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'ABSTRACT

i

The purpose of this study was to investigate the neuropsychological
characteristics of left-hanced learning-disabled children classified according to
patterns of academic achievemant. Earlier studies utilizing this methad of -
classification have found that right-handed learning-disabled childre.n can be
d‘iffergptiated on a variety of neuropsycghological measures. However, the
pe-rformance of left-handed children has not been examined. In this study,
three groups of 9- to 14-year—lold learning disabled children (n = 8 in each

@ .
group) were selected in the following manner: (1) Group 1 children exhibited

uniformly deficient -perforrnance on the Regding, Spelling, and Arithmetic
subtests of the Wide Range Achievement Test; (2) Group 2 children exhibited
impaired performance on the Arithmetic subtest in conjuction with even lower ¢
performanche.on the Reading and Spelling subtests; and (3) Group 3 children
&E‘sented with average to above-average performance on the‘Heading and
Spelling subtests, but were impaired on the Arithmetic subtest. Hypotheses
concerning the performance of tﬁese children on the verbal and visué.l-spaﬁal
measures were partially supported; however, no support was found for the
hypotheseslregarding the performance of the groups on the motor, tactile-
perceptual, and concept-formation measures. While none of the models of left-
handedness could fully account f;ar the patterns of performance observed in the

groups of children, Levy's (1969).competition hypothesis was the best predictor

.of the performance of these groups of children. A comparison of the



' performaﬁca of right- and Ieft-handed5 learnipg-disabled children indicated that

: - J/ .
the groups wete generally similar; however, there were some differences

between the Qroups, especially with respect to patterns of pgarformancé within

handedness groups. The re'lationships of the present findings to previous

studies, theoretical implications, and suggestions for future research were

discussed.

jii
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CHAPTER |
~ INTRODUCTION

Early research in the area of learning disabilities viewed the learning
disabled as a homog'eheous population. As a result, researchers would study
learning disabled children as a group and compare their performance on
various tasks to that of normal children (Fisk .& Rourke, 1983). A level of
performance paradigm would be used, where poor performance on a given
/ task was assumed to be indicative of a specific deficit that would explain the

learning disability (Fletcher & Satz, 1985; McKinney, 1985). Not surprisingly, it
was found that learning disabled children differed from normal children on a
host of neuropsychological,’cognitive, and social measures (Dean, Schwartz, &
Smith, 1981; Feagans & McKinney, 1981; Fletcher & Satz, 1985; Naylor, 1980;
Rourke, 1975). The results of studies utilizing the level of performance
patadigm only served to produce a seemingly endless list of variables that
would differentiate learning disabled children from normgls (Fisk & Rourke,
1983). In recent years, however, the view that learning-disabled children
constitute a homogeneou's population has been challénged. and the view that
learning disabilities are composed of various distinct subgroups of disorders

has been advocated.

<

/ i



Subtyping research has focused almost without exception on right-

handed learning-disabled children. While this has led to a clearer -

/
-

understanding of the underlying nature of learning disabilities, it is not certain
whether the findings of these studies can be applied to left-handed learning-
disabled children. One issue of concern in this area of research relates to the
possibility that gight- and left-handed individuals differ ln terms of their patterr'ls
of f-uncticl)nal cerebral organization. If in fact they do, the results obfained from
studies that employ right-handed subjects may ndt be directly applicable to left-
handed individuals.

In the following sections, the subtyping literature wiil be review:agf.'i with an
emphasis on one particular area of study that has proved successful in
distinguishing between various learning-disabled children; that of differentiating
groups of these children on the basis of their patterns of academic
performance. Nexi, the issue of differential cerebral lateralization within left-
handers.\f\'r/ill be examined according to various models that have been
proposed to account for the apparent disparity between right- and left-handers.
Finally, the purpose and design of the present study will be presented.

I

SUBTYPING STUDIES OF LEARNING-DISABLED CHILDREN e

Early Subtyping Studies

Early research that examined the underlying nature of learning
disabilities suggested that they could be encountered for various reasons.

(Boder, 1973; Mattis, French, & Rapin, 19]‘5; Mykiebust & Johnson, 1962).



3
* For example, learning-disabled children (in particular, read.ing-disa;bled children)‘
can encounter difﬁgulty in the acquisition-of a particular skill (i.e., readir;g) due
to a deficit in visual-perceptual abilities 6r auditory-linguistic abilities, or a
combination of the two (Boder, 1973; Myklebust & Johnson, 1962).
Furthermore, Rourke has argued that learning-disabled children can no longer
be viewed as a homogeneous group with respect to their patterns of abilities
and deficits (Fisk & Rourke, 1983, Rourks, 1978, 1981). Subtyping research
has, therefore, attempted to ‘delineaté mare precisely the underlg}ing nature of
learning disabilities, in terms of the pattern of abilities and deficits exhibited by
various learning-disabled children.

The study of subtypes of learning-disabled children emerged primarily
from clinical observations of children who were thought to possess deficiencies
in some central processing mechanism (Rourke, 1988). I\Early observations
employed a clinical inferential approach to the identification of underlying
subtypes in reading-disabled childsen (Boder, 1973; Mattis, French, & Rapin,
1975, Myklebust & Johnson, 1962). Myklebust & Johnson (1962) noted that
there wera children who-exhibited a dyslexia characterized by orientation
disturbances, topographic disorders, dyschronometria.'\;n inability to writs,
spelling disability, dyscalculia, an inability to learn a foreign language, and
memory disorders. Furthermore, children who exhibited this syndrome of
dyslexia could be subdivided according to either tt‘weir inability to auditorize (i.e.,

they were unable to learn what letters sounded like), or their inability to

visualize {i.e., they were unable to learn what letters looked like).



4
Fﬁnher <-:Iinica1 evidence for subtypes withih the dyslexic populatidn was
p}ovided by Boder (1973). Based on a child's pe&ormance on a diagnostic
screening battery for dyslexia, three atypigal patterns of }eading and spelling
were identified that were thought to reflect distinct subtypesl of dyslexic
_children. The first subtype identified was composed of those children Lw'hose |
primary deficit in reading was due to an inability to develop phonetic-word |
analysis skills that arose from a primary deficit in symbol-sound integration.
Boder termed this group "dysphonetic dysiexia”. Children whosé reading and
spelling pattern reﬂect;d a primary deficit in the ability to perceive letters and
words as configurations were classified as "dyseidetic dyslexic". The third
group of children were those whose reading and spelling pattern reflected
primary deficits in both phonetic word analysis skills and in the perception of
letters and words as configurations. These children were called the "mixed
dyéphonetic-dyseidetic" group. Boder (1973) found that in 107 children who
met a standard definition for dyslexia, 100 could bg placed into one or another
of the subgroups based on their reading and spelling performance. Of the;e
100 children, 67 were classified as "dysphonetic dyslexic", 10 as "dyséidetic
dyslexic”, and the remaining 23 fell into the "mixed dysphonetic-dyseidetic
dyslexia" group.
In an attempt to isolate the underlying independent deficits or clusters of
deficits that would represent the conditions sufficient enough to limit the
acqu:sition of reading skills, Mattis, French, & Rapin (1975) evaluated the

performance of three groups of children on an extensive neuropsychological ™

N¥



¥

battery. The three groups -were: children who had.confirmed brain-damage
without evidence of dyslexia; children who were brain-damaged and exhibited
dyslexia; and, children who were dysléxic but had no evidgnce of brain
damage. Based on '{he paftern of results obtained through the
neuropsychdlogical tests, Maﬁis et al. (1975) identified three different
subgroups_ﬁgf reading-disabilities. These subgroups accb&z}lte.d for 90% of the
dyslexic cHi!dren. The first subgroup was labeled a language disorder
subgroup (children who exhibited anomia, and disorders of comprehension,
imitative speech, and speech sound discrirﬁination). The second subgroup was
composed of children who exhibited deficits in co-ordination (both fine and
gross), along with graphomotor disturbances. This group was termed the
articulation and graphomotor tysco-ordination subgroup. The remaining
subgroup was classified as having a visuo-perceptual disorder. and was
characterized by poor constructional ab.ility and visual-spatial perception. Mattis
et al. (1975) argued that their results supported a model that presumed that
dyslexia was the result- of any one of multiple independent clustars of cognitive

deficits rather than a single unitary cause.

Statistical Subtyping_Studies
P :
The application of various statistical techniques such as Q-factor analysis

~

or cluster analysis has also proven useful in the identification of Ljnderlying

=

subtypes of Iéarning—disabled children (Doehring & Hoshko, 1977; Poshring,

Hoshko, & Bryans, 1979; Fisk & Hourke, 1979; Lyon, 1983; Lyon & Watson,
=3
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1981; Lyon, Watson, Reitta, Porch, & Hhodes,- 1981; Morris, Blashfield, & Satz,
1986; Petrauskas & Rourke, 19?9; Watsdn, Goldgar. & Ryschon, 1883). For
example, Doehrin‘g & Hosﬁko (1977) gave; a battery of tests of reading-rélated
sfkills to two groups of children: the first group (Group R) consisted of children
in a summer program for reading problems; and the second group {(Group M) ~
was composed of children in a summer program for learning disorders as well
as children in public school special classes for learning disorders, language
disorders,.and mental retardation. The results obtained from Q-Factor
;malyses indicated that learning-disabled children can be classified, statistically
into groups that repres‘ent‘diff_erent patterns of reading deficits. For Group\F{
three-subgroups were obt’ained tr:at included a poor oral reading group with
good visual matching skills; a poor a}Jditory-visuai letter matching group with
good visual scanning skills; and a group exhibitikg poor auditory-visual
association of words and syllables in\the light of good auditory-visual matching
of letters. The factor analysis of Group M also revealed three subgroups. |
Two of the susgroups were similar to the last two subgroups for Group 'R, and
a third subgroup exhibited poor visual-percepjﬁal skills. These findings were
validated in z’a/jurther study by Doehring, Hoshko, & Bryans {1979).

Other studies that have employed the-Q-factor analysis technique have
also indicated that {earning-disabled children can be classified reliably into
meaningful subtypes according to their performance on a variety of

neyropsychological measures (Fisk & Rourke, 1979; Petrauskas & Rourks,

1979). Similar general findings have been obtained through the use of cluster
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analysis (Lyon, 1983; Lyon & Watson, 1981; Lyon.' Watson, Reitta, Porch, &
Rhodes, 1981; Morris, Blashfield, & Satz, 1986; Watson, Goldgar, & Ryschon,
1983).

Subt‘}pinq_accordinq o patterns of Academic Performance -

" Another successful method of subtyping learning-disabled children has

~ focused on the differentiation of groups of children on the basis of their
'patterns of academic performance and has been studied extensively by Rourke

“and associates (Fisk & Rourke, 1983). All subjects used in the studies carried

out in Rourke's laboratory fit the following fairly standard definition of "learning
disabilities”: they were markedly gleficient in at Ieast.one school subject area;
FSIQs were within the roughly normél raﬁge; they were free from primary

emotional disturbance; possesa-e\d normal visual and auditory acuity; there was
no evidence of sociceconomic déprivation; they had attended school regularly

since the age of 5 1/2 or 6 years; they had experienced only the usual

childhood ilinesses; and english was their native language {(Rourke, 1975,

1978, in press). This area of subtyping research 'emerged frosztudiés that
examined the relationships between seﬁljected neuropsychological measures and
discrepancies between Verbal and Performance Intelligence Quotients (VIQ and
PIQ, respectively) on the Wechsler Intelligence Scale for Children (WISC; _
Wechsler, 1948). On the basis of observations that, in, adults, left hemispher’é’x

lesions are related to low VIQ scores (Verbal abilities) and right hemisphe're .

lesions are related to low PIQ scores (Visual-spatial and Visual-motor abilities),



‘it Qas hypothesized that children who exhibited selective impairment on the
Verbal or Performénce subtest_é of the WISC would also demonstrate
impairment of the left or rlght celrebra.l hemispheres, respectively. Behaviora_l
measures‘ that were known to reflect the functional integrity of the two cerebral
hemispheres were used to asée_ss this hypothesis.

Rourks, Young, & Flewelling (1971) examined the relationship between-
VIQ and PIQ discrepancies and selected verbal, auditory-perceptual, visual-
perceptual, and problem-solving abilities in children who were referred for
ﬁeuropsychological assessment becagse of suspected iearning disabilities. Al
children were between the ages of 9- and 14-years-oid. Ninety subjects who
met the outlined criteria were divided into three groups of thirty based on the
nature of the discrepancy between VIQ-and PIQ. The first group (HP-LV)
consisted of those subjects whose PIQ exgeeded their VIQ by at least 10
points. The second group (V=P) was made up of thosé subjects whoée VIQ
and PIQ scores were within four points of each other. The last group of
subjects {HV-LP) was composed of those subjects whose VIQ was at least 10
poiﬁts higher than their PIQ. The performance of the HV-LP group exceeded
the HP-LV group on the verbal, language, and auditory-perceptual measures,
and the performance of the HP-LV group was superior to thé HV-LP group on
tests measuring visual-perceptual skills. The performance level of the V=;:>
group fell between the other two groups on most of the dependent measures.
While tha HP-LV group performed better than the HV-LP group on a measure

of non-verbal problem-solving ability, this difference was not significant. An a



‘posteriori comparison of the Wide Range Achievement Test (WRAT; Jastak &
Jastak, 1965) performancé of the three groups revealed that the HV-LP group
had statistically different scores between the Reading and Spelling subtests
{high) and the Arithmetic subtest (low). On the other hand, the HP-T_V group
showed a trend (albeit non-significant) towards higher scores on the Arithmetic
subtest in comparison to scores on the Reading and Spelling subtests.
Further exar;ination of these three group;s of children was carried out
using measures of motor and psychomotor abilities (Rourke & Telegdy, 1971).
Threebgroups of children who exhibited patterns of VIQ-PIQ discrepancies
similar to those used in Rourke, Young, & Flewelling (1971} were selected.
They were between the ages of 9- and 14-years-old and their FSIQs were in
the range of 85 to 115. Children who exhibited a HP-LV pattern were superior
to the other two groups on most of the ‘r'neasures of complex motor and
psychomotor abilities. Aithough the HP-LV and HV-LP groups did not differ in
terms of differential hand superiority on the measures employed, as was
predicted, there was support for the expectation that the HP-LV group would
show superior performance on tasks that involved complex visual-motor co-
ordination, due to their demonstrated superiority in visual-spatial abilities.

The sesults of these two studies suggest that VIQ-PIQ discrepancies on
the WISC reflec:t the differential functional integrity of the' two cerebral
hemispheres in older learning-disabled children. The HV-LP group performed
ina super'ior manner to the HP-LV group on tasks measuring abilities thought

to be subserved primarily by the left cerebral hemisphere, while the HP-LV
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© group was superior on tasks measuring abilities that are thought to be
subserved primarily by the right cerebral hemisphere. Of particular interest
was the fact that learning-disabled children who exhibited differential patterns of
VIQ-PIQ discrepancies also exhibited differential patterns of performance on the
WRAT Reading, Spelling, and Arithmetic subtests.

Since the differential patterns of performance on the \QJRAT subtests
appeared to be related to different patterns of neuropsychological abilities” and
deﬁcjts, further indepth investigation of groups of children exhibiting these
performance patterns was conducted. A series of studies by Rourke and
associates has highlighted the neuropsychological chdracteristics 3t children
who are classified agéording to their patterns of performance on the WRAT
(Rourke & Finlayson, 1978; Rourke & Strang, 1978; Strang & Rewrke, 1983}
Three grouies of children (two in the Strang & Rourke, 1983 study), aged
between 9 a}q 14 years, were chosen on the basis of their performance
patterns on the\WRAT. Reading, Spelling, and Arithmetic subtests.. Group 1
children were defined as those who exhibited uniform deficiencies on all three
subtests. fheir grade-equivalent scores on each of the three subtests were at
least 2.0 years below their expected grade placement. The centile scores for
these three subtests did not exceed 18, nor was there rnorje than a 0.9 year
grade-equivalent discrepancy between any two of the three WRAT subtests.
Group 2 children had deficient arithmetic scores but even more deficient scores

on the reading and spelling subtests. The WRAT reading and spelling subtest

grade-equivalent scores were at least 1.8 years below their WRAT arithmetic

9
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grade-equivalent score, and-centile scores for the three subtests did not

‘exceed 14: The children in Group 3 exhibited normal reading and spelling

subtest scores, but showed deficient scores on the arithmetic subtest. The
grade-equivalent score for the arithmetic subtest was at least 2.0 years below
the grade-equivalent scores for reading and spelling. All three groups have
deficient arithmetic scores réléﬁ?e to age-based norms; however, Groups 2 and
3 are superior to Group 1 in arithmetic and do not differ from each other.

In the first study of this series, Rourke & Finlayson (1978) compared
these three groups on various measures of verbal and visual-spatial abilities.
There were 15 subjects in each of the thre@;groups. All three groups were
equated for age and FSIQ on the WIS(_‘I.\

The resultg of this study indicated that Group 3 children exhibited superior
performances, when compared to Groups 1 and 2, on measures of verbal and
auditory-perceptual abilities, but were deficient, relative to Groups 1 and 2, on
measures of visual-perceptual and visual-spatial skills. The pattern of
performance of Group 2 children was the reverse of Group 3 children, in that
Group 2 children showed deficits in verbal and auditory-perceptual abilities,
while exhibiting strengths in visual-perceptual and visual-spatial skills. Group 1
children performed in a manner similar togroup 2 children. , With respect to
VIQ-PIQ discrepancies, it was noted that all subjects in Gr6?1p 1 had a lower
VIQ than PIQ, 14 of the 15 subjects in Group 2 had a lower VIQ than PIQ (the
remai\ning subject had equivalent VIQ and PIQ scores), and that all Group 3

subjects exhibited a higher VIQ score than PIQ score.



This finding inaicates that Groups 1 and 2 subjects performed inja
manner that was similar to that expected from groups of older learning-disabled
children who exhibited a pattern of HP-LV scores on the WISC, and ihat'Group
3 performed in a manner expected from those children who exhibited a WISC
pattern of HV-LP {Rourke et al., 1971). Since there is reason to believe that
the pattern of WISC VIQ-PIQ dgc:apancies reflects the underlying pattern of |
the functional integrity of the cerebral hemispheres, theﬁ it would appear that
. the basis on which the children in this study were selected is also a reflection
of hemispheric integrity (Rourke & Finlaysoh, 1978). Thus, the findings of- the
Rourke & Finlayson (1978) study would be consistent with the view that
children in Gré:up 3 exhibit boor performance in visual-perceptual and visual-
spatial abilities due to compromised functioning of systems within the right-
cerebral hemisphere. On the other hand, Groups 1 and 2 children exhibit p\oor
performance in verbal and aucﬂtory-perceptual tasks due to compromised
functioning of left-hemispheric systems.

