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CHAPTER I
INTRODUCTION
Despite over 30 years of research on reading disorders in
children, results have been contradictory as to the etiology and
remediation of these disorders.

Researchers have sought evidence

of etiologies in socio-economics, genetics, biochemistry, percep
tio n , attention and arousal, level of intelligen ce, hemisphere
specialization and neurological abnormalities, electroencephalog
raphy, and learning theories.
Remediation strategies researched have been as diversified
as those summarized in Velluntino (1977).

Those strategies in 

clude perceptual d e fic its and perceptual-motor tra in in g , perceptual
distortion associated with neurological dysfunction, the concept of
preferred modality, reading performance units versus sensory and
intersensory processes, and behavioral trainin g.

Even other re

search has examined phonological development, cross la te r a lity ,
simultaneous versus successive synthesis of information, pharma
cological variables, encoding and high speed memory scanning and
reaction time.
Whereas etiological theories of reading disorders are as
varied as the s c ie n tific disciplines investigating them, remedia
tion theories divide into two dominant points of view.

One

advocates a behavioral concept of maxi urn transfer where under
standing of etiology is not required.

The other point of view

1
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advocates understanding of the brain processes which underlie
specific reading disorders and uses those processes to focus
remedi al i nterventi on.
In sunmary, researchers of reading disorders no longer
search for a single causative factor or single remedial technique.
Instead, they recognize that "reading disorders" c o llectively
refers to a heterogeneous grouping of problems, causes, and solu
tions.
This study addresses the concept of heterogeneous causes
of reading disorders, and i t is more closely aligned with the la tte r
point of view discussed above which represents theories of brain
process.
More to the point, this study reflects a concern that new
data from brain research find general c lin ic a l application where
the reading disabled child is most often encountered.

Clinical

psychologists, school psychologists, and reading diagnosticians
may find that more discerning diagnoses w ill lead to individual
remedial planning which incorporates more than one professional
discipline.

A secondary gain of more careful diagnosis and

successful new remedial interventions is new insight with respect
to brain processes involved with specific learning tasks, in this
case specific reading d is a b ilitie s .
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CHAPTER I I
REVIEW OF SELECTED LITERATURE
In an e ffo rt to discover some continuity in the diffuse
research data available on learning disorders, and including read
ing disorders, Conners (1970, 1972) performed a series of related
studies and explored the relationships among psychometric, neu
rological, sociological, and pharmacological variables.
research the hypothesis for this study emerged.

From his

His research

and conclusions are summarized below.
Research of Conners
In the f i r s t study, Conners (1970) compared the drug effects
of methylphenidate, dextroamphetamine, and placebo with pre- and
post-test scores of a battery of psychological, neurological and
physiological tests.

The subjects were 71 children with a mean

age of 9.5 years and an age range of 6 years.

They had been re

ferred for severe behavior problems and academic fa ilu re .
tests were administered one month following treatment.

Post

Though

there was l i t t l e difference in effects between the two drugs, both
were superior to placebo.

For example, some children showed gains

of 30 IQ points or more on the Wechsler Intelligence Scale for
Children (WISC), 20 to 40 percentile point gain in graphomotor
tests such as the Bender Gestalt, the Marianne Frostig Develop
mental Test of Visual Perception, and the Draw-a-man te st.
reading improvements of two or more years on the Wide Range
3
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Also,

4
Achievement Test-Reading Section, were noted.
More careful analysis of the results raised further questions.
1.

While some subjects change dramatically for a given
te s t, others may show no change or even decrements
in performance fo r that test; and a patient may change
in one te s t, but not in others.

2.

Some of the most sign ifican t improvements, as fo r the
graphomotor tests of figure drawing and copying
Bender Gestalt designs, had fa ile d to show s ig n ifi
cant drug effects in previous drug studies.

3.

Some of the tests which did not show sign ifican t
changes in this study, such as the test of auditory
synthesis and test of rote learning, had previously
shown s e n s itiv ity to these drugs.

4.

Several other investigators have now conducted sim ilar
studies in which sometimes one and sometimes another
objective te st measure fa ils to replicate (pp. 179-180).

Conners acknowledged that v a ria b ility among studies could be
accounted for by differences in drug dosages, length of treatment,
and techniques of measurement.

He reasons, instead, that such fin d 

ings of v a ria b ility are not due to experimental error but are sub
stantive.

The d iffe re n t drug effects as measured fo r the same children

and among children are due to differences in the children themselves.
In the second study, Conners, proceeded on the assumption of
substantive causes of v a ria b ility in experimental results.

He de

signed three treatment groups sim ilar to those in the f i r s t study.
Children were grouped as 71 placebo and 107 drug-treated patients.
They were given a pre- and a post-test psychological battery and
drug treatment over a three-week to four-week period.

Gain scores

(pre-test minus post-test = gain scores) were factor analyzed and
the following six factors were derived which related drug effects
to changes in test performances:

(a) teacher questionnaire, (b)
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attentional processes, (c) perceptual-motor a b ilitie s , (d) reading
improvement, (e) spelling and arithm etic, and ( f ) auditory synthesis.
Conners concluded that there were no general or global effects
of the drug, rather that the drugs appeared to produce a change in one
set of test scores independently of other test scores.

He hypothe

sized that drug effects vary among children according to physiological
and behavioral characteristics of individual children.
The th ird study was an attempt to predict drug-produced
changes fo r the six gain-factors previously derived.

Six step-wise

m ultiple regression equations were computed using the six gainfactors as c riterio n variables and tests and ratings as predictors.
All six regressions were sig n ifican t.

The multiple Rs were .73, .82,

.64, .58, .70, and .57, respectively.

These results suggest that

d iffe re n t processes are at work in individual children which may
account for v a ria b ility in drug effects.

Several of these processes

have been researched with respect to reading disorders.

For example,

improvements for gain-factor number two, which was thought to measure
changes in attention and concentration, were predicted from weighted
scores on arithm etic, the continuous vigilance task, the paired
associates learning task, and parent ratings of hyperactivity.
Changes in reading and word recognition as measured by gainfactor number four were predicted by age, parents' ratings of neuotic
t r a it s , Porteous Q scores, and errors of commissions on The Continuous
Performance Test.

