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ABSTRACT

Forty-five 9— ¥o l4-year—old children with learning éisabilgtiea who
fell within the WISC Full Scale IQ range of Sé;ll4 were.divided into three
groﬁps on tke basis of their patterns of reading, spelling, and ari%hmetic
achieveﬁent. Group 1 was composed of children who were uniformly deficient
in reading, spelling, and arithmetic; children in Group 2 were relatively
adept at arithmetic as compared to their perforﬁance in feading and spel-

)

ling; Group 3 was composed of children whose reading and spelling perf@r—
manées were avé;age or above, but whose -arithmeiic performance was rela-
tively deficient. The performances of these chiléren were compared on 19
‘dependent measures. | ' . |

_ The performances éf Groups 1 and 2 were superior to that of Group 3
. ef'tﬁédpsychbmotor ang.camposite tactile—perpeptual meggures.' In general,
: the resulis gith regard to expectations of differgﬁces in fight- and left-
hahd jérgormances within and among groups were not‘as profound, although |
all differences were i; the expected direction. Gréuyfl'eihibite;-ne dif-
ferences in right— and left-hand performances on the moto;, psychomotor,
and tactile—éercgptual ?asks; Group 2 exhibited a superior left—hénd pa?L
- formance on the most complex psychomotor éask as weli ;é'on a relatively -~
simple-@otor task, Group 3 exhibited a superior right-—hand performance on
the most complex psychomotor task as well as on the tactile—perceptual téﬁts.-
No other differences in riéht— andé left-hand performances within either group
were in evidence, although proup 2 was superior to-Groups 1 and 3 in left-
hand perfofmance on the mosi complex ps&chomo?or tasﬁ.

The resulis are discussed in terms of the relationships between varying
patterns of academic abilities and patterns of brain-related bekaviours, and,

the naturé of the neuropsychological abilities which may facilitate or limit

performance on arithmetic calculation tasks.
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A . . CHAPTER I

/‘ . INTROIUCTION - ' ]

——

A significant problem facing educators of Mearning disabled children
' is how best to group the 1nd1v1dual cﬁildren for purposéa of educational
\remedlatlon. Tor thls and other reasons that are more directly related to
actual programme plannlng, several lnveatlgators {eegey Ackerman, Dykman, &
Peters, 1976; Doehring & Hoschko, 1976 Mattig, French, &‘Rapin, 1975;
Nelson & Warrington,: 1976 Rourke, 1975, 1976a, 1978) bave stressed the need
for more exact specification of tke abilities and deficits exhlblted‘ﬁy dif-
fering types of learping disabled}children.
The purpose of this study is to provide further information concérning
the neuropsycholog1cal characteristics of groups’of learning disabled chil~ .
dren (see Rourke [1975] for an extended treatment of this mode of approach)
‘wherein s;snlflcant variations in pattern of performance on readlng, spelllng;
and arithmetic tasks are exhibited, The performance of these th:ee groups
" had recently been cOmpg;ed on aevéral verbal and visual-spatial variables
(Rourke & Finlayson, 1976) which bad been shown in previous research (e.gf, .
Bcll, 1974; Rourke 1975) to be sensztlve to the relative integrity of the two
cerebral hemispheres (especlally with respect to “h;gher cortical functlons“)‘
in chlldren. In the present study, the motor, psychomotor, and tactlle-per— ‘
ceptual'performances-on the two sides of the body were cdmpared in an attempt
toﬂg;;rify séﬁe of the issues relating to asseriioms made in thg Rourke and
Pinlayson (1978) study regarding the relative integrity of the\cerebral hemis—
pheres for the groups of child®en in ¢uestion. It was anticipa ed that signifi-
~
cant differences bhetween Groups 1 and 2, absent in the Rourke and Finlayson
study (1978) would emerge.
Before discussing the Rourke and Finlayson (1978) study, it is necessary

to review the results of some relevant work from two areas of research; the

A



neumpsyphologicaf abilities of children with learming disabilities; and the
neuropsychoiogical ahilities of adults with well—documented~cerebral lesions.

