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ABSTRACT

!
of "

Normal, =slow, and dyslexic reacers at grade twc reading

level were ccmpared on a series of four tasks requiring ghe-

netic skills. A same-different ccmparison of pairs of
three- and four-letter nonsense wcrds was [fprecsented
auditorially, visually, and cross-mcdally. There were no

differences 1in group performance fcr auditory-auditcry
comparison (A-A), visual-visual ccmparison (V-V), cr fcr the
cross-mcdal ccmpariscn in which +the auditory stimulus was
given first and the visual stimulus second (A-V ccnditicn).
The groups did differ in cross-mcdal performance when the
initial stimulus was visual and the seccnd was auditcry (V-2
condition). Dyslexic readers perfcrmed more poorly than
normal and slow readers; the latter twoc groups did not

differ from each cther in V-A performance.

Post hoc aralysis showed that dyslexic readers made more
errors than the slow or normal <readers of the same level,
whether t+he stimulus pairs differed in the initial, central,

cr final 1letters of the nonsense werd pair.

Dyslexic readers are mcre impaired in the phonetic skills

used in visual-auditory ccmpariscn of ncnsense words than
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Chapter I

INTRODUCTICN

Learning tc read is a ccmplex prccess requiring that we
associate meaningful spoken language with a graphic syrmbcl
system. The symkols are arbitrarily though more or less
consistently assigned to sounds, nct words; and the code fcr
translating frcm letters to meaningful wcrds is a complex
one.

Some children have unusual difficulty learning tkis ccde.
Those children whose prcblems in learning to read seem tc be
dispropcrtionate +to their cafpabilities in cther academic
areas are ccnsidered to have a specific reading prcklem:
dyslexia. N

The study described here examined the performance cf
three grcups of <children who differed in the amount of
difficulty they had in reaching the 1level <c¢f reading
competence aprprcpriate to grade twc. The three grcups were
designated as ncrmal, slcw, or dyslexic readers; they were
measured on a set of tasks using phcnics 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 wkich



may contritute to dyslexia; and the third, with research

addressing characteristics of the reading process.

1.1 DEFIBITICES CF DYSLEXIA
It has generally been agreed that it is impcrtant to
distinguish Ecor readers who are specifically and
disproporticnately disabled in reading as compared to cther
academic skills, frcm those whc are generally slower in all
their schcol subjects. The twc grcups may differ in
intelligence, neurclogical status and a host «c¢f other
variables. In any case, it is assumed ty many authors that
the two grcups are nct part of the same population.
The World Federation of Neurolcgy defines specific
developmental dyslexia as
a discrder manifested by difficulty in learning to
read despite conventional instructicn, adequate
intelligence, and sociccultural cppecrtunity. It
ig dependent upon fundamental ccgnitive

disakilities which are frequently of
constitutional origin (Critchley, 197C).

While this is an imprcvement c¢ver definitions Lased
solely on a difference tetween chrcnolcgical age anc¢ reading
age, several gquesticns are raised by this definition. What
is the degree of severity meant by 'difficulty'? What is
'‘conventional' reading instruction, 'adequate' intelligence,

or 'sociocultural cpportunity'?



Myklebust (1967) suggested a definition of disability
based on objective measures of achievement and intelligerce.
He suggested calculating a 'Learning Quctient!' (IQ) for
reading or any other academic akility. In the case «cf
reading this was done by calculating the ratio between a
child's ocbserved reading level and 'Expectancy Ace'.
Myklebust reccmmended using the full scale IQ score from the
Wechsler Intelligence Scale for Children (WISC; Wechsler,
1949) as the measure of mental age. Chrenclegical age,
grade age, and mental age were then averaged to calculate
'Expectancy Age'. Thus,

L0 = Reading RAge , Expectancy Age.

The use of a ratio, however, presents a statistical
problem: the 'regression effect' (Thorndike,19€3). When the
measures used to define the ratic are less than perfectly
correlated, the children who receive extreme sScoOor€s cn cne
measure are likely to receive less extreme scores on the
other. The 'Learning Cuotient!' is most likely tc take the
value of unity in the center of the score distribution.
Children of average intelligence and reading akility wculd
be most 1likely tc have a 'Learning Cuotient' which wculd
accurately reflect their achievement-rctential ratio. The
'LQ' would classify as under-achievers tco meny children cf
high IQ and tco few cf low IQ. The soluticn tc this proklem

is to derive a regression equaticn to describe the



relationshir of <scores in the pcpulation Leing studied
(Yule, Rutter, Berger & Thcmpscrn; 1€74).

Yule (19€7) did use such an equaticn to define specific
reading disability. He used normetive data frcm a large
number of schcol children frcm the Isle of Wight to derive a
regression equation which used age and score cn the skort
form of the WISC to predict reading as measured by Neale's
Analysis c¢f Feading Ability. Ey ccmparing eachk child's
predicted and otktained reading sccre, a difference score was
cbtained. This score was used to separate generally
backward readers frcm +those whc had a specific reading
disability disproportionate to their other observed
intellectual capacities.

Yule and Futter (1976) subdivided a large grcup cf
severely retarded readers by measuring the difference
between their ©predicted and observed reading levels. One
group was diselkled in several ccgnitive areas; the cther had
a disatility which was =srecific tc reading. One of the
purposes cf the Yule and Rutter (1976) study was to
investigate prognoses fcr severely retarded readers. Thus
it was essential +tc match +the +twc groups fcr degree of
reading retardation.

A sipmilar definiticn was vuvsed in the present study.
Here, the term ‘'dyslexic' readers refers tc thcse with

widely discrepant ckttained and predicted reading sccres, and



the term 'slcw' readers refers +to the group whcse predicted
and obtained scores were relatively ccngruent. Specific
defining criteria are given in the 'Methcds' section below.
In the current study the groups differed in the severity cf
reading retarcdaticr.

Before a definition such as Yule's may Le aprplied,
normative data on intelligence measures and reading tests
must be availatle. Differences had been observed between
U.S. national norms and Canadian local norms gathered tky the
University cf Victcria. It was assumed that naticnal norms
gathered in the U.S. for the WISC cr any of the widely used
reading tests, wculd nct necessarily be applicable in
Victoria. In any case their relaticnships tc each cther
would not ke kncwn.

McAllister (XNote 1) <collected normative data in greater
Victoria schocls fcr the Wide Fange Achievement Test (WRAT;
Jastak, PBijcu, & Jastak, 1¢78), which contains subtests for
reading, spelling, and arithmetic. McAllister also
administered the Peabcdy Picture Vccabulary Test (EEVT;
Dunn, 19%9) and +the Block Cesign suktest of the Wechsler
Intelligence Scale fcr Children - Revised (WISC-R; Wechsler,
1974) . McAllister's ncrms are giver in Appendix A.
McAllister's data were used in the present study tc derive a
regression equaticn predicting sccres cn the reading subtest

cf the WRAT from each child's age, PPVT and Blcck Design



scores. Differences between ottained and predictec reading
scores were then used to assign the sutjects cf the present

study to the slcw, ncrmal, or dyslexic grcups.

1.2  RESEARCH CE FACTORS WHICH MIGHT CONTRIBUIE TO DYSLEXIA

Even in an cversimplied acccunt cf the reading prccess,
several pcssible areas c¢f reading difficulties should ber
mentioned: <children may have troukle with the percepticn cf
sounds, with the separaticn of the sounds that make up each
word, with visual perception of the letter symkcls, with the
translaticn c¢f irnfcrmaticn frcm cne sense modality to
ancther, with associating meaning to the read wcrds, and
with organizing 1larger units cf read material for
comprehensicn,

The present study examined the process of +translating
informaticn from one sense modality to ancther. This study
most closely resemkles earlier studies of ‘'cross-modal
sensory integration'; these earlier studies will ke reviewed
first. Studies examining srecific rerceptual deficits and

memory will also ke reviewed.

1.2.1 Cress-Bodal Sensory Imtegration
In 19€4, Birch and Belmont published a study in which
they proposed that a critical compcnent of the reading task

was t he akility tc equate auditory stimuli with



corresponding visual ones. They used the term 'crcss-mcdal
sensory integration!' to descrite +this prccess. Assuming
that cross-modal <senscry integraticn deficits would <cause
problems at an early stage of informaticn processing, Birch
and Belmont proposed a task using <simple sensory stimuli to
test their hypothesis. They presented a series of taps (by
a pencil on a tatle) and asked their subjects to choose a
visual representation of the sequence they had just heard
from an array of three visual patterns of dots resemkling
Morse Code. They referred to this as the A-V task. They
found that rfrccr readers were consistently poorer at this
task and ccncluded that this demcnstrated a deficiency in
crcss-medal sensory integration.

Subjects were all bcys; the retarded readers were the 150
children with the lowest 10% of scores on the reading tests
given all sctocl childrer in Aberdeen, Scotland. Fifty
control suljects were matched by age from the remaining
school pcrulation. Feading score means and standard
deviations <showed the two grcugs to be significantly
different. Hcwever, the twc grocurs vwere also very different
in IQ. Mean IQ for the retarded readers was ¢6.7; for the
normal readers it was 110.8 ( p < .CO1).

Birch and Belmont attempted tc ccntrol for the IQ
difference after the study was ccompleted by eliminating the

subjects from both groups whose IC's were less than 1CC.



Then they ccmpared the mean A-V sccres of the resultinc two
groups. A one-tailed t-test showed them to be different on
A-V scores (p < .01), tut only £3 of the retardeé readers
and 35 of the ncrmal readers remained in the new groups, and
Birch and Belmont did not report the mean IQ =scores cf the
two new grcups.

The possibility that perceptual difficulties might tave
contributed tc the grour differences was recognized by Eirch
and Belmont; they considered that gross senscry screening
was sufficient to ccntrcl fcr this pcssibility. None of the
children had a significant degree of hearing 1lcss cr a
significant uncorrected visual disturtance. The
contritution cf auditcry memcry was assumed to be ccntrolled
by the results of the WISC Digit Span subtest. Digit Span
scores were compared between high and low A-V sccrers,
rather than ketween +the original experimental grcups cf
subjects.

The results cf this study indicated that ©[pccrer readers
did more peccrly cn the A-V task than the goocd readers did.
However, the conclusion that this demcnstrated a deficit in
cross-modal sensory integraticn was nct Jjustified for
several reascns.

First, the auditcry stimulus as presented in the
criginal experiment included visual elements: the vfpencil
tapping was done in full view of the child. Second, IQ

measures should have been matched from the beginnirng.



