 

of the integration tasks . Bryden's testing of the ipsi­

modal performance of the poor readers did net SUffOrt that 

view. His subjects were imfaired en all versions of the 

tasks . With this in mind, it is appropriate tc review scme 

recent studies which have investigated specific deficits 

which might be relevant to dyslexia . 
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1 . 2 . 2 Spe c ific Defic its 

To l:egin with an elementary level of information 

f roce ssing: Pa vlidis ( 19 81) re forts irregular eye ll'OV€ m ents 

in dyslexics in a task designed to be free from memory 

r e quire ments and linguistic factors . He attritutes 

s equencing difficulties in dyslexic reading tehavior to 

sequencing prol:lems in the 

r ead e rs . 

eye ~cvements of dyslexic 

I1 aisto and Sipe ( 19 8 0) u sea a reaction time measure in a 

task requiring recognition of letters as the same er 

different frem a set of two, three er fcur l e tters presented 

first. Some of the stimuli were visually degraded by placing 

a ch eckertoara design ever t he letter. Dyslexic subjects 

took lenger to recognize the degraded letters than the 

normal control subjects, an d the dyslexic subjects• reaction 

time s were more strongly affecte d ty the degraded stiuuli 

than the t i mes for normal subjects . !he results suggests 

that visual processing may te more vulnerable to 

interference in dyslexics than in ncrmal readers . 

Blank , Beren 2weig , and Er id ger ( 197 5) found that retarded \ 

r e ad ers had slower reaction times to complex visual stinuli 

than to simple ones , and that all reaction times were slow ed 

in t he retarded readers wh en a complex stimulus was present. 

This effect eccurred whethe r all stimuli ~ere in the same 

modality or not. 
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Negative evidence for a visual perceptual deficit has 

been asserted by Vellutino et al. (1975b, 1975c). 'Ihe first 

study presents visual material briefly and requires the 

subjects to cofy it or read it aloud. The dyslexic ard 

normal groups were not different in the copying t2sk, but 

they did differ in pronouncing the recalled stimuli. 

Ve llutino concludes that visual perceftion in dyslExic 

children is intact, but that verbal codifying is the skill 

in which dyslexics are deficient. 

matched ty ase and net by reading 

Since the sutjects were 

skill, Vellutino has 

demonstrated that dyslexic children are indeed fccrer 

readers than ether children cf the same age. 

It is useful tc compare dyslexic children with ncrmal 

children of the same age when the perfcrmance being measured 

is thought tc be a part of the complex task cf reading. 

When the experimental task is itself a reading task the 

groups must be matched ty reading level rather than age, er 

the experimental task does no more than verify the 

assignment tc groups on the tasis of reading skill. 

In the second study, Vellutinc (1975c) tested three 

grcups of children for their ability to recognize Hetrew 

l e tters after being given three of them to study. One grcup 

was disabled in reading; cne, ncr~al; and the third group 

consisted of very tright Hebre w childre n from a Hetr ew 

school. Bet~een the children who were not familiar with the 
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Hebrew alphal:et, there were no grcuF differences on the 

tasks. It was unclear from Vellutinc•s descripticn what a 

chance level cf perfcrmance would have been, but none of the 

non-Hebre~ groups had mean scores higher than Vellutino•s 

estimate of chance Ferformance. 1he great IQ differences 

between the groups would have confounded the results further 

if either of the ncn-Hebrew groups had been able tc execute 

the task. Prem this material Vellutinc ccncludes that ttere 

are no differences in visual memory bet~een good and poor 

readers. A mere appropriate conclusion would have teen that 

good and pocr readers do not differ on a task that neither 

can do at all. 

Another tyFe of SFEcific deficit which might be involved 

in dyslexia is cne of auditory temporal perception. Tallal 

and Piercy (1974, 1975) have investigated this with 

dysphasic children and have found that these children have 

Farticular difficulty with speech sounds which have fast 

formant transitions, such as the step consonants. In a 

study of dyslexic children, Tallal (1980) used nonvertal 

stimuli and found the greatest deficit in ccnditicns cf 

short interstimulus intervals. these results correlated 

highly with the difficulties the sutjects had witt Fhcnics 

testing: the sul:jects FCorest en the short ISI task 

conditions were the ones with the lowest Fhonics test 

scores. 
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Brandt and Bosen (1980) teak another approach to the 

issue of fresumed deficits in auditory perceftion. Their 

study used consonant-vowel combinations differing in the 

time of voice onset ('ta' versu:: 'da '), or in flace of 

articulation ( 'ba• or 'ga'). Children were reguired to 

repeat the stimuli, then on other tasks they were asked to 

indicate whetter the two stimuli were the same or different. 

Brandt and Rosen concluded that the dyslexic children were 

not significantly imfaired in the ability to extract 

fhonemic information 

since 

from speech. 

it may be more premature, 

Fhonemic 

syllables. 

information from speech 

1.2.3 

This conclusicn may te 

difficult to extract 

than £rem isclated 

The importance of memory effects has been suggested by 

several of the studies reviewed abcve. As in most of the 

literature on memory and dyslexia, a distinction is made 

between visual and verbal memory. 

A study by Ceci, lea and Bingstrom (1980) examined ceding 

processes and memcry in dyslexics. Ceci et al. separated 

groups according to scores en the visual and auditory memory 

subtests of the Detroit Tests of Learning Aptitude (Eaker 6 

Leland, 15 5 9) • Children with lcw sccres on the auditory 

subtest were defined as auditory-memory handicapfed, and 
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those with low visual suttest scores as visual-me~ory 

handicapped. !he dependent variatle was a measure cf the 

extent to which a semantic cue imfroved memory. In toth 

groups memory was improved by a semantic cue fer items 

present ed in the weaker modality, thcugh memory was not 

improve d in the modality which was not difficult fer the 

child. Specifically, children defined as auditorially 

handicafped would remember auditorially presented material 

better when given a semantic cue; their memory for the 

visually presented material was eguclly good with or withcut 

the cue. A siuilar fattern was found for the children 

defined as visual-memory handicapped: they benefited frcm a 

s e mantic cue with material fresented visually, but the cue 

did not imfrove memory for items presented auditorially. 

Ceci et al. interfret their results as evidence for 

se parate access to semantic memory by auditory and visual 

systems. An alternative explanation is that childre~ may 

have differed in their Sfontaneous use of verbal codes for 

the stimuli in these tasks. 

A study ty Hicks (1980) examined another memory task and 

discove red that the vertal or non-vertal quality of test 

materials may te less clear-cut than the designers cf a test 

intende d. Though the Ceci et al. study is tased en a 

distinction tetween auditcry and visual materials, Hicks' 

study suggests that the children's use of vertal ceding may 

be ar on the interfretation of the ir results. 



28 

Hicks studied one subtest cf the Illinois Test of 

Psycholinguistic Abilities (ITPA; Kirk, McCarthy, & Kirk, 

1968). She administered the visual sequencing subtest in a 

se ries of experiments to see what the test measured, hew 

children performed it, and how gocd and fOOr readers 

differ e d in the skills necessary tc perfcrm the test. She 

first gave the test to 20 competent readers and asked them 

to explain afterward hew they did the tasks. She fcund 

that, though the test was supposed to te non-vertal, the 

children who did well on it had used a strategy cf naming 

the symbols. She then readministered the test, requiring 

all the children to label the stimuli, and recall the verbal 

sequence. lhe labelling strategy eliminated the difference 

tetween the groups (though there may be a confounding factor 

in that both groups had learned the items by repetiticn at 

the time cf the second testing). 

Hicks used this procedure several times, taking groups of 

dyslexic and normal children, giving them the visual memory 

subtest, asking them fer their strategy and then repeating 

the test with mcdified instructions. She fcund acre 

children who spontaneously used verbal coding in the ~ocd 

reader groups than in the dyslexic groups. After the first 

administration cf the task, she separated the groufs by the 

strategy used, and evaluated the changes in performance 

resulting from different instructions. She found that the 



29 

advantage shcwr. by the verbalizers disappeared ~hen they 

were reguired to say •the the the the' as they were doing 

the task, but the visualizer 's perfcrmance was net 

significantly different in that ccndition. 

that when all the children were instructed 

stimuli, the dyslexics still did more FOOrly, 

She also fcund 

to label the 

but they did 

show a significant improvement ever their original 

performance using a visual strategy. 