These children were not inattentive but older,

more impulsive and neurotic.
These predictions were based on an entire sample of children
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without regard for individual differences which may have existed.
Analysis of predictors as they group according to criterio n va ri
ables suggest differences among criterio n variables, but common
a lit y within c rite rio n variables with respect to processes affected
by drug treatment.

In other words, grouping these children to

gether would obscure d iffe re n tia l drug effects.

Since the sample

showed bias toward hyperactive children, fo r example, Conners
wanted to know whether types of children could be iden tified and
i f gain scores produced by drugs would vary among types of children.
In the fourth study, children were "typed" by used of a form
of typological c la s s ific atio n .

A form of cluster analysis was

performed which classified children into types.

"The procedure

involves separating subjects into groups on the basis of the dis
tance between them as determined by th e ir location in the space
defined by a number of independent dimensions" (p. 186).
The independent dimensions for this study were pre-test
scores on ratings and psychological tests as used in the previous
studies.

These pre-test scores were factor analyzed and the

resulting nine factors used as coordinates for estimating distances
between children.

In other words, Conners performed a measure

of distance reduction by grouping the successively most adjacent
individuals.
The nine factors were (a) age, (b) achievement, (c) verbal
IQ, (d) perceptual integration, (e) spatial orientation, ( f ) eyemotor coordination, (g) attention, (h) teacher ratings, and (k)
parent ratings.

Seven d is tin c t groups or profiles were id e n tified .
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Drug treatment was administered and post-test scores taken
on the same measures used for the pre-test scores.
.

Results showed

. highly significant differences between the groups in the

kindand amount of change

produced by the drugs" (p. 187).

Group fiv e was of particular interest to the author's study
in that i t produced no drug e ffe c t.

Group fiv e was characterized

by high academic achievement, above average IQ on the WISC, and
no d e fic its in perceptual functioning or attentional performance.
The children in this group were low in parents' ratings of
behavior and in academic performance in the classroom (though not
in actual achievement scores).

Conners hypothesized that they

were referred because of "parental overconcern and possibly some
neurotic inhibitions which prevent them from showing up in the
classroom as well as they are capable of" (p. 189).
In sum, the results suggested that the clustering procedure
was successful in identifying types of children who d iffe re n tia lly
respond to pharmacological intervention.

The study further

demonstrated that the e ffe c t of lumping a ll subjects together was
to obscure drug effects occurring for some of the subjects and not
occurring for others.

Thus, Conners, concluded that since the

d iffe re n t types of children responded d iffe re n tia lly to drug
e ffe c ts, these typologies may be characterized by physiological
di fferences.
Before summarizing the f if t h study, i t w ill be helpful to
digress for a b rie f explanation of visual evoked response (VER)
technique.
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The usefulness of the EEG was greatly enhanced with the
advent of the averaging computer.

This advancement enabled

researchers to distinguish the effects of a single stimulus from
the volly of neuronal discharges occurring simultaneously.

In

the technique of VER averaging, a stimulus such as a flash of
lig h t is repeated, up to 200 times, so that the background
e le c tric a l turbulance of the brain w ill algebraically add to zero.
At the same time the waves resulting from the specific stimulus
w ill become more vis ib le each time the stimulus is repeated
(Restak, 1979, p. 256).
Three measurements are conmonly used in VER analysis.
Peak or spike amplitudes may be positive or negative and are
measured in microvolts.

Latency, or peak delay, is measured in

milliseconds from the beginning of the evoked response to subse
quent peaks.

Differences in wave form, or wave component ampli

tudes, are figured by measuring the vertical distance between two
adjacent peaks of opposite po larity.

Late wave components refer

to characteristic wave forms following the VER stimulus.
Using the VER, Conners sought to determine whether v a ri
ables other than behavioral measures could be used to d iffe r 
entiate among groups of children responding d iffe re n tia lly to
drug effects.
His thinking was guided by e a rlie r research (Conners, 1970)
where he used the VER to study children with reading disorders,
families with reading disorders, and children with contrasting
verbal-performance discrepancies on the WISC verbal and
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performance IQ scores.
Comparisons of poor and good readers revealed that wave
VI amplitude in the l e f t parietal area correlated highly with
reading achievement on reading and spelling te st score measures,
with greater negativity being associated with higher reading
achievement scores.

Results of VER studies in which several

family members suffered reading d is a b ilitie s showed attenuation of
the la te wave components in the l e f t parietal VER along with
changes in wave form.

The contrasting verbal-performance dis

crepancies in children with reading d is a b ilitie s was evident in
the VER as slower latency and more negativity of amplitude in
rig h t and l e f t occipital region for the high verbal group.
Conners' own research, then, had already demonstrated
relationships between VER parameters and reading disorders.
These relationships suggested d ifferen t physiological etio log ies,
a genetic etiology for families with reading d is a b ilitie s and
some other physiological variable fo r children with contrasting
verbal-performance scores.
The f if t h study summarized here was actually an additional
VER measure taken at pre- and post-test periods of the f i r s t
study of methylphenidate-dextroamphetamine-placebo comparisons.
Conners summarizes that drug effects were superior to placebo
fo r VER latencies and that some s h ift in hemispheric dominance
was noted.
In a sim ilar manner, the sixth study constitutes an
additional VER measure taken during the fourth study were typologies
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of children were id en tified using cluster analysis.

The purpose

here was to determine whether subtypes of children, id en tified
on the basis of th e ir test p ro file s , would d iffe r in VER variables
Conners again summarizes his results.

"Amplitudes and latencies

showed sign ifican t differences among groups and were s ig n ific an tly
d iffe re n t fo r changes which occurred as a result of drug treatment
(p. 197).
Conners concluded that again, specific drug e ffe c ts, in
this instance measured by VER parameters, had been obscurred
by grouping reading disabled children homogeneously.

Also, the

subgroups of reading disabled children were in fact homogeneous
with respect to some neurophysiological characteristics.

These

findings constitute further support for variable causality of
reading disorders.
In the seventh study, Conners drew from his e a rlie r re
search on contrasting verbal-performance discrepancies in order
to examine the role of the two cerebral hemispheres in reading
disabled children.
Both latency and amplitude data, collected from the VERs
in the typological classifications of study number four, were
expressed in terms of le ft - r ig h t ra tio .