OCther prcblems were pointed out ty Bryant in his 1975
review. It ie invalid to claim demonstration cf a crcss-
modal sensory integrative deficit when competence in
comparable within-modal tasks has not keen demcrstrated.
Further, the task presented by Birch and BRelmont &also
required a temporal-to-spatial transfcrmation. While these
authors had good reason to claim that their tacsk
discriminated between the twc grcups, they did not test
whether it did so by its auditory-visual demancs, its
temporal-spatial cnes or because it was related to IQ in its
predictive ability. Without testing for within-mcdal
matching they cculd not attribute the task's discriminative
ability to an integrative functicn letween senscry
modalities.

Finally, the procedure Eirch and BRelmcnt (1964) used to
control fecr memcry differences could have capitalized on the
regression effect. The children receiving the highest and
lowest A-V scores wculd be 1less likely t¢ 1receive extrene
scores cn the WISC digit span subtest.

The remainder of this secticn will review studies wkich
used a cross-mcdal sensory integraticn paradigm to study
reading, with special attention paid to the alternative
hypotheses which grew cut cf attempts tc replicate or extend
Birch and EBelmont's 1964 study. Fach 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 to tke discussed is Eirch
and Belmcnt's own (1965). They examined the relation cf IQ
and reading tc their A-V task in ncrmal children of several
ages. Subjects were 220 children, alkout 30 frcm each grade,
kindergarten through grade six. Findings in this study were
that the mean numter cf correct A-V judgements increased
with age. Secendly, product-mement ccrrelaticns between IQ
and A-V score were highest in the lcwer grades, as were the
correlaticns btetween A-V score andé reading. IQ remained
highly correlated with reading thrcughcut the age range of
the sanmgle.

The authors suggested that +there was a curvilinear
relationchip tetween the A-V tacsk and reading; that is, the
cross-mcdal matching skill was more important in the early
stages of reading than in the later cnes. An alternative
sugge sticn was that there was a ceiling effect for the clder
children. This suggestion was bcrne cut in a later study
(Kahn & Birch,1968), in which task difficulty was increased
for the older children. While this removed the <ceiling
effect, it increased the intercorrelaticn between reading,
IQ0, and the auditory-visual matching task, waking it even
less clear how the A-V task is related to reading.

The Birch and Eelmont (1965) study was directed at the
relationshifp ketween IQ, A-V task perfcrmance and reading in

normal readers. Beery (1967) studied these three factors in
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retarded readers, wusing a careful selection cf sulkjects as
well as a refined administraticn cf the A-V task. She
compared 30 retarded readers with 15 normal readers matched
for age, IC, and sex. Fetarded readers were twcC years cr
more belcw grade level in their reading <ckills. She also
chose all the subjects from the files cof sckecl
psycholcgists, sc that while the ncrmal readers had not had
reading ©problems, they did have similar histcries cf
trouktles with schecl.

Beery expanded the test battery frcm Birch and Eelmont's
original 10 items to 20, with the first 10 the same as Birch
and Belmont's. She alsc included a 20-item visual-to-
auditory matching task. Auditory stimuli were [fresented
from a speaker, without visual cues.

Beery found that all thres fecrms of the B-V test
discriminated between the two groups o¢f subjects, and were
equivalent to each cther 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 & Bridger,
1966; Blank, Weider & Bridger,1968) . The 1966 study used 26
fourth graders, 13 ncrmal readers and 13 poor readers,
matched for 1IQ. One <stimulus was visual-temporal--a light
flashing between 1long or short pauses. The cther was a

visual-spatial dot pattern. The first task was to match the
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visual-temporal (VT) standard to a visual-spatial (VS)
compariscon. The cecond required matching a VS pattern to
another VS ©pattern; the +third task was to give a verkal
description of the visual-temporal patterns. Blank and
Bridger found that Ltoth grcurs performed at ceiling on the
VS-VS matching task, but that the pocrer readers were
deficient ¢cn the VT-VS task and on the vertal descripticn
task.

The authcrs did nct test auditory stimuli at all in this
study, nor did they use a task matching two visual-tempcral
stimuli, The conclusicns drawn were that the pcor readers'
Froblems were a result of being wunable to ccde thke visual
sequences vertally, kut that the visuval-spatial patterns did
not require the same extent of coding. As Bryant (1975)
rointed out, this conclusion was unjustified withcut testing
the children's ability to match VT with VT stimuli. Blank
and Bridger (19€6) arqued that such a control task is not
really valid either, because of the different memcry demands
in successive presentation of +three +temporal ccmpariscn
stimuli as cprosed to simultanecus presentation of the three
visual-spatial dot pattern choices.

One of the questions raised by PBlank and Bridger is
whether these results are the cause of <reading prcblems cr
the result c¢f then. Ncrmal readers woculd have had more

practice in visual sequential tasks than poor readers, and
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the differences in tempcral +tasks may have been (greater
after several years of reading. To test this hypcthesis
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 cf
grade cne, Blank, et al. found that ycunger children cculd
not comprehend the required transfcrmations frcm temporal to
spatial presentation unless the stimuli were presented in a
series. The first stimulus was a bank of lights with some
lit and <some unlit in a spatial pattern 1like the visual
spatial dots. Tke next task wculd use grocups cf 1lights
going cn one group at a time. Finally the children wculd
s2e just one 1light flashing on and cff with different time
intervals between, corresponding tc the VT stimulus cf the
Elank and Bridger (1S66) study.

The study also used a task of matching VS dots with VS
dots, and cne in which the children imitated claggped
rthythns. Finally the subjects were asked to describe a
visual-temporal light series, and again the findirgs given
most emphasis by Rlank, et al. were these verkal repcrts.
They found again that the pccr readers made more mistakes in
telling about the sequences than the ncrmal readers did.
They found in bcth studies that all the children used verkal
coding cf scme kind to remember the sequential stimuli, but

that the pcorer readers used it less efficiently.
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A weakness of the Blank, et al. studies is that they have
very few =<subjects for the number c¢f measures used. The
cbservations on efficiency of vertal coding are @mcre
clinical impressions than experimertal data, but they are
frobably wcrth examining further.

Sterritt and Rudnick published twc studies using multiple
regression tc examine the value of auditory-visual tasks in
predicting reading (Sterritt & Rudnick, 196€; Rudnick,
Sterritt & Flax, 19€7) . They used samples of ncrmal 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 pattermns. One
task used a visual-temporal standard =<similar to Blank's
flashing light stimulus; thus a temporal-to-spatial
transformaticn within +the visual modality was required.
Another stimulus ccnsisted of auditcry +tcne patterns as the
standard. This <required an auditory-temporal tc visual-
spatial transfcrmation. The Birch and Belmont auditory
task--a pencil +tapped on the table in view of the
subject--was also used. Regressior equations were derived
to see if any of the auditory tasks added significantly to
the amount of variance acccunted fcr by IC.

The 196€ study was done with grade four boys; the 1967
study with grade three boys. Both studies fcund that the
Birch and Belmcnt task did nct predict reading when IC was

held constant. For the fourth graders, only the auditcry
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task added a significant ccntributicn to the reading score
when IQ was held constant; for the third graders bcth the
auditory and the visual task acccunted for significant
variance. Sterritt et al. interpreted these 1esults as
indicating that the auditcry-temrcral to visual-spatial
transfermation was probatly the critical predictcr cof
reading success, teside IQ. For the 1966 study cf fourth
grade readers the authors concluded that the sratial-
temporal <shift within the spatial mcdality was not an
important predictor c¢f reading. Fcr the third grade readers
in the 1967 study the task requiring the spatial-temgcral
shift was a significant predictcr c¢f reading ability. The
authors interpreted this as evidence of changing importance
of different subskills at different levels of reading skill.

In 196€ Kahr and Birch published a study directed at
three issues which had come up in the research sirce 1964.
The first was Sterritt and Rudnick's finding that the Birch
and Belmont task did not =<significantly predict reading
performance when IC was held constant though a variant cf
the Birch and Belmcnt task did. The second issue was that
raised ty Elank et al., cf +the importance cf verktal
mediaticn in the RA-V task performance. The third was the
rossibility that Eirch and Belmont's cwn 1965 results 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 design.
The auditory stimulus was produced behind a screen to reduce
visual confcunding of the auditcry task. To ensure that the
grcups did not differ in auditory memory, the WISC cdigit
span subtest was given to all subjects. Product-moment
correlations tetween 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 19€8 study was intended
as an imprcvement over the Birch and Belmont (1964)
procedure. However, Kahn and Birch (1968) ccntrclled for
deficits in ipsi-mcdal vperformance wusing the same 1logic
Birch and Eelmcnt (1964) had wused to address auditcry
m2mory. 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. The 1lcw
and high scorers did not differ «c¢n the ipsi-modal tasks.
Cnce again, the regression effect would help to conceal a
correlaticn if there were one. R seccnd proklem with this
procedure is that ty testing cnrly the highest and lowest A-
V scorers, Kahn and Birch tested ipsi-mcdal performance as
it was related tc cross-mcdal performance, not as it was
related to reading. The extrems A-V scores could tkave ccre

from either reading grcup.
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Kahn and Birch predicted that amcng normal readers, their
form of A-V matching task would te related +tc reading even
when IQ was held ccnstant. They also rredicted that verbal
mediaticn was not as significent in wmatchirg task
performance as Blank et al. had claimed; and they expected
more difficult A-V matching tasks to ccntinue to
discriminate ketween gccd and gpccr readers in the higher
grades.

The Kahn and Birch 1968 study <supported its authers!
rredictions. Hcwever, Kahn and Birch say they statistically
held constant the variance from I¢ , but they neither give
the scores nor their variance nor explain what fprccedure
they used tc hcld the variance ccnstant.

Kahn and Birch used different criteria from thcse used by
Blank et al. to define strategies as verbal or non-vertal.
Blank and her cclleagues descrited all strategies as verltal;
Kahn and Birch categorized them as vertal, visual, feeling,
or 'don't kncw!'. Blank et al. (1968) analysed errors to
compare the efficiency with which each reading group used a
strategy; Kahn and Birch regrcuged the subjects according to
the strategy used and compared the results cf each grcurg.
They did nct examine the efficiency with which different
reading groups used their chosen strategies.

The «c¢ceiling effect questicn did =seem to ke clearly

resolved; ty increasing the difficulty of the A-V matching
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tasks, the relationship Letween —reading =sccres and A-V
scores ccntinued at the same strength throughout the age
range testec.

Two studies by Vande Voort and his colleegues zddressed
the temporal-spatial ccnfcund. Vande Vcort and Senf's study
(1973) was published second but completed first; the study
by Vande Voort, Senf and Benton (1972) addressed scmne cf the
puzzling results cf the 1573 study.

Vande Voort and Senf (1973) examined the «crcss-mcdal
matching paradigm for the effects ¢cf the temporal-spatial
dimension. In additicn tc the AT-VS matching task, they
presented AT-AT, VS-Vs, and VT-VT matching tasks. They
reasoned that if it is crcss-medal integration which 1is
rarticularly trouklescnme for retarded readers, their
rerformance should be significantly different cn the AT-VS
task only; if there are <cther variables involved, their
rerformance should te depressed on all tasks.