In order to further examine the differential functional integrity of the
cerebral hemispheres in these groups of childreﬁ, Rourke & Strang (1978)
compared their perfformance on various motor, psychomotor, and tactile-
perceptual skilis. It was expected that the three groups would exhibit patterns
of performance that would reflect the underlying integrity of the cerebrai
hemispheres. More specifically, it was expected that Group 3 children would
be generally deficient on motor and psychomotor tasks when compared to

-

Groups . and 2 (Rourke & Telegdy, 1971). Since it was thought that Group 3
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exhibited deficits due to compromised functioning of the right 6érebral-
hemisphere, children in this group were expected to exhibit particularly poor
performance with their left hand. Children in Grouﬁs 1 and 2, on the other
hand, were expected to show relatively intact motor and psychomotor skills,
and any deficiency would be evidenced by poor p'efformance with the right
hand.

| The results indicated that the three groups did not differ with respect to

perdormance on the motor tasks, although each groupe performed significantly

‘better with their right hand than with their left hand. Groups 1 and 2

performed in an age appropriate fashion on two of the psychomotor tasks
(Mazes and Grooved Pegboard) and exhibited superior levels of psrformance
relative to Group 3 on these measures. Only the Tactual Performance Test
(TPT) revealed differential hand suberiority. Groups 1 and 3 had poor left-hand
performance, relative to right-hand performance, on the TPT, whereas Group 2
exhibited the opposite pattern of performance. However, on the "both hands”
measure of the TPT Groups 1 and 2 performed in line with the pattern evident
for the Mazes and Gro?ved Pegbecard Test, by exhibiting superior performance
relative to Group 3 children. Results from a composite measure of tactile-
perceptual abilities revealed that Groups 1 and 2 performed in a superior
manner to Group 3 for both the right- and left-hands, and that Group 3 children
had a tendency to perform betier with their right-hand than with their left.
Overall, the results indicate that children in Group 3 have marked

deficiencies in some psychomotor and tactile-perceptual abilities, relative to
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both age-expectation Ie\}-els and Groups 1 and 2. The marked discrepancy
between the performance of Groups 2 and 3 on the TPT oﬂgrs support f;)r the
hypothesis of differential hemispheric integrity advanced in the original study of
this series {Rourke & Fintayson, 1978). ' -

The final study in the series compared the performance of Groups 2 and
3 on the Halsfead Category Test (a measure of nonverbal-problem solving
consisting of six subtests; Reitan & Wolfson, 1985). Group 1 was excluded
from this study since other research suggested that they might be composed of
several discrete subtypes of learning-disabled children (Fisk & Rourke, 19793;
Petrauskas & Rourke, 1979). Two groups of 15 subjects who fulfilled the
criteria outlined above were used as subjects in this study. Examination of the
total number of errors m@de on the Category Test revealed that Group 3 made
significantly more errors than Group 2. Closer examination of the number of
errors made on the subtests of the Category Test indicated that Group 3
periormed in an inferior manner to Group 2 on the last three subtests
(although there was no significant difference betweer: the groups on subtest 5).
Analysis of the errors made on subtest 6 (the review subtest) revealed that
Group 2 children appeared to benefit from practice, while Group 3 children

appeared to show little ability to bensefit from experience.

Summary of Academic Performance Subtyping Studies
From these three studies it is apparent that children who differ in their

patternsr of academic performance (as measured by the WRAT) exhibit
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differential patterns of adaptive abilities. The results geﬁerally suggest tHat
Group 2 children are deficient on tasks measuring abilities thought to be
subservec; primarily by the left-cerebral hemisphere, whereas Group 3 children
show deficits on tasks that mew&lities thought to be subserved primarily .
&by right;hemisphere systems. The most striking deficiencies exhibited by
Group 2 children are in verbal and, auditory-perceptual abilities. These deficits
are found in conjunction with superior visual-spatial and visual-perceptual skills,
good psychf)/unotor abilities and tactile-perceptual abilities, and intact problem-
sol\{ing skills. Group 3 children, on the other hand, exhibit deficits in visual-

—
spatial and visual-perceptual processing, have bilateral psychomotor problems,

show bilateral imp;airment for tac_'tile-perceptual measures (although the
impairment is more marked for the left side of the body), and relatively poor
problem-solving skills. However, their performance on :Jerbal and auditory-
perceptual measures is superior to that observed for Group 2 children.

It is important to note here that two groups of children who were
equated for deficient arithmetic performance (Groups 2 and 3) exhibited vastly
different patterns of performaqce on the neuropsychoit)gical measures. These
differences wer’é, therefore, éleérly related to their patterns of academia
performance rather than to their levels of performance.

The results of these subtyping studies have far-reaching theoretical
ramifications (Fisk & Rourke, 1988; Rourke, 1982, 1988). it is clear that

patterns of performance on neuropsychological measures reflect the underlying

functional integrity of the cerebral hemispheres. Moreover, subtyping studies
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have revealed that a particular pattern of academic abilities ahd déﬁcits is
reflected in a particular pattern of neuropsychological gbilities and deficits
(Rourke, in press). However, since the research has been conducted using
_ right-handed learning-disabled children, it .is unclear whether these findings can
be applied to left-handed ledrning-disabled children who may, or .may not,
exhibit similar patterns of hemispheric integrity and organization. In other
wor\d*s(, would left-handed children, chosen according to particular patterns of-
academic performance, exhiBit similar patterns of neuropsychological abilities
and deficits to those seen in right-handed children? A recent study by Del
Dotto & Rourke {1985) suggests that this might be the caée. since it was found
that the general adaptive characfefistics of right- and left-handed learniné-
disabled children were highly similar. However, a closer examination of
patterns of performance in left-handed leafning-disab|ed children is warranted
before déﬁnitive eonclusions can be drawn.

ﬁesearchers studying Ieﬁ-héndeaness have been struck by the lack of

uniformity in cerebral lateralization exhibited by this population (Hecaen &

—
- .

Sauguet, 1971; Levy & Reid, 1978). Madels of left-handedness and cerebral
lateralization have been proposed that attempt to account for the varied
|lateralization patterns seen in left-handers. Some of these models will be

examined in the following section.
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Models of Left-handedness

The nature of human cerebral organization has been the subject of
much research since Broca first noted, in 1821. that damage to certain areas
of the left-hemisphere resulted in language disturbances (Bryden, 1982;
Corballis, 1983). Studies conducted since that time have revealed that, at a
very silmp[istic level, the left-hemisphere is specialized for the processing of
verbal and Iénguage-related information, while the right-hemisphere is involved
primarily in the processing of nonQerbaI, or visuai-spatial information (Bryden,
1l982). it has also bsen suggested that the hemispherss differ in their modes
of processing, with the left-hemisphere processing information in aﬁ analyiical
and sequential manner, and the right-hemisphere processing informatien in a

holistic and parallel manner (Bradshaw & Nettleton, 1981, 1983).

While the above patter'n of cerebral organ{zation is said to be found in
the majority of right handers, the pattern of cerebral organization in left Pganders
is presumed to be\rﬁc}}e varied. For example, while it is estimated that 97-
99% of right-handed individuals have language lateralized in the Ierfr‘c/é‘rebral
hemisphere, figures indicate that only about 60-70% of left-handers have a
similar pattern of language Iateraliza{ion (Bryden, 1982; Corballis, 1983). The
remaining left-handed individuals are presumed to have language represented
either bilaterally or in the right-hemisphere {Corballis, 1983; Hardyck &
Petrinovich, 1977; Levy, 1969; Satz, 1979). Research examining hemispheric

specialization for visual-spatial abilities within the left-handed has also revealed

differential cerebral organization (Bryden, 1982; Hecaen, De Agostini, &
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Monzon-Montes, 1981). Taken together, these findings suggest that the left-

handed population is a diverse group with respect to functional cergbral

. . A
lateralization patterns.

In order to account for this diversity, several different models of left-
handedness and hemispheric lateralization have been propoééd {Bakan, 1971,
1975; Bryden, 1982; Levy, 1969; Satz, 1972, 1973). Modeis of the relationship
between handedness and lateralization fall into two gerieral categories: models
that characterize the firstfcategory suggest that sinistrality indicates that the
individual exhibits different functional lateralization patterns from those normally
seen in right-handers (Bryden, 1982; Levy, 1969); models that are
representative of the second category argue that sinistrality is the result of
different functional lateralization that la;@es from brain damage sustained early
in life (Bakan, 1971, 1975; Satz, 19872, 1973).

-

MODELS OF DIFFERENTIAL FUNCTIONAL LATERALIZATION

Right-hemisphere Language Representation

B
Bryden (1982} points out that many early researchers assumed that

handedness and language lateralization were interrelated. Thus, since the left-
hemﬁéphere was dominant for speech in right-handers, the right-hemisphere
was assumed to be dominant for speech in left-handers.. However, while it is
avident that left-handers have a higherg’ncidence rate of right-hemisphere
speech lateralization (Kinsbourne & HiJscock, 1978), research examining the

incidenze of aphasia following unilateral brain damage (e.g., Hecaen & de
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Ajuriguerra, 1964; Hecaeﬁ & Sauguet, 1971; Humphrey & Zangwill, 1952; see
also Corb_allis, 1982 & Satz, 1979, 1980 for reviews) indicates that left-handers
show a hore variable pattern of cerebral speech dominance. It is clear that a
left-hemisphere lesion will produce speéch disturbances in the majority of left-
handers; however, some left-handers experience speech problems after right-
hemisphere dafnage (Delis, Knight, & Simpson, 1983; Hecaen & Sauguet,
1971). These observations indicate that this early theory regarding speech
tateralization in left-handers is not universally tenable. There are, however,
some reports of individual cases of left-handed individuals who show reversed
patterns of lateralization from that seen in ri’ght-handers (e.g., Delis et al.,
1983). This suggests that a more comprehensive theory of speech
lateralization in left-handers is needed to explain the discrepancies between the

two handedness groups found in studies of aphasia.

Levy's (1969) Competition Hypothesis - Bilateral Language Representation

An alternate descriptive model of different functional lateralization
patterns in left-handers was proposed by Levy {1969). Levy (19@@, 1976)
suggested that clear differentiation of hemispheric functioning \f:jfas not evident
in many left-handers. As a result, language capabilities in theée left-handers
were thought to be represented bilaterally. Levy argued that this bilateral
language representation would lead to deficient performance on visual-spatial
and visual-perceptual tasks, since there would be competition for processing by

the right hemisphere between verbal and spatial functions. !

/
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Levy (1969) tested this hypothesis by comparing the performance of
15 right- and 10 left-handed graduéte students on the vérbal and performa-mce‘
subscales of the WAIS. She found that, although the two grou’;s did not differ
with respect to verbal IQ, there was a significant difference in terms of
performancé IQ. Right-handed individuals obtained higher performance 1Q
values \thaln left-handfa‘d‘individuals. The two groups also showed differences in
the amount gf discrepancy between verbal and performance 1Qs. Right-
handers had an average discrepancy of 8 points, whereas left-handers
exhibited a 25 point discrepancy. Levy concluded that the assumed bilateral
language representation exhibited by left-handers interfered with the processing
of functions thought to be subserved by the right-hemisphere.'

Support for Levy's competition hypothesis has been provided by i
Bradshaw, Nettleton, & Taylor (1981), Johnson & Harley (1980), and Miller
(1971). Miller {1971) administered a test of verbal intelligence and a test
measuring visual-spatial abilities to 29 right-handed and 23 mixed-handed (left-
handed) university students. The results reveaﬂgz that right- and left-handers
did not differ from each other with respect to scores obtained on the measure
of verbal inteiligence; however, left-handers performed significantly lower than
right-handers on the visual-spatial test. M'iller concluded that thess findings
supported Levy's hypothesis and reflected the underlying differences in the
organization of functions within the brain shown by right- and left-handers.

Johnson & Harley (1980) tested Levy's hypothesis by comparing verbal

and perceptual-spatial abilities in both dextral and sinistral males and females.
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Subjects were admiﬁistered two verbal (Vocabulary and Arithmstic) and two
. 1 .
performance (Block Design and Picture)ArrangeEnent) subtests from the WAIS.

Group tests of both verbal and perceptual-spatiai abilities were also given.

" Johnson & Harley (1980) found that sinistrals scored lower on the group test of

-

perc_eptual—spatiai abilities and higher on the test of verbal abilities than
dextrals, regardless of sex., The WAIS subtests did not discriminate between
the handedness groups. Ip general, Johnson & Harley's findings support
Levy's hypothesis that left- and right-handers exhibit cognitiye differences that
reflect differences in the underlying pattern of functional lateralization. Left-
handedness was found to be related to deficient spatial performance.
However, this finding was only true for those lefi-handers who exhibited firm
left-handedness (i.e., performed all 12 items on a handedness questionnaire
with their left hand). Those left-handed individuals who were considered to
possess mixed handedness did not differ from dextrals on either measura
employed in this study.

In a more complex examination cn: Levy's competition hypothesis,
Bradshaw et al. (1881} administered two taci\wisto.scopic tasks (a lexical decision
task designed to measure left-hemispheric functioning‘ and a face discrimination
task designed to measure right-hemispheric functioning) and the WAIS to 96
university students. The two tachistoscopic tasks were used as more direct
measures of the underlying lateralization of function exhibited by the subjects.

Bradshaw et al. found that left-handed subjects (and particularly, those with a

familial history of left-handedness) had lower scores on the performance

.
RS
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subtests of the WAIS as compared to right-handed subjects, while the two

groups did not differ in terms of scores on the verbal subtests. This offered
support to Levy's competition hypothesis. Results of the tachistoscopic tests
revealed ,that Ieft-handed individuals exhibited a weaker left vis‘ual field
*advantage for the faces test and a weaker right visual field advantage for the
verbal test, when compared to right handers. This suggests that left-handed
undergraduates exhibit different types or degrees of hemispheric lateralization
than right handers. -

While these studies have offered support for Levy’s hypothesis that left
handers exhibit worse visual-spatial abilities than right handers, other
investigations have either failed to find support, or offer only limited support, for
this theory (Fennell, Satz, Van Den Abell, Bowers, & Thomas, 1978; Hardyck,
Petrinovich, & Goldman, 1976; Hermann & van Dyke, 1978; Piazza, 1980;
Sheshan & Smith, 1986). For example, Fennell et al. (1978) administered the
Block Design subtest from the WAIS and a visual-spatial subtest from
Thurstone's Primary Mental Abilities battery to a group of high s;ihool students
(28 right-handed and 42 left-handed), and to a group of college étudents (41
left-handed and 41 right-handed). The results showed that neither sample of
left handers exhibited lower scores on the visual-spatial test when compared to
right handers. Thus, no direct support for Levy's competition hypothesis was
found.

‘Subjects were also administerdd a dichotic listening task and a visual

half-fielc task in order to determine if spatial functioning was related to |
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"hemispheric specialization for spesch. When scores from the visual-spatial
tasks wers compared for subjects grouped according to ear or half-field
preference, no significant differences were found. In fact, in the college
samble, those subjects possessing the strongest left ear preference (i.e., fhose
- with predicted right-hemisphere qr bilateral sp\ech representation) had higher
scores on the visual-spatial tests than those sub;ects with the strongest right
ear preferencg {i.e., left-hemisphere speech representation). When hemispheric
lateralization of speech (as measured by the dichotic listening task) was
examined between the handedness groups, it was found that left-handed
college students exhibited a'greater left ear advantage, and a smaller average
difference score between the two ears, when compared to right-handed
subjects. However, this pattern of results was not found in the higjh school
sample. This finding, therefore, only partially supports the argument that left
handers, as a group, possess a different type of, hemispheric lateralization for
speech than do right handers. Fennell et al. {(1978) concluded that Levy's
competition hypothesis could not be fully supported by their findings, although
there was partial support for one of the underlying assumptions of this theory.
Piazza (1980) examined the relationship betwean cognitive abilities and
hemispheric specialization of verbal and nonverbal functions ina group of
university students. Subjects were administered verbal and nonverbaliﬁ
listening and tachistoscopic tasks, along with the Block Design and Vocabuiary
subtests of the WAIS. While results indicated that left-handed subijects

possessed a different pattern of hemispheric lateralization than right-handed

tchotic -
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subjects (i.e._, they spowed weaker ear and visual field advantages), tdere was
no evidence to support the hypothesis that left-handed subjects were deficient
for spatial 'tasks. In fact, on a measure of facial recognition, left handers
performed in a superior manner to right handers. °

Hermann & van Dyke (1978) have al§o found that left handers perform
in a superior manner to_right handers on tests of perceptual processing. Right-
and left-handed college students were ‘_tq&histoscopically presented a pair of
visuaul patterns and required to make éégé-diﬁerent judgements. The patterﬁs
were presented in various orientations: (0°, 45 90°, or 135%). Hermann & van
Dyke reported that left handers were faster at making comparison judgements

and rotated the patterns more rapidly than right handers. These findings do

not support Levy's hypothesis of deficient spatial abilities in left-handed

. .o 1
individuals. LAY

N\

Recently studies have tested Levy's hypothesis of deficient spatial
functioning in left-handers in samples of children {(Hardyck st al., 1976\.\
Sheehan & Smith, 1986). Hardyck et al. (1976) examined the proposed
relationship between cognitive deficit and left-handedness in a large group of
school-aged children. They found that left- em right-handed children did not '
differ from each other on a varisty of verbal and nonverbal (i.e., spatial)
measures. This finding indicates that left-handed children do not show deficits
in spatial functioning when compared to right-handed children.

Sheehan & Stith (1986) examined the functional lateralization of both

verbal and spatial abilities in 67 boys {(aged 9 to 11) by administering .
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tachistoscopic consonant-vo el-gonsonant (CVC) recognition and dot
enumeration (DE) tasks. 4: subjects were also given various psychological
tests of verbal and spatial abilities. Subjects were divided into four groups
based on their hand prefere‘nce and the degree of that preference. Consistent
handers (either right or left) were defined as those who used their prefarred
Hand for all of six "primary" items on a handedness questionnaire,‘while
inconsistent handers used their preferred hand for the majority of the six items.
Sheshan & Smith (1986) found that inconsistent left-handers were less well
lateralized for spéech than consistent left handers and both types of right
handers. No significant differences in performance on the verbal and spatial
tasks were found between any of the handedness groups. These resuits
indicated that there was no evidence for any deficit in spatial abilities in normal
left-handed children. Additionally, it was found that the degree of overall
lateralization of verbal and spatial skills was positively related to performance
on tests measuring spatial abilities, but not related to performance on tests of
verbal abilities. Sheehan & Smith (1986) argued that this partially supported
Levy's competition hypothesis, in that smaller degrees of cerebral late_ralization
were related to deficient spatial ability.

; Overall, support for Levy's competition hypothesis has been equivocal.
Several studies have reported lowered spatial abilities in left handers
(Bradshaw et al., 1981; Johnson & Harley, 1980; Lavy, 1969; Miller, 1971).