The results of some previocus studles which have focussed on the neuro- -
psychological abilities of children who exhibit learning dlsabllltles have
been reviewe@ elsewhere (Rourke, 19?5). Of#hese sthi?s, there are two of
particular interest within the present context. In one of these (Rou;ke &
Telegdy, 1971),.01der (9 to lé years) children with 1éarning di;abi;ities
wgré divided into three groups on the basis of their Verbal IQ and Performance

Q scores on the Wechsler Iht;lligence Séale for Children (WISC; Wechsler,
1949). The pe;formance of these sﬁbjecfé-gﬁ‘ﬁi measures indicated clear
superiority of the Low &erbal 1Q - High Performance I3 group on a number of
measures of complex motor and psychomotor ah}lltles. Thetresul%s of-this
study 1n‘congunctzon wzth that of Rourke, Young, and‘Flewelling (1971) were
conszdered consistent wzth the view that WI?C Verbal IQ - Performance IQ
discrepancies reflect the differe?tial inteérity of the two cerebral hemis-
pheres in older children with learning disabilities. Specifically, it was
nypothesized that -the Low Verbal IQ —-High Performance IQ subjects may have a
more intact right than 1eft-cerehral hemisphere, whereas the exact opposite
nay be the case for the Higi'Verbal IQ - Low Performance IQ subjects.

With these results.as background, the next investigation in this series
(Rourke, Yanni, 'Kia.cno}:aid, & Young, 1973) was - concerned with the patterns of
psychological test performénces-of older children with learning disébilities
" who hagd been distributed into groups on the basis of the presénce or abseﬁbe{
of lateraiiéed psychomator defici%s as indicated by performance on the Grooved
Peg‘boa.rci Test. In this investigation; t}g patterns of perfomance- exh':'.bited
by the four groups so composed were found to be str1L1ngly similar to those

exhibited by adults withk well=documented laterallzed and non-lateralized
' v



cerebral lesions as described in prewvious research (g.é., Reed & Reitan,

1963; Reitan, 1955). Of particular concern within'thﬁ context of the
present'invesiigaxioh is the fact that the group composed of subjectis with
normal right-hand and impaired left-hand performance on the Grooved Pegboard
Test(who also had a higher Verbal IQ than Performance IQ) exhibi%ed a pattern
of High WRAT Reading and Spelling and relatively low Arithmetic, whereas among
“the stbjects with impaired right-han&jand normal 1eft—han§ Grooved Pegboard
Test performance (who also kad a 1owef Verbal IQ than Performance IQ) there

was some tendency for their WRAT Arithmetic pérformance to be better than

their performances on the WRAT Reading and Spelling subiests, Furthermore,

the two groups with no lateralized deficits on the Grooveé Pegboard Test per=
fﬁrmed at a2 level interm;diate tco that of the o%her two groups on verbal tests,
regardless of the fact that one g;oup had riéht— and left-hand Grooved Peghoard
Testperformances that were within normal limits while the other group was
composed of subjects whose right— and left-hand performances were impaired.
This latter group (which had virtually identical Verbal and Performance IQs)
displayed a pattern of performance on the WRAT in which there was no appreciable
differences among any of thegthree subtests.

The aforementioneéfgf:dies with learning disabled children acquire
added significance when viewed in the light of the results of some studies
that have employed 2dult bumans witk known cerebral lesions as subjects.
Reitan, (1958) compared the performance of groups of subjects with known
cerebral lesions on the Tactual Performance Test. He found that subjects witk
lesions confined principally to the left cérebral hemisphere regquired more
time-to complete the taslk with the right hand than with tihe lef; hana, and
that subjects with right cerebral 1esion$ requirec more time to complete the
task with the left hand than with the right hand, In addition, on a2 finger—.