The Hicks study should be replicated, primarily because 

of the imFlications of the findings, but also tecause cf 

some weaknesses in design. Though Hicks stated that all 

subjects were within average range on the WISC, she did net 

give group means and standard deviaticns. The possibility 

of ceiling effects with the second administrations cf the 

test should also te examined. If the informaticn is 

reliable, it is of mcment for studies cf memory in dyslexia 

and for the identification of dyslexics according tc the 

visual or auditcry nature of their handicap. 

We are left with several questicns raised in the ccurse 

of this research. 1he first ccmflex of questions arises 

from the issues of memory, 

facility. 1hough these 

temporal seguencing, and verbal 

tofics are usually treated 

separately, it may be fruitful to consider them together. 

Sequential stimuli, by the nat ure cf their construction, 

take more time tc Fresent than Sfatially presented ones. 
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This in turn implies that the memory demands of the two 

types of stimuli are different. It may be most meaningful 

to consider temporal processing and short-term memory 

together, as Vande Voort, et al. (1972) suggest. 

Blank, et al. (19EE,1S6E) emphasised that vertal 

me diation may play an important part in mastering the rrcre 

demanding stimuli. Frcm this idea, a fOssible relationship 

between temporal processing and vertal skills emerges. 

It might be useful tc consider the tyFe of vertal skills 

involved in these tasks. The high incidence of childre n 

with early language problems in the population of dyslexic 

readers points toward a general language deficit as teing 

important in dyslexia (Yule & Butter, 1976). Verbal skills 

may also be involved in learning to learn. A mental precess 

cne step removed frcm the activity itself may be involved as 

childre n learn to generate strategies which will helf them 

perform a difficult task. 

It is important to ask whether dyslexia is a unitary 

disorder or a symftcm. Dees it result from any of several 

unitary disorders, or from comtinations cf frctlems? 

studies such as these reviewed above, which look for common 

characteristics of a group of subjects, may discover unitary 

disorders, tut they are less likely tc frovide clear results 

if dyslexia is a symptom of many disorders or comtinaticns 

of disorders. In the studies described above, evidence for 
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the presence cf several deficits accounting fer frcblens in 

different children arose incidentally, as in Vande Vocrt, 

Senf and Benton's (1972) intertask correlation matrices. 

Se ve ral researchers have in vest igat e d dyslexic 

populations for evidence of subtyfes of dyslexia. Some 

researchers described dysexia in terms of the types cf 

reading errors the children made (Bcder,1973; r:oehring, 

1979) • ethers based their definitions en characteristic 

profiles of sccres on psychological or neuropsycholcgical 

tests (Mattis, French & 

Bourke, 1979; Satz & Morris, 

Rapin,1975; Petrauskas & 

1980) • Although this is an 

important area of research in dyslexia, detailed ccmfariscn 

of these classification systems is beycnd the scope of this 

pa per. 

1.3 CBOSS-BODAL CO~PIBISOB IN I BEIDIBG l!~l 

In her 1S7€ review, Blank wrote of two general afproaches 

to the study of dyslexia • . One approach is tc examine the 

dyslexic reader tc find deficits which might be causing the 

reading protlem; the ether is to examine the demands of the 

reading task itself. Eirch and Eelmont•s original article 

was a result of the second approach, though the research 

generated by it has had more to do with the the deficits cf 

the dyslexic. 
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one recent study which has returned to the reading task 

as the basis cf analysis is that cf Snowling (1980). This 

study compared normal and dyslexic readers in their 

performance of a cross-modally presented reading task which 

r e quired ccmparing words which they had never seec befcre. 

Snowling•s hypothesis was that the grcufs would differ in 

their grapheme-phoneme conversion skills. 

Snowling used a same-different ccmfarison of four-letter 

nonsense words as her experimental task. Words were 

fresented either visually or auditorially, and subjects 

indicated whether a ccmfariscn stimulus, which could be 

either visual or auditory, was the same or different. Thus 

she presented four conditions: visual-visual, auditory­

auditory, visual-auditory and auditcry-visual. 

snowling•s nonsense word pairs differed only in the crder 

of the middle twc letters: e.g. •sncd-sond'. All were 

frcnounceable. !welve pairs were given in each cf the fcur 

conditions; of these, six pairs were the same and six were 

different. 

subjects were normal readers and dyslexics cf beth sexes 

at different reading levels. Children were matched by 

reading level instead of age. since the experimental task 

was a reading task, it was essential that that the word 

r e cognition skills of the two groups be comparable. 
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Scores were calculated as g~ values. !his statistic frcm 

signal detection analysis estimates a score in ~ units fer 

the distance tetween the means of two distrituticns fcrmed 

ty the subject's percefticns of same and different stimuli. 

(For detailed explanation of the g~ statistic, see Ccren, 

Porac & Ward; 1979, Chapter 2.) Analysis of variance was 

performed en these scores, with subsequent ! -tEsts and 

correlaticnal analyses. 

Snowling reported no overall differences between the 

groups, but different age trends did emerge. Performance in 

the normal grcuf increased with increasing reading age, but 

in the dyslexic group it did not. comparing ferformance en 

the cross-modal tasks, the dyslexics performed more pocrly 

at all levels except for the lowest reading age. Analysis 

of variance sr.owed one significant interaction tetween 

conditions and groups. Multiple i -tests indicated that the 

interaction effect was due to the normal grcuf's superior 

performance on the Visual-Auditory matching task. 

Snowlins concluded that reading performance of the 

dyslexic group was qualitatively different from that of 

normal readers of the same level. She suggested that 

dyslexics dEvelop a fairly large sight vccabulary but that 

their skills at grapheme-phoneme conversion remcin at a 

primitive level. Since the groups did not differ in the 

other three conditions, Snowling interpreted her finding as 
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evidence of a SFecific deficit in grapheme-phoneme 

conversion, which she considered to be analogous to cases of 

acquired phonemic dyslexia in adults. She stated that her 

r esults imFlied a selective impairment of the •graphem e ­

Fhone me rcute• to reading. 

Several fOints should be made about Snowling•s 

conclusicns. First, she founa that all cf her grouFs did 

very we ll on the A-A condition where sutjects comfared two 

auditory presentaticns cf the stimuli. When Snowling•s 

four-l e tter nonsense words differed within the pair, they 

differ e d only in the order of the middle two letters. 1his 

was assumed to provide difficulty both auditorially and 

visually. Howeve r, examination of the stimuli shows that in 

the case of a ccvc-cvcc pair (e.g. 'kleg-kelg ') , the initial 

a nd final consonant blends are different, 

auditory differences in the r;air. In 

above,the initial scunds are ;kl-; vs. 

producing several 

the example 

/k-/; the 

<;iven 

final 

sounds are /-g/ vs. /-lg/. The vowel sound also ctanges in 

interaction with the conscnant blends. Snowling•s subjects• 

high score s on the auditory-auditory condition may therefore 

indicate multiple auditory differences in the stimuli rather 

than acute auditory perception in the subjects. 

Secondly, Sncwling stated that only on e strate gy was 

available for the V-A task. She assumed that the children 

would have tc ccnvert the visual stimulus (the graphe me) to 
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its auditory counterpart (the fhoneme) fer ccmpariscn with 

the second stimulus of the pair, which was auditory. 'Ibis 

may be the most likely strategy tut it is not the cnly 

fossible one. Children could alsc have read out the letters 

of the visual stimulus and tried tc SFell the auditory one. 

'Ihey could have used different strategies for aifferent 

items in the same ccnditicn--there is no reason to assume 

consistent choice of strategies. 

Snowling•s interfretaticn may be exfanded further by 

taking intc account the ambiguities of English spelling and 

pronunciaticn. Letters may vary in pronunciation, and 

different letters may make the same sound. The ccnsonants 

/c/,/s/, ana /9/, for exaffiple, have more than one 

Fronunciation. Vcwels are particularly difficult. Each has 

a range of pronunciations which varies in cifferent 

consonantal contexts (Strange, Edman & Jenkins; 1979) • 

Vowel ranges overlap: one sound may be made by several 

different vowels. In spelling, several different letters 

are often available for each scund (Shankweiler & Iiberman, 

1972; Gibscn & le vin, 197 5) . 