Some of these studies have shown that decreased spatial ability is only

exhibited by particular groups of left handers {i.e., those with firm handedness
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preference or thiose with a familial history of sini'strality), and that this is
esheciélly true in adult populations (Bradshaw et al., 19&1; Johnson & Harley,
1980). Other investigators have failed to find éupport for this hypothesis.
These studies have reported that left handers, in general, do not differ from
right handers wi)th respect to spatial functioning. However, some evidence has
been provided by these studies that suggests there may be partia!esupport for
Levy;s hypothesis and its undérly'ing assumptions (Fennell et al., 1978;
Sheehan & Smith, 1986).' Fennell et al. (1978} found that there was some
evidence to suggest that Ieft-handed college students possess different patterns
of speech lateralization than right-handed college students, thus supporting one
of the underlying assumptior?s of Levy's hypothesis (i.e., that left handers
exhibit different patterns of hemispheric lateralization for speech). Sheehan &
Smith (1986) found that shaHer degrees of lateralization were related to
deficient performance on measures of spatial functioning in children. This
finding supports the other underlying assumption of the competition hypothesis;

that is, that different patterns of lateralization from that seen in right handers

are related to deficient spatial abilities.

v

Though early studies examining Levy's hypothesis are not conclusive, it
appears that there is some merit to the underlying suppositions, and that there
may al§o be some evidence for a relationship between handedness and
deficient spatial abilities. The remaining two theories to be presented argue
that left handedness is a result of brain pathology sustained early in life, and

(=4

that this pathology results in differential patterns of performance on various
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psychological measures.™

PATHOLOGICAL MODELS OF LEFT-HANDEDNESS

Bakan's (1971, 1975) model - Handedness and Birth Stress

Until the early 1970's the predominant view of the etiology of left-
handedness was a genetic one (Hicks & Kinsbourne, 1976). However, Bakan
{1971) noted that the evidence for a genetic explanation of handedness was
inconclusive. He argued that the main evidence for a genetic theory of left-
handedness, that of a familial tendency, was an inadequate argument for a
genetic basis, since the majority of left-handed childien had two right-handed
parents (Bakan, 1975). While twin studies have also been used to bolster the
position of a genetic basis of handedness, Bakan noted that the increased
incidence of sinistrality observed in twins was evident for both identical and
fraternal twins, indicating the existence of possible ron-genetic factors in the
etiology of handedness. Bakan (1971) also observed that the incidence of left-
handedness was higher in males and in various groups of individuals suffering
from language related disorders. Since these factors are known to be
associated with greater pre- and peri-natal complications, Bakan argued that
left-handedness was related to stressful pre-natal and birth conditions. Thus,
Bakan's model views right-handedness as the norm, and assumes that left-
handedness is a deviation from this norm that is a concomitant of
neuropathology sustained during traumatic pregnancy and birth. The most

likely cause of this neuropathology is hypoxia. The pathological effects of
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hypoxia will depend on the particular brain areas that are deprived of oxygen,
but are most likely to be found within left-hemisphere systems since the left
hemiéphere éppears to have a greatér need for oxygen and a more active
metabolism (Bakan, 1975; Bakan, Dibb, & Reed, 19?_3). =

Bakan (1971) inveétig;ted the relatianship between left-handedness and
birth order in a group of 95 left-handed university students. A control group of
553 right-handed studenté was also employed. ?Jnh order was diyided into
two categories: high risk (first birth or fourth and later births) and low risk
(second and third births')’.ﬁ ‘Results indicated that more left-handed subjects fell .
into the high risk category than would be expected by chance. This finding
was most noticeabie for the male subjects. That is,' while more left-handed
individuals fell into the high-risk category than the low-risk category, the
difference was significant only for males, and not for females. Bakan
interpreted these results as indicating a relationship between handedness and
birth order, which in turn suggested 'a relationship between left-handedness and
neurological insult that was associated with high risk birth factors. This finding
was further confirmed in a later study using a different sample of post-
secondary students {Bakan, 1977).

Since high risk births are known to be associated with increased birth
stress conditions, Bakan hypothesized that there would be a relationship
between left-handedness and birth stress. To further test this\relationship,

Bakan et al. (1973) asked 510 university students to complete a handedness
A

questionnaire and indicate the birth stress conditions that were associated with
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their birth. While the use of self-report may lead to some bias toward an’
under-reporting of the amount of birth stress, Bakan et al. (1973) argued that

there was no reason to believe that the findings would be invalidated by this

potential bias. Bakan et al. {(1973) found a significant relationship between
A

birth stress and left-handedness, with 40% of left handeré reporting birth stress
and 22% of right handers reporting some incidence of birth stress. Closer

examination of the data indicated that left-handed and ambilateral subjects

_4‘

were found significantly more often among the high risk category than *émong
other categories.

Leviton & Kilty (1976) examined Bakan's hypothesis regarding ‘E)irth order
and handedness in a group of fifth- and sixth- grade students. They found

/ .
th%t/ similar to Bakan's (1971) finding, the strongest birth order effect was in

*,

\
males. While females showed an increased risk of left-handedness with

P,

increased birth order, the effect was not ag noticeable as in males. The birth
orde'r\;ﬁect in males was found to have aiu-shaped distribution, with the
incidence rate of Ieftuhzndedness declining after the first birth order category
(i.e., being the first born) aﬁd then increasing after the fourth birth order
category. Females, on the other hand, showed a more variable distribution.

!
with the highest jncidence of left-handedness being evident in children who
were born sixth or later. Leviton & Kilty (1976) concluded that there was

support for a relationship between handedness and birth order, but that this

relationship was a complex one that reflected the influence of various factors.
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While these studies have provided support for Bakan's theory, other
studies have failed to find any evidence of a“‘faationship between handedness
and birth order or birth stress (Schwartz, 1977; Hicks, Pellegrini, & Evans,
1978). Schwa.lrtz (1977) argued that previous studies exam‘ining the proposed
relationship h_g_(_:l'f.ailed to use rigorous procedures for classifying handedness,
and simply réiféd upon the subject’s self-report. This method is seen as
unreliable and inadequate. Schwartz (1977} utilized a more rigorous approach
for classifying handedness by giving his subjects a series ot fourteen manual
tasks, which they were to pantomime before giving a written response. The
subjects were also asked questions regarding the nature of their mother's
pregnancy and their birth, Schwartz (1977)4J‘C;unq,that there was no increase
in the incidence of left-handedness in high-risk pregnancy categories based on
birth order. When subjects were divided on the basis of the strength of their
laterality no differences between incidence rates were found. Further
axamination of the data indicated no increase in left-handedness when groups
were compared with respect \Q complications in pregnancy. Schwartz (1977)
concluded that his resuits showed no evidence for a relationship between
sinistrality and birth-order or pregnancies marked by complications during
gestation or delivery. While the existence of patholiogical left-handedness was
not disputed, Schwartz (1977) argued that there was no support for Bakan's
contention that all left-handedness is a result of early brain insult.

In defense of his theory, Bakan (1977) argued that Schwanz's (1977)

findings could have been biased by the type of biriﬁzs;tress question that was
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posed. In an earlier study, Bakan et al. (1973‘) had their sUbjects fill out a
checklist of possible complications associated with pregnancy and birth, while
Schwartz (1977) simply asked for a yes-no response to a question regarding
the presence of complications during pregnancy and birth. Bakan {1977)
argued that this‘ty‘pe of questioning would yield a high number of negative
responses, and no meaningful information regarding pregnancy and birth would
b? obtained. If Schwartz (1977) had used a more stringent approaa{ (as he
used for questioning handedness), he may have gﬁ‘ained different resulis.
However, Schwartz's study makes it clear that more careful questioning of
handedness and birth streds is required in or.der to gain a more complete
understanding of the proposed relationshipﬁtween the two factors.

. Hicks et al. (1978) attempted to replicate Bakan's original study using a
sample of university students carefully chosen to approximate Bakan's sample.
In the oEiginaI étudy. Bakan (1971) had noted that this relationship held only for
males (although there was a trend toward the occurrence of the relationship in
females). However, later studies (with the exception of Leviton & Kilty, 1976)
failedl to consider the possible effect of sex in the nature of this relationship.
Hicks et al. (1978) examined the proposed relationship between hande\ciness
and birth order, but also considered sex as a variable. Handedness was
assessed using a handedness questionnaire, and birth order was established
by self-report. Complications of birth and pregnancy were not assessed.
Hicks et al. (1978) failed to find a significant relationship between birth order

and handedness for males, females, and the total sample. Like Schwartz

s
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(1977}, Hicks et al. (1978) did not dispute the existence of pat‘ ological left-
handedness, but argued that not all sinistrality could be viewed as a
concomitant of pathology.

While Bakan's theory of a direct relationship between sinistrality and
pathology is intriguing, it ig clear that it has not obtained strong validity in
further testing. Several investigators have failed to replicate Bakan'é original
findings in samples that could not be considered distinguishably different from
Bakan's samples. However, those studies that fail to replicate the original
findings have not disputed the existence of some form of pathological left-
handedness. Thus, it appears that Bakan's theory of the etiology of left-
handedness may be too broad in its attempted application. The last theory

!

regardin‘% the etiology of left-handedness has narrowed the focus of

pathological influences and argues that some left-handedness is the result of

early brain insuit.

Satz's (1972, 1973) model of Pathological Left-handedness

It has long been thought that left-handedness is associated with a
variety of clinical conditions, including mental retardation and epilepsy {Hecean
& de Ajuriaguerré, 1964, Silva & Satz, 1979), pervasive developmental
disorders, (Fein, Waterhouse, Lucci, Pennington, & Humes, 1985) and learning
disabilities (Geschwind & Behan, 1982; Zurif & Carson, 1870). The incidence
rate of left-handedness in clinical populations such as these has been reported

to be ‘wice as high as that found in normal populations (Satz, 1972, 19Z3).
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An early explanation (Heceén & de Ajuriaguerra, 1964) for the increase in
rﬁanifest left-handedness within clinical populations, proposed that damage to
the left-hemisphere resulted in a mild hypofunction of the right hand, in natural
right handers, which caused the child to switch to using the left hand for
manual activities. This theory, however, does not adequately address the
possibility of pathological right-handedness, or the probability of a manﬁ—;l
"switch” that would result in manifest left-handedness. In order to address
these issues, Satz proposed a model that assumed an equal distribution 01;
lesion laterality, estimated the probability of a m;nual “switch” from one
hemisphere to the other, and accounted for the reported twofold increase in:
sinistrality incidence rates.

At a very basic level, Satz's (1972, 19%3) model suggests that the ;
* frequency of manifest feﬂ-‘handedness in presumably brain-damaged
populations increases as a function of early left hemisphere damage in natural
right handers. The model also suggests that pathological right-handedness is
rarely evident due to the relative lower frequency of left-handedness in the
normal population. Using hypothetical data, Satz was able to demonstrate
mathematically the increased incidence of left-handedness in clinical
populations. The model also generated some testable hypotheses, some of
which were logically derived from the model, while the remaining hypotheses
were indirectly related to the model. Satz (1972) then tested this model on

data provided by the Montreal Neurological Institute. He found that the

hypotheses generated by the model were supported by the data. Satz
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concluded that the model could be accepied tentatively as an explanation for
the higher frequency of sinistrality in clinical populations.

Silva & Satz (1979) investigated the relationship between manifest left-
handedness and the localization of EEG abnormalities in a group of 1409
mentally retarded individuals. Silva & Satz found that there was an increased
rate of left-handedness in those individuals with abnormal EEGs. The results
of this study also showed that significantly more left-handed individuals than
right-handed individuals had left-hemisphere brain damage. This suggests that
there is a relationship between manifest handedness and lateralization of brain
dysfunction and offers further support to Satz's model of pathological left-
handedness. _

The model oprathologica! left-handedness as proposed by Satz (1972,
1973) was tested by Satz, Baymur, & Van der Viugt {1979) in a cross-cultural
examination. Four studies from centers in Canada, Turkey, The Netherlands,
and the United States, were compared and the rate of manifest left-
handedness was examined. The results indicated that there was fairly
consistent support for the modsel. In general, Satz et al. (1979) concluded that
the raised incidence level of lett-handedness in adult clinical populations was
due largely to a small number of right-handers who, due to early left-
hemisphere damage, transfer manual preference and speech to the opposite
hand and hemisphere. |

"While the model appears to explain the increased incidence rate of left-

handedness in clinical populations, it fails to account for the incidence of
~
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ambiguous, or mixed, handedness. In order to rectify this, Soper & Satz
(1984) modified the model to include an explanation of the occurrence of
ambigubus handedness. The revised model assumed that early bilateral brain
damage would result in ambiguous handedness, since neither hemisphere
w’ould remain sufficiently intact for the expression of manual dominance. The
model was able to demonstrate mathematically'the incidence rates of manifest
left-handedness, ambiguous handedness, and manifest right-handedness within
a hypothesized clinical population. Based on the obtained incidence rates
various predictions were made with regard to damage within particular
etiological subgroups.

Examination of this model of pathological left-handedness has resulted in
support for the view that some left-handedness is the result of early brain
damage. Schwartz (1@77) argued that his findings offered indirect support for
Satz's model, since there was evidence that not all left-handers in his study
suffered from cerebral pathology. Satz's model adequately accounts for
naturally occurring left-handedness, as well as left-handedness occurring due to

pathological influences. )
. Vi J
A more recent examination of Satz's model was conducted by
Liederman & Coryell (1982). The origin of left-hand preference was examined
using prospective data obtained from infants with and without perina?al
t
complications. Infants with a history of perinatal complications did not show

the usual right head-turning preference observed in infants without perinatal

complications. Liederman & Coryell (1982) argued that perinatal complications
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might also delay the establishment of hand preference, and increase the
probability of left-handedness. They concluded that their data best supported
Satz's mzmmgin of left-sided preference. Bakan's model was not
supported by their[jﬁata, since there were cases of non-right head-turning
preference in infants whose births were free from co‘mplication. In general,
Liederman & Coryéll's 1982) findings suggested that some, but not all,
deviations from a right-sided préference are due to brain damage caused by
perinatal complications. |

Bishop (1980, 1984) has extended Satz's model of pathological left-
handedness to populations tfat exhibit less obvious impairment than those
used in its formulation. Bishop (1980) examined the ratg of pathological ieft-
handedness in an unselected group of children. Of the group of 170 children,
23 were left-handed (i.e., wrote with their left hand). All children were given a
measure of intelligence, a reading test, and tests of manual dexterity. A target
group of children who performed in a particularly impaired manner with the
non-preferred hand on a measure of motor skill was also selected. It was
expected that, if the model of pathological left-handedness could be extended
to a Iess,-impaired pbpulation. there would be an increased incidence of left-
handedness in the target group of children. Bishop's findings confirmed this
expectation. However, these children did not have an increase in reported
birth-risk. There was eviEéﬁce that suggested that children in the target group

had a inigher incidence of neurological disorders in chiidhood, and had

significart cognitive impairment, when compared to the remaining children.
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. Bishop (1980) concluded that the pathological Ieﬂ-handednéss model could be

extended to groups without gross signs of brain da'mage, and that a form of
mild unilateral brain abnormality was responsible for the non-preferred hand
difficulties exhibited by children in the target group. Bishop argued that this
mild abnormality was associated with the increased incidence of sinistrality
obsérved in this group. |

Bishop (1984) confirmed this general finding in a group of children
selected on the basis of poor manual skill of the non-preferred hand. These
children had been selected out of a larger sample of children. This larger

group of children represented those born in the United Kingdom in 1958, and

t

were, therefore, not selected to represent any particular clinical group. Agai‘h.i‘kh
the results indi¢3ted a raised incidence of left-handedness within the selected
children, and were interpreted in favor of Satz's model of left-handedness.

Satz’s (1972, 1973) model of pathological left-handedness adequately
explains the higher frequency of left-handedness, and ambiguous handedness,
in various clinical populations. However, early insult to the left-hemisphers is
also related to other sequelae, such as the reorganization of speech functions,
so that the right-hemisphere participates in the processing of speech
(Rasmussen & Milner, 1877). Bullard-Bates & Satz (1983) and Orsini & Satz
(1986) examined the features associated with known or suspected damage to
the Ieft-hemisphe're that was sustained early in life. These features include:
manifest left-handedness; atypical orﬁ)t-sided hemi.spheric speech

representation; hypoplasia of the right-sided extremities; motor impairment of
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the right hand; impaired visual-spatial functioning; and a low probability of
family history of sinistrality.

Bullard-Bates & Satz (1983) present a case study of a 37 year-old
woman with pathological left-handedness who exhibited the features mer'1tioned
above. Her birth history indicated that brain injury was likely suffered due to a
prolonged delivery and anoxia. She experienced sensory and motor difficulties
on the right-side of her body', had a smal[er. right hand and foot, and had no
history of familial sinistrality. Neuropsychological testing revealed deficits in
visuo-spatial and nonverbal skills in the light of superior performance on verbal
measures. There was no evidence of aphasia. While the pattern of
performance on the cognitive measures might suggest right-hemisphere
damage, the motor and sensory findings would not support this conclusion.
The patient was then administered a dichotic listening task, and right-
hemisphere language was inferred, since she showed a very large left ear
asy?nmetry. CT scans indicated left-hemisphere atrophy. Thus, Bullard-Bates
& Satz concluded that the patient had suffered early damage to the left
hemisphere that had resulted in the transfer of language abilities to the right
hemisphere, a switch from the right to the left hand for manual abilities, and a

decreased ability to perform nonverbal functions that would normally have been

subserved by the right hemisphere.
pind A

, .
Orsini & Satz~+1986) further examined the clinical features thought to be

associated with pathological left-handedness in a group of brain-damaged

subjects. The incidence rates of each of the concomitant featuras of early left-
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hemisphere injury was examined. Brain-damaged subjects were divided into
group® according to the age of lesion onset. Early lesion onset was defined
as damage to the left hem}sphere betore the age 6f 6-years, while late onset
was defined as damagé a}ter that age. Orsini & Satz (1986) found that
atypical speech lateralization, a shift in hand preference, motor impairment of
the right hand, and hypbplasia of the right foot were the most sighificant
features related to early brain damage and pathological left-handedness. The
remaining tre;its thé’t had be:em associated praeviously with pathological feft-
handedness were not found to be significant features in this study. Thus,
there was no support for the finding that visual-spatial functions are lowered in
individuals who suslained early left-hemisphere insult. In fact, Orsini & Satz
{1986) found that both verbal and visual-spatial abilities were impaired in their
sample. Further examination of the integrity of verbal and visual-spatial

abilities in pathological left-handers is needed to determine whether cognitive

functioning is reorganized in these individuals.

summary of Theorigs of Left:handedness

The nature of cerebral organization in left-handers has intrigued
researchers for many years. Several theories that attempt to explain the
underlying nature of the hemispheres in sinistrals have been proposed. These
theories can be categorized as follows: those advocating. that sinistrality is a
reflection of different hemispheric organization from that seen in dextrals; and

those that advocate that sinistrality is the result of some type of
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neuropathology.

The theories that represent the first category argue that left-handers
show different patterns of hemispheric asymmetry than those observed in right-‘
handers. One of t‘he earliest theories argued that left-handed individuals
showed reversed laterality to right-handers; that is, language was represented
in the right hemisphere, and nonverbal processing was undertaken by the left
hemisphere. While this theory is now rejected as being7the universal,
explanation for the underlying répresentation of function in left-handers, it is
clear that a few left-handers do exhibit this pattern of éerebral organization.

Another theory that has been proposed to explain the difteicnces
between right- and left-handers, argues that left-handed individuals possess
bilateral representation of language (Ley\y, 1969). This bilateral representation
of language results in lowered performance on visual-s;iz&ial tasks, since thers
is competition within the right-hemisphere for the processing of these tasks.
While this theory has failed to receive unequivocal support, there is some
evidence that it may explain why some Ieﬁ-haﬁders exhibit depressed scores
on visual-spatial tasks.