tapping test, it was found that subjects with left cerebral lesions showed



~

some impairment in finger—tapping speed with the right hand, whereas subjects
T —

with right cerebwal lesions exhibited deficits in finger—tapping speed with

the left hand,

~

In a related study, Reed and Reitar (1963) compared the performances
of brain—damaged subjects suffering from lateralized motor deficits (hemi-
plegia and hemiparesis), brain—camaged subjec&s with no lateraiized motor
deficits, and hospitali:eé'GOntrpl subjects w;th no detectable brain damage.
The Wechsler-Bellevue was administered 4o all éubgects. The performance of
the normal conirols was superior to that of all of the brain—<amaged groups
on ali subtests of ihe VWechsler-Bellevue, The perforﬁance of groups with
left—sided motor deficits was superior to that of the groups gith righit-sided
motor defiecits on all OQ\EEE’Verbal measures, wi{h the re ése being the case
for the Performaince measures, The‘brain—damaged gTo Qith no lateralized
motor deficits performed a2t a2 level intermediate to\that of the Sther braiﬁ;
damaged groups on the Verbal tésts; and generally somewhat-superiér to these
groups on the Performance measures,

Tﬁus, it has been established that: (1) brain-damaged adults with later—
alized 'motor deficits exhibit particular pa;terns of Wech;ler-Bellevue Verbal
Ik-Performance’ IQ discrepancies (Reed & Reitan, 1963); (2) adults with lesions
confined to either the right or left cerebral hemisPhére exhibit lateralized
deficits on complex motor and psychomotor tasks (Reitan, 1958): (3) particular
patterns of WISC Verﬁél Iq -Ff}fbrmanée IQ discrepancies may reflect ihe
differential integrity of the two cgrebral hemispheres (Rourke & Telegdy, 1971;.
Rourke et. al.; 1971) "of children with learning disabilities;

(4) lateralized deficits on é psychomotor task are related to consistent WISG
Verbal I3 - Performance IQ disc;epancies in such children and, possibly,tio

(a) veriations in patterns of WRAT Reading, Spelling and Arithmetic performance;



and, (b) differential hemispheric integrity (Rourke e, al. 1973).

-

With these studies as background, Rourke and Finlaysen (1978) formed .

. ~
three groups for study, as follows: Group'l was cqpposed of children who

were relatlvely deficient, as compared +o0 their age-mates, in reading,

spelllng, and arlthmetlc- Group 2 was coamposed of children who were relatlvely',
J deficient in reading and spelling as compared to thelr performance in arith-
metic; and, Group 3 was compbsed of childr?n-whose level of arithmetic achieve~
ment was poor relativé 40 their performance in reading and spelling. The
‘dependent measures were chosez so as to reflect a fairly broad specirum of '
verbal, audi?ory—perceptual, visual-perceptual, and visual-spatial skills
similar to those employed in the Rourke, et. al. {1971) study.

In general, it was founcd that the performance of Group 1 was quite similar
to that of Group 2 (e.g., all subjects in both Groups had a lower Verbal IQ
than Performance IQ except for one subject in Group 2 who had equivalent
Verbal IQ and Performance IQ scores).‘ For the most part, the performance of
Group 2 was significantly inferior to that of Group 3 on measures of verbal and
auditory-perceptual abilities, and significantly supefior to that of Group 3
on most of the measures of visual-perceptual and visual—spatial.abilities..

All subjects in Group 3 had a higher ferbal IQ than Performance IQ;'

If there is reason to believe that WISC Verbal IQ — Performance IQ dis-
crépancies may be associated with or reflect the differential integrity of the
two cerebral hemispheres in older children with learning disabilities, it would
appear that the basis upon which the groups were chosed in the Rourke and
Finlayson (1978) study méy also reflect this difference. Specifically, the
subjects iﬁ}this study who were relatively adept at aritbmetic as compared to
their performance in reading and spelling (Gréup 2) performed.in a fashion con=
sisteni with that which would be expected were they to have a relatively dys—

functicnal left cerebral hemisphere and a relatively intact right cerebral
[ S

-
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‘hemisﬁhere. The exaci opposite state of affairs obtained in the case of

those éubjects who were relatively deficient iﬁ arithmetic as coﬁpared to
their performance in rgading aﬁd speliing.(Group 3)e A reference to the
abilities and deficits exhibited by.those wifh Turner's syndrome as well as
findings concerning fhe neurclogicad ¢characteristics of those who are impaired
in their arithmetiq abilities, may shed further light upon this issue.