One factor Vande Vcort and Serf thought would te
- important was short-term memcry; tc ccntrol for +this they
modified the interstimulus interval (ISI), providing the
longest interval tetween the VS-VS tasks.

Testing 16 male good readers and 16 male pccr readers,
matched for 1IQ, Vande Voort and Senf found that their
results did nct replicate Birch and Belmont's (1€€l)

results, but neither were the results what the experimenters
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had expected. Sccres cf the retarded readers were lower on
all the tasks, tut the difference was =significant only on
the VS-VS task. Correlating error scores and reading sccres
for the retarded readers, cnly the VS-VS task was correlated
significantly with reading scores. The VS-VS task was also
the task with the longest ISIT. This study was not designed
to test short-term memory effects, kut the results suggested
that a memcry deficit might be involved.

Vande Voort, Senf, and Benton extended these results Ly
examining the ISI variatkle as well as using a larger sample
of subjects (48 each of retarded and ncrmal readers). They
also examined developmental trends by =separating their
groups ty age. They used three tasks: AT-AT, VS-VS, and AT-
Vs.

Regarding Birch and Belmcnt's developmental hypothesis
that auditory-visual integration improves with age, Vande
Voort et al. found that the clder ncrmal readers did better
than the ycunger ones, but only in the longer ISI ccnditicn.
This suggested that the critical develcpmental factor may te
cne of memcry rather than integraticn. In answer to Eirch
and Belmont's hypothesis that retarded readers wculd shcw
delay in the develc;mentlcf integrative abilities, retarded
readers were deficient on the AT-VS task relative tc the
normal readers, but they were alsc fpccrer on the VS-VS and

AT-AT ccnditicns.
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One of the cautions Vande Voort, Senf and Bentcn suggest
in interpreting these results 1is that a «crcss-secticnal
design in the study cf reading disabilities may result in a
sample with progressively more severe handicar in the clder
age groups, since readers with milder prcblems are returned
to regular classes as their reading improves.

Intertask correlaticns were obtained on the =screening
variables wused in the study. Ncrmal readers had Lkigh
correlations across all the skills invclved in reading tut
the reading disablzd children did not. Vande Veccrt et al.
suggest that different subjects in the retarded reading
group acccunt fcr low sccres cn different tasks, depressing
group scores vwithout reflecting the individual weakness cf
each chilg.

The full range of stimulus combtinations was finelly used
by Bryden (1€72). He varied bcth the auditory-visual
dimension and the temporal-spatial one. Bryden used tcne
sequences (AT), 1light flashes (VT), and visual-spatial dot
patterns (VS). He ©rpresented them in all orders and
combinatiocns.

Subjects differed in reading level, with the poor readers
having a mean reading retardation c¢f 1.5 years ccmpared to
their grade 1level. The twe subject grcurs were matched for
age and IQ. There were 10 bcys and 10 girls in each grcup.
The initial analysis showed nc sex differencs in reading

performance, and the grcups were ccllapsed across sex.
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The stimulus patterns were shorter than thcse of Kahn and
Birch (1968) which had shown a correlation tketween reading
and matching task perfcrmance in the clder grades. The
ISI's in the Eryden study were short (2 seconds); these two
factors may have contributed to the «ceiling effect wkich
Bryden ctserved for the gccd readers. The ceiling effect
limits the breadth of conclusions which should ke drawn.

Results frcm the analysis showed that the matching tasks
did differentiate the twc reading grcups. There was no task
by reading group interaction--the ©pocrer readers did mcre
poorly than tle good readers on all the tasks. This study
provided nc surpport for the Birch and Belmont hypcthesis
that there is a specific auditory-visual integrative deficit
for retarded readers.

Analysis of variance did 1indicate differences in the
difficulty c¢f +the varicus matching tasks. The tasks
[resenting a spatial pattern first were much easier (resctlts
of whole grcur). A subsequent series of multirle t-tests
revealed that +the ©fpccr readers fcund +the AT-AT task
significantly harder than the gcod readers did.

Bryden found different intertask ccrrelaticns in the two
grcups, and different <correlaticns between the matching
tasks and the screening tests; the pccr readers tad hicher
correlaticns tetween matching tasks and IQC than the normal
readers. However, the ceiling effect for the ncrmal readers

calls toth cf these findings into question.
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The Bryden study is <cited as c¢ne cf the few adequate
tests of Birch and Belmcnt's senscry integraticn hypothesis
(Bryant, 1975). Though Eryden's results suggest that a
great deal more than senscry integrative akility
differentietes good and pcor readers, a clearer pattern of
differences might emerge from a series of tasks witl a
higher ceiling for the gcod readers.

The tasks wused in the studies reviewed atcve vwere
appropriate tc tke hypotheses under investigation. The
studies explcred the way that simple percepticns frcm
different sensory modalities were recognized as equivalent.
The studies heve indicated that the tasks are not as simple
as they lccked on first viewing; the tasks can indeed
discriminate Lketween grcups of gccd and roor readers, tut
the basis c¢f that distinction is not clear.

Furthermcre, early studies cf cross-mcdal sensory
integration often wused auditory and visual p[perceptual
measures tc rule cut perceptual deficits, and assumed they
had demonstrated competence on the ipsi-modal countergarts
of the integration tasks. Bryden's testing of the ipsi-
modal performance of the poor readers did nct suprort that
view. His subjects were impaired «c¢n all versions of the
tasks. With this in mind, it is appropriate tc review scne
recent studies which have investigated specific deficits

which might be relevant to dyslexia.
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1.2.2  specific Deficits

To tegin with an elementary level cf information
frocessing: Favlidis (1981) reports irreqular eye Eovements
in dyslexics in a task designed to be free from memory
Iequirements and linguistic factors. He attritutes
sequencing difficulties in dyslexic reading Lkehavior +to
sequencing fprotlems in the eye r&ncvements of dyslexic
readers.

Maisto and Sipe (1980) wused a reaction time measure in a
task requiring recognition of 1letters as the same cr
different frcm a set of two, three cr fcur letters presented
first. Some of the stimuli were visually degraded ty placirg
a checkertcard design cver the letter. Dyslexic subjects
tock 1lcnger to recognize the degraded letters than the
normal control subjects, and the dyslexic subjects' reaction
times were more strongly affected Lty the degraded stimuli
than the times for normal subjects. The results suggests
that visual processing may ke more vulnerable to
interference in dyslexics than in ncrmal readers.

Blank, Berenzweig, and Bridger (1975) fcund that retarded'
readers had slower reaction times tc complex visual stimuli
than to simple ones, and that all reacticn times were slowed
in the retarded readers when a complex stimulus was present.

This effect <cccurred whether all =<stimuli were in the same

modality or nct.
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Negative evidence for a visual perceptual deficit has
been asserted by Vellutino et al. (1975tk, 197%c). The first
study presents visual material briefly and requires the
subjects to copy it or read it aloud. The dyslexic ard
normal grcups were not different in the copying tesk, btut
they did differ in pronouncing the recalled stimuli.
Vellutine concludes that visual percertion in dyslexic
children is intact, but that verbal ccdifying is the skill
in which dyslexics are deficient. Since the sulkjects were
matched Lky age and nct by reading =kill, Vellutino has
demonstrated that dyslexic children are indeed Epccrer
readers than cther children cf the same age.

It is wuseful tc compare dyslexic children with ncrmal
children cf the same age when the perfcrmance being measured
is thought tc be a part of the complex task o¢f reading.
When +the experimental task is itcelf a reading task the
groups must be matched ry reading level rather than age, cr
the experimental task dces nc rmore than verify the
assignment tc groups on the tasis of reading skill.

In the second <study, Vellutinc (1975c¢) tested tlree
grcups of children for their ability to recognize Hekrew
letters after being given three of them tc study. One grcup
was disabled in reading; cne, ncrmal; and the third group
consisted cf very tright Hebrew <children from a Hekrew

school. Between the children who were not familiar with the
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Hebrew alphatet, there were nc grcur differences on the
ta sks. It was unclear from Vellutinc's descripticn what a
chance level cf perfcrmance wculd have been, but ncne of the
non-Hebrew groups had mean scores higher than Vellutinc's
estimate of <chance performance. The great IQ differences
be+ween the groups would have confounded the results further
if either of the ncrn-Hebrew groups had been able tc execute
the task. Frem this material Vellutinc ccncludes that tkere
are no differences in visuval nmemcry between good and roor
readers. A mcre appropriate conclusion wculd have teen that
good and peccr readers do nct differ on a task that neither
can do at all.

Another tyre of srecific deficit which might be involved
in dyslexia is cne of auditory tempcral perception. Tallal
and Piercy (1974, 1975) have investigated this with
dysphasic children and have found that these children have
rarticular difficulty with speech sounds which have fast
formant tramsitions, such as the =stcp consonants. In a
study of dyslexic children, Tallal (1980) used nonverkal
stimuli ard found the greatest deficit in ccnditicns cf
short interstimulus intervals. These results ccrrelated
highly with the difficulties the sulkjects had witlk phcenics
testing: the =sulkjects rpcorest c¢n the short ISI task
conditions were the ones with +the 1lowest rhonics test

scores.
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Brandt and Rosen (1980) tcok another approach to the
issue of rresumed deficits in auditory perception. Their
study wused ccnsonant-vowel <combinaticns differing in the
time of voice onset ('ta' versus 'da'), or in place of
articulaticn ('ba' or t'ga'). Children were required to
repeat the stimuli, then cn other +tasks they were asked to
indicate whetlter the twec stimuli were the same or different.
Brandt and Rcsen concluded that the dyslexic children were
not significantly impaired in the ability to extract
rhonemic information from speech. This conclusicn may Le
premature, since it may be more difficult to extract
rhonemic infcrmation from speech than frcnm isclated

syllables.

1.2.3  HMemory

The impcrtance of memory effects has teen suggested Ly
several of the studies reviewed abcve. As in most of the
literature on memory and dyslexia, a distincticon is made
tetween visual and verkal memory.

A study by Ceci, lIea and Ringstrcm (1980) examined ccding
processes and memcry in dyslexics. Ceci et al. <cseparated
groups according tc scores cn the visual and auditory memory
subtests of the Detroit Tests of Learning Aptitude (BRaker &
Leland, 1€E£9). Children with lcw sccres on the auditory

subtest were defined as auditory-memory handicepred, and
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those with 1low visual suttest scores as visuzl-mercry
handicapped. The dependent variakle was a measure cf the
extent to which a semantic cue imprroved memory. In koth
grcups memory was improved by a semantic cue fcr items
presented in the weaker mcdality, thcugh memory was not
improved in the modality which was nct difficult fcr the
child. Specifically, children defined as auditorially
handicapped would remember auditorially presented material
better when given & semantic cue; their memory for the
visually presented material was equéelly gcod with or withcut
the cue. A sinmilar prattern was fcund for the children
defined as visual-memory handicapped: they benefited frcm a
semantic cue with material presented visuvally, but the cue
did not imfprove memory for items presented auditcrially.