Theories that are representative of the second category have received

. -

more attention in recent years. Bakan's model proposes that all |eﬂ-
handedness is a departure from the norm of right-handedness and is the result
of left-hemisphere brain damage sustained during pregnancy or birth, dus
primarily to hypoxia. This causes a shift from the right-hand to the left-hand

for preferred hand usage. Thus, all left-handers would be natural right-
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handers. While Bakan (1971, 1975) does not make explicit predictions for the
underlying functional organization of the cersbral henﬁispheres, it is assumed
that the right-hemisphere takes over left-hemisphere processes, due to the
brain insult. Specitic deficits, however, would depend on the area of the brain
damaged due to the deprivation of oxygen. This model is somewhat limited

since it can not explain the existence of those left-handed individuals who have

' no evidence of early brain damage due to complications during pregnancy or at

birth. B

Research has indicated that left-handedness occurs in clinical

populations at about twice the rate that it occurs in the normal population.

‘Satz (1972, 1973) has proposed a model that accounts far this increased

incidence rate. This model takes a more focused approach than the.one
proposed by Bakan (1971, 1975), since it suggests that only a small proportion
of (as opposed to gﬂ)\-. left-handedness results from brain damage. Satz argues
that early brain damage to the left-hemisphere in natural right-handers results,
at the very least, in a switch of manual '«nd preference to the right-
hemisphere, thus causing the child to manifest left-hand preference. This
mode! indicates that the increased incidence oi sinistrality in clinical populations
is due to the fact that more natural rigt;t-handers wili become pathological left-
handers than natural left-handers becc;ming pathclogical right-handers. Thus,
the increase in incidence is in the manifest incidence of simistrality, and not in

genotypic incidence. Certain neurclogical and psychological characteristics

have been shown to be-related to pathological left-handedness. These
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characteristics include atypical cerebral speech representation, motor
lmpanrment of the. rlght hand, and hypoplasia of the right foot.
}

Each of the models presented attempt to explain the nature of the

relationship between handedness and lateralization of function. However, it is

clear that the models are not mutually exclusive. One can, for example, £ee
overiones of Levy's intra-hemispheric competition hypothesis in Satz’
pathological left-handedness. Satz's model ha(s received the most favbrable
support of all the models presented here. [t accounts well for the observed
increase of sinistrality within clinical populations, while allowing for the presence
of natural Igﬂ—handedness, pathological right-handedness, and ambiguous
handedness‘; It has also been extended to groups of children who do not
exhibit gross signs of brain damage.

The above review of thesé modals of left-handedness indicates that the
relationship between handedness and cerebral organization is far from clearly
understood. While it is clear that left-handers as a group exhibit more varied
patterns of lateralization than right-handers, the underlying nature cf the
organization of cognitive functioning in left-handers is still a highly debated

issue. R
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PURPOSE OF THE PRESENT STUDY

Research examining the functional integrity of the cerebral hemispheres
i.n right-handed learning-disabled children has indicated that children selected
according to patterns of academic performance on the WRAT (Jastak & Jaistak,
1965) show particular patterns of performance on various neuropsychological
measures. For example, children who are ‘chosén on. the basis of deficient
arithmetic scores in the presence of average to superior reading and spelling
scores on the WRAT are known to exhibit a pattern of performance on
neuropsychological tests that is consistent with a hypothesis of right-
hemisphere dysfunction. On the other hand, children~ whose reading and
spelling scores are lower than their arithmetic scores exhibit a pattern of
performance suggestive of dysfunctional left-hemisphere prncesses.

While these patterns of academic and adaptive pertormance are known
to reflect the underlying functional integrity of the cerebral hemispheres in right-
handed learning-disabled children, it is not known whether the same findings
are applicable to left-handed learning-disabled children chosen according to
similar patterns of academic performance. The first purpose of the stud¢ was
to investigate whether or not left-handed learning-disabled children, selected
according to patterns of academic achievement, show similar patterns of
underlying functional hemispheric integrity as those previously observed in
right-handers.

A secondary purpose of the present study was to determine which of the

models of left-handedness presented above best predicts the performance of
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left-handed learning-disabled children on measures that are kno(zvn to be
sensitive to the. underlying fl;nctional integrity of the cerebral hemispheres.

,Chi'ldr_en were selected for this study on the basis of their patterns of
academic performance, as measured by the WRAT Reading, Spelling, and
Arithmetic subtests (Jastak & Jastak, 1965). G@p --Vclxildren exhibited
deficient performance on all three subtests. Group 2 clilldren exhibited
deficient Arithmetic subtest scoreé but even more deficierd Reading and
Spelling scores. Group 3 children exhibited normal Read/ing and Spelling
subtest scores but deficient scores on the Arithr‘netic :;ubtes*. All subjects weré
left-handed. The performance of these subjects was compared for measures
of verbal, auditory-percebtual. visual-spatial, visuai-perceptual. psychomotor,
motor, tactile-perceptual, and complex nonverbal problem solving skills.

If left-handers do not differ from right-handers in térms of their paftern of
adaptive abiliities (Del Dotto & Rourke, 1'985) and functional Iateralizatiqn. then
one would expect that they will exhibit similar patterns of performance on
neuropsychological measures to those observed previously in right-handers.
Thus, it was expected that Group 2 children would exhibit a pattern of
perfarmance consistent with a hypothesis of left-hemisphare dysfunction. This
would ke evident in deficient performance on verbal and gggjtor/)/-perceptual
tasks, relative to their superior performance on visual-spatial and visual-
perceptual tasks. Group 2 children were also expected to show good
psychomotor, motor, and tactile-perceptual abilities. They would also exhibit

good concept-formation skills. A similar pattern of performance was expected

Ty

&
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x for Group 1 children. . )

Conversely, Group 3 children were expected to show a patterh‘of

performancé‘“‘ﬁdlcat‘ve of right- hemlsphere dysfunction. Thus, they would show
\db‘ﬂ 'ts on measures of visual-spatial and visual-perceptual abilities, while

perf rming at, or above, normal Ieuqs on verbal and auditory- perceptual tasks.

In addition to this pattern of abilities and deficits, Group 3 children were

expected to exhibit bilateral psychomotor and motor problems, along with

deficiéncies in tactile-perceptual abilities. They would also show poor concept-

formation abilities and a lack of ability to benefit from feedback.

The above expectations regarding the performance of left-handed
learning-disabled children selected according to patterﬁs of academic
achievement reflect the most simplistic view of the relationship between
handedness and cognitive functioning in left-handers; that is, that they exhibit
the same\;élationship between handedness and cognitive functioning as found
in right-handers. However, models of Ieft-handedness suggest that this may, in
tact, not be true. Thus, expectations for the present study also examined the
possible differences between right- and left-handers. *

Levy (1969) assumed that left-handers possessed bilateral language
representation. This bilateral language representation resulted in poorer visual-
spatial and 'visual-perceptual abilities, relative to right-handers, since there was
competiticn for right-hemisphere processors. If this accurately describes the

nature of the underlying functional integrity of the hemispheres in ieft-handers,

then it would be expected that Group 3 children would show a similar pattern
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of performance to that seen in right-handqré. Their pe.rAformance on visual-
spatial and visual-perceptual measures would be deficiént, relative to Group 2,
while they would exhibit superior verbal and auditory-perceptual —abilities. This
would offer support to the hypothesis proposed by Rourke & his colleagues
(Rourke & Finlayson, 1978; Rourke & Strang, 1978; Strang & Rourke, 1983)
that Group 3 children suffer from’ déficits in right-hemisphere processes.

However, children in Groups 1 and 2 would be expected to show i
different patterns of performance than those seen in right-handers. They wo$
still exhibit poor performance for verbal and auditory-perceptual measures, but
their performance on visual-spatial and visualgpsrceptual measures would not
be the same as seen in right-handers. They wouid show lower levels of
performance than those seen for righ.t-handed children on these measurés due
to the competition within the right—hémisphere for both verbal and spatial
functioning. This would suggest that while right-hande’d Group 2 children suffer
from dysfunctional left-hemisphere processes, left-handed Group 2 children are
at an increased disalq_\{antage for achievement, since their right-hemisphere
processing abilities are also compromised.

Psychomotor, motar, tactile-perceptual, and concept-formation
performance patterns for the groups were expected to remain similar to those
observed in right-handers, since Levy's theory only presupposes deficient
spatial performance in left-handers. -

The two models of pathological left-handedness assume that individuals

are let'-handed due to early left-hemisphere brain damage. Satz has also
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provided some information with regard to cognitive sequelas associated with\\
his model of pathological left-handedness. These sequelae include: atypical
lateralization of speech, motor impairment of the nondominant (i.e., right hand),
and hypoplasia of the right foot. Other sequelae that may be related to Satz’s
model of pathological left-handedness are: impaired visuo-spatial functioning,
relative to preserved verbal functions, hypoplasia of the right hand, and a 10\er
probability of familial sinistrality.

Bakan's theory simply states that left-handedness is the resuit of early
Ieft-hemisphefe brain damage which, in turn, results in a switch to the right-
hemisphere for motor functioning. It is assumed that other left-hemisphere
processes are rendered dysfunctional due to the early brain damage. If this
theory can be applied to the left-handers in this study, then .Groups 1 and 2
children would be expected to show similar patterns of performance to those
observed in right-handers. They would be deficient on measures of verbal and
auditory-perceptual abilities, while showing normal to above averag 'visual-'
perceptual and visual-spatial abilities. However, in c;ontrast to the superior
psychomoter and motor abilities exhibited by right-handers, the left-handers
would be expected to show deficient performance vm‘\th their right-hand on
measures clf psychomotor and motor abilities, due to damage to left-
hemispr;a;) areas thought to subserve these functions for the right-hand.

Concept-formation abilities were expected-to be similar to those seen in right-

handed learning-disabled children,

/’l
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Group 3 children, on the other hand, would be expected to show a
pattern of performance that is suggestive of global dysfunction. They would
eihibit deficient v.isual-spatial and visual-perceptual abilities but would also
exhibit lower levels of performance than thosé seen in right-handers on
measures of auditory-perceptual and verbal abilities. Scores on measures in
these latter two ability areas were expected to be lower than those observed in
right-hanq_ers. aithough they still may be better than scores obtaiged for visual-
spatial and visugl-perceptual measures (reflecting a similar pattern of
performance to that seen in right-handérs). In addition to these deficits, Group
3 left-handers were also expected to ex’hibit poor psychomotor and tactile-
perceptual performance. Like Group 2 children, they would show particularly
poor performance on motor tests with their right-hand. Concept-formation
abilities would be similar to those exhibited by right-handers. In general,
Bakan's theory predicts that the pattern of performance of Group 3 children
would be indicative of global dysfunction, while Groups 1 and 2 children would

show a pattern of performance reflecting dysfunctional ieft-hemisphere
- ™ -

-~

processes. y

Satz's model predicts that Groups 1 and 2 left-handed children wouid

show similar patterns of performance to those abserved in right-handed Groups
s

1 and 2 children. However, based on observations that individuals with

pathological left-handedness exhibit impaired visuo-spatial functioning, it was

also expected that Groups 1 and 2 children would exhibit lower scores on

measures of visual-perceptual and visual-spatial functions than those observed

2
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in r{ght-handers. While the pattern of superior n-onverbal-deficient verbal skills
may still be evident in left-handed Groups 1 and 2 children, the diﬁerenqss
bet\;veen these two ability areas may not be as striking as in right-handers.
Satz has also observed that some pathological left-handers sfhc;w depressed
verbal abilities (relative to normals) as well. Thus, Groups 1 and 2 may show
even lower scores on verbal measures relative to those obtained in studies of
right-hahded lsarning-disabied children. Groups 1 and 2 children were also
éxpected to show motor impairment of their right-hand, but would otherwise
exhibit a pattern of performance on the neuropsychological measures that is
similar to that observed in right-handers. This particular pattern suggests
deficits in abilities thought to be subserved primarily by the left-cerebral
hemisphere, with some possible compromise of functions subserved by the
right-carebral. hemisphere, due to competition for right-hemisphere processing
capabilities.

According to Satz's theory, Group 3 children would perform in a manner
that, like hypotheses geﬁerated from Bakan's model, is suggestive of a more
global dysfunction. Qroup 3 children were expected to show deficient
performance on measurs of visual-perceptual and visual-spatial abilities,
deficient psychomotor abilities (particularly with the right hand), and deficient
tactile-perceptual _rabilities’&However, since their left-handedness is thought to
be due to damage to the left-hemisphere, they would also exhibit problems
with.verbal and auditory-perceptual tasks. Thus, these children would exhibit a

pattern of perfor'mance that is suggestive of deficits in abilities thought to be

.
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subserved by the right-hemisphere and also by the left-hemisphere.
The hypotheses generated for each of the models of left-handedness are

summarized in Tables 1, 2, and 3.
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Table 1

Hypotheses for Verbal, Auditory-Perceptual, Visual-Perceptual, and Visual-

Spatial Measures
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Auditory-Perceptual

Visual-Perceptual
and Visual-Spatial

Measures

Verbal and
Measures
Groups 2!
Hypotheses Predictions
Similar to Below
Right-handers average
sSCores
Levy's Below
Theory average
scores
Bakan's Below
Theory average
scores
Satz's Lower
Theory scores
than
right-
handers

Average

to above
average

scores

Average

to above
average

scores

Lower
scores
than
right-
handers

Lower
scores
than
right-
handers

1 - Predictions for Group 1 are identical

Average to
above
average
scores

Lower scores
than right-
handers

Average to
above
average
scores

Lower scores
than right-
handers

Below
average
SCores

Below
average
scores

Below
average
scores

Below
average
scoras



Table 2
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vaotheses for Tactile, Motor, and Psychomotor Measures

Tactile-

Perceptual Measures

Motor and
Psychomotor Measures

Average to Below

Groups 2! 3

Hypotheses Predictions

Similar to Average Below

Right-handers to above average
average scores
scores

Levy's Average Below

Theory to above average
average scores
scores

Bakan's Average Below

Theary to above average
average scores
scores

Satz’s Below Below

Theory average average
scores scores

above average
average scores
scores

Average Below

to above average
average SCores
scores

Average Below

to above average
average scores
scores (impaired
(impaired right-hand)
right-hand)

Average Below

to above , average
average ‘“scores
scores (impaired
(impaired  right-hand)
right-hand)

1 - Predictions for Group 1 are identical



Tabie 3.

Hypotheses for.the Measure of Concepi-Formation

Groups 2
Hypotheses Predictions
Similar to Average concept-

Right-handers

Levy's
Theory

Bakan's
Theory

Satz's
Theory

formation skills

Average concept-
formation skills

Average concept-
formation skills

Average concept-
formation skills

Poor concept-
formation skills

Poor concept-
formation skills

Poor concept-
formation skills

Poor concept-
formation skills
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CHAPTEQ !
METHODOLOGY
' N
Subjects
Subjects were selected from over 5000 children who had received a /
- comprehensive neuropsychological examination. The complete batfery of
neuropsychological measures was administered in a standardized manner by
trained technicians. The children were refe-rred for assessment because of a
learning, perceptual, or other type of behavioral handicap to which it .was
believed that cerebral dysfunction might be a contributing factdr.
The subjects in this study were in ’the age range of 9- to 14- years old.
Their WISC (Wechsler, 1949) Full Scale [.Q. fell within the normal rangé (i.e.,
between 86 and 114). All subjects had attended school regularly from the age
of six years. Subjects also meb the following exclusionary criteria: (1) they
were not judged to be in need of psychiatric treatment for an emotional
disorder, (2) they did not exh|b|t defactive heanng (| 8., thele was no greater
than 25 decibel hearing loss wuth either ear within the frequency range of 500
to 4000 Hz), (3) they showed no evidence of a visual defect, (4) they were not
considered to be "culturally deprived”, and (5) English was their mother tongue.
This information was obtained from their social and mgdical histories and

. -/ I
—,

,(,
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fulfilled the generally accepted criteria for "learning disabilities” as used in
Rourke's laboratory. |

~The subject.s in this study were all left-handed, as determined primarily
by their reported hand preferencé for writing, and their scores on the Harris
Tests of Latergl Dominance. This test examines the preferred hand usage for

the following seven manipulative tasks: throwing a ball, hammering a nail,

“cutting with a knife, turning a door knob, using scissors, using an eraser, and

name-writing. The child is required to demonstrate each task (Rourke, Fisk, &
Strang, 1986). |t Was hoped that all subjects would receive scores on this test
that suggested that they were "pure” or "firm" left-handers (i.e., they would
perform all seven tgsts with their left-hand); however, not all subjects met this
criteria. - When this c‘r\iteria was not reached, subjects were required to use
their Ieﬁ hand fbr writing and also for a minimum of 4 of the remaining 6 items'
on the test, in order to be defined as left-handed.

Since not all subjects were pure left handers, a laterality quotient was
determined for each subject (see Appendix A). This quotient is used to
determine the degree Of handedness (scores clossr to 100 indicate strong
right-handedness and scores closer to -100 indicate strong left-handedness)
and was calculated by using a method similar to that described by Von
Seggren, Ginn, & Harrell (1988). A one-way ANOVA on the laterality quotients
derived for each subject indicated that the three groups did not differ in terms

of their degree of left-handedness, although children in Group 3 showed a
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smaller degree of leﬂ-handedness than children in the other two groups [F
(2,21) = 2.55,7p<.10). 3

From the subjects who met the above initial selection criteria, 24 were
éelected for inclusion in this study. These subjects were selected based on
the following criteria: Group 1 was composed of children whose grade-
equivalent scores on the Wide Ralnge Achievement Test (WBAT; Jastak &
Jastak, 1965) Reading, Spelling, and Arithmetic subtests were at least 2.0
years below their expected grade placement. As well, the centile scores for.
these three subtests did not exceed 18, nor was there more than a 0.9 year
grade-equivalent discrepancy between any two of the three WRAT subtests.
Group 2 children had Reading and Spelling grade-equivalent scores a;t least
1.4 years below their grade-equivalent scores for Arithmetic and the centile
scores for the subtests did not exceed 16. Group 3 was composed of children
whose WRAT Reading and Spelling grade-equivalent scores‘ exceeded" their
Arithmetic grade-equivalent scores by at least 2.0 years. The WRAT Arithmetic
centile scores did not exceed 25 for ¢hildren in this group.

Subject selection criteria were the same as those u;;egl,l by Rourke &
Fintayson (1978), Rourke & Strang (1978), and Strang & Rourke {1983) with
the exception of the criterion for Group 2 children. 1t was necessan,; to modify
the original criterion (WRAT Reading and Spelling grade-equivalent scores at
least 1.8 years below ‘their WRAT Arithmetic grade-equivalent scorle with centile

scores 1ess than 14) to include two more children so as to have an equal

number of subjects per group. The modified criterion is felt to represent
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adequately those bhildren exhibiting a pattern of deficient'reading and spelling
performance relative to better (although still deficient) arithmetic performance.