Turner's syndrome is proéuced by a chromoseomal abnormality in females

_that;.unless treated at an early age, results in profound mental retardation.

These girls are born with female sexual chéractepistics, but fail to develo§
secondary sexual characteristics. Dwérfed_in sfce, the webbed neck and
epicanthal folds over the eyes as well as oither peculiar physical character-—
istics resemble those individuals affected by other kinds of develépﬁental
disorders of the ceﬁtra; nervous system.

Money (1873) studied a sample of Turner's syrndrome patients which

ranged in from 10 to 24 years (mean: 15 years)., He found that these

peopld.were/retarded in arithmetic abilities, and exhibited 2 consisient
patiern of a higher Verbal IQ than Performance Ig on the WISC and WAIS: that

is, a pattern of performance quite similar to that exhibited by the children

‘in Group 3 of the Rourke and Finlayson (1978) study.

Black (1973) classified 25 children with demonsirzble neurologicai dys-—
func;ion as showing either.(l) primarily right-sided impairment, (2) primarily
left—sided impairment, or (3) bilateral impairment. The division was made on
the basis of E.Z.G. aﬁd neurological examination fi?aings, without reference
to psychométric test performanée. Comparisons madg between the firsf two groups
showed that. the right-impaired subjects performed relatively more poorly on

the WRAT Arithmetic subtest, WISC Performance Scale IQ, and WISC Full Scale IQ,

with the differences on the Performance Scale IG reaching significance. The
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left impaired subjects performed relatively more poorly ‘on the WRAT Reading
subtest, WRAT Spelling subiest and the WISC Verbal Scale IS - with the dif-

ferences on Verbal IQ, WRAT Reading, and WRAT Spelling being statistically

sabn

significant.

Thése,findings would be consistent witk the view that impairment of
functioning of the right cerebral hemisphere can be ¢ limiting factor with
respect to calculation perfo;mancc, as measured with the WRAT. The resulis
of the following studies are alse. .ol interest with respect ito the neuro-
psycholog}cal significance of deficiencies in arithmetic calculation.

Ingram, Blackbturn, and Hasen (197C) divided 82 reading disabled children
into two groups on the basis of their perforéance in school subjects other
than reading, particularly mechanical arithmeiic, The “specific dyslexics"
included retarded readers who were able to perfqrm in awsatisfactory manner
in arithmetic, whereas the "ceneral dyslexics® include@ those who performed.
poorly in reading, spelling, and ariithmetic. They compared these two.groups

: /

wilth respect to th% liklihood that they had sustained brain damage or*cerebral
dysfunction. This was assessed through information gathered from birtk history,
developmenial history, c¢liniecal examipation, aﬁd DeB4Ge tracings. They found
that the group of specific Gyslexics had significantly less evidence of brain
damage or dysfunction than ¢id the general dyslexics. The results of this
study would suggest that learning disabled children are more likeiy to exhibit
positive signs of neurclogical dysfunction if an arithmetic disability is

present,

Black (1976) compared the cognitive, acédemic, and behavioural performance
of two matched samples of children as follows: (a) one with documented neuro-—
logical dysfunction; and, (b) one with neurological dysfunction suspected on

the basis of clinical findings commonly ascribed as concomitants of neuro—



logicéi dysfunctiee, but_qithout.objective evidence of such dysfunction. He
found that the pettern of cognitive impairment.in the two samples was con-
szstent in that both groups were relatively more 1mpa1rea in’ thelr JRAT'
JArithmetic performance as compared to their performance in WRAT Readxng and
Spelling, — - a pattern of ‘academic achievement very similar to that exhibited '
by Group 3 in the present study. These results might suggest that learning
disabled children exhiditing this particular,pattern of academic impairment
would be more likely to show signs that could be aesociated wirh neurological

dysfunction than would children exhibiting other kinds of academic ability

patterns. ‘ ‘ . - \

ﬁyﬁotheses

With the foregoing resulis as background, the foliowing hypotheses
regarding performances on the motor, psychomotor, and composite tactile-