These amtiguities add to the ccmFlexities of the 

comparison task. One ccmparison may net have been enough to 

complete the task. Subjects may have had tc try several 

pronunciations or spellings befcre satisfying themselves 

that a pair ~as 'different•. 
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Thus it may be misleading to refer to poor grapheme­

fhoneme ccn version skills as a 'specific' deficit. The 

complexities of English spelling ana pronunciation nake 

l e arning the grapheme-fhoneme ccnversicn code a very comflex 

task indeed. Furthermore, while the dyslexics were more 

disabl e d in this task than readers cf the same overall skill 

level, it must te remembered that they were alsc disatlea in 

all reading skills relative tc children of their own 

chronological ages. 

In her conclusicn Snowling makes an analogy between the 

dyslexic children's performance on the Visual-Auditory 

matching task and a reading deficit seen in some aphasic 

adults. She cites studies by ~affran and Marin (1977) and 

ty Pat terscn and Marcel (1977) cf aphasic patients whc 

retain the atility to read real wcrds with irregular 

spellings, such as 'character', while being unatle to read 

regular ncnsense words such as 'flcre'. These studies 

support the idea that different parts of the reading Frccess 

may be disrupted by brain damage. 

Marin (1977) caution: 

However, Saffran and 

Phonenic dyslexics learned to read tefore 
incurring train damage. One should therefore be 
careful in drawing implications for the 
acquisition cf reading skills. Orthographic 
reading mechanisms may, in fact te difficult tc 
acquire without scme basis in i:hcnclogy. (p. !:24) 
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Furthermore, cne cannot assume that dyslexia is a result 

cf brain damage. If, however, dyslexia resulted f rem a 

neurological abnormality not recognized as brain damage, the 

abnormality is likely to be subtle, in contrast tc the adult 

dyslexics' cbvicus impairment. If neurclogical impairment 

were the result of an old, undetected injury, the structural 

changes resulting frcm the damage wculd not necessarily be 

restricted to the area immediately surrounding the injury. 

Since develofing brains change mere readily than adult 

brains, children are less likely than adults to have 

localized brain abnormality as a result of train damage. 

The study presented in this thesis also examined 

performance on a reading task presented in a cress-medal 

comparison Faradigm. As in Sncwling•s study, pairs of 

nonsense words were presented auditorially, visually, and in 

two cross-modal presentaticns. Half of the word pairs 

differed ~ithin the pair and half were the same; sutjects 

were required tc indicate whether the fairs were the same or 

different. Four comparison conditions were presented: 

auditory-auditory (A-A), visual-visual (V-V), auditcry-

visual (A-V), and visual-auditory (V-A). Nonsense words 

were used as stimuli in order to compare performance between 

groups using phonetic skills without help frcm sight 

vocabulary. 
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Stimuli were chosen tc present difficulty auditorially er 

visually. Scme of the stimulus pairs were similar to those 

used by sncwling: four-letter nonsense words differing cnly 

in the orcer of the central twc letters. Other pairs 

differed in cne letter in the initial, central, or final 

position. The letters which varied within the fair were 

visually similar fer some of the pairs (Liber­

man,Shankweiler, Orlando, & Bell Eerti,1971). The remaining 

pairs differed in letters which were auditorially similar 

(Miller & Nicely, 195:). Some letter pairs were confusable 

both auditcrially and visually (e.g. /b/ and /d/). ~ince 

the difficulty prcvided by each stimulus pair was 

theoretically rather than experimentally defined, the same 

stimulus master list was used fer all fcur conditions of the 

experimental task, 

condition. 

with the order differing for each 

The experimental task was given to three 

subjects: normal, slew and dyslexic readers. 

reading at the level appropriate to grade two. 

groups cf 

All were 
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Chapter II 

BYFOTBESES 

The first hypothesis to be examined was whether there 

were overall differences between the three groups. If 

groups are matched for reading level, is there a difference 

between the performance of the three grcuFs en the 

experimental task? SFecifically, is there a multivariate 

effect of these four experimental conditions tcgether? If 

phonetic skills in general are particularly difficult for 

dyslexic children, then the scores of the dyslexic grcup 

were predicted to be lower than for the normal and slow 

groups en a ccmposite measure based en all four scores. 

The second hypothesis to be explored ccncerned SFecific 

perceptual problems in dyslexia. If dyslexic rea6ers tave 

problems with phonetic skills Frimarily because of auditory 

Ferceptual prcblems, then it was 

the dyslexic grcup wculd be lower 

en all but the V-V condition. 

predicted that scores for 

than for the normal group 

Visual perceptual prctlems 

would produce a similar profile with the A-A condition teing 

the only cne not depressed. 

A third hypothesis arose from Sncwling•s finding of a 

specific impairment in dyslexic children in visual-auditory 
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compari::on tasks (Sncwling, 1980) . In the present study, 

replication of this finding would show in lcwer scores for 

the dyslexic children in the V-A condition ccmpared tc the 

other groups. 

The author assumed that the amtiguities of En~lish 

spelling and fronunciaticn added significantly to the 

difficulty cf the cross-modal presentations. If the cress­

modal conditicns were more ::ensitive to general cognitive 

deficit, and if the slew reader grcup were less impaired in 

sensory perceptual ability than the dyslexic grcup, then the 

scores of the slow group would be similar to those of the 

normal group on the ipsi-modal conditions, and lcwer than 

scores of the normal grouf on the cress-modal tasks. !he 

slow and dyslexic groups would toth show deficits in 

performance of cross-modal tasks, 

group. 

compared to the ncrmal 

Hypotheses 2,3, and 4 are summarized graphically in 

Figure 1. 

Two post hoc analyses were planned for these data. The 

first was related to Hypothesis 2. If dyslexia resulted 

frcm visual perceptual disability in some children and 

auditory disability in others, there would te twc or ~ere 

types of performance deficit visible in these data. ~ome 

of the dyslexic grcup would show high performance en the A-A 

condition and some on the V-V condition, relative to their 
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l e vel of perfcrmance en t he ether ccnditions. A post hoc 

analysis was use d to examine this fCssibility since the 

study was not de signed to distinguish tetween 
' 

sucgrcuf~ cf 

dysl exic sutjects. 

For th e post hoc analysis a difference score was 

calculated by subtract ing each subject's V-V score from t he 

A-A score. The freguency of strongly positive or negative 

values was ccmpared tetween the three groufs. 

A s econd post hoc analysis was planned tc ccmpare the 

types of errcrs made ty each grouF cf subjects. For this 

analysis the ite ms were regrouped. Only the pairs which 

were different were ccnsidered; they were separated 

according to the location of the letters which were 

differ ent. 

fosition; 

(Fer examfle, 'bok-vok' differed in the initial 

•vcp-vok', in the final, and •tik-tek', in the 

central positicn. The percentage correct for each tyfe of 

pair was calculated for each grcuF cf subjects. 



41 

l e vel of perfcrmance en the ether ccnditions. A post hoc 

analysis was used to examine this FCSsibility since the 

study was not designe1 to distinguish tetween sutgrcufs cf 

dyslexic sutjects. 

For the post hoc analysis a difference score was 

calculated by subtracting each subject's V-V score from the 

A-A score. The freguency of strongly positive or negative 

values was compared tetween the three groufs. 

A second post hoc analysis was planned tc compare the 

types of errcrs made ty each grouF cf subjects. For this 

analysis the items were regrouped. Only the pairs which 

were different were ccnsidered; they were separated 

according to the location of the letters which were 

different. (Fer examfle, 'bok-vok' differed in the initial 

FOsition; 'vcp-vok ', in the final, and •tik-tek', in the 

central position. The percentage correct for each tyFe cf 

pair was calculated for each grcuf cf subjects. 



3. 1 .12.Y~!Il~.1.§ 

Chapter III 

f!ETBOD 

43 

Three groups of thirty subjects each were selected from 

Greater Victoria School District 61 tc form grcups of slow, 

normal and dyslexic readers. 1he 90 subjects came from 14 

schools, representing a cross-section of Victoria's 

socioeccncmic envircrments. 

All subjects were reading at a level appropriate t o grade 

two as measured by the W:RAT (Level 1). In Victoria the n.ean 

raw score for grade two is apfrcximately 50 

extrapolated from McAllister's norms). Scores 

sample ranged from 41 to 65. 

(mid-year; 

in this 

Some of the children identified ty teachers as reading at 

approximatelj grade two level obtained WRA1 raw sccres 

outside the ~1-65 range; those children were not included in 

the sample. !he three experimental grcups were screened 

from 133 sutjects given the WRA!, PPVT and Block Design 

measures. 