All three groups were deficient reiati‘ve to age-based norms on the
Arithmetic subtest. Analyses of variance {ANOVAs) on the groups WRAT
performance indicated thgt-Groups 2 and 3 showed significantly higher

rithmetic Grade Equivalent scores 'than Group 1 and did not differ from each
other [F (2,21) = 11.07, p<.0005]. The groups also differed significantly from
ealh other with réspect to their berformance on thelReading and Spelling
subté&ts [F (2,21) = 41.82, p<.0001; F {(2,21) = 68.11, p<.0001, respectively]..
Post-hoc analyses indicated that Group 3 children performed in a superior
manner to children in Groups 1 and 2 (who did not differ from each other) on

both the Reading and Spelling subtests.

g

The three groups were equated for age and Full Scale 1.Q. on the
k4
WISC. -Results of ANOVAs on the mean group differences indicated that the

three groups did not differ from one another with respect to age [F (2.21) -
n

2 55, p<.10} or Full Scale 1.Q. [F (2,21} - 1.43, p~.26] .

ke

: (
Subject selection criteria are s&mrrjarizec'j in Table 4 and the mean
N

group grade equivalent scores on the Reading, Spelling, and Arithmetic
’J'

subtests of the WRAT are presented in Figure 1 (where the bold line

represents expected grade level).



Table 4

Descriptive Statistics for Subiect Sselection Criteria

Male
- Female

Age (in years)'

8=z

Laterality Quotient '

Bz

WISC Full Scale 1.Q.°
Mf
'sD

WRAT Reading’
(grade-equivalent score)

Bz

WRAT Spelling’
(grade-equivalent score)

4=

WRAT Arithmetic®
{grade-equivalent score)

11.23
0.97

-78.57
25.32

94.13
7.06

2.45
0 o1

2.40
0.73

1 - No significant differences between the groups
2 - Group 3 > Group 2 = Group 1 (p<.0001)
3 - Group 3 = Group 2 > Group 1 (p<.0001)

°\Firoup (N = 8 for each)

2 3

]

8 5

0 3
11.17 12.67
1.81 1:59
-85.72 -60.72
15.27 /326.17
10088  101.00
10.37 10.10
2.53 9.24
0.80 2.69
2244 7.30
0.6 g‘: 1.42
4.41 4.66
0.93 1.10
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Measures

The WRAT Reading, Spelling, and'Arithmetic subtests are widely used
measures of academic achievement and, therefors, will not.be described in
great detail. Suffice it to say tﬁat the Reading subtes;t is an oral word-reading
test, the Spelling subtest requires the child to spell words to dictation, and the
Arithmetic subtest consists of various types of progressively more difficult
- mechanical mathematical problems (Rourke et al., 1986).

The dependent rﬁeasures used in this study can be divided into six
categories: (1) Verbal and Auditory-Perceptual, (2) Visual-Perceptual and
Visual-Spatial, (3) Motor, (4) Psychomoto;, (5) Tactile-Parceptual, and (6)

Cancept- Formation.

*+

The Verbal and Auditory-Perceptual tasks included the Information,
Comprehension, Similarities, Arithmetic, Vocabulary, and Digit Span subtests of
the WISC (see Hourke.et al, 1986 for a brief description of each of these
subtests); Peabody Picture Vocabulary Test 1.Q. (PPVT; Dunn, 1965); the
number of aphasoid e;rors of Reitan's modification of the Haistead-Wepman
Aphasia Screenin‘g Test for older children (Hg’;ta_n & Davison, 1974); the first 30
items on the épeech-Sounds Perception Test (F{eitan & Davison, 1974); the .
Auditory Closure Test; and the Sentence Memory Test (Benton, 1965).

The Visual-Perceptual and Visual-Spatial tests included the Ejgiure
Completion, Picture Arrangement, Block Design, and Object Assembly subtests
of the WISC (see Rourke et al., 198?’1‘/& a brief description of each); and the

Target Test (Reitan & Davison, 1974).

T
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The Motor tests included the Finger Tapping Test and the Strength 6\‘
Grip Test (Reitan & Davison, 1974). Psychomotor tests included the time
measures for the Maze Test, the Grooved Pegboard Test, and the Tactual
Performance Test (Reitan & Davison, 1_97;4; Raurke et al., 1§86).

Tactile-Perceptual ability was measured by tests designed to assess

sensory-perceptual disturbances (Reitan & Davison, 1974). These tests include
measures of tactile-imperception (i.e., the, incorrect identiﬁcatic;n, without the
use of vision, of the hand or face (left or right) that receives tactile stirhulation).
Finger Agnosia, Finger Dysgraphasthesia (Finger-Tip Number~Writiné), and
Astereognosis.

The test for Concept-Formatic;n abilities used in this study was the
Halstead Category Test (Reitan & Davison, 1974). The measure employed
here was the number of errors on each of the six subtests of t‘he Category

Tast and the total number of errars macde on the test.

Statistical Analyses

For the ease of comparison between the findings obtained in the
praevious series of studies using right-.handers, the data from the present
investigation were divided ir‘wto three analyses. The first analysis was

\Eyducted on the verbal, auditory-perceptual, v'isual—s‘patial, and visual-
perceptual measures {Rourke & Fi‘nlaﬂyson, 1978). The second analysis was

performed on the data obtained for the motor, psychomotor, and tactile-
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pérceptual measures (Rourke & Strang, 1978). The third analysis was
per?;rgmsd on the measure of concept formation (Strangl& Rourke, 1983}

The raw data obtained from these childrert were converted to i—scolres
using' the norms provided by Knights & Norwood (1980). This allows for direct
comparisons to be made among the tests. The T-scores were adjusted so ‘that

" higher performance is represented in one direction {above 50) and lower
performance is represented in the opposite direction (below 50). The T-score
data were analysed uéing one-way multivafiate énalysis of variance (MANOVA).
Thus, three MANQOVAs were performed on the data obtained in this study:
one for each of the three . groups of variables that correspond to the originai
studies. One-way ANOVAs were then calculated for each dependent variable
and significant effects were a.nalys'ed using the Tukey's HSD (Honestly
Significant Diﬁefence) Test. Verbal and Performance 1.Q. scores were Y
analysed separately using one-way ANOVAs.

In order to examine the similz;rit_ies between the neuropsychological
performance of left- and right-handed lear.ning disabled children, the raw data
were also converted to T-scores using the mean and standard deviation of the
sample. The T-scores were the‘n analysed in'the same manner as that /
employed for the normative T-scores (see above). The patterns of
performance exhibited by the three groups of learning-disabled children in this
study were compared graphically to those exhibited in the previous series of
studies using right-handers.

*®  All statistical analyses were conducted using the Statistical Analysis

System (SAS; Proc GLM; SAS Instittite, 1985).

L)



CHAPTER III B S
RESULTS

The major analyses investigating the performance of the three groups on
the three sets of dependent variables are presented. Since the criteria from
the original series of studies had to be modified to allow for the inclusion of
two more subjects in Group 2, the data obtained in this study were analysed
using a sample size of 24 (8 sibjects per group) and of 18 (6 subjects per
group). The batte_arn of results was identical in most of the analyses.
Therefore, resuits from the analyses of the data obtained from all 24 subjects
(n = 8 per group) will be presented here and results obtained ffom the
analyses of the smailer sample (N = 18; n = 6 per group) will be presentéd
only when differences-between the findings occur. Results will be presented
for thia analyses of T-scores derived from normative information a.e., from
Knigi‘lits and Norwood, 1980) and from the sample. The results from the
MANOVAs for both sets of analyses across all three variable domains are
found in Appendices B through G. -

Verbal and Performance 1.Q. measures were not included in the
analyses of dependent variables, since they are highly correlated with many of
the variables employed in this study. Instead one-way ANOVAs were

calculated separately for these two variables. The ANOVAs revealed that the

63
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three groups did not differ significantly among themselves with respect to these
measures [VIQ: F (2,21) = 2.92, g<.08§ PIQ: F (2,21) < 1.00, p<.67]. The &

means and standard deviations are presenied in Table 5.

ANALYSES OF NORMATIVE T-SCORE DATA

Verbal, Auditory-Perceptual, Visual-Spatial, and Viéual-Perceptuai

Measures

The means and standard deviations of the raw data for the measures

used in this domain are presented in Table 6. It was noted that one child in
- .

"

Group 1 was missing data on the Auditory Closure, Sentence Memory, and
Targe't Test measures and two children in Group 3 were missing data on the
Auditory Closure and Sentence Memory Test. However, subsequent analysis
of the data indicated that this missing data did not significantly affect the

paﬁén of resuits.

The raw data were converted to T-scores using the norms provide?d by
Knights & I\\lowvood (1980). A one-way multivariate analysis of variance
(MANOVA} for Group across the measures did not reveal any significant
differences among the groups [F (32,4) = 3.27, p<.21]. One-way ANOVAs
revealed highly significant group differences for the following measures:
Arithmetic [E (2,18) = 12.51, p<.0004]; Aphasia Screening Test [F (2,18) =
13.93, p<.0002]; and the Speech Sounds Perception Test [F (2,‘18) = 21.97,
p<.0001]. Group differences on the Target Test approached significance [F

(2,18) = 3.52, p<.0513].



~

Table 5

1

Means and Standard Deviations for Verbal and Performance .Q.

Group 1 Group 2
Verbal 1.Q.
M 88.38 96.00
SD 7.36 814
Performance 1.Q
M 101.88 106.75
SD 8.51 13.50

104.13
10.09

65
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Table 6

L4

. Means and Standard Deviations for the Verbal, Auditory-Perceptual, Visual-Spatial,
and Visual-Perceptual Measures

. Group 1 Group 2 Groups 3
Information (sc;aled
score)
M 7.125 . 8.000 8.250
SD - 1.553 2.000 2.435
Comprehension (scaled
score) :
M ~ 9.250 9.875 10.250
sD 3.327 3.357 4.200
Similarities (scaled
score) ’
M 10.125 11.500 10.875
sb 1.885 2.000 2.532
Vocabulary (scaled
scoreg) ! ‘
M 9.375 8.750 9.750
SD 0.916 2.053 2.550
Digit Span (scaled .
score)
M 7.250 9.375 9.750
SD 1.982 3.068 2.866
Arithmetic {scaled /
Score)
M 5.625 9.375 9.000
SD 1.768 1.996 1.069
PPVT 1.Q
M 101.625 102.125 106.125

SD 10.113 16.375 14.307



Table 6 (cont'd) Ve

Aphasia Screening
Test (number of
errors)

L=

Speech Sounds
Perception Test
(number correct)

DIz

Auditory Closure’
(number correct)

Bz

Seantence Memory'
{number correct)
M
S-_D ]

Picture Completion
(scaled score)

Sz

Picture Arrangement
(scaled score)

DIz

Block Design (scaled
score)

o=

N
............ —
Group 1 Group 2 Group 3
- i
13.875 12,875 5.000
3.399 3.643 2878
16.875- 18.255 26.750
5.276 2121 2.188
12.125 11.714 15.167
2.475 3.546 4.916
11.625 13.143 14.167
3.204 1 864 2 220
#
11.625 11.875 9.750 )
2.875 3.523 1.753
»
10.625 10.875 10.000
2.200 2.100 2.000
10.375 12.250 10.750
1.685 3.240 2.053
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Table 6 (cont'd)
Group 1 Group 2 Group 3
- Object Assembly
(scaled score)
M 11.500 10.875 12.250
SD 3.780 2.696 3.151
Target Test’
(number correct) .
M 12.813 16.643 16.625
SD 3.872 1.749 3.998

1 - Only 7 subjects in Group 2 and 6 subjects in Group 3
2 - Only 7 subjects in Group 2
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Pairwise comparisons were conducted using Tukey's 'Honéstly Significant
Differerice (HSD) Test. These comparisons indicated that Group 3 children
performed in a superior manner to children in Groups 1 and 2 on the Aphasia
Screening Test and the Speech Sounds Perception Test. On the Arithmetic
- subtest of the WISC the pattern of resuits indicated that children ih Group i
berformed at significantly lower levels than children in Groups 2 and 3 {who did
not differ from each other). A similar patiern of performance was observed for
performance. on the Target Test, aithough pairwise comparisons were not
significant.

A quantitative index of the sensitivity of the F values that épproéched
significance was obtained by calculating power values. Power réfers to the
probability of correctly rejecting the null hypothesis when it is false. It is also
defined in terms of the probability of making a Type It error (Glass & Hopkins,
1984). The power values obtained for Sentence Memory and Block Design
(0.84 and 0.80, respectively) indicated that the chance of making a Type Il
error was slight. However, a power value of 0.66 was obtained for the
Similarities subtest of the WISC, suggesting the possibility that a Type Il error
was made on this test.

Figure 2 is a graphic represerﬁation of T-score means for each test for
each of the three 'groups {for explanation’abf abbreviations see Appendix H). |
Examination of this graph indicates that all three groups performed in a similar
manner across the measures. However, Group 3 children showed higher

-

levels of performance on the Aphasia Screening Test and the Speech Sounds
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{
Perception Test than did children in the other‘ two groups. Children in Groups
1 and 2 did not show lower levels of performance on the Vérbal and Auditory-
Perceptual measures relative to their performance on the Visual-Spatial and ;-
Visual-Perceptual measures, as was expected; neither did Group 3 children
exhibit the expected pattern of superior performance on Verbal and Auditory-

Perceptual measures. relative to performance on Visual-Spatial and Visual-

Perceptual measures. _ -

Motor, Psychc%c;tor, and Tactile-Perceptual Measures

The means and standard deviations for the raw data are presented in

- Table 7. Since Knights & Norwood do not provide norms for a composite

measure of Tactile-Perceptual abilities\(like the one employed in the original

series of studies), all measures of Tactile-

-

grceptual abilities were included in
the analysis of the data in this domain.
A one-way MANOVA for Group across all Yariables was not significnt
(F (38.,4) = 1.66. p<.3372]. One-way ANOVAs for|each dependant variab.le
revealed significant group differences for Astereognosia (F{light Hand) [F (2.21)
= 4.73. p<.02] and Astereognosia (Left Hand) [E?

/

¥ R
Tukey's post-hoc analyses®indicated that in b/orﬁ cases children in Group 3

2,21) = 7.05, p<.0046].

made significantly fewer erfors than _g,id,ch‘iﬁjren in Group 1. 'Group 2 children
N . //—/ .
did not differ significantly from either of the other two groups in terms of the

L

- >
number of ‘errors made on this test.
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Table 7

Means and Standard Deviations for the Motor, Psychomotor, and Tactile-Perceptual
Measures

Group -1 Group 2 Group 3
Strength of Grip ’
Left ’ g
M 15.032 16.387 23.009
SD 3.462 2.996 8.154
M 16.604 17.357 21.925
SD . 6.208 3.612 8.987 .
ing Test o é? e
Left . : :
M 35.450 36.354 - 39.121
SD 8.805 5.754 5.398
Right
M 34.275 35.034 36.366
SD 7.691 5.730 7.076
Maze Test
(time measure)
Left .
M 13.971 3.752 4575 N
SD 29.324 4.757 4.616
nght” ) *
M 5.365 7.956 6.037
SD 5.000 4.164 5.883
Grooved Pegboard
Test (time measure)
Left ¥ :
.M \ 80.125 83.500 75.750
SD 11.407 17.180 16.808
Right '
« M 83.750 86.500 80.125
SD 5.120 . 16.466 21.590



Table 7 {cont'd)
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Group 1 Group 2
Tactile Perception
‘Left
M - 0.750 0.500
SD 1.488 0.535
Right ‘
M 0.375 0.750
SD . 1.061 1.389
Finger Agnosia
Left
M 1.875 '2.250
SD 2.475 2.188
Right
M 2.750 2.250
SD 4.097 2.252
Finger Tip
Number-Writing
Left
M 5.625 5.875
SD 3.068 4.088
Right
M 5.875 6.375
SD 4.086 4.274
Astereognosia
Left
M 3.625 2.125
'SD 1.506 2.167
Right
M 2.375 1.625
Sb *1.847 1.506

1.750
2915

2.375
2.774

3.500
3.665

2.750.
3.694

1.000
0.7586

0.375
0.518
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Table 7 (cont'd)
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T e e e e e e e e T e e e e e e e i e e e o e e R e e e o m e

Tactual Performance Test
(time measure)
Dominant Hand
M
SD
Nondominant Hand
M
SD
Both Hands
M_ .
SD

4.681
1.676

2.524
1.767

2.025
1.633

4.981
3.239

2.537
2.520

1.236
0.639

3.942
2.153

2.176
0.937

0.951
0.726
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A power'value- for the variéb[e (Grip Strength - Left Hand) that
approached significance was also calculated. The power value obtained (0.74)
indicated a relatively low probability of making a Type Il error for this variable.

Figure 3 is a graphic representation of the T-score means of the three
groups alcross the dependent variables in this domain (for explanation of
abbreviati;)ns see Appendix H). From the graph it can be seen that the three et
groups performed in a similar manne} across the dependent measures. All
groups generaily exhibited lower scores,on measures of perceptual ability -
(except the measures of Tactile-Percpetion Right and'Tactile-PerceptiEJn Left)
relative to tl*;e Motor and Psychomotor measures.

Children in Group 1 exhibited somewhat better right-hand than left-hand
per_formance on all Motor and Psychomotor measures. Their performance on
the Tactile-Perceptual measures was more variable, with three of the f(iur tests
indicating better right-than left-hand performance (Tactile-Perception, Finger Tip
Number Writing, and Astereognosis), and the remaining test {Finger Agnosia) -
indicating the opposite pattern. Group 3 children showed a similar pattern of
performance across the Motor and Psychomotor measures. THey exhibited
somewhat higher left-hand than right-hand scores on the measures of Tactile-
Perception and Finger Agnosia, and they showed somewhat lower levels of
performance with their left hand on Finger Tip Number Writing and
Astereognosis. Children in Group 2 exhibited better performance with their

right hand on all Motor and Psychomotor measures (except the Maze Test).

However, they ex;ibited higher levels of performance with their left hand on all
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the sensory meastires, with the exception of Aste-reognosis where t'['19 level of

perfdrrﬁance between the two hands was almost equivalent,

Concept-Formation Measure- i

The concept-formation measure (Halstead Category Test) is composed
of six subtests. The number of errors on each of the six subtests, along with
the total number of errors, constituted the scores of interest. The means and’
standard deviations for each of the three Groups across this measure are
presented in Table 8. -Since the series of studies examining the perjormance
of right-handed learning-disabled children did not include an analysis of the
periormance of Group 1 children on this measure, the data obtained here were
analysed with and without Group 1 information. The overall pattern of results
between these two analyses was quite similar.

The results of the MANOVA compz?ring the performance of all three
groUpé on this measure revealed no overall significant differences among the
gro\-ups [F (2,21) = 1.80, p<.0896]. One-way ANOVAs for each subtest
indicated that there were significant group differences on the fourth subtest [F
(2,21) = 4.44, p<.0247] and on the sixth subtest [F (2,21) = 3.53,p<.0477}.
Post-hoc analyses revealed that Group 1 children performed in an inferior
manner relative to Group 3 children on the fourth subtest. They also
performed in an inferior manner relative to Group 2 children on the sixth
subtest. Power analyses for the subtests that approached signif'icance

indicated that the probability of making a Type Ii error was low (power values



Table 8

Means and Standard Deviations for the Concept Formation Measure

Subtest 5
M
SD

Subtest 6
M
SD

Total number
of errors

78

w
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of 0.73 for Subtest 2 and 0.82 for the total number of errors made on this
test).