The higher the score the

larger the amplitude or longer the latency on the l e f t side.
Analysis of variance showed that the seven typological groups
differed (p

.001) on the ra tio of the amplitudes in wave V in

parietal area and the groups also differed (p

.05) in the ra tio

of the parietal amplitudes of wave VI.
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These results point, in part, to a difference in degree
and direction of cerebral dominance among the seven c lin ic a l sub
groups.

Recall that in the 1970 VER study on contrasting verbal-

performance scores, the study was performed on children with
reading d is a b ilitie s .

In the classification of typologies, read

ing disorders were only one among other learning and behavior
variables, but i t was already pointed out that several of the
other measures have been related to reading s k ill levels.

Since

drugs produced effects in both studies and these effects were
seen in both psychological tests and rating scores and in VER
parameters, there is some likelihood that the rela tiv e ratios of
le ft - r ig h t dominance may be factors in some reading disorders.
The fin al study was an examination of the relationships
among a ll of the psychological test variables and VER variables.
Conners does not report the results in detail but observes that
several relationships were noted, the strongest of which occurred
between VER parameters and measures of reading, spelling, and
arithm etic.

Also noted were " . . .

a number of highly significant

relationships between changes in evoked response and changes in
psychological test scores.

For example, there are a number of

significant relationships between changes in the rig ht parietal
latencies, and improvement in arithmetic a fte r stimulant drug
treatment" (p. 198).
Several of Conners' conclusions are summarized as follows:
1.

Changes in psychological test performances and rating

scores due to stimulant drugs are predictable from combinations of
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test scores, with d iffere n t patterns of change being predictable
from d iffe re n t test measures.
2.

The children can be subdivided into homogeneous groups

by the s im ila rity of th e ir psychological test scores and rating
scores and th e ir VER p ro files,
3.

These groups d iffe r in the changes in psychological

and rating test scores due to drugs and in several parameters of
the VER.
4.

The groups d iffe r in VER response in terms of rig ht

and l e f t hemispheric a c tiv ity .
From these data Conners postulates four causes to account
for at least some reading disorders.
1.

Diminished amplitude in VERs of poor readers lends

it s e lf to speculation that some children are poor readers because
of a generalized diminished attentiveness, low arousal, or other
motivational factors which in turn affe c t the amplitude of la te
VER waves from both hemispheres (Conners, 1970).
2.

The attenuation of amplitude and changes of wave form

in the l e f t parietal VER fo r the family of poor readers suggests
the possibility of genetically determined alterations of the
information processing capabilities of this area (Conners, 1970).
3.

Analysis of contrasting verbal-performance discrepancies

is not in it s e lf conclusive with respect to specific hemispheric
relationships to reading disorders.

However, other research

(Conners, 1970) data indicate that the children with low per
formance IQ are more impaired neurologically and have poorer
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performance on non-verbal measures of intelligence.

I t is

perhaps this "performance" d e fic it that is reflected in the
lengthened latencies.
4.

The test p ro file of the group showing no improvement

attributable to drugs shows them to be above average for the
sample in achievement, intelligence, perceptual functioning, and
attentional performance.

They are low only in parents' ratings

of behavior and academic performance in the classroom (though not
in actual achievement scores).

Thus, they appear to constitute a

group who may be referred because of parental overconcerns and
possibly some neurotic inhibitions which prevent them from showing
up as well in the classroom as they are capable of (Conners, 1972).
In sum, these conclusions indicate both functional and
physiological correlates of specific reading disorders.

Further,

the VER data implicate neurological processes at work in some
specific reading disorders.
Return for a moment to the e a rlie r discussion of finding
general c lin ic a l application of data supporting the concept of
brain processes as causal factors in some reading disorders.

The

rela tiv e levels of b ila teral arousal and latency in the cerebral
hemispheres as evidenced in the VER data are also demonstrated in
verbal-performance test score discrepancies and s im ila ritie s .
Verbal-performance tests are measures which are readily available
to clinicians,especially the WISC.

The VER parameters of amplitude,

latency, wave pattern and the verbal-performance test score
comparisons show characteristic relationships with types of reading
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disabled children.

Therefore, i t is plausible that comparisons

of four combinations of contrasting verbal-performance test
scores with specific reading d is a b ilitie s may re fle c t the d iffe re n t
brain processes implied in Conners' conclusions.
Four postulates are stated which are premised on the
homogeneity of specific reading disorders with common neurological
characteristics.

From these postulates the prediction is made

that children w ill respond d iffe r e n tia lly on verbal and performance
IQ scores of the Revised Wechsler Intelligence Scale fo r Children
(WISC-R).
The four postulates are represented by the following com
binations of verbal-performance IQ scores:

low verbal-low

performance (LVLP); low verbal-high performance (LVHP); high
verbal-low performance (HVLP); high verbal-high performance (HVHP).
These four groups w ill be reviewed in turn.
Group 1.

Low verbal-low performance

In this group Conners found J)ilateral diminished amplitudes
of the la te VER waves.

He related this to diminished arousal,

slowed reaction time, or motivational factors.
Groll (Note 1) measured cerebral activation using the EEG
in a sequential brightness discrimination task.

He reported that

the percentage of correct detections and the average EEG frequency
decreased as the monitoring task progressed.

He also found d if 

ferences in the EEG patterns fo r the period immediately preceding
signals that were correctly detected and signals that were missed,
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the pattern showing slower frequency before misses.

Similar

to Conners. Groll concluded that sustained attention depends upon
the maintenance of an appropriate level of activation in the brain.
Beck (Note 2) compared VERs from 20 children with IQs ranging
from 120 to 140 with 20 children with IQs averaging about 79, as
measured by the WISC.

Boys and g irls were evenly distributed

between groups and the average age was 10.5 years.

Beck found

th a t, re la tiv e to more in te llig e n t children, dull children showed
an absence of cerebral asymmetry and lower amplitude.

These

findings are in keeping with Conners' conclusions fo r the LVLP group
of b ila te ra l diminished arousal.
There is considerable lite ra tu re in support of diminished
arousal and lack of asymmetry between cerebral hemispheres in
children who would be classified here in the LVLP group.