Groups were defined in terms of the regression eq uation 

de rived frcm McAllister 's normative data, descrited earlier . 
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WRAT scores were predicted from the child's age, PFVT sccre, 

and WISC Bleck Design sccre; and the predicted WRAT sccre 

was compar e d to the child's observed iBAT score. Eecause 

McAllister's norms were based on the 1959 editicn cf the 

PPVT, t he same edition was used in the present study. 

The regression eguation used to calculate the predict ed 

WRAT score was: 

Pred. 

22.56 

WRAT = Age X 6.33 + (fFVT X .32) + ( B • D. X • 1 i) 

Predictor variables we re entered in the eguaticn in crder cf 

variance accounted fer. Age accounted for the most variance 

and Block resign raw sccre accounted fer the least. 

All scores were raw score values. Standard errcr cf 

predictior. on t he regression eguaticn was 8.65. A differ ence 

greater than 1.5 standard errors of measurement between 

predicted and observed WRAT scores was chosen as the cutoff 

point for defining the three grcUFS• Thus, the nor[al group 

consisted of grade two children reading at grade level, 

whose predicted and observed WBAT scores differed by less 

than 13 points. Slow readers were defined as these children 

older than the age afprcpriate for grade two but reading at 

grade two level, whose predicted and cbserved WRAT sccres 

were within a 13 feint range. The dyslexic group were older 
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children ,reading at grade two level, whose observed iRAT 

scores were mere than 13 points lcwer than the score 

predicted for them on the basis of their age, PPVT sccre and 

Block Design score. Difference sccres and the other 

defining measures are shown in Table 1. 

T AEL E 1 

Group Defining Measures: Ages, Test Scores and Difference 
Scores 

GRCUP 

Normal Slow Dyslexic 

Measure Mean SD %ile Mean SD \tile Mean SD 

H ~ 
Age 7.4 • 3 9 . 0 .8 10.8 1. 3 
PPVT 73. 1 7.9 50 73.4 7.7 30 8 1. 7 7. 8 2 5 ) 
Elcck Design 21. 4 5.9 60 2(.9 S .7 20 2 9 . 7 11. 0 @) 
iRAT 54.2 6.0 65 56. 2 5.8 >2 53.4 6. 1 >2 
Difference +2.E 5 . 8 -5.0 4.7 -23.5 8.2 

Difference = (Observed - Predicted i'RA 'I scores) 

The dysle~ic and slow groups were obtained thrcugh 

remedial reacing Frogrammes cffered by Greater Victoria 

School District 61. The study began with children enrclled 

in the 1981 Summer Schoel reading frogramme, and continued 

through January 1982. Foor readers were located with the 

help o f learning assistance teachers in the schools . Normal 

readers ~ere selected from the grade two classes of the 
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schools attended by the slow and dyslexic readers. Parertal 

permission fcrms were sent home with all children suggested 

by the teachers for this study, and those who returned 

signed forms were tested. All children were given the WRAT, 

PPVT and Elock Design subtest by the author and Flaced in 

groups on the tasis cf those sccres. 

3.2 STIBOLUS SELECTIOI 

Pilot wcrk with 10 normal children at the end cf grade 

one indicated that stimulus fairs such 

resulted in near-perfect performance in the 

and chance ferfcrmance in the V-V ccnditicn. 

were difficult to distinguish visually 

auditorially. 

as Snowling's 

A-A conditicn 

These stimuli 

but very easy 

A master list of items froviding sufficient visual and 

auditory difficulty was then constructed (Appendix A). The 

stimuli were ortbcgrafhically regular nonsense words, not 

homoFhonic ~ith real words. There were 42 stimulus pairs in 

the master list. The list contained three- and four- letter 

nonsense words; the three-letter wcrds differed in only one 

letter and the four-letter pairs differed in the order cf 

the middle two letters. All ncnsense words were 

fronounceable. The three-letter words were eve 

combinations; the four-letter cnes ccvc-cvcc. 
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Eighteen of the pairs differed in ways that are difficult 

to distinguish auditorially. Consonants which are knewn to 

l:e easily cen fused (Miller & Nice 1 y, 19 55) were varied in 

the initial fCsition in six of the pairs, (e.g. 'bok-vck') 

and in the final position in another six pairs (e.g. 'fep­

f e k') • six mere Fairs differed in vewels having similar 

sounds ( 'bip-bep '). Some of the easi ly confused scunds 

identified l:y Miller and Nicely are written in English ty 

digraphs: e.g. /th/ - /f/. For this reasen the auditorially 

confusible pairs contained some words of unequal length such 

as ' fip -thip'. 

Another eighteen 

sources of visual 

i:airs were 

confusion. 

censtructed to provide 

Similar-looking censenants 

were varied in the initial fcsiticn fer six pairs ('biv­

div'), in the final position for six more (' lul:-luc'), and 

visually similar vcwels differed in the remaining six three­

letter pairs. 

Six four-letter 

differing cnly in 

nonsense word pairs were also used, 

the order cf the middle two letters. 

1hese four-letter word pairs were similar to those used by 

Snowling (1980), except that for the present study all items 

began and ended with a ccnsenant, and all were of one 

syllable. 

Each stimulus pair frcm the master list could be 

presented in four ways, differing in order and sameness. 
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Thus the pair 'bck-vok' could be given in fcur cifferent 

forms: 'bck-vok', •vok-bok', 'bok-bck' or •vok-vok'. The 

stimuli on the master list were all presented in each cf the 

four experimental conditions (A-A, V-V,A-V, and V-A). '!he y 

were given in a different form in each condition. The crder 

of stimuli was randomized for each experimental list, with 

equal numbers of same and different Fairs given on each list 

(Afpendices E-E). 

The auditory stimuli were recorded en audio tape, reaa ty 

the author, a female with a North American accent 

inconsficucus in Victoria. The nonsense words were printed 

by hand in MacLean•s manuscript alfbabet on 3" X 5" white 

index cards. 

3.3 PBOCEDUBE 

The WISC-R Block Design subtest, the PPVT, and the ijEAT 

reading subtest were given first, in that order, in a 

session lasting about twenty minutes. Standard test 

administration was followed for these three tests, and the 

children were given a decorative sticker at the end of this 

session. 

The second session followed after a variable amount of 

time. Most children received both sessions the same day tut 

in some classrcoms this amcunt cf interruption was not 

possible and the second session hac to be given er ancther 

day. 
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During the second session the experimental tasks were 

given . The A-A condition was given first , V-V seccnd , A-V 

third and V-A fourth. Since it was expected that the 

demands of the cross-modal tasks were greater than the iFsi­

modal ones , the easier conditio~s were given first to 

familiarize the children with the procedure. It is unlikely 

that there was any learning of the items themselves since 

the children had no way of predicting the order of the items 

or whether the Fairs were to be the same er different on any 

trial. '!'hey we re not given the same f erm of any Fair twice . 

This session lasted about forty mirutes , and the children 

were rewarded with stickers at intervals throughout the 

session . 

Inst ructions were SFOken rather than read . The author 

repeated instructions or demonstrated as necessary , checking 

that subject and author were using the same wcrds fer the 

coding symtols. When the child shewed understanding of the 

instructions ty repeating them in his own words , a numter of 

practice trials were given orally , with correction of 

errors. 

The instruct ions were "I am ge ing tc say two words that 

don ' t mean anJthing . I want ycu to tell me if they are the 

same as each ether or if they are different. 1he way I want 

you to tell me if they are the same is to put a check on 

your paper." At this time the authcr made sure that she and 
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the child called the same symbol a check. "And if the two 

words are different, put an 'X' on ycur paper. 

"Now what if you heard the words •vck' and 1 VCF'. Are 

they the same er different? What wculd you put on your 

pa per? l. h at about ' ti k ' , ' be k ' ? w h at if you he a r d ' t ck ' , 

'vok'?" After the child demcnstra ted understandin ~ of this 

part of the instructions, a short practice session was given 

with the author reading the stimuli. Then ancther practice 

was given using tape recorded practice trials. Eefore the 

experimental tasks were begun the child was told, "You will 

have to listen carefully, because I can stop the tape if you 

n eed more time, but I can't make it go backward." 

A similar introduction was given for each cf the 

experimental ccnditions, with Sfcken instructions first, 

followed by practice trials using the tape reccrder. 

Each trial in the A-A conditicr, teak approximately ten 

seconds, allcwing time for the child to respond. If ten 

seconds were not long enough, the tape could te stepped 

before the next trial. 'Ihe voice en the tape announced the 

number of each trial at second zero, then after twc seccnds 

the two nonsense words were spoken about one second apart. 