A MANOVA on the results of the anai'lysis of the data obtained from
children in Groups 2 and 3 indicated no sigh’ificant overall group differences [F

(2,21) = 1.74, p<.2278]. Since there were only two tevels of Rhe independent

variable, this analysis is essentially a multivariate t-test (or Hotellings T?). One-
ol

way ANOVAs (t-tests) were calculated for the performance of the two groups
on each subtest of the Category Test subtests. Significant group differences
were noted only for the fourth subtest [F (1,14) = 5.80, p<.0304]. Post-hac, -

)]

analysis indicatéd that ‘children in Group 3 made fewer errors on this subtest
than Group 2 children. ’

The mean T-scores obtained by the three groups across the subtests of
the Category Test are illustrated in Figure 4. From this graph it can be seen
that children in Groups 1 and 2 made more errors on the first subtest than did
children in Group 3. Children in Groups 1 and 2 showed a drop in the level of
performance (i.e., made more errors) on the fourth subtest relative to the .

second and third subtests. Group 3 children, on the other hand, exhibited

better performance (relative to the norms) as the test progressed.

+
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ANALYSES OF SAMPLE T-SCORE\ DATA

Verbal, Auditory-Perceptual, Visual-Spatial, and Visual-Perceptual

Measures ;

The raw data were converted to I—ébores using the means and standard
deviations of the sample.- Missing data did not significantly affect the pattern of
results obtained for the measures En this domain.

A one-way MANOVA for ‘Group across the variables in this domain did
not yield an overall significant difference améng the groups [F (32,4) = .60,

p<.8151]. One-way ANOVAs for each of the dependent variables revealed

«F
significant group differences for Arithmetic [F (2,18) = 12.51, p<.0004], Aphasia
Screening Test [F (2,18) = 11.40, p<.0006], and Speech Sounds Perception
Test [F (2,18) = 12.61, p<.0004]. Group 3 children per‘mrmed in a superior
manner to children in Groups 1 and 2 on both the Aphasia Screening Test and
the Speech Sounds Perception Test. On the Arithmetic subtest of the WISC
children in Group 1 exhibited significantly lower scores than children in the
other two groups. These findings are similar to those obtaine'd in the analysis
of the normative T-scores.

The power values obtained from the angiyses of the variables inat
approached significance (the Similarities and Block Design subtests of the
WISC, the Auditory Closure Test, the Sentence Memory Test, and the Target
Test) were high (i.e., > 0.80). Thus, the probability of making a Type If error

on these variables was low.
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The mean sample T-scores are presented in Figure 5. From'the graph it
cén be seen that Group 1 children exhibited thi lowest level 6f performance of
the fhree groups on the majority of the Verbal and Auditory-Perceptual
measures. Group 3 children showed the highest Ievél of performance on the
Aphasia Screening, Speech Sounds Perception, Auditory Ciosure, and
Sentence M'emory Tests.

Group 3 children appeared to show lower levels of performance on the
Visual-Spatial and Visual-Pe:rceptual measures relative to their perfdrmancs on
the Verbal and Auditory-Perceptual measures. Group 1 and 2 children, on the
other hand, did not exhibit any marked discrepancy between their level of

performance on the Verbal and Auditory-Perceptual measures and the level of

performance on the Visual-Spatial and Visual-Perceptual measures.

Motor, Psychomotor, and Tactile-Perceptual Measures

Raw daté were converted to T-scores using the mean and standard
deviation of the popglation. A composite score for all the Tactile-Perceptual
measures was developed and included in the analysis of the data. This
procedure allowed- for comparison between the present findings and those
obtained from the study examining the performance of right-handed children
(Rourke & Strang, 1978). The Tactile-Perceptual measures were also
examined separately to allow for comparison with the findings obtained from

the analysis ¢i the normative T-score data.

5
\
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Tﬁe result of the MANOVA for overall group differences did not reach
significance [E (40,2) = 4.68, g<.1916]. Significant group differences were
found for the measures of Astereognosia [Right hand - F (2,21) = 412,
p<.0309; Left Hand - F (2,21) = 5.52, p<.0118] and for Strength of Grip [Left
hand - F (2,21) = 5.00, p<.0168].

Analyses of the power values of the dependent variables that
approached significance levels indicated values of 0.86 for Strength of Grip.
(Right Hand), 0.88 for the Tactual Performace Test (Both hands), 0.86 for
Finger-Tip Number Writing (Right Hand), 0.74 for Finger-Tip Number Writing
(Left Hand), and 0.32 for both the Right and Left Hand '‘measures of the
composite tactile perceptual score. These findings suggest a low probability of
making a Type |l error.

Post-hoc tests on the variables that reached significance indicated.that.'
in all cases, children in Group 3 performed in a significantly superior manner to
children in Group 1. Group 2 children did not differ significantly from either
Group 1 or Group 3 children in terms of their performance on these measures.

While significant ditferences among the groups were noted for the
Astereognosis measure, no differences were observed for the composite
Tactile-Perceptual measure. This finding was not consistent with those ¢
obtained in Rourke & Strang (1978) and indicates that the three groups of left-
handed learning-disabled children. did nct differ in terms of their overall

performance on tactile-perceptual measures. ’
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Figure 6 1s a graphic‘: represéntation of thel mean of the sample T-scores
obtained by each group across the dependent variables. Examination of the
graph. reveals that Groub 3 children showed the highest. levels of performance
across the majority of the measures employed. This was particularly evident
for the simple motor measures (i.e., Strength of Grip and Tapping) and some
of the Tactile-Perceptual measures. Groups 1 and 2 children showed similar
patterns of performance across the Motor measures. However, they differed
slightly in terms of their performance patterns on the Psychomotor measures
(e.g., on the Mazes Test) and the Tactile-Perceptual measures (e.g., on the
Astereognosis Test).

An examination of the differences between right- and left-hand
performance on the dependent.\measures for each of the three groups
suggests that Group 3 children performed better with their left-hand on the
motor and psychomotor measures, but showed better right-hand pérformance
on measures of Tactile-Perception. Group 2 children appeared to show

somewhat better left-hand performance for the Tactile-Perception measures
(with the exception of Finger Agnosia) while showing a varied pattern of
differential hand performance on the Motor and Psychomotor measures {e.g.,
Left-hand performance on the Maze test was better than right-hand
performance, however on the Strength of Grip Test the pattern was reversed).
Group 1 children tended to show right-handed superiority for the majority of
'Tactile-PerceptuaI and Psychomotor measures. On the sim;)Ie motor measures

they exhibited somewhat higher left-hand performance for the Tapping Test.
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1 - .
Group -1 children also exhibited lower levels of performance dn the Tactual

r

Performance Test when they were required to use both hands, relative to their

performance with either their left or right-hand.. This pattern was not observed

in the other two groups. : “

ConceptiFormation Measure

Once again the analyses for this rﬁeaéure were conducted with and
without Group 1 ddta. Analyses conducted for the entire sample with an n = 6
per group revealed somewhat different findings than those conducted on the
data from all 24 subjects. Thereforel, all results will- be presented here.

% The MANOVA conducted on all 24 subjects did not reveal any
statistically signif‘icant group differences LI%/(14,28) = 1.41, p<.2108]. Onse-way
ANOVAs for each subtest of this measure, as well as for the total number of
arrors made on this test, indicated that significant group differences occurred
on the fourth subtest [F (2,21) = 5.27, g<.0140j and the sixth subtest [F (2,21)
= 3.51, p<.0484]. Pairwise comparisons for the fourth subtest indicated that |
Group 3 children performed significantly better (i.e., made fewer errors) on this
subtest than did children in Group 1. Children in Group 2 performed at a level
between the other two gr.oups and did not differ significantly from either group.
Pairwise comparisons for the groups performance on the sixth subtest were not
significant. However, the direction of the effect sugges’téd that Group 1

children had lower levels of performance than children in either of the other

two groups.
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Power analysis for.the total number of errors made on the Category

.Test indicated \that the probability of making & Type Il error was low (power

value of 0.91).

When Group 1 children were omitted from the analysis, the bnly B

I
¢

signifiéant group difference was for performance on the fourth.subte‘st [F (1.14) ’
= 6.77, p<.0209]. Poét-hoc analyéis of the performance of Groups 2 and 3 on
this subtest revealed that Group 3 children perfé‘rmed inva shp;erio,r manner to
Group 2 chi.ldren. However, the power value obtained for this variable was
only 0.50, indicating that the probability of making a Type |l error was .
approximately_ 50%. | | . j

- The analysis of the!'data obtained from 18 subjects-{n = 6 per group) did
not indicate any overall significant group differences [F (14,16) = 1.18,
p<.3727]. i’he results of one-way ANOVAs revealed significant group
differences for performance on the sixth subtest [F (2,15) = 6.35, p<.01] and
for the total number of errors made [F (2,15) = 3.71, p<.0492]. Group 1
performed at significantly lower levels than both groups on the sixth subtest
and made more errors than ehildren in Group 3. The results of power
analyses on these variables indicated that they both were highly sensitive to
between groubr- differences (power values > 0.94).

Fié;ure 7 is a graphic representation of the mean of the sample T-scores \-

" obtained by each group across the concept-formation measure. The entire

sample (N = 24) was used for this graph. From this gre;ph it can be seen that

Group 1 children showed the lowest level of performance across all subtests
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(with the exception of subtest 5) and 'also méde more efrors (resulting in a
lower T-score) over thé whole test. Group 3 chil'dren-, on the other hand,
exhibited h?gher levels of performance on the more complex su}.atestslgi’.e..
subtesté 4 and 5) and made fewer errors overall.
. \

COMPARISON OF RIGHT- AND LEFT-HANDERS

\Y

. Verbal, Auditory-Perceptual. Visual-Spatial, and Visual-Perceptual

’

Measures -

In order to compare the-three groués of left-handed learniné~disabled
children with the three groups: of right-handed learning-disabled children, the
mean I~score's (as derived froﬁ sample data) were pI5tted against one
another. Fbr ease of comparison, both right- and left-handérs for each group
were plotted on a separate graph (see Figures 8, 9 and 10). It should be
noted that the Comprehension and Arithmetic variables were 'not included in
the original series of studies using right-handers and were therefore dropped
from the present comparison procédure. |

All three figures indicate that the)groups of left- and right-handed
learning disabled childrebn exhibited sim‘ilar patterns of perforrhance across
these measures. Group 1 left-handed child/ren showed lower levels of
performance than Group 1 right-handed children for some measures of visual-
spatial and visual-perceptual abilities. While right-handed Group 1 children

exhibited higher levels of performance for visual-spatial and visual-perceptual

measures relative to verbal and auditory-perceptual measures, this pattern was
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not observed in [Qﬂ—handgrs. Left-handed Group 1 children exhibited roughiy
the séme ievel of performance across all the variables in this d;);nain.

Left-handed Group 2 children performed in a similar manner to right-
handea Group 2 children across the variablessin this domain (see Figure 9).
However, they exhibited higher levels of performanée than did riéht~handers on
measures of verbal abilit Left-handed Group 2 children did not exhibit the
pattern observed in right-handed Group 2 children (i.e., higher levels of
performance for visual-spatial or visual-perceptual abilities relative to
lperformance on verbal and auditory-perceptual measures).

Group 3 childrcaﬁ,:l be they right- or. left-handed, showed higher
performance levels for measurés of verbal and ezuditory-perceptuai ability
relative to their performance levels on visual-spatial or visual-perceptual
measures (Figure 10). Left-handed Group 3 children perforfned at slightly
lower levels, relative to right-handed Group 3 children, on the verbal and w
auditory-perceptual measures. However, their performance on the visual-spatial
g4 visual-perceptual measures was somewhat better than that observed in

right-handers.

Motor, Psychomotor, and Tactile-PeLcepréil‘Measures

The performance of the three groups of right- and left-handed learning-
disabled children are plotted in Figures 11, 12, and 13. The patterns of
performance exhibited by the three groups of right-handers differ to some

» &xtent from those exhibited by left-handers. In order to facilitate comparispns

7
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between the performance of right- and left-handed crhil'dren, the individual
measures of Tactile-Perceptual ability were dropped in favour of the overall
composite measure }:sed in-the series of studies involving right-handers. Also
variable names have beg€n changed to represent either the "Dominant Hand" or
the "Non-Dominant Hang", rather than right or left in order to compare
performance betweer!_ thg two hands across right- and left-handers.

.
Left-handed Groug 1 children {see Figure 11) exhibited lower levels of

performance relative to righf-handed Group 1 children across the majority of

measures in this domain’ A similar pattern was observed for Group 2 children

{see Figure 12).

wever, left-handed Group 3 children (see Figure 13)

performed in a s’6erior manner to right-handed Group 3 children across all the

Motor, Psychomotor, and Tactile-Perceptual measures. None of the groups bof
»

loft d children exhibited a consistent deficient performance for their non-

=~

dominant hand on the motor and psychomotor measures

“iny children in Groups 2 and 3 could be compared graphically since
Group 1 children were not included in the studies of right-hanzied children.
The performance of both right- and left-handed Groups 2 and 3 children are,
presented in Figures 14 and 15, respectively. Mean T-scores derived from
normative data are plotted. Inspection of these graphs indicates that right- and
left-handed) learning-disabled children differ in terms of their concept-formation

[
3 abilities.

B
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Figure 14 illustrates the differences in performance across the concept-
formation measure for right- and left-handed Group 2 children. Left-handed
Group 2 children showed superior'fevels of perfqrmance relative to right-
handed Group 2 children on the first two subtests of the Category Test.
However, théir performance on the fourth and fifth subtests'was inferior to that
of right-handed Group 2 children. |

The performance of both right- and left-handed Group 3 children is
presented in Figure 15. From this graph it can be seen that left-handed Group
3 children exhibited higher levels of performance than did right-handed Group 3

children on all subtests. Left-handed Group 3 children appeared to have more

difficulty with the earlier subtests of the test (those requiring simply counting

ability) and the least difficulty with the more complex, visual-perceptual, stimuli.

*The groups differed in terms of their performance on the last subtest and in

terms of the number of total errors made on the test, with left-handed Group 3

children performing in a superior manner to right-handed Group 3 children in

both cases.



CHAPTER IV
DISCUSSION

The purpose of this study was to investigate the neuropsychological
performance of groups of left-handed Iearning-disabléd children .selected
according to patterns of academic achievement. The hypotheses for the study
were generated according to various theories of left-handedness in order to-
determine which theory would best predict the performance of these children
on various neuropsychological measures. While unequivocal support for the
various hypotheses was not obtained, there was some support for the
hypothesis that left-handed learning-disabled éhildren perform in a similar
manner to right-handed learning-disabled children on neuropsychological tests.

The present investigation examined the performance of three groups of
children selected from a clinical population. As Satz (1972, 1973) has noted, it
is within this type of population that anomalies of lateralization are sometimes
detected. These anomalies take the form of a higher incidence rate of
sinistrality or ambiguous handedness. In order to verify Satz's claim the 5000
cases from which this sample was drawn were reviewed. It was found that
approximately 16% of these cases exhibited some form of si.nistrality. This
figure is considerably higher than that observed in the normal population and is

consistent with Satz's (1972, 1973) estimation of the incidence rate within

102
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clinical populations. .
A general overview of the findings is presented, followed by a summary -
and discussion of the results f'or each domain of neuropsychological measures
(i.e., verbal, auditory-perc?ebtual, visual-spatial, and visual-perceptual; motor,

psychomotor, and tactile-pérceptual; concept-formation). Shortcomings of the

present study are presented next, followed by directions for future research in

- this érea.

GENERAL OVERVIEW OF RESULTS

In general, the results partially supported the hylpotheses regarding the
performance of the three groups of left-handed‘ Iearniﬁg-disabled children. The
hypotheses regarding the performance of these children on the verbal and
visual-spatial measures were partially supported; however, no support was
found for the hypotheses regarding the performance of the groups on the
motor, tactile-perceptual, and concept-formation measures. None of the
theories of left-handedness could fully account for the patterns of performance
observed in these children.

Comparison of the performance of right- and left-handed children
indicated similarities between their performances on the neuropsychological
measures (particufarly for performance on the verbal ‘and visual-spatial
measures). However, it was observed that left-handed learning-disabled

children did not show the striking differences among subgroups that are

observed in right-handed children. Significant differences were observed on
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only a few of the measures employed in this study. . The differences observed
on the verbal and visual-spatial measures were in the expected direction;

however, those obtained on the remaining measures went against expectations.

SUMMARY AND DISCUSSION OF RESULTS

Verbal, Auditory-Perceptual, Visual-Spatial, and Visual-Ferceptual

Measures o

The results of both of the statistical analyses (i.e., using normative T-
scores and those derived from sample means) comparing the three groups of
children on these measures indicated that they did .not differ fror:n each other
on the majority of measures employed. Group differences were observed for
the Arithmetic subtest of the WISC, the Aphasia Screening Test, and the
Speech Sounds Perception Test. Group 3 children showed superior
performance to children in the other two groups on the Aphasia Screening Test
and the Speech Sounds Perception Test; children in Group 1 performed at
significantly lower levels than children in Groups 2 and 3 on the Arithmetic
subtest of the WISC. .

The performance‘ of Group 3 children indicates that they were better
able to discriminate aurally between similar sounding grlaphemes and that they
exhibited fewer aphasic signs than children in either Group 1 or 2. They also
showed high levels of performance (relative to Group 1 children) on a test of

verbal mathematical ability. This pattern of performance was consistent with

the observed superiority of right-handed Group 3 children, relative to Groups 1
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and 2 childl:en, on meaéures of.verbal and auditory-perceptual abilities (Rourke '
& Finlayson, 1978). This finding was also consistent with predictions arising

from Levy's (1969) theory (i.e., that left-handed Grbup 3 children would perform

in a similar manner to right-handed Group 3 children on verbal and auditory-

e
perceptual measures).

The thrée ;groups did not differ significantly among each other on.the
visual-spatial and visual-perceptual measures, indicating that groups of left-
handed learning-disabled childrén do not differ in terms,of their visual-spatial or
visual-perceptual abilities. This finding did not support any of the hypotheses
stating that there would be differences between the three groupé (favoring
children in Groups 1 and 2) on these measures. )

Examination of the performance of the three groubs relative to normative
data indicated that the groups performed in the average range on all of the
visual-spatial and visual-perceptual measures. Thié observation did not support
the expectation that Group 3 children would exhibit below average abilities in
this area; however, the performance of Group 1 and 2 children on these
measures was consistent with expectations. The performance of the three
groups on the verbal and auditory-perceptual measures indicated that they
were impaired, relative to norms, on the Aphasia Screening Test and the
Sentence Memory Test. Children in Group 1 were also impaired, relative to
norms, on the Arithmetic subtest of the WISC, Speech Sounds Perception
Test, and Auditory Closure Test. This pattern of performance suggests that

left-handed Group 1 children exhibit deficits, relative to norms, on a wide range

#



of psycholinguistic measures. Since right-handed children who exhibit uniformly
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deficient performance on the WRAT are known to show impairment in the area
of psychdlinguistics (Rourke & Finlayson, 197;8), this finding is not surprising
and supports the predictions made regarding the group of left-handed children.