Ceci et al. interpret their results as evidence for
separate access to semantic memory by auditory and visual
systens. An alternative explanation is that childrer wmay
have differed in their srcntaneous use of verbal codes for
the stimuli in these tasks.

A study by Hicks (1S€0) exarined ancther memory task and
discovered that the verktal or non-verktal quality of test
materials may te less clear-cut than the designers cf a test
intended. Though the Ceci et al. study is Lkacsed ¢cn a
distincticn tetween auditcry and visual materials, Hicks'
study suggests that the children's use of verktal ccding may

bear on the interrretaticn cf their results.
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Hicks <studied one subtest c¢f the 1Illinois Test of
Psycholinguistic Abilities (ITPA; Kirk, McCarthy, & Kirk,
1968) . Ske administered the visual sequencing subtest in a
series of experiments to see what the test measured, hcw
children performed it, and how gocd and T[foor <reacers
differed in thke skills necessary tc perfcrm the test. She
first gave the test to 20 competent readers and asked thenm
to explain afterward hcw they did the tasks. She fcund
that, though the test was supposed tc ke ncn-verkal, the
children who did well on it had used a strategy c¢f naming
the symkols. She then readministered the test, requiring
all the children to label the stimuli, and recall the vertal
sequence., The latelling strategy eliminated the difference
tetween the groups (thcugh 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 thkis procedure several times, taking groups of
dyslexic and normal children, giving them the visual memory
subtest, asking them fcr their =strategy and then repeating
the test with mcdified dinstructions. She fcund @mcre
children who srontanecusly used verbal «coding in the cocd
readerbgroups than in the dyslexic grougs. After the first
administration cf the task, she separated the grougs by the
strategy used, and evaluvated the changes in performance

resulting from different instructions. She fcound that the
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advantage <shcwr by the verbalizers disappeared when they
were raquired +to say 'the the the the' as they were dcing
the task, but the visualizer's perfcrmance was nct
significantly different in that ccndition. She also fcund
that when all the children were instructed to label the
stimuli, the dyslexics still did mcre poorly, but they did
show a significant improvement cver their original
performance using a visual strategy.

The Hicks study should be replicated, primarily because
of the imrlications of the findings, but alsc tecause cf
some weaknesses in design. Thcugh Hicks stated that all
subjects were within average range cn the WISC, she did nct
give group means and standard deviaticnms. The possibility
of ceiling effects with the seccnd administraticns cf the
test <should also ke examined. If the informaticr 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. The first ccmplex of questions arises
from the icssues of memory, temporal sequencing, ard verbai
facility. Though these torics ars usually treated
separately, it may be fruitful to consider them together.

Sequential stimuli, by the nature cf their construction,

take more time tc ppresent than <sratially presented ones.
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This in +urn implies that the memcry demands of the two
types of stimuli are different. It may be mcst meaningful
to consider tempcral processing and short-terr memcry
together, as Vande Voort, et al. (1972) suggest.

Blank, et al. (19€€,1C6¢) emphasised that vertal
mediation may play an important part in mastering the mcre
demanding stimuli, Frcm this idea, a rpossible relationship
between temporal processing and verltal skills emerges.

It might be useful tc consider the type of verkal skills
involved in these tasks. The high incidence of children
with early language problems in the pcpulaticn of dyslexic
readers points toward a general language deficit as teing
important in dyslexia (Yule & Rutter, 1976). Verbal skills
may alsc be invclved in learning tc learn. A mental prccess
cne step removed frem the activity itself may be involved as
children learn to generate strategies which will Lelp thenm
perform a difficult task.

It is impcrtant +to ask whether dyslexia is a unitary
disorder or a symrtcm. Dces it 1result from any of several
unitary discrders, or from comkinations <c¢f [frcklems?
Studies such as thcse reviewed above, which lock for ccmmon
characteristics of a group of subjects, may disccver unitary
disorders, tut they are less likely tc rrovide clear results
if dyslexia is a symptom of many discrders or comkinaticns

of discorders. In the studies described above, evidence for
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the presence cf several deficits accounting fcr prcblems in
different children arcse incidentally, as in Vande Voort,
Senf and Benton's (1572) intertask correlation matrices.
Several researchers have investigated dyslexic
populations for evidence of subtypes of dyslexia. Scme
researchers described dysexia in terms of the types cf
reading errors the <children nmade (Bcder,1973; LCoehring,
1979) . Cthers based their definiticns cn characteristic
profiles of =sccres on psycholcgical cr neuropsycholcgical
tests (Mattis, French & Rapin,1975; Petratuskas &
Rourke,197S9; Satz & Morris, 1980). Although this is an
important area of research in dyslexia, detailed ccmpariscn
of these classification systems is beycnd the scope of this

raper.

1.3  CROSS-BHQDAL COHEPARISC
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In her 1¢7¢& review, Blank wrote of two general approaches
to the study of dyslexia. .One approach is tc exeamine the
dyslexic reader tc find deficits which might be causing the
reading protlem; the cther is tc examine the demands of the
reading task itself. Birch and Eelmont's original article
was a vresult of the =seccnd approach, thcugh 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 Lasis 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
required ccmparing words which they had never seer Lbefcre.
Snowling's hyrothesis was that the grcups would differ in
their grapheme-phoneme conversion skills.

Srowling used a same-different ccmparison cf four-letter
nonsencse words as her experimental task. Words were
rresented either visually or auditorially, and sulkjects
indicated wkether a <ccmpariscn stimulus, which could be
either visual or auditory, was the same or different. Thus
she presented four ccnditicns: visual-visual, guditory-
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
Fronounceable. Twelve 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 kcth sexes
at different readinc¢g 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

recognition skills of the two groups be comparatle.
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Scores were calculated as d!' velues. This statistic frcm
signal detection analysis estimates a score in 2z units fcr
the distance ketween the means of two distriktuticrs fcrmed

ky the subject's percepticns cf <came and different stimuli.

(For detailed explanation of the 4! statistic, see Ccren,
Porac & Ward; 197¢, Chapter 2.) Analysis of variance was
performed cn these scores, with subsequent t -tests and

correlaticnal analyses.

Snowling rerorted no overall differences between the
groups, but different age trends did emerge. Perfcrmance in
the normal grcur increased with increasing reading age, tut
in the dyslexic group it did not. Comparing perfcrmance cn
the cross-mcdal tasks, the dyslexics performed mcre pocrly
at all levels except for the lcwest reading age. Analysis
of variance <showed one <significant interaction Letween
conditions and grcups. Multiple t -tests indicated that the
interaction effect was due to the normal grcup's superior
performance on the Visual -Auditory matching task.

Snowlin¢ ccncluded that reading rerformance of the
dyslexic group was qualitatively different from that of
normal readers of the same level. She suggested that
dyslexics develcp a fairly large sight vccabulary but that
their <kills at grapheme-phoneme <ccnversion remein at a
primitive level. Since the groups did not differ in the

cther three ccnditions, Snowling interpreted her finding as
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evidence cf a specific deficit in grapheme-phonene
conversion, which she considered to be analogous to cases of
acquired phonemic dyslexia in adults. She stated that her
results implied a selective impairment of the ‘'grapheme-
rhoneme rcute' to reading.

Several points should be made about Snowling's
conclusicns. First, she found that all c¢f her groups did
very well on the RA-A condition where sutjects compared two
auditory presentaticns cf the stimuli. When Snowling's
four-letter ncnsense words differed within the pair, they
differed only in the order of the middle two letters. This
was assumed to provide difficulty both auditcrially and
visually. Hcwever, examination of the stimuli shows that in
the case cf a ccvc-cvcc pair (e.g. 'kleg-kelg') , the initial
and final consonant blends are different, prcducing several
auditory differences in the rpair. In the example given
above,tke initiel <scunds are kl-/ vs. /k-/; the final
sounds are /-g/ vs. /-1qg/. The vowel sound also cltanges in
interaction with the conscnant blends. Snowling's subjects'
high sccres on the auditory-auditory condition may therefore
indicate multiple auditory differences in the stimuli rather
than acute auditory perception in the suljects.

Secondly, Sncwling stated that only one strategy was
available for the V-A task. She assumed that the children

would have tc ccnvert the visual stimulus (the grapheme) +to
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its auditcry counterpart (the rhoneme) fcr ccmpariscn with
the seccnd stimulus of the pair, which was auditory. This
may be the most likely strategy tut it is not the «cnly
possible one. Children could alsc have read out the letters
of the visual stimulus and tried tc spell the auditory cne.
They could have used different strategies for different
items in the same ccnditicn--there is nc reason to assume
consistent chocice of strategies.

Snowling's dintergpretaticn may be exrpanded further by
taking intc account the ambiguities of English spelling and
pronunciaticn., Letters may vary in pronunciation, and
different letters may make the same scund. The ccnsonants
’CS e/ S/ anéd /q/, for exarnple, have more than one
rrenunciaticn. Vcwels are particularly difficult. Each has

a range cf pronunciations which varies in c¢ifferent

consonantal contexts (Strange, Edman & Jenkins; 1679) .
Vowel ranges overlap: one sound may be made by several
different vcwels. In spelling, several different letters

are often availatle for each =scund (Shankweiler & Iiberman,
1972; Gibscn & levin, 197%).

These amktiguities add tc the «ccmrplexities cof ttle
comparison task. One ccmparison may nct have been enough to
complete the task. Subjects may have had tc try several
pronunciations or spellings befcre =satisfying themselves

that a pair was 'different!'.
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Thus it meay be @wmisleading to 1efer to poor grapheme-
rhoneme ccnversion skills as a ‘'specific' deficit. The
complexities of English spelling and rpronunciaticn make
learning the grapheme-pfhoneme ccnversicn code a very comglex
task indeed. Furthermore, while the dyslexics were more
disabled in this task than readers cf the same overall skill
level, it must te remembered that they were alsc disakled in
all reading skills relative +tc <children of +their own
chrecnological ages.

In her conclusicn Sncwling makes an analogy between the
dyslexic «children's performance on the Visual-Auditory
matching task &end a reading deficit =<seen in some aphasic
adults. She cites studies by Saffran and Marin (1977) and
ty Patterscn and Marcel (1977) cf aphasic patients whe
retain the akility +c 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 fprccess
may be disrurted by brain damage. However, Saffran and
Marin (1977) caution:

Phonermic dyslexics learned tc read tefore
incurring train damage. One <shculd therefore be
careful in drawing implicaticns for the
acquisiticn c¢f reading skills. Crthographic

reading mechanisms may, in fact ke difficult tc
acquire without scme basis in thcnclegy. (p. £24)
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Furthermore, cne cannot assume that dyslexia is a result
cf brain damage. If, however, dyslexia resulted frcm a
neurological abnormality not recognized as brain damage, the
abnormality is likely to be suktle, in contrast tc the adult
dyslexics' cbvicus impairment. If neurclogical impairment
were the result of an o0ld, undetected injury, the structural
changes resulting frcm +the damage wculd nct necessarily te
restricted to +the area immediately surrounding the injury.
Since develcoring brains change mcre readily than adult
brains, children are 1less likely than adults to have
localized brain aknormality as a result cf train damage.