'Ihe child ~as given as much time as he needed to write his 

answer on the answer sheet. In crder to stop the tape 

before the next stimulus if necessary, a tap was recorded at 

the seventh seccnd of each trial, signalling thr e e seconds 

to the beginning of the next trial. 
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In the V-V ccndition the taFE was not used. The 

experimenter announced the number of the trial and then 

turned up the first card for approximately two seconds, put 

it face down and turned up the next one for ancther two 

seconds. When tte child finished writing his response the 

next pair was similarly presented. 

The A-V condition made use of the tape again, and again 

t e n seconds was used for for each trial. The numter cf the 

trial was anncunced and at two seccnds the first member of 

the pair was spoken on the tape. Then the 

turned up the correspcnding card, visually 

se cond member cf the pair for two seconds, 

experimenter 

presenting the 

then laic the 

card face down. Three seccnds befcre the next trial was a 

warning tap (for the experimenter) so that the tape cculd t e 

stopped if the child needed more time. 

The V-A condition took longer for each 

trial--approximately twelve seconds. In the third conditicn 

(A-V) the exFerimenter could get ready to turn up the card 

while the auditory stimulus was being presented, but when 

the visual stimulus was first there was a time lag of about 

two seconds \bile the card was teing picked up. In this 

condition the trial number was read at second zero; ther e 

was a four-second pause for turning up the card and exposing 

it for two seconds, followed ty a tap tc tell the 

experimenter to turn the card dcwn again. The auditory 
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stimulus was read at seccnd five, there was another warning 

tap at second nine, and the next stimulus was announced at 

second t~elve. 

Each condition ccnsisted of 42 trials. At the end of 

each condition the recorder was turned off, and the child 

was allowed to choose a sticker. 

at the end cf the EXFeriment. 

An extra sticker was given 



4.1 §~g~i§ 

Chapter IY 

BESOLTS IND DISCUSSION 

scores for each subject ~ere calculated as the percentage 

correct for each experimental conditicn. Mean scores for 

each group, in each condition are shown in Figure 2. It 

will be noted that the scores en the A-A condition were all 

high: 92.5,, 91.7,, and 90.6, for the ncrmal, slow and dys­

lexic .groups respectively. This ceiling effect restricts 

the interpretation cf results for Hypotheses ~ and 4, and 

for the first of the post hoc analyses. 

The data were analysed by multivariate analysis cf 

variance (thr ee group by four dependent variabl e design), 

followed by four one-way analyses 

three groups en each cf the 

of variance comparin~ the 

fcur conditions. 1he 

multivariate test of significance was chosen tc prctect 

against high experiment~ise errcr rate. However, 

multivariate tests may also fail tc detect significant 

univariate effects. The hypotheses of this study proarced 

several specific predictions abcut group differences in 

profiles of scores on the four experimental conditicns; fer 
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this reason the author felt justified in using univariate 

tests of significance to explore group differences en each 

of the four experimental tasks (Harris , 1975). Hypotheses 

2, 3, and 4 were then tested by comparing profiles of grcup 

differences frEoictea by the hypctheses as shewn in Fi~ure 

1. Results of all the analyses cf variance are shown in 

Table 2; each hypothesis is then discussed separately telcw. 

One of the univariate ccmfariscns was significant: tr.ere 

was a significant difference hetwen the three groups in 

performance on the V-A matching task. The Student-Newnan­

Keuls procedure showed that the dyslexic group differed from 

the other t~o groups, and that the slew and normal grcups 

did not differ frcm each ctr.er. 
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'IAELE 2 

Analyse s cf Variance: fercent Correct by Group for Eac h 
Experimental Ccnditicn 

~ul t ivariate Analysis of Variance: 
Thre e GrOUFS by Four Exferimental Conditions 

Source of 
Variance 

Group 

Wilks 
Lambda 

.E67 

Approx. 
l'lul t. F 

1. 56 

Sign if. 
of F' 

.14 

Cne-Way Analysis of Variance 

Source df Sum of Squares 

A-A Score ty Grcup 

Ee tween grcups 2 
Wit hin grOUfS 87 
Total 89 

V-V Score by Group 

Be tween grcups 2 
Wi thin gr c u F s 8 7 
Total 89 

A-V Score by Grcup 

Eetwe en grcups 2 
Within groups 87 
'Iotal 89 

V-A Score ty GrCUF 

Be twe en groups 2 
Within grcups 87 
Total 89 

50.35 
3410.05 
3460.40 

134.71 
5014.55 
:14S.26 

387.03 
6:79.55 
6966.58 

875.66 
6888.53 
77€4.18 

MS 

2 5 .17 
39.20 

6 7 .3 5 
57.64 

193.52 
75.63 

43 7. 8 3 
79.18 

F Ratio F Prob. 

0.64 0.529 

1.17 0.316 

2.:6 C.C83 

5.53 0.(06 
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q.2 ftOLTIVIBIITE CBOSS-MODIL DEFICI~ ]lJQTB~~IS 

The first hypcthesis statea atcve asked whether ttere 

were overall differences 

subjects. This hypothesis 

between the 

is similar 

three groups 

to the Birch 

of 

and 

Be lmont cross-modal sensory integration hypothesis as 

restate d by snowling. The present study preaictea that 

normal, slow, and dyslexic readers ~culd perform differently 

in a cross-modally presented series of phcnics tasks. !his 

hypoth esis was tested by the apprcximate f derived from the 

Wilks Lamtda statistic in a nultivariate analysis of 

variance (Hull 6 Nie, 1981). The results cf the 

multivariate test were 

multivariate! = 1.56; NS. 

phonics performance of these 

are not of the magnitude 

net significant, ap pro:x imate 

If the re are differences in 

three grcups, the differences 

to achieve significance en a 

multivariate test; hence, the first hypcthesis received no 

support. 

q_3 PERCEPTUAL DEFICIT HYPOTHESIS 

The second hypothesis was the perceptual deficit 

hypothesis which stated that dyslexics as a grcup wculd shew 

auditory or visual perceptual handicap. Perceptual deficits 

would also be e xpected in the dyslexic grcup if, for 

example, there were validity in Eoder•s classificaticns cf 

dysphonetic, dyseidetic,and mixed subtypes of dysle:xia. 
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These subtypes might correspond to deficits in auditory 

perception, visual perception, and deficits in tcth. 1his 

hypothesis would have been SUfpcrted by lcwer scores for the 

dyslexics on either er both of the ipsimodal tasks. In the 

present study, all groups achieved near perfect scores on 

the A-A task; there were nc significant differences between 

the groups on the one-way analysis of variance performed en 

the scores cf the three grcups en the V-V task. {~ee 1able 

2.) The second hypothesis, therefore, received nc SUffCrt 

from the data; it should be remembered, however, that 

ipsimodal ccmpariscn tasks are cnly a partial measure of 

perceptual capacities. 

4.4 POST BOC ABAlYSIS ~~~J~ QM PERCEPTUAL ~~f!~!i 
BYPOTtESIS 

As a planned post hoc analysis the possibility of two 

different types of performance reflecting twc types cf 

dyslexia was exflcred further. lwc tyfes of dysle1ia would 

froduce some score profiles for individual dyslexic children 

in which the A-A score was higher; ether children would have 

sccre profiles in which the V-V score was higher. Tr.ese 

different types of performance could be discovered post hoc 

in this study ty suttracting each subject's v-v score from 

his A-A score, and by then comparing the frequencies of 

highly negative er highly positive scores in each grcup. 
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The presence of a ceiling effect in the A-A condition, 

however, invalidated this frccedure. 

4.5 PERCEPTUAL I!PII~~ERTS VS. GENEBAL COGNITIVE tEFICI! 

The fourth hyfcthesis FrCFcsed that dyslexic and slew 

groups differed in the origins cf their reading deficits. 

Dyslexics wculd be expected to have auditory and/er visual 

perceptual imFairments and slew readers to have general 

cognitive deficits. The dyslexic grcuF was exFected to 

show ipsimodal deficits ccmparea to the slew grcup, and toth 

dyslexic and slow groups wculd shew cross-modal deficits 

compared to the normal group. 