The

lite ra tu re consistently demonstrates characteristic EEG and VER
patterns that correspond to low verbal and low performance IQs
which were frequently measured by the WISC.
Group 2.

Low verbal-high performance

When he studied families with reading d is a b ilitie s in
several members, Conners found characteristic anomalies of the
late VER waves and postulated a genetic etiology for the particu lar
reading disorders in question.
No lite ra tu re was found d irectly linking genetic factors
to reading d is a b ilitie s .

However, a fte r reviewing related

lite ra tu re several authors postulated such a relationship.
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Wender (1977, p. 21) postulated a genetic role for
minimal brain dysfunction and related learning d is a b ilitie s
including reading d is a b ilitie s .

His speculations were drawn

from studies of EEG and arousal, drug effe cts, psychological
te st data, and sociological variables.

He suggests that minimal

brain dysfunction is a genetically produced disorder of monoamine
metabolism.
Straumanis and Shagass (1976, source unknown) examined
correlations of latencies in the VER late components and IQ.

They

reviewed a study of 100 subjects with IQs between 77 and 136 and
found a correlation of -.7 0 between latency and IQ.

The author

postulated a hereditary factor of neurological efficiency to
account fo r latency differences.
Tarter (1976, p. 231) summarizes research which demonstrates
that children suffering l e f t temporal lobe seizures scored deficient
verbal capacities as compared with performance capacities on the
WISC.

This points to some neurological basis for the performance

over verbal IQ relationship described which mirrors the LVHP group
being here examined.
Ahn (1977) compared VERs of 20 normal achievers, ten verbal
underachievers, ten arithmetic underachievers, and ten verbal
plus arithmetic underachievers.

VERs were recorded for eleven

stimulus conditions.

Analysis of variance was performed for each

stimulus condition.

Results showed verbal underachievers to have

longer latency than normal achievers in the le f t hemisphere leads.
These results point to some neurological factor related to low
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verbal a b ilitie s as compared with performance a b ilitie s .
Research with respect to genetic origins of reading dis
a b ilitie s is sparce and not yet convincing.

C larific atio n at this

time appears to depend on the developing technologies of bio
chemical analysis and neurophysiology.

Yet data from several

avenues of inquiry permit speculation about a genetically deter
mined neurological characteristic related to specific reading
di sabi 1i t i es.
Group 3.

High verbal-low performance

Conners speculated that the children with re la tiv e ly low
performance scores were suffering a performance d e fic it which
showed up in lengthened rig h t hemisphere latencies.
The lite ra tu re is replete with references to a relationship
between reading d is a b ilitie s and perceptual d e ficits reflected in
graphomotor tests, e .g ., the Bender Gestalt test and the Marianne
Frostig Developmental Test of Visual Perception.

This lite ra tu re

w ill not be reviewed here in order to avoid repetious review.
What w ill be examined is lite ra tu re demonstrating brain function
which relates to performance d e fic its in children with reading
d is a b ilitie s .
John (Note 3) summarizes results of his neurometric
comparisons of verbal, arithm etic, and verbal plus arithmetic
underachievers.

His results show verbal underachievers with le f t

hemisphere abnormalities while arithmetic underachievers show
rig ht hemisphere abnormalities.

There is common reference in the
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lite ra tu re to a relationship between rig ht hemisphere function and
diminished arithmetic and performance scores on psychometric tests.
The rig ht hemisphere is believed to process information simulta
neously and deals largely with symbol recognition.

To the extent

that symbol recognition relates to language, diminished rig ht
hemisphere function may account for specific reading problems.
Blumberg (1976) compared EEG abnormalities and perceptual
d e fic its in 28 children suffering cerebral palsy.

The ages

ranged from about 3 to 11 years and the subjects were considered
educable.

There were 16 boys and 12 g irls a ll of whom were given

EEGs and psychometric tests.

Tests included the Columbia Mental

Maturity Scale and the Marianne Frostig Developmental Test of
Visual Perception.

Blumberg discovered " . . .

a significant

relationship . . . between perceptual d e fic its in discrimination
of figure-ground and constancy of shape, and abnormally slow EEG
waves. .

(p. 243).

The relationship between visual-spatial perception and
rig h t hemisphere function occurs frequently in the lite ra tu re .
Blumberg1s findings lend further support to a neurological basis
for verbal over performance discrepancies.

Blumberg^ finding of

abnormally slow waves related to perceptual d e fic its normally
associated with rig ht hemisphere function is consistent with
Conners1 finding of diminished arousal in children with performance
d e fic its who suffer reading d is a b ilitie s .
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Group 4.

High verbal-high performance

No lite ra tu re was found with respect to the HVHP group
which Conners considered to re fle c t parent overconcerns and
neurotic inh ibition s.

One could conjecture that reading disorders

are rarely noticed in high achievers e ith er because they do not
exist in a way which would impair academic achievement, or because
the social adjustment problems for which underachievers are so
often referred fo r evaluation are uncommon in high achievers.
The HVHP group w ill nevertheless be included in this study
under the assumption that reading disorders may exist in this
group which have been overlooked due to selective referrals for
evaluation.

In other words, differences fo r this group may have

been obscurred due to th e ir being grouped homogeneously according
to some social factor.
The purpose o f this study is f i r s t to compare four groups
of reading disabled children, d ifferen tiated by th e ir contrasting
verbal and performance IQ scores measured by the WISC-R, with
specific reading variables.

The comparison is made in order to

determine whether the relationship of verbal and performance IQs
would predict specific reading problems, which may re fle c t causal
neurological processes.
The second, or causal, phase of the study was to examine
developmental, neurological, psychometric, and social data in
search of variables that may account fo r the neurological processes
implied by the contrasting verbal-performance groups.
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In reference to the causal phase, recall that developmental,
neurological, and psychometric data have long been c lin ic a lly
examined for clues to the sources of learning d is a b ilitie s , in
p articu lar reading disorders.
Perceptual, brain processing, or expressive dysfunction
resulting from prenatal or postnatal trauma was thought to cause
reading d is a b ilitie s .