The study presented in this thesis also examined
performance on a reading task presented in a crcss-mcdal
comparison vparadigm. 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 within the ©pair and half were the same; suktjects
were required tc indicate whether the rairs were the same or
different. Four comparison conditions were presented:
auditory-auditcry (RA-13), visual-visyal (V-V), eauditcry-
visual (A-V), and visual-auditory (V-3). Nonsense words
were used as stimuli in order to compare perfecrmance between
groups using phonetic <¢kills withcut help frem sight

vocabulary.
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Stimuli were chcsen tc present difficulty auditorially cr
visually. Scme of the stimulus pairs were similar to those
used by Sncwling: four-letter nonsense werds differing cnly
in the order of the central twc letters. Other ©pairs
differed in cne letter in the initial, central, or final
position. The 1letters which varied within the rpair were
visually simpilar for scme of the pairs (Liber-
man,Shankweiler, Crlando, & Bell Eerti,1971). The remaining
pairs differed in letters which were auditcrially similar
(Miller & Nicely, 195%). Scme letter pairs were confusable
both auditcrially and visually (e.g. /by and s4dy). Since
the difficulty ©prcvided by each stimulus pair was
theoretically rather than experimentally defined, the came
stimulus master list was used fcr all fcur conditicns of the
experimental task, with +he order differing for each
conditicn.

The experimental task was given +to three groups cf
subjects: normal, slcw and dyslexic readers. All were

reading at the level appropriate to grade two.
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Chapter IIX

HYEOTHESES

The first hypothesis to te examined was whether tthere
were overall differences between the three groups. Iif
groups are matched for reading level, 1is there a difference
between the performance of the +three grcugps cn the
experimental task? Sprecificelly, 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 crcup
were predicted to be 1lcwer than for the normal and <slow
groups cn a ccmposite measure based cn all four scores.

The seccnd hypothesis to be explored ccncerned specific
perceptual problems in dyslexia. If dyslexic reacers Lave
problems with phonetic skills fprimarily because of auditory
rerceptual prcblems, then it was predicted that scores fecr
the dyslexic grcup wculd be lower than for the normal group
cn all but the V-V condition. Visual perceptual prcklems
would produce a similar profile with the A-2A condition teing
the only cne not depressed.

A third hypcthesis arcse from Sncwling's finding of a

specific impairment in dyslexic <children in visual-auditcry
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comparison tasks (Sncwling, 1980). In the present study,
replication cf this finding would show in 1lcwer scores for
the dyslexic children in the V-A ccndition ccmpared tc the
other groups.

The author assumed that the amtiguities of Enclicsh
spelling and fprcnunciaticn added significantly to the
difficulty cf the cross-modal presentations. If the crcss-
modal conditicns were more =sersitive to general cognitive
deficit, and if the slcw reader grcup were less impaired in
sensory perceptual ability than the dyslexic grcup, then the
scores of the slcw group wcuvld be similar to those of the
normal group on the ipsi-modal conditions, and 1lcwer than
scores of the normal grour cn the <crcss-modal tasks. The -
slow and dyslexic groups would Lkoth show deficits in
performance of cross-modal tasks, ccmpared tc the ncrmal
group.

Hypotheses 2,3, and 4 are summarized graphically in
Figure 1.

Two post hoc analyses were planned for these data. Tthe
first was related tc Hypcthesis 2. If dyslexia resulted
frcm visual perceptual disability in <some children and
auditory disability in others, there would ke twc or mcre
types of rperformance deficit visible in these data. Sone
of the dyslexic grcup would show high performance cn the A-A

conditicn and some on the V-V condition, relative to tlkeir
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level of perfcrmance c¢n the cther ccnditionms. A post hoc
analysis was used to examine +this ©[pcsesibility since the
study was not designed to distinguish tetween sukgrcugs cf
dyslexic sukjects.

For the ©post hoc analysis a difference score was
calculated by subtracting each subject's V-V score from the
A-A score. The frequency of strongly pcsitive or negative
values was ccrpared ketween the three grougs.

A second post hoc analysis was planned tc ccmpare the
types of errcrs made ty each grour cf subjects. For this
analysis the items were regrouped. Only the pairs which
were different were ccnsidered; they were <ceparated
according to the 1location of the 1letters which were
different. (Fcr example, 'beok-veck! differed in the initial
position; ‘'vcp-vok', in the final, and *tik-tek', in the
central positicr. The percentage correct for each type of

pair was calculated for each grcup cf subjects.
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Chapter III

METHCD

3.1 SUBJECIS

Three grcups of thirty subjects each were selected from
Greater Victoria School District €1 tc form grcups of slow,
normal and dyslexic readers. The 90 subjects came from 14
schools, representing a cross-secticn of Victcria's
socioeccncmic envircrments.

All subjects were rcading at a level appropriate to grade
two as measured by the WEAT (Level 1). 1In Victcria the mean
raw score for grade two 1is apprcximately £0 (mid-year;
extrapolated from McAllister's norms). Scores in this
sample ranged from 41 to 65.

Some of the children identified ty teachers as reading at
aprroximately grade two level cbtained WRAT raw sScCCres
outside the U1-€5 range; those children were not included in
the sample. The three experimental grcups were screened
from 133 sukjects given the WRAT, PPVT and Block Design
measures.

Groups were defined in terms of the regression equation

derived frcm McAllister's normative data, descriked earlier.
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WRAT scores were predicted from the child's age, PEVT sccre,
and WISC Blcck Design sccre; and the predicted WRAT sccre
was compar€d to the child's cbserved WRAT score. Because
McAllister's norms were kased on the 1959 editicn cf the
PPVT, the same edition was used in the rresent study.

The regressicn equation used to calculate the predicted

WRAT score was:

Pred. WRAT = RAge X 6.33 + (EFVT X .32) + (B.D. X .17) -

22.56

Predictor variables were entered in the equaticn in crder cf
variance accounted fcr. Age accounted for the most variance
and Block TCesign raw sccre accounted fcr the least.

All scores were raw score values. Standard errcr cf
predictior c¢cn the regression equaticn was 8.65. A difference
greater than 1.5 standard errors of measurement Lketween
predicted and observed WRAT scores was chosen as tke cutcff
point for defining the three grcurs. Thus, the normal group
consisted of grade two children 1rec¢ading at grade 1level,
whose predicted and okserved WRAT =sccres differed Lty less
than 13 pcints. Slow readers were defined as thcse children
older than the age arprcpriate for grade two but reading at
grade two level, whose predicted and ckbserved WRAT sccres

were within a 13 pcint range. The dyslexic group were older
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children ,reading at grade two level, whose observed WRAT
scecres were mcre than 13 points 1lcwer than the score
predicted for them on the tasis of their age, PPVT sccre and
Block Design =score. Difference sccres and the other

defining measures are shown in Table 1.

TAELE 1
Group Defining Measures: Ages, Test Sccres and Difference
Scores
GRCUP
Normal Slow Dyslexic
Measure Mean SD %ile Mean <SD %ile Mean ST @%ile
Age 7.4 .3 9.0 - .8 10.8 1.3
PPVT 731 749 50 T3. 8 7.7 30 81.7 7.8 2%
Blcck Design 21.4 5.9 60 2C.9 8.7 20 29.7 11.0 Q0>
WRAT 54.2 6.0 65 56.2 E.8 >2 €3.4 6.1 >2
Difference = (Observed - Predicted WRAT sccres)

The dyslexic and <slow grocups were obtained thrcugh
remedial reacding rrogrammes cffered by Greater Victcria
School District 61. The study began with children enrclled
in the 1981 Summer Schoccl 1reading fprogramme, and continued
through January 1982. Foor readers were located with the
help of learning assistance teachers in the schcecls. ©Normal

readers were selected from the grade two «classes cf the
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schools attended by the slow and dyslexic readers. Parertal
permissicn 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 rplaced in

grcups on the tasis cf those sccres.

3.2  STIBULUS SELECTICK

Pilot wcrk with 10 normal children at the end cf grade
one indicated that stimulus fairs such as Snowling's
resulted in near-perfect performance in the A-A conditicn
and chance perfcrmence in the V-V ccnditicn. These stimuli
were difficult +to distingquish visually but very easy
auditorially.

A master 1list of items ©[providing sufficient visual and
auditory difficulty was then constructed (Appendix 1). The
stimuli were orthcgrarhically regular nonsense words, not
homophonic with real words. There vwere 42 stimulus pairs in
the master list. The list contained three- and four- letter
nonsense wcrds; 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

pronounceable. The three-letter words Were cvc

combinaticns; 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 kncwn to
ke easily ccnfused (Miller & Nicely, 19E55) +were varied in

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

and in the final peosition in another six pairs (e.g. *fep-
fak') . Six mcre rairs differed in vcwels having similar
sounds ('bip-bep?'). Some of the easily ccnfused scunds

identified ky Miller and Nicely are written in English ty
digraphs: e.g. /thy - /f/. For this reascn the auditorially
confusible pairs contained some words of unequal length such
as 'fip-thip’'.

Ancther eighteen r[pairs were ccnstructed to provide
sources of visual confusion. Similar-looking ccnscrants
were varied in the initial ¢rcsiticn fcr six pairs ('kiv-
div') , in the final position for six more ('lukt-lucé'), and
visually similar vcwels differed in the remaining six three-
letter pairs.

Six four-letter nonsense word pairs were alsc used,
differing c¢nly in the crder cf the middle two letters.
These four-letter word pairs were similar to those used by
Snowling (1980), except that for the present study all items
kegan and ended with a ccnscrant, and all were of one
syllable.

Each stimulus ©pair frcm the master 1list could te

rresented in four ways, differing in crder and sameness.
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Thus the ©pair 'bek-vok' cculd be given in fcur céifferent
forms: 'bck-vok', 'vok-bck', 'bok-bck' or 'vck-vok'. The
stimuli on the master list were all presented in cach cf the
four experimental ccnditicns (A-A,V-V,A-V, and V-1). They
were given in a different form in each conditicn. The crder
of stimuli was randomized for each experimental list, with
equal numbers of same and different rairs given on each list
(Appendices E-E).