A similar pattern of performance was observed for Group 1 children in
the analysis of the T-scores derived from sample information. They exhibited
lower levels of performance, relati\;e to children in Groups 2 and 3, on the
‘majority of the verbal and auditory-perceptual measures, revealing their
difficulty with psycholinguistic tasks. Children in Group 3 performed in a
manner that was consistent with the hypotheses. They exhibited higher scores
on the verbal and auditory-perceptual measures relative to the scores obtained
on the measures of visual-spatial and visual-perceptual abitities {Rourke &
Finlayson, 1978). Groups 1 and 2 children, however, did not exhibit the
expected pattern of low verbal, high visual-spatial scores. They also did not
show the expected superior performance relative to Group 3 children on these
measures. These findings are contrary to the predictions made based on the
performance of right-handed children; however, both Levy's (1969) and Satz's
(1972, 1973) models can account for the lack of discrepancy between
performance on verbal measures and on visual-spatial measures.

According to Levy's competition hypothesis, language is represented
bilaterally and competition occurs within the right-hemisphere for procassing
meéhanisms. This competition results in a decrease in the ability to process

visual-spatial information. Since children in Groups 1 and 2 did not show the
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expected pattern of performance, relative to ¢hildren in Group 3 and to their
own performance on the verbal meés;ures. compestition within the right-
hemisphere for both verbal and visual-spatial processing was assumed to
interfere with their ‘ability to process visual-spatial information. .

Satz and his colleagues (Bullard-Bates & Satz, 1983; Orsini & Satz,
1986) have suggested that pathological left-handers exhibit atypical speech
lateralization (i.e., in the right hemisphere) _anc? poor visual-spatial abilities. The
. patterns of performance exhibited by Groups 1 and 2 appear to support this
argument (since they do not exhibit the marked disgrepancy between verbal
and visual-spatial abilitieg seen in right-handersr)'.

Wh?n these thre/jgroups of children were compared to their right-
handed pe\er\s a sqméWhat clearer picture of their performance appeared. Both
right- and Ieft-héﬁded Group 1 children performed in a similar manner on the
verbal and auditory-perceptual measures. However, their pattern of
performance differed on the measures of visual-spatial and visual-perceptual
abilities. Left-handed Group 1 children showed lower levels of performance on
these measures as compared to right-handed children and their performance
on the psycholinguistic measures. As mentioned abgve, this pattern of
cerformance can be accounted for by the models of left-handedness proposed
by Levy (1969) and Satz (1972,1973).

Both left- and right-handed Group 2 children exhibited similar patterns of

performance on the measures employed in this domain. However, the right-

handed children exhibited clearly higher scores on measures requiring visual-
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spatial abilities when compared to their performance on measures of
psycholihguistic skills. Left-handed children, on the other hand, did not exhibit
such a striking discrepancy; whh'e their level of performance on the visual-
spatial measures was somewhat-higher than that observed for the verbal
measures, they exhibited better performance on the verbal measures than

_ 'right-handed Group 2 children. This would suggest that left-handed Group 2
children possess moderately better language skills than right-handed Group 2
children, which reduces the amount of discrepancy between performance on
verbal tasks and on visual-spatial tasks. This finding partially supports the
predictions made for this group based on the performance patterns exhibited
by right-handed children. However, the moderately better performance
exhibited by left-handed children, as compared to right-handed children, on the
verbal measures was unexpected.

Left- and right-handed Group 3 children also show similar patterns of
performance on all the measures. They exhibit better performance on the
verbal and auditory-perceptual measures than the visual-spatial and visual-
perceptual ones. Somewhat surprisingly, however, left-handed Group 3
children e;hibited higher levels ot performance than right-handed children on
the visual-spatial and visual-perceptual measures. While the pattern of
performance exhibited by the group of left-handed children is consistent with
the Hypothesis that they would perform similarly to right-handed children
(Rourke & Finlayson, 1978), the level of their performance on the visual-spatial

measures is not consistent with expectations. The performance of the left-
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handed children is difficult to acc.:ount for; however, if*may be that since left-
handed Group 3 children have average to above average \'/erba.l skills, they -
employ a verbal mediational strategy when solving problems with a visual-
spatial component. Further research examining the performance of left-handed
Group 3 children on visual-spatial problems is warranted.

Overall, there was.partial supportfor the hypotheses regarding the
performance of the .thres groups on variables in this domain. The three groups
of left-handed children exhibited similar patterns of performance to those
observed in right-handed children. However, they did not exhibit the striking
-discrepancies betv:een verbal and visual-spatial abilities that are observed in

right-handers. No one theory could fully account for the performance of all the

. groups on the verbal and visual-spatial measures.

Motor, Psychomotor, and Tactile-Perceptual Measures

Statistical analyses of the performance of the three groups on these
measures indicated. that they aiﬁered only on the measure of Astersognosis
(for both hands). Analysis of the sample T-scores also indicated significant
group differences on the measure of Strength of Grip with the left hand. 1In all
cases children in Group 3 children performed in a superior manner to Group 1
children. This finding was contrary to expectations.

An examination of the level of pedorménce of the three groups reiative

.
to norms indicates that tM perform in the normal range on the majority of the

s

motor and psyghomotor measures. The groups were impaired relative to

~
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norms on some tactile-perceptual measures (i.e., Finger Agnosia and Finger-
Tip Numbef'Writing). These obgervations contrast with the observation‘made
by ﬁourke & Strang (1978) that right-handed children (in particula:, Group 3
children) perform well below age expectation levels on psychomotor and tactile-
perceptual measures.

The patterns of performance exhibited by the three groups did not differ
across the measures in this domain. All thrée groups exhibit better
performance on simple motorﬁeasures than on psychomotor measures. The
groups appear to show better performance with their non-domjnant (i.e., right}

hand on the motor and psychomotor measures. The onl

pattern of performance was for the Mazes Test, where Group 1 chilrdren \\,
showed better performance with the left hand. On a problem-solving measure
that requires the ability to benefit from tactile-kinesthetic feedback, Group 1
children'were impaired when required to use both hands to complete the task.
All three groups performed in the average range when using each hand
separately.. These findings do not support the pathological theories of left-
handedness (Bakan, 1971; Satz, 1972, 1973}, since each model presupposes
that there will be deficient right-hand performance for motor and psychomotor
tasks.

When the sample T-score data was examined a somewhat different
picture of the groups performancecemerged. Group 3 children exhibited higher

levels of performance on the measures relative to children in Groups 1 and 2.

These latter groups exhibited fairly similar patterns of performance across the



111

measures in this domain. These observations did not support any of the . *

stated hypotpeses regarding the performance of the three groups on these

Y

measures.

dre—

Examination of thé groups performance for each hand on.the motor and
psychomotor measures indicated that Group 3 children exhibited bétter left-
than right-hand performance. _Groups 1 and 2 children performed similarly with
.both their right and left hands on the motor and psychomotor measures. This
pattern of performance exhibited by the three groups would be expepted given
their stated hand.preference. There was no evidence that their right hand ?
performance levels weré impaired; thus, there was no support for the
expectation derivedgﬁém theories of pathological left-handedness, that left-
handers would exhibit right-handed impairment for motor and psychomotor
measures (Bakan, 1971; Satz, 1972, 1973).

The fact that left-handers show no evidence of impairment with their
right-hand is perhaps not all that surprising. Since the majority of people are
right-handed, the world is organized in a "right-handed" fashion {e.g.,
doorknobs are on the left side of doors so that they are easier to use if one
uses the right-hand). While left-handers state a preference for using their left-
hand for manual tasks, in reality they may use both hards equally (or at least,
also use their right-hand for various manual tasks). This would indicate that
they are more proficient in using their non-dominant hand than right-handers.
The fact that I(;‘ﬁ-handers may also be proficient with their right-hand suggests

that performance of this hand on motor tests may not be impaired, due to the
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amount of "practice” left-handers get in using their right-hand.

The performance of left-handed children was compared to that observed
previously in right-handed children (Rourke & Strang, 1978). Left- and right-
handed Group 1 childrer}wbi(a similar pattern of pérformance across -all
measures, with right-handed children exhibiting somewhat better performance
than left-handed children. Group 2 cﬁildren perform in a similar manner to that
observed for the Group 1 children. Left-handed Group 2 children exhibit lower
performance for their non-dominant hand, relative to their dominant one, on ths‘;
Mazes Test. This pattern is not seen in right-handed children.

Group 3 children also exhibit similar patterns of performance across the
measures. However, left-handed Group 3 children perform in a superior
manner to right-handed éroup 3 children. This was unexpected but may be
related to the idea that Ieﬁ-handérs show better ;\Jen‘ormance with their
dominant hand (due to hand preference) and are also proficient in using their
non-dominant hand (since they live in a right-handed world). Left-handed
Group 3 children were also less-lateralized (i.e., less left-handed) compared to
the other two groups ofchildren used in this study. Children in this group had
a higher tendency to report, on the Harris Tests of Lateral Dominance, that
they used their right-hand for some manual tasks. 1t may be that these
children are more proficient in using both hands (relative to the other two
groups), and that they show less preference for using their left-hand over théir
right-hand for various motor tasks. The increased proficiency may lead to

better performance on motor and psychomotor measures with both hands (thus
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no evidence for an impairment with one hand relative to the other) and to |

»

better performance than seen in individuals who tend to be proficient in one
hand only. f *

Overall, ti‘je;e \WE/S‘.hE) support for any of .the hypotheses put forward.
Left-handed children did not exhibit the same pattern of performance observed
in right-handed children on measures of motor, psychomotor, and tactile-
perceptual abilities. There was also- no evidence for a right-hand impairment
on the motor measures, as was pradicted by the-)theories of pathological_ left-
handedness. The superior performance of left-handed Group 3 children was

attributéd to both their preferred left-handedness and their possible superior

proficiency with their non-dominant hand, relative to right-handers.

Concept-Formation Measure

Results of the statistical analyses of the performance of the groups on
this measure indicated that there were significant differences among Groups for
performance on the fourth and sixth subtest of the Halstead Category Test.

On both sub{ests children in Group 1 showed the lowest level ;); p_;;f_c;Fhance.
Group 3 children showed high leveld of performdnce on these subtests. This
did not support the hypothesis that Group 3 children would exhibit poor
concept-formgtion abilities. The results élso did not support the finding by

Strang & Rourke (1983) that Group 3 children exhibited particular difficulty

with those subtests requiring visual-spatial analysis. S~ -
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Comparison of the performance of the three groups to nofmative data
indicated that all groups performed in the normal range on all subtests of the
Category Test. Childr(én in Groups 1Oanc.i 2 exhibit similar patterns of -
performance across the subtests. They -exhibit_better performance on the
second and‘ipird subtest (which involve counting and the "oddity princip@'.
respectively) than on those subtests that require more complex analysis of a
visual-spatial nature (i.e., subtests 4 and 5). Group 3 children perform at the
same level across all subtests (i.e., they do not show better performance on
the earlier subtests than on the later subtests or vice versa). On the last
subtest (a review subtest), Group 1 children exhibit the lowest level of *
performance. This would appear to indicate that these children have more
difficulty in benefitting from feedback, relative to children in the other two
groups. This is consistent with their performance on the Tactual Performance
Test (discussed sabove).

Con’rpa‘ii;on of the performance of the groups according to sample T-
scores indicated that Group 1 showed the lowest level of performance on all
subtests except subtest 5. These children performed at aé impaired level,
relative to Group 2 and 3 children, on the review subtest (subtest 8), again
suggesting that they have problems in benefitting from}edback. Group 2
children exhibited on@r}levels of performance on the subtests requiring visual-
spatial analysis relative to their performance on the earligr subtests of the
Category Test. Children in Group 3'_showed the opposite pattern of

performance to that seen in Group 2 children.
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8m Group 1 children were nofincluded in the original study examining

right-handers iStrang & Rourke, 1983), only the performarice of Groups 2 and
3 could be compared ac‘ross handedness. Left-handed Group 2 children
exhibited better‘performance than thaeir right-handed péers on the first three
subtests of the Category Test. However, the performance of left-handed
children on the fourth and fifth subtest was lower than that observed in right-
handed children. The pattern of performance suggests that as\'thé stimuli
become more complex (i.e., require more visual-spatial processing), left-handed
Group 2 children become less adept at forming the correct concept. Thus, it
would appear that Group 2 children have some probiem with the visual-spatial
cc?mponents of the test. This would be consistent with Levy's (1969) theory of
intra-hemispheric competition and Satz's (1972, 1973) observation that left-
handers exhibit some problems with visual-spatial processing.

~ Left-handed Group 3 children exhibit somewhat better performance on
those subtests that require visual-spatial analysis, relative to those subtests that
do not. This pattern of performance is contrary to what was expscted based
on the performance of right-handed Group 3 children. However, their
performance is consistent with the observation that left-handed Group 3
children perform better on measures of visual-spatial and visual-perceptual
abiiities than right-handed Group 3 children. Since left-handed Group 3
children exhibit well developed psycholingusitic abilities, it is conceivably
possible that they employ some 1%13 of verbal-mediational strategy in order to

form the correct concept in subtests requiring visual-spatial analysis. This is
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not seen in left-handed Group 2 children since their verbal abilities afe
somewhat inferior to- those observed in Group 3 children.

Overall, the performance of the groups of left-handed children on the
measure of concept-formation did not support the hypotheses presented. In
fact, left-handed Group 3 children exhibited better concept-formation abilities
than children in any other group, régardless of handedness. This pattern of
performance was attributed to the p;ossible use of verbal-mediational strategies.
Group 2 children exhibit lower scores on the subtests requiring visual-spatial
prdcessing relative to their performance on the subtests requiring less complex
skills (i.e., counting and matching). Both Levy's theory of intra-hemispheric
crowding and Satz's observations that left-handers have deficient visual-spatial
processing abilities can account for this finding. This group of child‘ren is not
assumed to apply verbal mediatiénal strategies due to the fact that they are

weak in psycholinguistic ability.

General Conclusions

The results of this study only partially support the hypotheses proposed.
While the three groups of left-handed children generally performed in a manner
consistent with that seen in right-handed children, there we;&a few significant
diﬁerence-sﬂamong the groups of left-handed children for the measures
employed in this study. -

Left-handed children who were selected according to patterns of

performance on the WRAT that indicated superior performance on the Reading
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an;i Spelling subtests in the context of deficient performance on the Arithmétic
subtest, exhibited higher levels of parformance on measures of verbal ability .
than on measures of visﬁa[-spatiai ability. This is conéis'tent with the pattern of
performance observed in right-handers. However, the performance of left-
handed Group 3 children on measures of visual-spatial abilities was h?gher than
expected. They alsg exhibited superior performance on the visual-spatial
components of a nonverbal problem solving/concept-formation task. This group
of left-handed children did not exhibit evidence of motor, psychomotor, or
tactile-perceptual deficits. The pattern of performance exhibited by these
chiidren is not entirely consistent with that of a hypothesis of right-hemisphere
dysfunction (Rourke & Finlaysép, 1978; Fl?)urké & Strang, 1978; Strang &
Rourke, 1983). \

Group 2 children also exhibited no evidence of motor or psychomotor
deficiencies. Their performance on the verbal and visual-spatial measures was
similar to that observed in right-handed Group 2 children; however, their level
ot performance on the visual-spatial measures was lower than expected on the
basis of the performance of right-handed children. They exhibited better
concept-formation abilities for subtests that did not require\visuahspatial
analyses. Left-handed Group 1 children exhibited a similar paﬁern’r of N
performance to children in Group 2; however, their performance on measures \\
requiring visual-spatial processing was lower than that observed in Group 2

children. The pattern of performance exhibited by these two groups (and in

particular, Group 2 children) does not fully support the findings observed in

—

—
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right-handed Group 2 children, and therefore does not suggest a hypothesis of
Isft-hernisphére dysfunction (Rourke & Finlayson, 1978; Rourke & Strang, 1978;
Strang & Rourke, 1983). |

While no one theory adequately explains the performance of the th}es
groups of left-handers, there is some evidence to suggest that Levy"s {1969}
theory of intra-hemispheric competition and Satz's (1972, 1973) model of

pathological left-handedness can be used to account for some of the findings.

- Bakan's theory of pathological left handedness received no support from the

results of this study. Each theory of left-handedness will be discussed in light
of the present findings.

There was no evidence to support Bakan's (1971) theory of pathological
left-handedness. The predicted performance of Group 2 children on the visual-
spatial measures was not supported. There was no evidence from the analysis
of the motor and psychomotor measures to suggest impairment of the non-
dominant hand for any of the groups. The performance of the three groups on
the concept-formation measure also went against expectations based on this
model. )

Results of the analyses on the verbal and visual-spatial measures
support both Levy's (196.9) and Satz's (1972, 1973) models of left-handedness.
It would appear then, that left-handed children exhibit difficulty with visual-
spatial processing due to crowding of the right-hemisphere. This processing

difficulty results in lower performance on measures of visual-spatial ability.

However, Group 3 children exhibited higher levels of performance on measures
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requiring visual-spatial processing than those observed in right-handers. It was
suggested that Group 3 children (since they are quite adept for psycholinguistic
" abilities, especially relative to Group 2 children) may be employing a verbal
mediational strategy when presented with visual-spatial information. Lew
(1969) argues that when there is competition for resources within a cerebral
hemisphere, verbal processing will be performed at the expense of visual-
spatial processing. If this is the case then lsft-handed Group 3 children may
process all information using a decidedly more verbal manner than right-
handed Group 3 children. Group 2 children (either right- or left-handed) will
not use this approach since they are not as adept at linguistic processing as
Group 3 children. A similar argument can be used to explain the findings of
the concept-formation measure.

The results of the analyses of the motor, psychomotor, and tactile-
perceptual measures do not offer any support to Satz's (1972, 1973) model of
pathological left-handedness. None of the groups showed evidence for right-
handed impairment. The predictions for the performance of the three groups
on these measures, based on Levy's (1969) theory, were also not supported.

It ztppears then, that while Levy's theory of intra-hemispheric competition
is not fully supported by the results of this study, there is evidence to suggest
that it obtains partial support. Of the theories presented, it is the best predictor
of the performance of these three groups of left-handed children.

The performance patterns within the three groups of left-handed children

differ somewhat from those observed in right-handed children. Right-handed
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Group 1 and 2 children exhibit similar patterns of pen‘orménce across
neuropsychological measures. In general, they exhitit many relatively poor
psyc'ﬁolinguistic skills in the context of well-doveloped visual-spatial-
organizati_onal. tactile-perceptual, psychomotor, and nionverbal problem-solving
skills and abilities. In contrast, Group 3 right-handed children‘exhibit deficits in
visual-spatial-organizational, tactile-perceptual, psychomotar, and nonverbal
problem-solving skills along with strengths in psycholinguistic areas (Rourke,
1988). The apparently "opposite” patterns of strengths and weaknesses
exhibited by these groups has direct ramifications for intervention techniques.
There is some evidence to suggest that Group 3 children tend to fare much
worse than Group 2 children with respect to both remediation attempts and in
complex social situations (Rourke, 1988; Rourke, in press).