Recent research points to another possible

variable, a socio-economic facto r, which may relate to specific
learning d is a b ilitie s .
For example, Ward (1977) compared audio-visual integration
tasks with reading a b ility across B ritish and American socio
economic groups.

Sixty male and 60 female elementary school

children ages 8-9 years participated.

All children were assessed

fo r audio-visual integration scores, standardized reading ages,
and IQ.

The children were of British middle class socio-economic

status.

Ward found that " . . .

performance in the audio-visual

integration task is sim ilar among groups of comparable socio
economic status in American and B ritish populations.

In contrast,

where American and B ritish samples are of contrasting socio-economic
groups there was a sign ifican t difference in performance" (p. 294).
This study confirmed the well-established connection between
high audio-visual integration s k ills and high reading a b ility .
Audio and visual capacities correspond, among other things, to
l e f t and rig h t hemisphere specialization respectively.

This

la te ra liz a tio n would be seen, for the purposes of this study,
in contrasting verbal-performance IQs.

Therefore, comparison
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of the four groups with socio-economic variables may disclose that
one group of certain reading d is a b ilitie s may find causes among
common socio-economic factors.
Dustman and Beck (1976, pp. 129-183) compared VERs of
children from three groups of socio-economically disadvantaged
fam ilies:

(1) 27 never received welfare assistance, (2) 51 in te r

m itten tly received welfare assistance, (3) 36 always received
welfare assistance.
years.

The children ranged in age from about 9-10

Results showed that the amplitude of two late waves was

s ig n ific a n tly larger in the VER of the group whose parents had
always been on welfare.

Dustman and Beck in fer that a nutritional

d e fic it in postnatal development associated with lack of welfare
assistance in poverty striken families may impair intellectu al
functioning.

Again, with respect to this study, one might expect

the la te ra l asymmetry to show up in contrasting verbal-performance
IQ scores.

One might further expect a connection between this

group and socio-economic variables.
The research of Dustman and Beck and Ward indicates that
ecological variables, e .g ., n u tritio n , influence brain processes
which underlie learning a b ilitie s .

As these studies used measures

of VER and audio-visual integration, a neurological process is
implied.
The e ffe c t of classifying children with reading d is a b ilitie s
by four contrasting groups of verbal-performance IQ scores may be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22
to reveal hitherto obscurred heterogeneous subgroups of reading
problems each with common neurological processes.

Further

classificatio n of ecological and medical variables such as
developmental, neurological, psychometric, and social data as
predictive of the four verbal-performance subgroups may point to
variable causes of reading d is a b ilitie s .
The a b ility to make discrimination of specific reading
disorders and make assumptions regarding causal brain processes
from a "typical" c lin ic a l test battery and social history impacts
on diagnostic and intervention practices.

Impact on intervention

is especially of concern with respect to pharmacological treatment.
The research of Conners and others show that drug effects occur for
some reading d is a b ilitie s and not for others.

Failure to make

s u ffic ie n tly discriminating diagnoses among groups of d is a b ilitie s
which respond d iffe re n tia lly to drug treatment may mean that some
children are being prescribed drugs unnecessarily.
The extensive time and cost required for VER and psychometric
diagnostic batteries of the sort used in many of these studies is
prohibitive in most c lin ic a l settings.

Translation of the kind

of research data described here into more available and e ffic ie n tly
administered forms w ill help to guide clinicians in th e ir diagnoses
and intervention strategies.
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CHAPTER I I I
METHOD
Subjects
Files of 57 children ages 7 years one month to 11 years 11
months were selected.

The children had been referred to a

Michigan Child Guidance Clinic by parents, schools, courts,
physicians, and social agencies for academic and behavioral
problems.

Files were reviewed retrospectively and a ll children

meeting the following c rite ria were included:

(1) under 12 years

of age, (2) recived a reading diagnostic evaluation, (3) were
given a neurological examination, (4) were administered the WISC-R
by a licensed psychologist, and (5) parents participated in giving
a social history.

The Child Guidance Clinic operates within a

trad ition al medical model.

S taff consisted of two male psychia

t r is t s , two male and six female social workers, and one female
reading specialist.

All were licensed professionals.

Variables

were selected for inclusion following interviews with s ta ff and
preliminary review of file s so that variables were representative
of the most consistently recurring foci of inquiry among a ll of
the s ta ff (Appendix C).
Procedure
The hypothesis was that each of four groups of verbalperformance IQ scores of the WISC-R would predict a specific type
23
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of reading d is a b ility or class of d is a b ilitie s .

Children were

screened into one of four groups according to discrepancies between
verbal and peformance IQ scores of the WISC-R.

Significant verbal-

performance discrepancies at .05 level of confidence were assessed
by reference to Table 13 of the WISC-R manual (Appendix A).
Group 1:

Low verbal-low performance (LVLP).

The verbal and

performance IQs were below 90 but without a sign ifican t difference
between them.
Group 2:

Low verbal-high performance (LVHP).

There was a

sign ifican t difference between the verbal and performance IQs,
with

the verbal score being the lower one.
Group 3:

High verbal-low performance (HVLP).

There was

a significant difference between verbal and performance IQs, with
the performance score being the lower one.
Group 4:

High verbal-high performance (HVHP).

Theverbal

and performance IQs were above 109 but without a significant
difference between them.
Children whose verbal and performance IQs showed no s ig n ifi
cant difference and f e ll between 89 and 110 were excluded in order
to maximize group differences.

The four groups were not matched

fo r a number of subjects, age, IQ, or sex, due to lim itations of
the population (See Appendix B for delineation of the four groups).
The four verbal-performance groups were compared with each
of 22 reading variables selected from an evaluation summary form
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submitted by the reading specialist (See Appendix C for a lis tin g
of the reading variables).

Observable performance formed the

c rite ria fo r variables selected in order to avoid hypothetical
constructs often associated with specific tests.
Diagnostic observations by the reading specialist were
based on the Diagnostic Reading Scales (Spache, 1972), the Auditory
Discrimination Test (Wepman, 1958), the Spelling subtest of the
Wide Range Achievement Test (Jastak & Jastak, 1965), and the Test
of Visual Discrimination (Western Michigan University, Note 4 ).
Data were recorded as serial or dichotomous raw scores or
as ratios (Appendix C).