The auditory stimuli wére recorded cn audic tape, read ty
the author, a female with a North American accent
inconspicucus in Victoria. The nonsense words were printed
by hand in MacLean's manuscript alphabet on 3" X 5" white

index cards.

3.3  PROCEDUEE

The WISC-R Block Design subtest, +the EPVT, and the WEAT
reading subtest were given first, in that «c¢rder, in a
session lasting alcut twenty minutes. Standard test
administraticon was followed for these +three tests, and the
children were given a decorative sticker at the end of this
session.

The second csession followed after a variable amount of
time. Most children received both sessions the same day tut
in some classrcoms this amcunt <c¢f interruption was not

possible and the second session hac¢ to be given cr ancther

day.
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During the second session the experimental tasks were
given. The A-2 condition was given first, V-V seccnd, A-V
third and V-2 fcurth. Since it was expected that +he
demands of the cross-modal tasks were greater than the igsi-
modal ones, the easier «conditiors 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 nc way of predicting the order of the items
or whether the rairs were tc be the same cr different on any
trial. They were not given the same fcrm of any pair twice.
This sessicn lasted abcut forty mirutes, and the children
were rewarded with stickers at intervals throughout the
session.

Instructicns were <srocken rather than read. The author
repeated instructions or demonstrated as necessary, checking
that subject and author were using the same wcrds fcr the
coding symtols. When the child shcwed understanding of the
instructions ty repeating them in his own words, a rumter cof
practice trials were given orally, with correction of
errors.

The instructions were "I am gcing tc say two words that
don't mean anything,. I want ycu to tell me if they are the
same as e€ach cther or if they are different. The 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



50

the child called the same symbcl a check. "And if the two
words are different, put an 'X' on ycur paper.

"Now what if you heard the words 'vck' and 'vcp'. Are
they the same cr different? What wculd ycu put on your
paper? What about ‘'kik?, 'bek'? What if you heard 'tck',
'vok'?" After the child demcnstrated understandinc of this
rart of the imnstructions, a short practice session was given
with the authcr reading the stimuli. Then ancther practice
was given using tare recorded practice trials. Before the
experimental tasks were bequn the child was tcld, "Ycu will
have to listen carefully, because I can stop the tagpe if ycu
need more time, but I can't make it go backward."

A cimilar introduction was given for each <cf the
experimental ccnditions, with spcken instructions first,
followed by practice trials using the tape reccrder.

Each trial in the A-A conditicr tcck approximately ten
seconds, allcwing time for the child tc respond. If ten
seconds were not long enough, the tape could te stcgped
before the next trial. The voice cn the tape announced the
number of each trial at second zerc, then after twc seccnds
the tWwo nonsense words were spcken abcut one second apart.
The child was given as much time as he needed to write his
answer on the answer <csheet. In crder to stop the tape
before the next stimulus if necessary, a tap was recorded at
the seventh seccnd of each +trial, =sigralling three seccnds

to the beginning of the next trial.
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In the V-V ccndition +the tape was not |used. The
experimenter announced the number cf +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 ccnditicn made use of the tape again, and again
ten seconds was used for for each trial. The numkter cf the
trial was enncunced and at two seccnds the first member of
the pair was spoken on the tape. Then the experimenter
turned up the correspcrding card, visually vpresenting the
csecond member c¢f the pair for +two seconds, then 1laic¢ the
card face down. Three seccnds befcre the next trial was a
warning tap (for the experimenter) so that the tape cculd ke
stopped if the child needed mcre time.

The V-2 condition took longer for each
trial--approximately twelve seconds. In the third conditicn
(A-V) the exrerimenter could get ready to turn up the card
while the auditory stimulus was teing presented, but when
the visual stimulus was first there +was a time lag of about
two seconds +while the card was Leing picked ug. In this
condition the trial number was read at <second zerc; there
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 seccnd nine, and the next stimulus was announced at
second twelve,

Each condition ccnsisted of 42 +trials., At the end of
each condition the recorder was turned off, and the child
was allowed tc choose a sticker. 2An extra sticker was given

at the end cf the exreriment.
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RESULTS AND TISCUSSICN

Scores for each subject were calculated as the percentage
correct for each experimental conditicn. Mean scores for
each group, in each <condition are shown in Fiqure 2. It
will be noted that the scores «c¢n the A-A condition were all
high: 92.t5%, 91.7%, and 9C.6% for the ncrmal, slow and dys-
lexic groups respectively. This ceiling effect restricts
the interpretation cf results for Hypctheses Zz and 4, and
for the first of the post hoc analyses.

The data were analysed by mnmultivariate analysis cf
variance (three grcup by fcur dependent variable design),
followed by four one-way analyses co¢f variance ccmparinc the
three grcups c¢n each c¢f the fcur conditions. The
multivariate +test of significance was chosen tc Ffrctect
against kigh exrerimentwice errcr rate. However,
multivariate +tests may alsc fail tc detect significant
univariate effects. The hypotheses c¢f this study produced
several specific predicticns abcut group differences in

profiles of scores on the four experimental conditicns; fcr
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this reason the author felt justified in wusing univariate
tests of significance to explore group differences «c¢n e€ach
of the four experimental tasks (Harris, 1975). Hypotheses
2, 3, and U4 were +*hen tested by comparing profiles cf grcup
differences preéicted bty the hypctheses as shcwn in Ficure
1. Results of all the analyses cf variance are shown in
Table 2; each hypothesis is then discussed separately Lelcw.

Oone of the univariate ccmpariscns was significant: ttere
was a significant difference tetwen +the +three groups in
performance cn the V-A matching teask. The Student-Newman-
Keuls procedure showed that the dyslexic group differed from
the other two groups, and that the slcw and ncrmel grcugs

did not differ frcm each ctter.



TRAELE 2

Analyses cf Variance: Fercent Cerrect by Group fcr Eact
EFxperimental Ccnditicn

Multivariate RAnalysis of Variance:
Three Grours by Fcur Experimental Conditions

Source of Wilks Approx. Signif.
Variance Lambda Mult. F of F
Grcup .€67 1.56 .14

Cne-Way Analysis of Variance

Source df Sum of Squares MS F Ratio F Prob.

A-A Sccore Ly CGrcup

Between grcups 2 50.35 25.17 0.64 0.529
Within grcurs 87 3410.05 39.20
Total 89 34€C.40

V-V Score by Group

Between grcups 2 134.71 67.35 117 0.316
Within grcurs 87 5014.55 57.64
Total 89 E1U45.26

A-V Score ty Grcup

Between grcups 2 387.03 193,52 2.5%6 0.083
Within groups 87 6579.55 75.563
Total 89 6966.58

V-A Sceocre ty Grcugp

wn

.
o
w

Between grcups 2 875.66 437.83
Within grcups 87 6888.53 79.18
Total 89 77€4.18

C.CCé6



4.2  BULTIVARIATE CEQSS

The first hypcthesis <stated akcve acsked whether tlere
were overall differences betweern the three groups of
subjects. This hypothesis 1is similar +to the Birch and
Belmont cross-modal senscry integration hypothesis as
restated by Snowling. The present study predicted that
normal, slcw, and dyslexic readers wculd perform differently
in a cross-modally presented series of phcnics tasks. This
hypothesis was tested by the arprcximate F derived from the

Wilks Lamkda statistic in a rwnultivariate analysis of

variance (Hull & Nie, 1981) . The results cf the
multivariate test were nct <significant, aprroximate
multivariate ¥ = 1.56; NS. If there are differences in

rheonics performance of these +three grcups, the differences
are not of the magnitude +to achieve significance c¢cn a
multivariate test; hence, the first hypcthesis received no

support.

4.3  PERCFPTUAL DEFICIT HYEOTHESIS

The seccnd hypothesis was the perceptual deficit
hypothesis which stated that dyslexics as a grcup wculd shcw
auditory or visual perceptual handicap. Perceptual deficits
would alsoc be expected in the dyslexic grcup if, for

example, there were validity in Eoder's classificeticns cf

dysphonetic, dyseidetic,and wmixed subtypes of dyslexia.
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These subtypes might correspond to deficits in auditory
rerception, visual perception, and deficits in Ekcth. This
hypothesis would have been surpcrted by lcwer scores for the
dyslexics on either cr both of the ipsimodal tasks. In the
present study, all grcups achieved near perfect =scores on
the A-A task; there were nc significant differences between
the groups con the one-way analysis of variance performed cn
the scores cf the three grcups cn the V-V task. (See Tatle
2.) The second hypothesis, therefore, received nc surpcrt
from the data; it should be remembered, hcwever, that
ipsimodal ccmpariscn tasks are «c¢nly a rpartial measure of

perceptual caracities.

4.4  POST HOC ANALYSIS BEASED OF PEFCEPTUAL DEFICIT
BYPOQTEESIS

As a rplanned post hoc analysis the possibility of two
different +types of performance reflecting twc types cf
dyslexia was explcred further. Twc types of dyslexia wculd
produce some score profiles for individual dyslexic children
in which tte RA-A score was higher; cther children wculd have
sccre profiles in which the V-V score was higher. Tkese
different types of perfcrmance cculd be discovered post hoc
in this study Ly suktracting each subject's V-V score from

his A-A sccre, and by then comparing the frequencies cf

highly negative «c¢r highly positive sccres in each grcup.
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The presence of a <ceiling effect in the A-A ccndition,

however, invalidated this fprccedure.

4.5  PERCEPTUAL IBPAIEMENTS VS. GENERAL COGNITIVE LEFICIY
The fourth hypcthesis ¢frcpcsed that dyslexic and slcw
groups differed in the origins c¢f their reading deficits.
Dyslexics wculd be expected to heave auditory and/cr visual
perceptual irpairments and <slcw 1eaders to have general
cognitive deficits. The dyslexic grcup was e3xpected to
show ipsimcdal deficits ccmpared to the slcw grcup, and koth
dyslexic and slow groups woculd =shcw cross-modal deficits
compared tc the normal group. This prediction was baseé cn
Yule and Rutter's (197€) <study which found that, in their
sample, 'generally backward' readers were cf lcwer
intelligence than 'specifically disabled' readers. However,
Yule and FRutter's groups were matched for severity cf
reading retardation: all were two and cne-half years cr mcre
below age level in their reading level. A relatively small
discrepancy between predicted and cbhserved reading 1levels
was a defining <characteristic for the 'backward' reading
group in Yule and Futter's study. By definiticn, the
'backward' readers wculd be <cf 1lcw intelligence, since

children wculd have very lcw predicted reading 1levels cnly

if they were of lcw intelligence.
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In the present study, <slow and dyslexic groups differed
in the severity of their reading retardation. Slow readers
had lower cognitive scores than the normal group, Lkut hicher
scores than the dyslexic grcup. Even sc, the severity of
reading retardation in the dyslexic grcup was grester than
their cognitive disadvantage compared tc the slow grcup.
Thus it was proposed that auditory and visual fpercegtual
impairment ccntributed +to +the dyslexic grcup's reading
retardaticn, while +the slcw grourp's reading fproblems were
based «c¢nly on general cognitive deficits. The dyslexic
group was expected tc perform mcre pcecrly than the slow
group on ipsi-modal tasks; both =slow and dyslexic grcugs
were expected tc rerform mcre pocrly than the normal group
cn the cross-modal measures.