Yule and Rutter's (1976) study 

sample, •generally backward• 

This prediction was basec en 

which found that , in their 

readers were cf lcwer 

intelligence than 'sFecifically disabled' readers. However, 

Yule and Butter 's groups were matched for severity cf 

reading retardation: all were two and one-half years er rcre 

below age level in their reading level. A relatively small 

discrepancy between predicted and observed reading levels 

was a defining characteristic for the 'backward' reading 

group in Yule and Futter•s study. By definiticn, the 

'backward' readers would be cf low intelligence, since 

children would have very lcw predicted reading levels only 

if they we re of 1 cw intelligence. 
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In the fresent study, slow and dyslexic groups differed 

in the severity of their reading retardation. Slo~ readers 

had lower cognitive scores than the normal grouf, tut bi~her 

scores than the dyslexic grcup. Even sc, the severity of 

reading retardation in the dyslexic grcup was greater than 

their cognitive disadvantage comfared tc the slo. grcup. 

~hus it was proposed that auditory and visual perceftual 

impairment ccntributed to the dyslexic grcup's reading 

retardation, while the slew grouf's reading problems .ere 

based only on general cognitive deficits. The dyslexic 

group was expected tc perform mere fCOrly than the slow 

group on ipsi-modal tasks; both slow and dyslexic grcufs 

were expected tc ferform mere focrly than the normal group 

en the cross-modal measures. 

The ceiling effect in the A-A condition invalidated a 

comparison of combined ipsimodal scores; however, the v-v 

scores, which were not at ceiling, did not differ between 

the three groups. The first part of the fourth hypctbesis 

was not sufported: 

dyslexics frcm slow 

nc evidence was fcund to differentiate 

readers on 

deficits. second half 

the tasis cf 

cf the fourth 

perceftual 

hypothesis 

predicted that the slow and dyslexic groups wculo perfcrm 

more poorly ttan the ncrmal grcup on both cross-modal tasks. 

However, the slow group did not differ frcm ncrmal readers 

on any experirrental tasks, and the dyslexic group differed 
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from normal fErformance en only cne of the cross-medal 

tasks. The results did not occur in the pattern which would 

be expected if dyslexics were significantly perceptually 

impaired and slew readers, ccgnitively imfaired. 

4.6 DYSLEXIC V-A DEFICIT 

The third byfothesis was cased on a finding in Snowling•s 

(1980) study. sncwling found no overall difference tetween 

her two grcufs (ncrmal and dyslexic readers) tut she did 

find that the dyslexic grouF ferfermed mere poorly on the 

visual-to-auditory ccmparison (V-A task). She regarded this 

difference as a selective imfairment in grapheme-phoneme 

conversion, analogous to the impairment of aphasic adults 

with acquired phcnemic dyslexia. 1he findings of the 

present study, while failing to support a general cress­

modal or perceptual deficit hyFcthesis, do replicate 

Snowling•s finding of depressed perfcrmance on the V-A 

matching task. In the present study the only clear 

difference between the three groups cccurred in the V-A 

condition, f (2, 87) = 5.53, .f < .01. (See 1atle 2.) 

Subsequent Student-Newman-Keuls analysis showed the dyslexic 

group to be different frcm both the ncrmal and slow groups; 

1his difference may also te seen in Figure 2. 

If we use the term grapheme-Fhcneme ccnversion to mean 

Fhonetic skills, we may accept this study as confirmation of 
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deficient grapheme-phoneme conversion skills in dyslexic 

readers ccmpared to normal ana slow readers of the same 

reading level. Support for this conclusion may be seen 

clearly in the significant V-A task difference betwen the 

dyslexic group and the other twc grcups. 

4.7 fg~I HOC EBBOB AIALYSIS 

Further evidence of deficient grapheme-phoneme ccnversion 

skills in dyslexic readers may re seen in the results cf the 

second planned post hoc analysis. This second ccmparison 

was based on the position of the differing letter in the 

'different' stirrulus pairs. Considering only the stimulus 

pairs which were different within the pair, the stimuli were 

separated intc categories according tc the position of the 

letter which differed. Thus scme cf the pairs differed in 

the initial pcsition, some in the central position, and scme 

in the final cne. !he fourth type cf pair differed in the 

order of the central two letters and alsc contained 

consonant tlends. Percentage correct scores were calculated 

for each group of subjects, for each type of different pair 

across all ccnditicns. (See Figure 3.) These results were 

then analysed by a multivariate analysis of variance and 

four one-way analyses of variance . These analyses are shewn 

in Table It was found that dyslexics performed more 

pocrly on all types of 'different' pairs, whether the pairs 
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aiffered in the initial, central, or final position. 

Performances of the three grcufs did not differ signi­

ficantly on the four-letter word pairs with the craer cf the 

middle two letters reversed, thcugh the dyslexics sccred 

lowest on this fourth type of stimulus pair, as well. 
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TABLE 3 

Post Hoc Analysis: Performance by Three Groups on Four Types 
of Differing Word Pairs 

Multivariate Analysis cf Variance 
Three Groups by Four Locaticns cf Difference 

Source of 
Variance 

Group 

source 

Pairs Differing 

Between grcui:s 
Within gr cup, 
Total 

Pairs Differing 

Eetween grcups 
Within grcups 
Total 

Pairs Differing 

Between groups 
Within grcu ps 
Total 

Pairs Differing 

Eetween grcup, 
Within grOUfS 
'lot al 

iiilks Approx . 
Lamtda Mult. F 

. 792 2 . SS 

One-Way Analysis of Variance 

df Sum of Squares MS F Ratio 

in Initial Letter 

2 786.43 393 . 2 1 3.76 
87 9098.31 10 4. 5 8 
89 seE4 . 78 

in Central letter 

2 1109.73 :54 . 87 3 . 77 
87 12813.90 14 7 . 2 9 
89 13923 . 63 

in Final Letter 

2 1900 . 86 95 0 . 4 3 7 . 64 
87 10818.26 124 . 35 
89 12719.11 

in Central Two Letters (Blends) 

2 1686.71 e4 3 . 3 s 2.30 
87 31955 . 93 367.31 
89 33642.63 

Signif . 
of F 

.011 

F Prat. 

0 . 027 

C. C27 

0 . 001 

0. 10 7 
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4.8 IBTEBPBETITIOI : SO"E BESEEYl~IONS 

The present study does replicate Snowling's finding of a 

deficit in dyslexic readers on a visual-auditory ccmpariscn 

task, compared to ncrmal readers cf the same reading level. 

Furthermore, the present study indicates that dyslexic 

readers alsc differ from slow readers at the sa~e skill 

level. It is 

demonstration that 

reascnable tc accept 

the phonetic skills of 

these data as 

dyslexic readers 

are poorer than these cf ether readers with ccmpar2ble ~ord 

recognition skill. 

hesitant tc accept 

impairment of the 

these children. 

However, there are several reascns tc te 

this study as evidence of selective 

•grapheme-phoneree rcute to reaoing' in 

IEsi - ■o dal Controls 

Ipsi-modal tasks were provided which were intended tc te 

the counterparts cf the cress-medal tasks used in the study. 

However, it tecame apparent during data collection that the 

ipsi-modal tasks were net adeguate tests cf the auditory and 

visual components of the cross-model tasks. !o cecide if 

the memters of an ipsi-modal stimulus fair were the same or 

the children reme~ber 

~ometimes a child would 

different 

accurately 

did not 

what the 

require that 

repeat an auditory pair incorrectly, or misread a visual 

one, and still make the correct same -different judgement for 
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the trial. The author suspects that it was necessary to 

remembe r beth stimuli correctly, and to tr an slate en e cf 

them, to make the cross~modal ccmfarison. This fact, 

combine d \ith the pre sence of a ceiling effect in the A-A 

condition, leaves cpen the possibility that there were group 

diffe r e nces in auditory or visual skills reguired for the 

cross-modal tasks, though there were no differences in 

pe rformance of these particular A-A and V-V tasks. 'Ihus, 

th e impairment of the dyslexic group may not te 'selective•. 

4.8.2 ]}!gj; IS g 'GraEbe■e-Phcme ■e ~Q!!~~? 

Secondl :y, the phrase •grapheme-phoneme route' is 

ambiguous. It is not clear whether the phrase refers tc a 

physiological rcute or a strategic sequence. If one 

interprets the phrase in its physiological connotation, cne 

s e t of cautions applies. 