Grade level: years o f education (YE) ratios

for functional reading (FR), word recognition (WR), oral reading
and comprehension (OR), and s ile n t reading and comprehension (SR)
were computed by dividing the grade level achieved fo r each variable
by the YE.

YE was computed as total years of school including

repeated grades plus kindergarten but excluding pre-kindergarten.
A factor of 1.00 represented performance equivalent to the child's
YE, while less than 1.00 reflected performance below YE, and
greater than 1.00, performance above YE.
A sim ilar ra tio was computed for the Bender Gestalt Test
from the age equivalence score divided by the child's age at
testing.
Neurological-medical, psychometric, developmental, and
social data were recorded fo r comparison with a ll specific
reading d is a b ilitie s which were found to relate s ig n ific an tly to
the verbal-performance groups.
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CHAPTER IV
RESULTS
No sign ifican t difference between groups was obtained.
One way analysis of variance (ANOVA) was computed across four
groups fo r each of 22 reading variables using Bonferroni's F
S ta tis tic (Huitema, Note 5 ).

ANOVA was computed fo r the total

population and also fo r the population as broken down by age,
sex, and age plus sex.

Results were reviewed fo r trends and none

were noted.
Neurological, psychometric, developmental, and social data
were collected but not analyzed since this causal phase was
premised on finding sign ifican t results in the f i r s t phase.
In order to b rie fly illu s tra te the results, one ANOVA table
fo r each group is presented.

These data are computed from the

total population.
Table 1
Analysis of Variance for Functional Reading Level

Source

SS

DF

MS

Groups

0.153

3

0.051

Within Groups

1.697

51

0.033

Total

1.850

54

F
1.529

F-Prob
0.218

26
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Table 1 was computed for Functional Reading Level.

This

variable is selected as one lik e ly to show a significant rela tio n 
ship to the LVLP group.
diminished arousal.

This group is characterized by b ila te ra l

One might speculate that general diminished

arousal would result in poor s k ill acquisition on any of the
reading s k ills to achieve a significant relationship to the LVLP
group.

However, one might expect to find a generally lower level

of reading fo r the LVLP group as a whole as compared to the other
groups.
Table 2
Analysis of Variance for Letter Reversal
Source

SS

DF

MS

Groups

0.179

3

0.060

Within Groups

10.730

51

0.210

Total

10.909

54

F
0.284

F-Prob
0.836

Letter reversals were common among Conners' families with
reading d is a b ilitie s .

Letter reversals are selected here to

represent the LVHP group as seen in Table 2.

This group was

reasoned to re fle c t possible genetic causes as suggested in VER
studies demonstrating attenuation of the l e f t parietal wave in
families with reading d is a b ilitie s and slower latencies in the
l e f t hemisphere in underachievers.
Table 3 illu s tra te s analysis of variance for Word Recognition
The HVLP group was postulated from children with psychometrically
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Table 3
Analysis of Variance for Word Recognition

ss

DF

MS

F

F-Prob

Groups

Q.074

3

0.025

0.157

0.925

Within Gp

8.140

52

0.157

Total

8.214

55

measured performance d e fic its which corresponded to lengthened
right-hemisphere VER latencies.

Failure to consistently iden tify

complete words as symbols, a rig ht hemisphere function as opposed
to successive analysis of language in the le f t hemisphere, may be
expected to f a ll within the HVLP group.
Oral reading and comprehension is illu s tra te d on Table 4.
This is representative of the HVHP group which was characterized
by high achievement but poor parent ratings and poor classroom
performance.

The HVHP group is thought to re fle c t neurotic in h ib i

tions and parental overconcerns.

Oral reading and comprehension

is a task sustained attention and concentration for which
performance would be expected to diminish with heightened anxiety.
Table 4
Analysis of Variance for Oral
Reading and Comprehension
Source

SS

DF

MS

F

F-Prob

Groups

0.078

3

0.026

0.580

0.631

Within Gp

2.333

52

0.045

Total

2.411

55
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CHAPTER V
DISCUSSION
Knowledge of d is tin c t causes of specific reading d is a b ilitie s
may be important in planning individual remedial reading programs.
B ilateral comparisons of cerebral latency and amplitude find d if 
fering degrees of symmetry for d iffere n t reading problems.

D if

fering degrees of symmetry are also found for several types of
measurement, i . e . , socio-economic, psychometric, and pharmacological.
Each avenue of inquiry has been found to correspond with reading
d is a b ilitie s .

D iffering cerebral symmetry is measured in this

study by four pairings of WISC-R verbal and performance IQ scores.
The purpose o f this study was to f ir s t ascertain whether
specific reading d is a b ilitie s or classes of reading d is a b ilitie s
group according to the re la tiv e degree of symmetry between rig ht
and l e f t cerebral hemispheres.

Second, this study intended to

examine possible causes of the classes of reading d is a b ilitie s
distinguished between groups.
With respect to the classification of reading variables
among four verbal-performance groups, no significant difference
between groups emerged.

Failure to achieve a significant

difference may attributed to the fact that verbal and performance
subtests of the WISC-R are not designed to discriminate among the
VER parameters defining cerebral symmetry which relate to reading
d is a b ilitie s (Straumanis & Shagass, 1976, p. 215).
29
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However, Johnson and Wallersheim (1977) summarize research
verifying relationships among subtest patterns of the WISC-R
and reading d is a b ilitie s .

This suggests that the WISC-R subtests

can distinguish among types of reading d is a b ilitie s but that the
verbal-performance IQs group the subtests so as to obscure th e ir
discriminating a b ilitie s .

Comparisons of VER characteristics of

reading disabled children with subtests of the WISC-R may provide
additional diagnostic applications of this widely used test.
Another explanation fo r the fa ilu re to achieve a significant
difference among groups may be found in test construction procedures.
According to Johnson and Wallersheim, i t is plausible that subtests
of the WISC-R do in fact discriminate among reading variables which
correspond to VER parameters, but the s ta tis tic a l grouping of the
subtests into verbal and performance IQ scores obscures such
distinctions.
I t w ill be recalled that following studies of drug effects
on learning disabled children, Conners (1972) reasoned that
learning d is a b ilitie s were being fallacio usly classified as
homogeneous with respect to origin.