. perceptual measure were formulated,

(1) Group 3 was expected to perform at a level inferior to that of Group 1

and CGroup 2, .
3

(2) Group 3 was expected 1o exhibit a pattern of relatively deficient-per—-
formance with the left hand as compared to that with the right kand,

(3) Group 2 was expected to exhibit a pattern of relatively deficient per-
formance with the right hand as compared to that with the left hand.

(4) Ko cifferences between right-haed ardrleft—hand performances over and
above those anticipated on the basis of hand'dominance were expected .
fer Group 1l. . °

(5) The left-hand performance of Group 1 was expected %o ‘be inferior to

that of Group 2.

D ., o
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In the case of the expectations regarding differences in.the patterns
of performance between and within Groups on the motor and psychomotor tasks, i

it was expected that these differences-would be more marked on the latter

than on‘the former.,



CHAPTER II

METHOD

Subjects

The'45 subjects were the same as those employed by Rourke and Finlayson
(1978). These subgects were selected from over 2000 children who had re-
ceived an extensive battery of neuropsychologlcal tests administered in the
recommended standardized manner (see Roufke,;19763) by technicians trained
spec{ficallyrfor that purpose. in all cases, the subjects had bee; referred
for neuropsychological a;sessment bécause of a "le#rning" and/or a "percgptual"
x.problem to which it was thought that cerebfal dysfunction ﬁight be a contritu—
ting factor. All subgects exhlblted poor performance in a particular school
subject or general academic urnderachievemeant, The subjects chosen were 9- to
14-year—old right-handed chlldren wh: fell wlthln tke WISC Full Scale IQ
range of 86—114. 411 subaects had attended\gchool regularly since the age of
six ears. “On the basis of information derived from their social and medical
histdries and the school records available for each subject, none of the sub-
jects were (a) judged to be in need of psyéhiatric;treaiment for an emotional
disorder, (b) considered to be "culturally deprived", or (c) hampered by
defectivexyision or hearing. In a word, these subjecté could be classified

=

as "learnihg disabled" children in terms of the working definition adopted
for this. erieé of investigations (see Rourke, 1975).

Group 1 was composed of 15 subjects whose grade-equivalent scores on
the WRAT Reading, Spelling, and Arithmetic subtests were at least 2.0 years
below their expected grade placement, In.no case did the WRAT Reading, Spel-

ling, and Arithmetic centile scores for subjects in Group 1 exceed 18, nor was

there more than 2 0.9 year grade—equivalent discrepancy between any itwo of

10
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the three WRAT subtests for subjects in this group. Group 2 was‘compoeed
of 15 subjects whose WRAT Reading aed Spelling grade—equivalent scores weTe
at least 148 years below their WRAT Arithmetic graﬁeieqﬁivalent scores, ‘In
R case 4id the'WRAT Reading and Spelling centile scores exceed 14 for sub-
jecfs in Group l. Group 3} was composed of 15 subjects whose WRAT Reading !
and Spelling grade-—equivalent scores exceeded their WRAT Arlthmeilc grade=-
‘equivalent scores by at least 2,0 years. The three groups were equated for
age and Pull Scale I3 on the WISC.
‘ ‘In Group 1 there were iwo girls and 13 boye- all subjects in Group 2
were boys; there were four girls and 11 boys in Group 3. The unequal_sex
distribvution in the théee groups wae not considered to pose eny particular
difficulties because normative data collected for these dependent variables
( see Kniéhts & Moule, 1967; 1968) did not reveal any sex d#fferences in per-
formance., Furthermore, the results of a recernt study (Caﬁning,-Orr, & Rourke,
Reference Note 1) would suggest that no sex differeﬁcé% forlchildren with
learning disabilities should'be eépected on dependent variables such as those
employed in this study. In any event, the data for males were analyzed
independently, and there were no deviations from therveralI results in