While right-handed learning-disabled children exhibit patterns of
neuropsychological performance that are diametric to each other (e.g., strong
verbal-poor visual-spatial abilities vs. poor verbal-strong visual-spatial abilities),
similar discrepancies are not seen in left-handed learning-disabled children.
Even though different patterns of performancé are observed within groups of
left-handed learning-disabled children, these patterns of performance have
different implications concerning prognosis and treatment than those observed
in right-handed children. The pattern exhibited by Group 3 children of average
to above-average psycholinguistic, visual-spatial-organizational, tactile-
perceptuél, psychomotor, and concept-formation abilities would suggest that

they are far better off, in a neuropsychofogical sense, than their right-handed
Y Y 9 g

S
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peers. In addition, fhey exhibit better adaptive abilities than either of the other
two groups of left-handed children. Group 1 left-handed Iearning—disabled'
~ children, for example, possess deficits in virtually all ability areas. This group
of children would appear to be the worst off in terms of prognosis.
Consequently, i{ would appear that within groups of left- and right-handed
learning disabled children there ére differences with respect to the patterns of
neuropsychological functioning, and that the prognosis concerning these groups
of learning-disabled children will differ according to handedness.

]

Limitations of the study and directions for future research

The overall patterns of performance exhibited by left-handed learning-
disabled children in this study generally resemble those of right-handed
learning-disabled children. However, left-handers do not exhibit the siriking
discrepancies among the groups that are observed in right-handers. There are
some limitations to the study that could account for the lack of significant
differences among groups of left-handed learning-disabled children.

Firstly, the patterns of performance exhibited by right-handed learning-
disabled children selected according to patterns of academic achievement are
known to be associated with particular Verbal and Performance 1.Q.
discrepancies. Right-handed Group 3 children exhibit higher Verbal 1.Q.s
relative to Performance 1.Q.s, and right-handed Group 2 children show the
oppdsite pattern (Rourke, Young, & Fleweliing, 1971). Children in this study

were selected according to their patterns of academic achievement. No
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differences were found among the groupé with respect to Verbal and
| Performance 1.Q.s. Closer examination of the discrepancy between Verbal and
Performance 1.Q. revealed that the majority of left-handed children in this study
had higher Performance than Verbal 1.Q. scores. Six children in Group 1, five
children in Group 2 and five children in Group 3 showed this pattern. Oniy~
.three children ih. the entire sample (two in Group 2 and one in Group 3) had
higher Verbal than Performance |.Q.s. The rérnaining children exhibited
equivalent scores on these measures. If the left-handed children in this study
had been chosen according to both LQ. discrepancy patterns and the pattern
of performance on the WRAT, significant differences among the groups may F
have been observed. |

A second factor that needs to be examined further is that of gender

differences. While Canning, Orr, & Rourke (1980) observed no sex differences
for children with learning-disabilities on measures similar to those employed in
this study, research examining the performance of left-handers on various
cognitive measures indicates that females may be less laterally differentiated
than males (Levy & Reid, 1978). Since only four of the subjects used in this
study were female (one in Group 1 and three in Group 3) analysis of possible
sex differences could not be performed due to the small sample size. Future
research examining the performance of subtypes of left-nanded learning-
disabled children should also examine sex differences in order to determine the

role that they play in the cognitive functioning of sinistral children.
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More often than not, studies examining the performa}wce of left-handers |
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on various cognitive measures have found that gender interacts with othef’
variablés. such as familial sinistrality and \;vriting posture (Kocel.'1‘:377; Levy &
Reid, 1978;.Tinkco‘m, Obrzut, & Poston, 1983; Zurif & Bryden, 1969). These -
are two other variables that were not controlled for in the present study and
that may have contributed to the lack of significant findings.

Familial ginistrality has been shown to be related to lateralization effects

exhibited by left-handers (Zurif & Bryden, 1969). However, there are conflicting
~

claims for the effects of familial sinistraliWhe cersbral organization

no history of familial sinistrality performed in a/sitnjlar fashion to right-handers

observed in left-handers. Zurif & Bryden (1927) observed that left-handers with
on a visual-recognition task. Hecaen & Saugtet (1971), on the other hand,
found that individuals with a familial history of left-handedness exhibited a
pattern of cerebral organization similar to that observed in right-handers.
Tinkcom, Obrzut, & Poston (1983) supported Hecaen & Sauget's findings only
for performance on a nonverbal dichaptic task. Performance on a verbal
dichaptic task was not found to be affected by familial si}listrality.

. Regardless of the lack of conclusive evidence regarding the role of

familial sinistrality in the cersbrat ohr?]anization of left-handers, it would appear
_ Necessary to try to control for the influence of.this variable. The majority of

subjetts in this study did not have any history of familial sinistrality (five

-2
children in Group 1; four children in Group 2; and six children in Group 3).

Once again, it was not possible to analyze the performance of the children in

A

/
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this study on the basis of a familial history of sinistrality, due to the small
sample size. -

- Levy & Reid (1976) have found that writing posture is related to cersbral
organization. Those individuals who wrote with a "hooked", or inverted, writing
posture were shown to have a reversed pattern of laterality than those |
individuals who wroteﬁiu-a normal, or non-inverted writing position. Gregory &
Paul (1980) have found that left-handers who write with an inverted hand
position performed more poorly than right-handers, or left-handers with a
normal handwriting position, on tests measuring verbal abilities. Future _
research examining the neurdpsychologicai performance of left-handed learning-
disa/b%ﬁl children might consider the role that handwriting posture plays\in the
performance exhibited by these chil&fren.

A final point needs to be made with respect to the “purity" of the
handedness exhibited by these children. Although no significant differences
were observed among the groups wi;h respect to the degree of laterality, it
was noted that Group 3 children ;vere less lateralized (i.e., less left-handed)
than children in the other two groups. This may have contributed to the lack
of significant findings on the measures employed in this study.

The investigation of the performance of particular subtypes of \Ieﬁ-handed
learning-disabled children has just begun with this study. It appears as though
left-handed learning-disabled children differ somewhat from right-handed
learning-disabled children, and therefore, more investigation of the performance
of left-handed iearning-disabled children on neuropsychological measures is

o
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necessary. Variébles that do not seem to influence the performance of right-
handed children may influence the performance of left-handed children and
need to be controlliéd for in the study of their performanbe on
neuropsychological measures. Future research in this area would further clarify

the nature of Iéarning disabilities in left-handed learning-disabled children.
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Appendix A
’ Laterality Quotients for each Subject

Laterality Quotients were determined using the same formula as the one
provided by Von Seggren, Ginn, & Harrell (1988) for the Edinburgh
Handedness Inventory. The formula is as follows:

Laterality Quotient (LQ) = Sum of Right - Sum of Left X 100
Sum of Right + Sum of Left

where - Sum of Right = the total number of items on the Harris Tests of
e Lateral Dominance that were endorsed with tQe right-hand
- Sum of Left = the total number of items on the Harris Tests of
Lateral Dominance that were endorsed with the left-hand

Laterality Quotients for each subject across Groups

Group 1 Group 2 Group 3
-100.00 -100.00 - 42.86
-100.00 : -100.00 - 42.86
- 42.86 -100.00 -100.00
-71.43 - 71.43 - 42.86
-100.00 - 71.43 -100.00
- 71.43 - 71.43 - 42.86 ¢
-100.00 g - 71.43 - 71.43

12 A6 0nn non 42 86



Appendix B

Summary of ANOVA and MANQOVA Results for
Verbal, Auditory-Perceptual, Visual-Spatial,
and Visual-Perceptual Measures (Knights and Norwood
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T

Information
error

Comprehension
error

Arithmetic
arror

Similarities
error

Vocabulary
arror

Digit Span
arror

PPVT LQ.
error

Aphasia Screening
Test
error

Speech Sounds
Perception Test
error

8.069
156.599

387.070
30.949

72917
26.465

18.154
35.725

71.561
69.709

29.345
73.043

956.749
68.668

3122.126
142.083

2.76

0.51

1.03

0.40

13.93

0.0004
0.9904
0.6100
6.3783

0.6750

................................. P = e e o e e e e

@
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Appendix B (cont'd)

Variable - Mean
' Square
Auditory
Closure 405
error 76.336 .
Sentence Memory 186.409
arror 98,907
Picture
Completion i25.165
error B9.150
Pictura
Arrangement 14.054
arror 53.347
Block Design ) 5151.488
- T error 55.478
Object Assembly 28.042
error 98.001
Target Test 750.345
error 213.197

128
df F o}

2 0.53 0.5968
18

2 1.87 0.1835
18

2 1.40 0.2713
18

2 0.26 0.7713
18

2 273 0.0921
18

2 029 0 7545
18

2 352 no513
18
32 2.37 0.2085
4

Note: The Hotelling-Lawley Trace was used for the MANOVA F test.



Summary of ANOVA and MANOVA Results for

Appendix C

Motor, Psychomotor, and Tactile-Perceptual Measures

(Knights and Norwood Norms)

Variable

g mmmm—————n

Tapping Test
Right Hand
error

Left Hand
arror

Strength of Grip
Right Hand
arror

Left Hand

R - efrror
~

Mazes (time)
Right Hand
error

Left Hand
arror

Pegboard (time)
Right Hand
error

Left Hand
arror

61.024
174.608

40.995
197.301
29.926
59.079
96.966
53.404
108.401
328.993
297.196
433.877
38.413
313.489

21.203
299.956

df

128

E R

0.35 0:7091
0.21 0.8140
0.51 0.6098
1.82 0.1874
0.33 0.7229
0.68 0.5150
0.12 0.8853
0.07 0.9320
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Appendix C (cont'd) -

<
joh}
=
o}
o
48]
=
9]
o
=2
Qo
—r
M
o

Square
Tactual Performance T
Test
Dominant Hand 0.022 2 0.00 0.9998
error . 145,668 21
Non-Dominant Hand 50.077 2 0.24 0.7916
arror 211.918 7 21
Both Hands 349.384 2 1.19 0.3248
error 294 320 21
Tactile Perception : .
Right Hand 62.833 2 0.27 - 0.7680
arror 235.048 21
Left Hand 33.270 2 0.13 0.8769
error 251.622 21
Finger Agnosia
Right Hand 15.500 2 003 0.9714
error 533.476 21
\‘ ’ N
Left Hand 53.463 N\ 2 011 0.8961
error 485.045 21
Finger-Tip Number
Writing
Right Hand 28.723 2 0.08 0.9239
arror 374.246 21
Left Hand 61.826 . 2 017 0.8476

error 370.870 21
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Appendix C (cont'd)

Variable Mean df E o]
Square
Astereognosis
Right Hand 490.870 2 4,73 - 0.0202
arror 103.823 21
Left Hand 753.910 2 7.05 0.0046
error 106.997 21
MANOVA 38 1.66 0.3372

Note: The Hotelling-Lawley Trace was used for the MANOVA F test.

S
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Appendix D
Summary of ANOVA and MANOVA Results for
the Concept-Forma_\fon Measure
(Knights and Norwdod Norms)
Variable Mean df F o]
Square
Category Test
Subtest 1 239.932 2 1.21 0.3192
error 198.881 21
Subtest 2 91.621 2 1.9 0.1730
error 47.976 21
Subtest 3 95.187 2 1.10 0.3527
error 86.879 21
Subtest 4 304.411 2 4 .44 0.0247
arror 68.562 21
Subtest 5 45.483 2 0.63 0.5406
error 71.798 21
Subtest 6 216.970 2 353 0.0477
error , 61.482 21
Total 133.960 2 183 7 0.1850
error 73.170 21
MANOVA 14 1.30 0.0896
28

Note: The Hotelling-Lawley Trace was used for the MANOVA F test.



Appendix E

|
Summary of ANOVA and MANOVA Resuits for
Verbal, Auditory-Perceptual, Visual-Spatial,

and Visual-Perceptual Meagsures {Sample T-scores)

133

tnformation
arror

Comprehension
error

Arithmetic
error

Similarities
arror

Vocabulary
Digit Span
error

PPVT LQ.
error

Aphasia Screening

Tost
arror

Speech Sounds
Perception Test
error

\BI'I'OF
-

100.074
94172

5.894
114.340

636.210
50.869

143.299
52.012

44.323
87.220

82.150
80.023

36.826
91.664

491.710
43.137

-  578.140

45.856

0.06

12.51

2.76

0.51

1.03

0.40

11.40

0.0004

0.0904

0.6100

0.3783

0.6750

0.0006
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Appendix E (cont'd)
Variable Mean df E p
Square

Auditory ~

Closure 159.836 2 1.71 0.2090
error 93.474 18

Sentence Memory 163.802 2 1.76 0.2002
error 93.007 18

Picture

Completion 137.719 2 1.40 . 0.2713
error 98.091 18

Picture

Arrangement 30.394 2 0.26 0.7713
error 115.370 18

Block Design 225.295 2 2.73 0.0921
error 82.508 18

Object Assembly 25.435 2 0.29 0.7545
error 88.890 18

Target Test 223.426 2 2.52 0.1081
arror 100.567 18

MANOVA 32 0.60 0.8151

4

Note: The Hotelling-Lawley Trace was used for the MANOVA F test.
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Appendix F

Summary of ANOVA and MANOVA Results for
Motor, Psychomotor, and Tactile-Perceptual Measures
(Sample T-scores) -

Variable Mean df F _ p

Tapping Test

Right Hand 21.686 -2 0.19 0.8289
error 144,531 21
Left Hand 59.910 2 0.63 0.5432
error 95.349 21
Strength of Grip
Right Hand 177.670 2 1.91 0.1727
error 92.945 21 ’
Left Hand 371.878 2 5.00 0.0168
error 74.382 21
- Mazes {time)
Right Hand 59.999 2 0.56 0.5774
arror 106.401 21
Left Hand 67.102 2 0.83 0.4491
error 80.671 21
Pegboard (time)
Right Hand 35.355 2 0.32 0.7286
arror 110.007 21
Left Hand 52.767 2 0.51 0.6066

error 103.060 21



Tactual Performance
Test

Dominant Hand

error

Non-Dominant Hand
arror

Both Hands
arror

Tactile Perception
Right Hand
error

Left Hand
error

Finger Agnosia
Right Hand
error

Left Hand

arror 4

Finger-Tip Number
Writing
Right Hand
error

Left Hand
error

[

Appendix F (cont'd)
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Mean df
Square
40.363 2
105.563 21
10.581 2
108.919 21
204.550 * 2
90.497 21
20.947 2
106.873 21
11.970 2
107.728 21
6.019 2
109.458 21
a.098 2
108.678 21
176.707 2
92.731 21
102.833 2
99.464 21

0.38

0.10

2.26

0.20

0.05

0.08

0.6869

0.9078

0.1291

-—70.8235

0.8954

0.9466

0.9200
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Appendix F {cont'd)

Variable Mean _df F D
Square -
Astereognosis :
Right Hand 323.036 2 ' 4.12 0.0309
error 78.404 21
Left Hand 396.780 2 5.52 0.0118
error 71.832 21 -
Composite measure
for Tactile-Perceptual
Abilities
Right Hand 156.209 2 1.65 0.2157
error .94 575 21
Left Hand 152.960 = 2 161 7 0.2231
error 94 857 21
MANQOVA 40 4.68 0.1916
2

Note: The Hotelling-Lawley Trace was used for the MANOVA F test.



Appendix G

Summary of ANOVA and MANOVA Results for
the Concept-Formation Measure
(Sample T-scores)

Variable Mean df . F

Category Test

Note: The Hotelling-Lawley Trace was used for the MANOVA F test.

138

0.3161
0.3308
0.3849
0.0140

0.3606

Subtest 1 118.343 2 1.22
arror a7.210 21
Subtest 2 115.420 2 117
arror 898.932 21
Subtest 3 99.756 2 1.00
error 99.813 21 .
-~
Subtest 4 383.826 2 527
error 72.852 21
Subtest 5 106.413 2 1.07
error 99.354 21
Subtest 6 288.952 2 351 -
error £2 303 21 il
Total 240 .21 2 2.77
arror B¢ .607 21
MANOQOVA 14 1.41
28
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Appendix H
Explanation for Abbreviations used on Figures

1. INFO - WISC Subtest - Information

2. COMP - WISC Subtest - Comprehension .

3. SIMIL - WISC Subtest - Similarities

4. VOCAB - WISC Subtest - Vocabulary

5. DIGITS - WISC Subtest - Digit Span

6. ARITH - WISC Subtest - Arithmetic ‘

7. PPVT - |.Q. obtained on the Peabody Picture Vocabulary Test

8. AST - Aphasia Screening Test

9. " SSPER - Speach Sounds Perception Test

10. AUDCLO - Auditory Closure Test

11. SENMEM - Sentence Memory Test

PICCOM - WISC Subtest - Picture Completion
v:-gt\RLCARR - WISC Subtest - Picture Arrangement
14. BLKDES - WISC Subtest - Block Design . _
X 15. OBJASS - WISC Subtest - Object Assembly

16. TARGET - Target Test

17. GRIPR - Strength of Grip with the Right Hand

18. GRIPL - Strength of Grip with the Left Hand

19. TAPR - Tapping Test - Right Hand
20. TAPL - Tapping Test - Left Hand .
21. MAZERT - Mazes Test - Time measure for the Right Hand
22. MAZELT - Mazes Test - Time measure for the Left Hand
23. PEGSRT - Grooved Pegboard Test - Time measure for the Right Hand
24. PEGSLT - Grooved Pegboard Test - Time measure for the Left Hand
25. TACR - Right Hand measure for Tactile-lmperception
26. TACL - Left Hand measure for Tactile-Imperception
27. FAGNR - Finger Agnosia - Right Hand
28. FAGNL - Finger Agnosia - Left Hand \
29.--FTWR - Finger-Tip Number Writing {Dysgraphesthesia) - Right Hand

v~ =~--730. FTWL - Finger-Tip Number Writing (Dysgraphesthesia) - Left Hand

31. ASTR - Astereognosis - Right Hand
32. ASTL - Astereognosis - Left Hand
33. TPTDT - Tactual Performance Test - Time measure for the Dominant

Hand
34. TPTNDT - Tactual Performance Test - Time measure for the Non-
dominant Hand s

35. TPTBT - Tactual Performance Test - Time measurs for both Hands
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Appendix H {cont'd)

36. PERCD - A composite score for Tactile-perceptual abilities for the
Dominant Hand ' )

37. PERCND - A composite score for Tactile-perceptual abilities for the Non-
dominant Hand i : :

38. CAT1 - Subtest 1 of the Halstead Category Test

39. CAT2 - Subtest 2 of the Halstead Category Test

40. CAT3 - Subtest 3 of the Halstead Category Jest

41. CAT4 - Subtest 4 of the Halstead Category Test

42. CATS - Subtest 5 of the Halstead Category Test

43. CATS6 - Subtest 6 of the Halstead Category Test

44. CATTOT - Total number of errors on the Halstead Category Test

Numbers 1 to 16 appear on Figures 2, 5, 8, 9, and 10.

Numbers 17 to 35 appear on Figures 3, 6, 11, 12, and 13.

{Note: On Figures 11, 12, and 13 L and R are replaced with D [Dominant] and
ND [Non-dominant], respectively)

Numbers 36 and 37 appear on Figures 11, 12, and 13.

Numbers 38 to 44 appear on Figures 4, 7, 14, and 15.
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