He hypothesized that learning

d is a b ilitie s were, in fa c t, heterogeneous and that substantive
differences accounted for v a ria b lity in research findings.
The e ffe c t of grouping verbal and performance IQ scores
according to re la tiv e ly high and low scores may cloud actual test
distinctions by combining suhtests into a single score.

In other

words, the grouping procedure used for this study may have had
the e ffe c t of treating a heretogeneous collection of diagnostic
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measures homogeneously.
The homogeneous grouping

of WISC-R subtests and resulting

fa ilu re of verbal and performance IQs to achieve a significant
difference among groups with respect to reading variables is
compatible with results reported by Russell (1977).

He studied

151 learning disabled and educable mentally retarded children and
compared reading achievement with verbal and performance IQ scores.
Results of his research showed that verbal and performance IQs of
the WISC were not related to reading achievement.

Russell's

results may re fle c t a sim ilar e ffe c t of obscuring subtest distinc
tions by combining subtest scores into verbal and performance IQ
scores.
Consideration should also be given to the design of this
study.

Due to the small population and lim ited number of children

in each group, groups were not matched fo r IQ.

Yet there is much

evidence to support IQ as an in flu e n tia l variable in neurometric
research.
In a study of intelligence and simultaneous versus succes
sive syntehsis of information processing, Jarmon and Das (1977)
used a s tra tifie d sampling of verbal and non-verbal IQ to select
60 boys ages 9-10 years in each o f three verbal IQ ranges:
91-110, 111-130.

71-90,

He administered a battery of tests designed to

discriminate simultaneous information processing, e .g ., Raven's
Progressive Matricies and successive information processing, e .g .,
Serial Recall.

M ultivariate analysis of variance revealed that

simultaneous and successive synthesis of information processing
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are two major dimensions along which individual differences in
intelligence may be id e n tifie d .

Both successive synthesis and

simultaneous synthesis were stable processes within each group
and differences among groups were significant.

As IQ increased,

so did f a c ilit y in both types of information processing.

The

verbal and performance subtests of the WISC-R are commonly thought
to measure respectively l e f t hemisphere or successive synthesis,
and rig h t hemisphere or simultaneous synthesis.

Thus, some in te r

action between the general level of IQ and verbal and performance
IQ as here measured is lik e ly .
Dustman and Beck's (1976, pp. 129-183) VER research demon
strated th at, when compared with low IQ children, high IQ children
show larger amplitudes in the late components of the VER and
also show hemispheric asymmetry with larger amplitudes from the
rig ht hemisphere.
Further,

Dustman and Beck's studies revealed that increased

asymmetry, with higher amplitude responses in the rig h t hemisphere,
were noted during periods of hightened attentiveness.

Greater

negativity of amplitude was associated with higher IQ and with
increased levels of attention.
Considered together, the work of Dustman and Beck and Jarmon
and Das verifies effects of IQ on cerebral b ilatera l differences
in information processing and further confirms related VER
parameters.
With respect to matching groups for IQ, the above authors
a ll speak to the importance of matching the IQs of subjects
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because of the possible influence i t might have on variables
being measured.
Appropriate consideration should also be given to the size
and distribution of the population for this study.

The lim ited

number of children in each group, in particular the LVLP group
and HVHP group, could account fo r fa ilu re to achieve significance.
Distribution of the population approximated a normal curve but was
skewed somewhat positively.

The approximately normal distribution

reflects the normal IQ distribution of the WISC-R.

Examination of

the refe rra l population of the Child Guidance C linic most lik e ly
accounts for the skewed distrib ution .

C linic referrals consist

predominantly of behavior problems which are frequently reflected
in performance over verbal IQ scores on the WISC-R.

The LVHP

group of this study contained the largest number of subjects.
Whereas the small number of subjects in the LVLP and HVHP
groups may account for fa ilu re to achieve significant difference
between groups, the LVHP and HVLP groups were s u ffic ie n tly large
to permit significance.

Though i t is possible that a relationship

may exist between reading variables in one group and not exist
with another group, fa ilu re to find a relationship with reading
variables for the LVHP and HVLP groups suggest some explanation
other than population distrib ution .
Although approximatly 400 file s were reviewed, i t is
perhaps noteworthy that only 57 met c r ite r ia .

This is explained by

the fact that the Child Guidance C linic where this study was
conducted is neither a research f a c ilit y nor a reading c lin ic .
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Assessment batteries vary- among clients according to the judgment
of the examining professional.

Exercise of professional judg

ment is not c ritic iz e d here as a poor alternative to r ig id ly de
fined assessment batteries.

Instead, i t is mentioned by way of

pointing out that the d iffe re n tia l diagnosis of reading d is a b ilitie s
as examined in this study, i . e . , assuming the homogeneity of sub
groups of reading d is a b ilitie s caused by d iffe re n t brain processes,
demands an appropriate and extensive test battery.

Such a battery,

as some of the neurometric batteries used in several of the cited
studies, are apparently necessary to discriminate neurological
differences which correspond to reading disorders.
With respect to the second phase of this study intended
to explore the possible origins of the classes of reading dis
a b ilitie s predicted, no tests were performed on collected data
since analysis of the second phase depended on achieving
significance in the f ir s t phase.
On summary, the most plausible explanation for fa ilu re to
discriminate among four contrasting verbal-performance IQ groups
lie s in the homogeneous grouping of WISC-R subtests into verbal
and performance IQ scores.

This may have had the e ffe c t of

obscuring distinctions across reading variables which may have
been present.

In further investigations caution should also be

given to matching groups for IQ in order to control fo r its
influence on cerebral b ila te ra l information processing as the
results of the Jarmon and Das and Dustman and Beck studies suggest.
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REFERENCE NOTES
1.

G ro ll, C. Mr. GrolVs research with the EEG and cerebral
activation and sustained attention is summarized by Jackson
Beatty in Chapter 3 in M. C. Whitrock (E d .), The Human Brain.
Englewood C liff s , New Jersey: Prentice H a ll, 1977.

2.