The ceiling effect in the R-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 hypcthesis
was not suprorted: nc evidence was fcund to differentiate
dyslexics frcm slcw 1readers on the tasis c¢cf fperceptual
deficits. -The <second half cf the fourth hypothesis
predicted that the slow and dyslexic groups woulc¢ perfcrm
more pcorly tkan the ncrmal grcup cn bcth cross-modal tasks.
However, the slow group did not differ frcm ncrmal readers

on any experimental tasks, and the dyslexic group differed
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from ncrmal performance c¢n c¢nly cne of the cross-mcdal
tasks. The results did not cccur in the pattern which wculd
be expected if dyslexics were significantly perceptually

impaired and slcw readers, ccgnitively impaired.

4.6 DYSLEXIC V-3 DEFICIT

The third typothesis was tased cn a finding in Snowling's
(1980) study. Sncwling found no overall difference Letween
her two grcups (ncrmal and dyslexic readers) Ltut she did
find that the dyslexic group rerfcrmed mcre poorly on the
visuval-to-auditory ccmparison (V-2 task). She regarded this
difference as a =<selective impairment in grapheme-phoneme
conversion, analogous to the impairment of aphasic adults
with acquired phcnemic dyslexia. The findings of the
rresent study, while failing to support a general crcss-
modal or perceptual deficit hygpcthesis, do replicate
Snowling's finding of depressed perfcrmance c¢n the V-2
matching task. In the present =<study the only clear
difference between the three groups cccurred in the V-A
conditicn, F (2, 87) = 5.53, < .01. (See Takle 2.)
Subsequent Student-Newman-Keuls analysis showed the dyslexic
group to be different frcm both the ncrmal and slow groups;
This difference may also ke seen in Figure 2.

If we wuse the term grapheme-phcreme ccnversion to mean

rhonetic skills, we may accept this study as confirmaticn of
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deficient grapheme-rhoneme conversion skills in dyslexic
readers ccrpared tc normal and slow readers o¢f the <came
reading level. Support for this conclusion may be =secen
clearly in +the significant V-A tack difference betwen the

dyslexic grour and the other twc grcups.

4.7 POST BOC ERROR ANALYSIS

Further evidence of deficient grapheme-phoneme ccnversion
skills in dyslexic readers may te seen in the results cf the
second planned post hoc analysis. This seccnd ccmparison
was based on the position of the differing letter in the
'different' stimulus pairs., Ccensidering only the stimulus
rairs which were different within the pair, the stimuli were
separated intc categcries according tc the position of the
letter which differed. Thus scme c¢f the pairs differed in
the initial pcsition, some in the central positicn, and scme
in the final cne. The fourth type cf pair differed in the
order o¢f the «central two letters and alsc contained
consonant tlends. Percentage ccrrect scores were celculated
for each grcur of subjects, for each type of different rair
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 shcwn

in Table 3. It was fcund that dyslexics performed more

pocrly on all types of ‘'different' pairs, whether the pairs
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differed in the initial, cerntral, or final position.
Performances of the three grcups did not differ signi-
ficantly on the four-letter word pairs with the crder cf the
middle twc letters reversed, thcugh the dyslexics sccred

lowest on this fourth type of stimulus pair, as well.
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Post Hoc Analysis: Perfcrmance by Three Groups on Four Types
of Differing Word Pairs

Multivariate RAnalysis cf Variance

Three Groups by Four locaticns cf Difference

Source of
Variance

Group

Source

Pairs Differing
Between grcurs
Within grcurgps
Total

Pairs Differing
Between grcups
Within grcups
Total

Pairs Differing
Between groups
Within grcugs
Total

Pairs Differing
Between grcucgs

Within grcugs
Total

One-Way Analysis of Variance

af

in

87
89

87
89

in

87
89

Wilks
Lamkda

« 192

Sum of Squares
Initial Letter

786.43
9098.:31
GEBEL.T8

Central Iletter

1109.73
12813.90
13923.63

Final Letter
1900. 86

10818.26
12719.11

Central Two Letters

1686.71
31955493
33642.63

Approx.
Mult. F

2.5%

MS F Ratio
393.21 3476
104.58
£54.87 3.77
147.29
85C.43 7.64
124,35

(Blends)
843.35 2430
367.31

Signif.
of F

011

F Frok.

0.027

C.C27

0.001

0.107
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4.8  INTEEPRETATICN: SCHE BESEEVATICNS

The present study does replicate Sncwling's finding of a
deficit in dyslexic readers on a visual-auditory ccmpariscn
task, ccmpared tc ncrmal readers cf the same reading level.
Furthermore, the present study indicates that dyslexic
readers alsc differ from slow readers at the same <kill
level. It is reascnable tc accept these data as
demonstration that +the phonetic skills of dyslexic readers
are poorer than thcse cf cther readers with ccmpareble word
recognition skill. However, there are several reascns tc ke
hesitant tc accept this study as evidence of =selective

impairment of the ‘'grapheme-phoneme rcute tc reacding' in

these children.

4.8.1 Ipsi-modal Controls

Ipsi-modal tasks were provided which were intended tc te
the counterparts cf the crcss-mcdal tasks used in the study.
However, it Ltecame apparent during data collection that the
ipsi-modal tasks were nct adequate tests cf the auditory and
visual components of the cross-model tasks. To <cecide if
the memters of an ipsi-modal stimulus tfair were the same or
different did not require that the <children remenmber
accurately what the rpair was. Scmetimes a child would
repeat an auditory pair incorrectly, or misread a visual

one, and still make the correct same-different judgement fer
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the trial. The author suspects that it was necessary to
remember bcth stimuli correctly, and to translate cne cf
then, to make the <cross-mcdal ccmrarison. This fact,
combined with the presence of a ceiling effect in the A-A
condition, leaves cpen the possibility that there were group
differences in auditory or visual =skills required fcr the
cross-modal tasks, thcugh +there were no differences in
performance of these particular A-2 and V-V tasks. Thus,

the impairment of the dyslexic grcur may not te 'selective?'.

4.8.2 ¥hat IS a 'Grapheme-Phoreme Route'?

Secondly, the phrase 'grapheme-phoneme route! is
ambiguous. It is not clear whether the phrase refers tc a
physiolcgical rcute or a strategic sequence. If one

interprets the phrase in its physiolcgical connctation, cne
set of cautions aprlies.

The idea c¢f a 'grarheme-prhcreme rcute' as opposed to a
'‘grapheme-semantic route' +to reading may ke a helgpful
analogy in wunderstanding deficits c¢f adults with acquired
dyslexia. Dyslexic adults may indeed have had well-
established functional patterns which were disrupted &Ly
structural camage cf scme kind. But the hazards of equating
acquired adult disorders with develcpmental cnes are well
known; some have Leen stated above. The children in this

study have nct lost the ability tc read, they have teen
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unable to acquire it in the usual way, and the recservoir of
cld associaticns which reccvering adults may be able to draw
upcn in their pest-injury reading has never teen gathered in
these children. Furthermore, these children have not keen
diagnosed as brain-damaged; if +they are neurclogically
abnormal the abnormality is probably subtle and prokably not
localizable. It 1is not appropriate to infer a fccal
neurological source of deficient fpheonetic skills from this
study.

If one intergrets 'grapheme-thoneme 1rcute to reading' as
meaning a strategic or functional sequence, several cther
cautions arprly. There are at 1least three strategies which
could be used to compare the cross-mcdal presentaticrs in

this study. Subjects might translate all visual stimuli to

their auditory counterparts ('read' thenm), whether the
visual stimulus came first cr seccnd, and make all
compariscns cn the basis of +he read rhonemes. They might

use a similar strateqgy changing 2ll auditecry stimuli +to
visual cnes, i.e., s=pell then, and make ccmparisons Lty
spelling. Alternatively, the children might use the itenm
presented first as the basis cf ccmparison and translate the
second stimulus as necessary. In this study there is no
basis for gqguessing which strategy was used by whonm.

The ambiguities of English spelling and Fprcnunciaticn

present ancther factor which is likely to ke coverlocked in a
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neuropsychclogical aprroach tc¢ reading problems. Both
auditory and visual nonsense words fpresent ambiguities: the
auditory stimuli can Le spelled more than one way anc¢ the
visual cnes mey be prcncunced mcre than cne way. This means
that whatever strategy <children use tc make the ccmpariscn
between nonsense words, they may have tc recall mcre than
one possilkle spelling cr prcrunciaticn for one of the
stimuli. If the first response for that pair is tc 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, cr alternate rrcnunciaticns of the word that was
seen. The child could then return in memory to the initial
stimulus and try scme of the cther rcseibilities, to see if
the pair which locked different might really ke the same.
Another strateqy would be to begin the task by imagining
several rossiktle spellings fcr the first stimulus in the A-V
condition, and tc compare them +tc the visually rresented
sacond stimulus. For the V-2 ccndition, the equivalent
strategy wculd be +to imagine several pronunciations cf the
written wcrd, to te ccmpared with the auditory second

stimulus.
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4.8.3 Other Factors: Memory, General Cognitive Deficit,
and Experience.

If memory is considered an attribute, then these groups
may have differed in auditory or visual memcry. Hicks"
(1980) study =suggests that it may be more productive to
think of memory as a skill. ©Depending on the strategies the
children wused to deal with the zmtiquities of English,
different memcry demands would have been made during the
Erocess. Ccnversely, different 1levels of skill with
different types of memcry tasks may have led to the chocice
cf different strategies.

If dyslexia is cne symptecm cf a subtle but pervasive
cognitive deficit, the problem of learning tc ccpe with
ambiguities «c¢f spelling and pronurciaticn at all may te
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 gemneral.

One nore oktservaticn <should be noted before making
inferences alout +tte source <¢f the V-A deficit in the
dyslexic group. Curing the visual-tc-auditory ccmpariscn,
some of the dyslexic children seemed tc be interpreting the
sacond stimulus in the V-A pair (the spoken syllakle) as a
correction to +the one they had Jjust read. This may have
been a result of 1long years of having their «cral reading
corrected, and it may have reflected their general

uncertainty with tke phcnetic ccde.



4.9  CCNCIUSICN

We may ccnclude frcm the rpresent <study that dyslexic
children were more impaired cn a rhcnics task than other
readers of the same skill 1level. The informaticn gathered
in this study does nct provide a basis for defining the
source of the deficit. Though neither the general crcss-
modal dintegraticn deficit hypcthesis ncr the perceptual
deficit hypcthesis was supported Lty the data, experience
gained in the present study can provide scme suggestions for
subsequent investigation of what might ccnstitute the

deficit in rhcnetic skills seen in dyslexic readers.