Th e idea cf a •grapheme-pho neme rcute' as opposed to a 

•grapheme-semantic route' to reading may te a helpful 

analogy in understanding deficits cf adults with acquir ed 

dyslexia. Dyslexic adults may indeed have had well-

establishe d functional patterns which were disrupted ty 

structural carnage cf scme kind. But the hazards of eguating 

acquired adult disorders with developmental cnes are \ell 

known; some have teen sta t ed above. The children in this 

study have not lost the ability to read, they have teen 
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unable to acquire it in the usual way, and the reservoir of 

old assoeiatiens which recovering adults may be able to draw 

upon in their post-injury reading has never been gathered in 

these children. Furthermore, these children have not teen 

diagnosed as brain-damaged; if they are neurclogieally 

abnormal the abnormality is frobably subtle and protably not 

localizable. It is not appropriate to infer a fecal 

neurological source of deficient fhonetic skills from this 

study. 

If one interfrets 'grapheme-fhoneme route to reading' as 

meaning a strategic or functional seguenee, several ether 

cautions affly. ~here are at least three strategies which 

could be used to compare the cross-modal presentaticr.s in 

this study. Subjects might translate all visual stimuli to 

their auditory counterparts ('read' them) , whether the 

visual stimulus came first er sec end, and make all 

comparisons en the basis of the read fhonemes. They might 

use a similar strategy changing all auditory stimuli to 

visual ones, i.e., spell them, and make comparisons by 

spelling. Alternatively, the children might use the item 

presented first as the basis cf ccmfarison and translate the 

second stimulus as necessary. In this study there is no 

basis for guessing which strategy was used by whom. 

The ambiguities of English spelling and frcnunciatien 

present another factor which is likely to be overlocked in a 
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neuropsychological apfroach tc reading problems . Eoth 

auditory and visual nonsense words fresent ambiguities : the 

auditory stimuli can be spelled more than one way ano the 

visual cnes may be prcncunced mere than one way . This means 

that whatever strategy children use to make the ccmparisen 

between nonsense words, they may have to recall more than 

one possitle spelling er frenunciaticn for one of the 

stimuli . If the first response for that pair is to say that 

the two items are different , the child may also realize that 

there are scme alternate spellings cf the nonsense word that 

was heard, er alternate prcnunciaticns of the word that was 

seen. The child could then return in memory to the initial 

stimulus and try scme of the ether fCssibilities, to see if 

the pair which looked different might really te the same. 

Another strategy would be to begin the task by imagining 

several possible spellings fer the first stimulus in the A-V 

condition, and tc compare them to the visually fresented 

s9cond stimulus. For the V-A ccndition, the eguivalent 

strategy would be to imagine several pronunciations cf the 

written word, to te ccmpared with the auditory second 

stimulus. 
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Other Factors: !e■ori, Ge~§!El Cognitive Deficit, 
and Ex£erience. 

If memory is considered an attribute, then these groups 

may have differed in auditory or visual memory. Hicks' 

(1980) study suggests that it may be more productive to 

think of memory as a skill. Depending on the strategies the 

children used to deal with the amtiguities of English, 

different memory demands would have been made during the 

f race ss. Ccn versel y, different levels of skill with 

different tyfes of memcry tasks may have led to the choice 

cf different strategies. 

If dyslexia is cne symFtcm cf a subtle but pervasive 

c ogni ti ve deficit, the problem of learning tc ccpe with 

ambiguities cf spelling and pronur.ciaticn at all may be 

strongly related to that deficit. In this case, the dyslexic 

children's reliance on sight vocabulary could reflect a 

deficit in the learning of codes in general. 

one more observation should be noted before making 

inferences atout tr.e source cf the V-A deficit in the 

dyslexic group . Curing the visual-tc-auditory comparison, 

some of the dyslexic children seemed tc be interpreting the 

second stimulus in the V-A pair (the spoken syllal:le) as a 

correction to the one they had just read. 'Ibis may have 

be en a result of long years of having their cral reading 

corrected, and it may have reflected their general 

uncertainty wit~ the Fhcnetic cede. 
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4.9 CONCLOSICN 

We may ccnclude frcm the ireEent study that dyslexic 

children were more imfaired en a phcnics taEk than other 

readers of the same skill level. The information gathered 

in this study does net frovide a basis for defining the 

source of the deficit. Though neither the general cress­

modal integraticn deficit hypothesis ncr the perceptual 

deficit hypothesis was supported ty the data, experience 

gained in the present study can provide scme suggestions for 

subsequent investigation of what might constitute the 

deficit in fhcnetic skills seen in dyslexic readers. 

FOTOBE BESE!BCB 

The first task of the next Etudy is to replicate the 

finding of a deficit in fhcnetic skillE relative to overall 

reading level in dyslexic children. one way to test that 

relationship would te to match subjects by scores on a 

standardized phcnics test, then measure the ccrrelaticn cf 

the WRAT reading suttest with these scores. A regression 

equation could be used again to define reading groups in 

terms of differences between predicted and cbserved ~RAT 

scores. Correlaticns between iRAT and phonics test scores 

could then be compared between reading groufs defined in 

this manner. 
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It is apparent from the current study that the cress­

modal comfarison paradigm is not particularly useful fer 

exploring Fhonetic skills in detail. Several important 

parts of the grapheme-phoneme conversion precess are left 

hidden in this study. ~he experirrental frocedure used in 

the present study could be expanded, and performance at each 

step could te recorded in detail by the experimenter. 

To begin with auditory stimuli: a same-different 

comparison task does seem appropriate for explcring auditcry 

discriminaticn. A wider range cf stimulus difficulty shculd 

be used, including multi-syllable nonsense words and fOS­

sitly, added white ncise. 

Verbal repetiticn of auditory stimuli could be measured 

as well. Nonsense words of varying lengths should provide a 

sufficient range of difficulty. It might also te useful to 

include a standardized sentence refetiticn test to examine 

repetition cf meaningful vertal material. 

A possitle strategy fer the A-V task in the study 

r8ported here was to think of spellings for an auditcry 

stimulus, tc be ccmpared to the visual stimulus presented 

second. one measure of knowledge of the fhonetic cede wculd 

te to produce as many legal spellings as possitle fer an 

auditory ncnsense word. Subjects cculd spell their ans~ers 

aloud for the experimenter to record. 
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The A-V task of the Fresent study cculd be used. while 

this task raisea mere guesticns than it answered, it wculd 

aid understanding of both studies tc see if the sutjects in 

a future study replicated the pattern cf results seen in the 

four tasks cf the present study. 

A similar Frogressicn cculd be followed for visual 

stimuli. A same-different comFariscn cf visually fresented 

nonsense words could te given. Memory and repetition for 

visual stimuli could be tested ty having the children 

remember and spell aloud the letters cf cne visual stimulus 

at a t ime. The children could then te asked to read the 

nonsense words, giving as many Frcnunciations as possible 

for each word. Eesponses would te recorded withcut 

correction. Finally, the V-A task cf the original study 

could be given. 

Subjects' responses to these tasks could be recorded in 

de tail. Analysis of the types cf errors made by each 

reading grouf could then frcvide a basis for evaluating 

theorie s of subtypes of dyslexia such as that put forth by 

Eoder ( 197 3) • 

It would also be useful to choose several fsycholcgical 

measures which other theorists use as the basis for tteir 

suttype classifications (Mattis, 1978; Fetrauskas & 

Bourke, 1979) • It would then be possitle tc see if the 

subtypes proFcsed ty these authcrs were present in the data. 

Perhaps more imfortantly, it would be pcssible ta compare 
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performance of the different 

SFecific aspects of their 
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dyslexic subtyfes 

performance in 
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Appendix .I 

VICTOEIA BOBftS: B.li SCORES. FROft ftCALLISTEB, 
1981. 

Age 

Peabody Picture 

Vocabulary Test 

Form A, 1959 

Elock Design suttest 

WISC-R, 1974 

Wide Range Achievement 

'!est (Reading),1978 

Grade 1 

n=75 

Grade 3 

n=74 

Grade 5 

n=75 

mean ~.a. mean s.d. mean s.d. 