Beck, E. C. The research of Doctor Edward C. Beck in the
relationship between visual evoked response and IQ is sum
marized in R. M. Restak, The Brain: The Last Frontier (1st
e d .). New York: Doubleday, 1979.

3.

John, E. R. The research of Doctor E. Roy John's Brain
Research Group in neurometries is summarized in Chapter 13 in
R. M. Restak, The Brain: The Last Frontier (1st e d .). New
York: Doubleday, 1979.

4.

The Visual Discrimination Test. Unpublished. Developed at
The Western Michigan University Reading C lin ic , Sangren H a ll,
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Huitema, B. E. The Analysis of Covariance and Alternatives.
New York: Wiley, in press.
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APPENDIX A
Differences between Verbal and Performance IQs
Required for S ta tis tic a l Significance at the
15% and 5% Levels of Confidence, by Age
Level
of
Sig
in
5%

Age Group
6%

7k

8k

9k

10%

1Us

12%

9.02

9.02

8.52

8.34

8.51

7.94

7.99

12.27

12.27

11.59

11.35

11.59

10.81

10.87

Level
of
Siq

13k

Uk

15%

16%

Average of
Eleven
Aqe Groups

15%

8.58

8.40

8.53

8.38

8.48

5%

11.81

11.43

11.52

11.41

11.55

N= 100 fo r Each Age Group
Note.

From the Manual for the Wechsler Intelligence Scale
for Children (Rev. ed) by D. Wechsler, Table 13, p.
35. Copyright 1974 by D. Wechsler. New York:
The Psychological Corporation.
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APPENDIX B
Number of Children in Verbal-Performance Groups
as a Function of Age and Sex

1
Age

3

2

4

B

G

B

G

B

G

B

G

= 8

0

1

4

1

2

1

1

0

=

9

0

1

5

1

1

0

1

0

= 10

2

1

4

3

1

2

0

1

= 11

3

0

4

3

3

1

1

0

= 12

0

0

2

2

4

0

1

0

Sexa

5

3

19

10

11

4

4

1

nb

8

Note.

B represents boys.

29

15

5

G represents g irls .

N= 57
a

Total of boys and g irls comprising each group.

b

Total number of boys plus g irls in each group.
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APPENDIX C

V a r ia b le s

D ata Form

GP

Group Number

SC

Subject Code

VB

Verbal IQ

WISC-R

PF

Performance IQ

WISC-R

BG

Bender Gestalt

age equivalent
age at testing

1, 2, 3, 4

Reading Variables
YE

Years of Education plus Kindergarten

FR

Functional Reading Level

FR:YE

WR

Word Recognition

WR:YE

OR

Oral Reading and Comprehension

OR: YE

SR

S ilent Reading and Comprehension

SR:YE

CS

Consonant Sounds

raw scores

VS

Vowel Sounds

raw scores

CB

Consonant Blends

raw scores

SY

Syllables and Phonograms

raw scores

SP

Spelling

raw scores

VD

Visual Discrimination

raw scores

AD

Auditory Discrimination

raw scores

LR

Letter Reversals

present-absent

WR

Word Reversals

present-absent

LA

Letter Additions

present-absent
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V a r ia b le s

Data Form

WA

Word Additions

present-absent

WS

Word Substitutions

present-absent

LO

Letter Omissions

present-absent

WO

Word Omissions

present-absent

SN

S elf Corrections

present-absent

RP

Repetitions

present-absent

LI

Letter Iden tificatio n

present-absent

Neurological-Medical Variables
BI

Brain Injury

present-absent

FM

Fine Motor S k ills

present-absent

GM

Gross Motor S kills

present-absent

CH

Chorea

present-absent

AT

Athetosis

present-absent

MS

Muscular Strength

abnormal-normal

RF

Ref1exes

abnormal-normal

MD

Mixed Dominance

present-absent

RD

Right Dominance

present-absent

LD

Left Dominance

present-absent

UD

Undetermi ned Domi nance

present-absent

SB

Strabismus

present-abseni

HT

Height

abnormal-normal

WT

Weight

abnormal-normal

CC

Cranial Circumference

abnormal-normal
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V a ria b le s

Data Form

BP

Blood Pressure

abnormal-normal

AN

Anomalies

present-absent

Prenatal Variables
TX

Toxemia

present-absent

PM

Premature Birth

present-absent

MD

Medication Prescribed Mother

present-absent

AA

Alcohol Used by Mother

present-absent

DA

Drug Abuse by Mother

present-absent

SK

Mother Smoked

present-absent

MI

Mother Serious Illness

present-absent

HM

Mother Hemorrhaged during Pregnancy

present-absent

CN

Caesarian Delivery

present-absent

FP

Forcep Delivery

present-absent

CY

Baby Cyanotic at Birth

present-absent

Postnatal Variables
CG

Child's Age

years and months

CS

Child's Sex

male-female

JN

Jaundiced

present-absent

EU

Enuresis

present-absent

EC

Encopresis

present-absent

PV

Projective Vomiting

present-absent

HF

High Fever

present-absent
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V a ria b le s

D ata Form

Cl

Child Serious Illness

present-absent

CA

Child Serious Accident

present-absent

El

Ear Infections in Child

present-absent

SZ

Seizures in Child

present-absent

AG

Allergies in Child

present-absent

HA

High A ctivity Level in Child
According to Parent Reports

present-absent

Destructive of Property
According to Parent Reports

abnormal-normal

LE

Learns from Experience

abnormal-normal

LB

Labile

present-absent

AS

Attenti on Span

abnormal-normal

HD

Hearing Disorder e .g .,
Fluid on Ears, etc.

present-absent

Visual Impairment e .g .,
Glasses

present-absent

DT

VI

Parent and Family Information
MB

Mother's Age at Child's Birth

years

FB

Father's Age at Child's Birth

years

ME

Mother's Education

years

FE

Father's Education

years

BL

Bilingual

present-absent

DF

Divorced Family

present-absent

ST

Single Parent or Deceased Parent

present-absent
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Variable

Data Form

Treatment Variables
MP

Medication Prescribed Child

yes-no

RT

Reading Tutor

yes-no

IC

Individual Counseling

yes-no

PN

Parent Counseling

yes-no
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