4.70  FUTUBRE RESEARCH

The first task of the next study is to replicate the
finding of a deficit in rfhcnetic skills relative to overall
reading level in dyslexic children. One way to test that
relationship would ke +to match subjects by scores on a
standardized phcnics test, +then measure the ccrrelaticn cf
the WRAT reading suktest with thcse sccres. A regression
equation could be used again to define reading groups in
terms of differences between predicted and ckserved WRAT
scores. Correlaticns between RRAT and phonics test scores

could then be compared between reading groups defined in

this manner.
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It is apparent from the current study that the «crcss-
modal comrarison paradigm is not particularly useful fcr
exploring rfphecnetic skills in detail. Several important
rarts cf the grapheme-phoneme conversion prccess are left
hidden in this study. The experimental procedure used in
the present study could be expanded, and perfcrmance at e€ach
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 wcrds and gcs-
sikly, added white ncise.

Verbal repetiticn of auditory stiruli could bLe measured
as well. Ncnsense werds cf varying lengths should provide a
sufficient range of difficulty. It might alsc ke useful to
include a =standardized sentence reretiticn test +to examine
repetition ¢f meaningful vertal material.

2 possitle strateqgy fcr the A-V task. in the study
repotted here was to think of spellings for an auditcry
stimulus, tc be ccrpared to the visual <stimulus presented
second. One measure of knowledge of the phonetic ccde wculd
ke to produce as many legal spellings as possikle fcr an
auditory ncnsencse word. Subjects cculd spell their answers

aloud for the experimenter to record.
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The A-V task of the present study cculd be used. While
this task raiseé mcre questicns than it answered, it wculd
aid understanding of both studies tc =<see if the sulkjects in
a future study rerlicated the pattern cf results seen in the
four tasks cf the present study.

A similar ¢frogressicn cculd te followed for visual
stimuli. A same-different compariscn cf visually fresented
nonsense words could ke given. Memcry and repetition for
visual stimuli could be tested Lty having the children

remember and spell alcud the letters cf cne visual stimulus

at a tinme. The children could then te asked to read the
nonsense wcrds, giving as many rrcnunciations as possible
for each word. Fesponses would e recorded withcut

correction. Finally, the V-2 task cf the original study
could be given.

Subjects' responses to these tacsks could be recorded in
detail. Analysis of the +types cf errors made by e€ach
reading grour could +then prcvide a basis for evaluating
theories of subtypes of dyslexia such as that put fcrtk Ly
Eoder (1973).

It would also be useful to choose several gsycholcgical
measures which other theorists use as the basis for tteir
suktype classifications (Mattis, 1878 Fetreauskas §&
Rourke, 1979) . It would then be ©possitle tc see if the
suktypes prcpcsed Lty these authcrs were present in the data.

Perhaps more importantly, it would be pcssible to comrpare
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the reading performance of the different dyslexic sultyres
and describe <specific aspects of their performance in

detail.
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Appendix 2

BAW SCORES.

1981.

Grade 1
n=75
mean s.d.

6.7 (.3)

64.3 (8.3)

15.9 (8.2)

36.8 (10.2)

€1

FRCM MCALLISTER,

77.6 (9.8)

26.7 (9.8)

68.1 (7.2)

mean s.d.

10.8 (.3)

34.6 (1€.9)

77.5 (6.1)



N
.

10.

11.

12.,

13.

1“.

bok - vck
pif - kif
thip - fip
sab - thab
gup - dup
bip - vip
fak - fap

suth - suf
vith - viss

ved - veg

hib - hiv
nid - nig
bik - tek
kof - kuf

Appendix B

WORD PAIR MASTER

15.
16.
17.
18.
19.
20.
21.
22.

23.

fap
sef
dap
lod
nof
dup
kab
hib
tup
kiv
kcm
gub
teb

ket

fep
sif
dup
lud
ncf
bup
pab
nib
fup
div
kecn
gud
tep

kef

LIST

29.
30.
31.
32.
33.
34.
35
36.
37.
38.
39,
uo.
41.

u2.

nud
lem
nor
kol
kel
pot
kug
fot
gelt
trok
dars
slet
sond

senk

€2

nur
len
nur
kal

kol



10.

11.

12»

13.

14.

15'

16.

17.

STIKULUS LIST FOR AUDITOFRY-AUDITCRY

bik - bik
bol - kcl
thip - fir
fot -~ fot

slet - selt

nud - nur

tup - fup
kel - kel
pif - Kkif
hibk - nikt
fak - fap
gub - guk
teb - teb
bok - Lck

trobk - trob

senk - snek

kof - kof
dup - dup
bab - rab

sond - sncd

mof - mof

Appendix C
CONDITICHX
22. hitr - hik
23. suth - suth
24, dap - dar
25. sef - sif
26. kug - kag
27. dars - dras
28, lem - len
29. sab - sat
30, vith - vith
31. nid - nid
32. lod - 1ud
33. ket - kef
34, pob - pat
35. nop - nup
36. kom - kom
37. gup - guf
38. gelt - gelt
39. fap - fer
40. piv - piv
41. bip - vi
42, ved - veg
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10.
1.
12.
13.
14.
15.
16.
17.
18.

19.

Appendix D

STIMULUS LIST FOE VISUAL-VISURL CONDITION

sab - that
nud - nud
mof - ncf
vith - viss
ket - ket
thip - thip
nOp - nop
kug - kug
gelt - glet
sef - cef
bok - vck
dap - dup
senk - senk
ved - ved
teb - tep
suth - suf

trot - torb

bip - bip
fot - fut
hib - hiv

fap - fap

22,
23 .
24,
25,
26.
27.
28.
29,
30.
31.
32.
33.
34,
35.
36.
37.
38.
39,
40.
41.

u2.

lod - 1lo0d
kiv - div
hib - hit

sond - sond

kik - Lek
tup - tup
fak - fak
pck - pct
gub - qud
dup - Etur
pif - kif

lem - lem
kel - kol
bab - bap
dars - dars
kel - Ekal
kom - kom
gqup - dug
nid - nig
kof - kuf

slet - slet
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10.
1.
12
13.
14.
15.
16.
17,
A8,
19,

20.

fep

fap

STIBULUS LIST FOR AUDITCRY-VISUAL CONDITIORN

- fap

- fak

sncd - scnd

vok
div
£4

vip
bek
sif

ved

nig
nup

kif

- veck
- div
- thig

- bir

= tup
- senk
- hiv
- nig
- nud

- pif

viss - viss

Appendix E

22 .
23,
24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39,
uo.
u1.

42,

pab
kel
kag
suf
nof
tup
nup
tup
tep

gud

torb

kef
nit
1ud

kon

bab
kel
kug
suf
ncft
tud
not
kug
tep
gud
- torb
ket
hik
lod

kon

selt - slet

dup - dur
kol - kol
gup - guEg
glet - glet
kuf - kuf
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10.
1.
12.
13.
14,
15.
16.
17.
18.
19.
20.

21.

STIBULUS LIST FOE

kef - kef
bek - Eik
thab - sab
kol - kel
fip - thir
lud - lud

nup - nup
mecf - mof
dap - dap

snod - sncd

dup - dup
tup - tur
kag - kug
vek - kck

snek - snek

veg - Veg

fep - fep
gud - gukt
hib - hib
fap - far

selt - cselt

Appendix F

VISUAL-AULITCRY

CONDITIOCE
22. tep - tet
23. kon - kom
24, pat - rat
25. bal - bel
26. viss - vith
27. fut ~ fot
28. div - biv
29, sif - sif
30, kif - kif
31. vip - vip
32. hiv - hik
33, suf - suth
34. torb - treb
35. glet - gqgelt
36. len - len
37. dup - qup
38. nik - nik
39. nig - nid
40. tal - bul
41. kuf - kof
42. dras - dras
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PERCENT CORRECT: GROUP BY EXPERIMENTAL CONDITION

A-A
Group
Normal 925
n=30 (6.2)
Slow 1.7
n=30 (Ws7)
Cyslexic 90.6
n=30 (7.6)

Conditiorn

Mean

(s.d.)

V-V

€7.1

(7.“)

88.1

(8.6)

85.2

(6.6)

1749

75.3

(11.2)

72.8

(6.4)

81.

w

(7.0)

78 .7

(8.7)
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Appendix H

PEARSCN CORRELATIONS BETWEEN EXPERIMENTAL
CCNDITIONS

Normal Group (n = 30)

A-2 V-V A-V V-2
1.000 0.063 0.441 -0.Cé€3
p=C.370 £=0.007 p=0.2370
1.000 -0.(C89 0.520
F=0.320 p=C.CC2
1.000 0.434
p=0.C0¢&
Slcew Group (n = 30)
A-R V-v A-V V-2
1.00C -0.243 0.006 0.271
p=0.449 p=0.488 p=0.C74
1.C0C 0.424 0.447
p=0.010 p=0.007
1.000 0.€12



Pearson Correlations, Cont.

Lyslexic Group (n = 30)

A-A V-9 A-V
A-1A 1.000 0.1u44 -0.037
£=0.225 £=0.423
V-V 1.000 C.u415
r=0.011
A‘V 1-000

A1l Grcups (N = 90)

A-2 V-V A-V

A-2 1.00¢ 0.C76 0.147
p=0.237 p=0.C83

V-V 1.000 0.282
£=0.004

A-v 1.000

g9

0.235

p=0.1C¢

0.672

p=0.C00
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HYPOTHESIS 2: PERCEPTUAL DEFICIT
Auditory deficit

+ —  Normal

Score 2L 5

o [ ~ —-— Dyslexic
Task AA VvV AV VA

Visual deficit
- - Normal

Score N
Vg = o e Dyslexic

Task A-A V-V AV V-A

HYPOTHESIS 3: SPECIFIC V-A DEFICIT

Normal

Score "
*\, Dyslexic

Task A-A W AV VA

HYPOTHESIS 4: CROSS-MODAL TASKS and
GENERAL IMPAIRMENT

Normal
+ o- °
Score Slow
———————-=-=s Dyslexic

Task A-A VWV A-V VA

Figure 1: Graphic Representation cf Hypotheses 2, 3, and 4
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A=A

Percent Correct:
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STAR = NORMAL GROUP
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PERCENT CORRECT BY LOCATION OF DIFFERENCE

1001
90£
851

80

~
ol

75-]

70-]

—OMDVOO

65
60
55

50

45

—f)

Figure 3:
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INITIAL CENTRAL FINAL
LOCATION

STAR = NORMAL GROUP
TRIANGLE = SLOW GROUP
Z = DYSLEXIC GROUP

Post Hoc Analysis: location of Difference
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