6.7 (.3) E.7 (.3) 10.8 (.3) 

64.3 (8.3) 77.6 (9.5) 88.2 (9.9) 

15.9 (8.2) 26.7 (9.8) 34.6 (1C.9) 

39.8 (10.2) 68.1 (7.2) 77.5 (6.1) 
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lppendix B 

WORD PAIB MISTEB LIST 

1 . bok - vck 15. fap - fEp 29. nua - nu F 

2. pif - kif 1 6 • sef - sif 30. lem - len 

3. thip - fip 17. dap - dup 31. IlOf - DUf 

4. sab - thab 18. lod - lud 32. tol - tal 

5. gup - aup 19. mof - ncf 33. kel - kol 

6 . bip - vip 20. dup - bup 34. pot - pat 

7. fak - fap 21. bab - pab 35. kug - kag 

8. suth - suf 22. hib - nib 36. fot - fut 

9. vith - viss 23. tup - fup 37. gelt - glet 

10. ved - veg 2 4. biv - di V 38. trot - torb 

11. hit - hiv 25. kcm - ken 39. dars - dras 

12. nid - nig 26. gub - gud 40. slet - selt 

13. bik - l::ek 27. teb - tep 41. sond - snod 

14. kof - kuf 28. ket - kef 42. senk - snek 
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Appendi:i: C 

STI~UL0S LIST POB AUDITOEY-AODITORY COIDITIOI 

1. bik - bik 22. hit - hit 

2. bol - tel 23. suth - suth 

3 . thip - fif 24. aap - dap 

4. fot - fot 25. sef - sif 

5. slet - selt 26. kug - kag 

6. nud - TIUf 27. dars - aras 

7. tup - fup 28. lem - len 

8. kel - kel 29. sab - sab 

9. pif - kif 30. vith - vith 

10. hit - nib 31 • nid - nid 

11 • fak - fap 32. lod - lud 

12. gub - gut 33. ket - kef 

13. teb - teb 34. fOt - pat 

1 4 . bok - tok 35. nop - nup 

15. trcb - trob 36. kom - kom 

16. senk - snek 37. gup - guf 

17. kof - kof 38. gelt - gelt 

18. dup - dup 39. fap - f e F 

19. bah - fab 40. piv - FiV 

20. sond - sncd 41. bip - vip 

21 • mof - mof 42. ved - veg 
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Appendix D 

SilftUlUS LIST FOE 1ISOAL-11S0!1 COIDITIOI 

1. sab - tha:t: 22. lad - lad 

2. nud - nud 23. tiv - div 

3. mof - ncf 24. hib - hit 

4. vi th - viss 25. sand - sand 

5. ket - ket 26. 1::ik - bek 

6. thip - thip 27. tup - tup 

7. nap - nap 28. fak - fak 

8. kug - kug 29. fCt - fCt 

9. gelt - glet 30. gub - gud 

10. sef - sef 31 • dup - tUF 

11 . bok - vck 32. pif - kif 

12. dap - aup 33. lem - lem 

13. senk - ::enk 34. kel - kol 

14. ved - VEd 35. bab - bap 

15. teb - tep 36. dars - dars 

16. suth - suf 37. tol - 1::al 

17. trot - tcrb 38. kom - kom 

18. bip - bip 39. gup - du F 

19. fot - fut 40. nid - nig 

20. hib - hiv 41. kof - kuf 

21 • fap - fap 42. ::let - slet 
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Appendix E 

STIBUL0S LIST FOB AUDITCRY-1ISOAL CONDITIOB 

1. fep - fap 22. pab - bab 

2. fap - fak 23. tel - tel 

3. sncd - send 24. kag - kug 

4. vok - vok 25. suf - suf 

5. div - div 26. nof - nof 

6. fip - thip 27. tup - tud 

7. vip - bip 28. nup - IlOF 

8. bek - bek 29. tup - tUF 

9. sif - sef 30. tep - tep 

10. ved - veg 31 • gud - gud 

11 • pat - FO t 32. torb - torb 

12. thab - thab 33. kef - ket 

1 3 • fut - fut 34. nit - hit 

14. dras - aars 35. lud - lod 

15. fup - tup 36. kon - kon 

16. snek - senk 37. selt - slet 

17. hiv - hiv 38. dup - dup 

18. nig - nig 39. kol - kol 

1 9 . nup - nud 40. gup - 9UF 

20. kif - pif 41. glet - glet 

21. viss - viss 42. kuf - kuf 
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Appendix F 

STiftUlUS LIST FOB VISOAl-AODITCBY CORDITIOI 

1. kef - kef 22. tep - t €1: 

2. bek - 1:ik 23. kon - kom 

3 . thab - sab 24. Fal: - Fat 

4. kol - kel 25. bal - bel 

5. fip - thiF 26 . viss - vith 

6. lud - lud 27. fut - fct 

7. nup - nup 28. div - biv 

8. mof - mof 29. sif - sif 

9. dap - aap 30. kif kif 

10. snod - sncd 31. vip - vip 

11. dup - dup 32 . hiv - hit 

12 . tup - tup 33. suf - suth 

13. kag - kug 34. torb - trob 

14. vok - bck 35. glet - gelt 

15. snek - snek 36. len - len 

16. veg - veg 37 . dup - gup 

17. fep - fep 38. nit - nit 

18. gud - gub 39. nig - nid 

19. hib - hib 40 . tal - bul 

20. fap - fa F 41. kuf - kcf 

21. selt - selt 42. dras - dras 



PERCEBT C0RREC'l: 

Group 

Normal 

n=30 

Slow 

n=30 

tyslexic 

n=30 

A-A 

92.5 

( 6. 2) 

S 1 • 7 

(4. 7) 

90.6 

( 7. 6) 

Appendix G 

GBO0P BY EXPERI!EBTAL 

Condition 

Mean 

(s. a. ) 

v-v 

E7.1 

(7. 4) 

88.1 

(8. 6) 

85.2 

( 6. 6) 

A-V 

77.9 

(7 •. 9) 

75.3 

( 1 1 • 2) 

72.8 

(6. 4) 

COIDITIOI 

V-A 

E 1. 3 

(7. 0) 

78.7 

( 8 . 7) 

73.E 

(10.6) 
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Appendix B 

PEABSOI COBEELATIONS BETliEEN EIPERiftEl'l'AL 
CONDITIONS 

Normal Group (n = 3 0) 

A-A v-v A-V V-A 

A-A 1. 000 0.063 0. 4 41 -O.CE3 

p=C.370 F=0.001 p=0.370 

v-v 1. 0 0 0 -0. (89 0.520 

F=0.320 p=O.C02 

A-V 1.000 0.434 

p=o.coe 

sk 
I 

Slow Group (n = 3 0) 

A-A v-v A-V V-A 

A-A 1.000 -0.243 0.006 0.271 

p=0.449 p=0.488 p=O.C74 

v-v 1 • CO C 0.424 0. 4 4 7 

F=0.010 p=0.007 

A-V 1.000 O.E12 

p=0.000 
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Pe arson corr e lations, cont. 

tysl e xic Group (n = 3 0) 

A-A v-v A-V V-A 

A-A 1.000 0.144 -0.037 0.1C5 

F=0.225 f=0.423 p=0.290 

v-v 1.000 0.415 0.235 

F=0.011 p=0.105 

A-V 1.000 0.672 

p=O.COO 

All GrcupE (N = 90) 

A-A v-v A-V V-A 

A-A 1.00C O.C76 0.147 0. 134 

p=0.237 p=O. C83 p=0.105 

v-v 1 • 0 00 0. 282 0.39E 

p=0.004 p=0.000 

A-V 1.000 C.5E6 

p=0.000 
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HYPOTHESIS 2: PERCEPTUAL DEFICIT 

Auditory deficit 

+ 

Score 
.... ,, ' ,, ' 

/ ' 

Normal 

/ '-, 
,,, .._ - - -- Dyslex i c 

Task A-A V-V A-V V-A 

Visual deficit 
♦ 

Normal 

' Score ' ' ' , ______ ... __ _ ..., Dyslexic 

Task A-A V-V A-V V-A 

HYPOTHESIS 3: SPECIFIC V- A DEFICIT 

Score + l __ ..__-_ -_--_ -_-_""""_,_'_,__,' --Nor ma l 
_ ,.. Dyslex i o-

Task A-A V-V A-V V-A 

HYPOTHESIS 4: CROSS-MODAL TASK S and 
GENERAL IM PAIRM E N T 

Score + I 
Normal 

O • • • • • ••O . 

Slow 
________ .:;.:·..: ·..:::: Dyslexic 

Task A- A V- V A-V V-A 

42 

Figure 1: Graphic Representation cf Hypotheses 2 , 3 , ana 4 
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CONDITION 

STAR= NORMAL GROUP 
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l = DYSLEXIC GROUP 

I I 
l 

V-A 

54 

Figure 2: Percent Correct: Group by Exferimental Ccndition 



PERCENT CORRECT BY LOCATION OF DIFFERENCE 
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Figure 3: Post Hoc Analysis: Location of Difference 
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