N

evidence,

Meagures

The Wide Range Achievement Test (WRAT; Jastak & Jastak, 1965) contains
three subtests. The Geadini subtest is a standardized test of oral reading
performance, The task requires the child Eo associate printed letters qith
the spoken word. The score is based on the total nueber of words coerectly
read aloud and is expressed in centiles as well as grade-equivalent levels.

The Spelling subtest is 2 standardized test of written spelling achievement.
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Tpe task requires the child to produce the written counterpart of the spoken
word. Scoring is based on the total ;umber of words correctly spelled and
'is expressed in centiles as well as grade—equivalent levels. The Arithmetic
subtest is a standardized test of written arlthmetlc achievement, The taak

requires the child to solve progressively more difficult arithmetic problems

] ‘\haf he reads, and to wrlte the answer in the appropriate form on the test

blank, Scoring is based on the total nurber of correct solutions and is ex—
‘pressed in centiles as well as grgﬁe—equivalent levels,

' It should be noted that the WRAT Reading subtesi has been criticized for
tapping only a very limited spectrum of the pehaviours which would ordinarily
be thought to comprise "reading". In spite of -this consideratioh, data £TFom
a four—year—lonsitﬁdinal study tROurke, 1976b; Rourke & Orr, 19?7) demon-
strated clearly that the WRAT Reading subtest 1s as powerful a discriminator
off;ormal and retarded readers as are the Reading, Word ﬁnowledge, and wOrd
Discrimination subtesis of the Metropolitan Achievementi. Test. Th;s being the
case, the WRAT Reading measure was coﬁsidered to be'quite suitable for the

purposes of the present study.

The dependent measures used in this study can be divided into three main
> =2 Py

categories, namely, (a) motor, (t) psychomotor, and (c) those for tactile—per-

ceptuyal disturbances.

The following is a description of the moto} tests employed.

—

Pinger Tapping (Reitan & Davison, 1974). For this test, the child used
alternately the index finger of the dominant hand and of the nondominantxhand.
Four_l0-gec., iralls were givenofor each hand, Tkhe score for finger tapping
was the avefage number of taps of the'best three out of four trials.

Strength of Grip (Reltan & Davison, 1974). The Smedley Dynamometer was

used to0 measure strength of grip. The child was requzred “to squeeze the
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dynamometer three times with his dominant hand and three times with his non-
dominant hand, alternating hands on each trial. The mean pressure which he
exerted on the tﬁree irials was recorded (in kgs.) for each hand.

The following is a descriptivon of the psychomotor tests emfloyed.

Maze Test (Klgve, 1963; Knights & Moule, 1968). The child was re-
quired to run a stylus through a ma;g\:?ich had. the dlind alleys filled and
was placed at.a'70° angle (on the Tactual Performance Test stand). A sgore
was odbiained for_the'qumber of contacts made with the sides of the maze, as
well as one foé the total amount of time during whick the s;ylus was in
contact with the side of the macze. These were eléctrically recorded. 'The
‘scores used were the total of two trials with the right hand and two trials

with the left hand.

Grooved Pegboard Test (Klgve, 1963; Knights & Moule, 1968; Rourke

et al., 1973). The child was required to fit keyhole-shaped pegs into
similarly shaped holes on a 4=in. x 4-in. board beginning at the left side
with the right hand and at.the right side with the left hand, The chiidreﬁ
were urged to fit all 25 pegs in as rapidly a.s possidble. Ome trizl was per-
formed witk the %2giﬁant hand, foligwed by onme trial with the nondominant
hané. The score o??ained was the length of time required to complete the
task with each hanf. |

Tactnal Performance Tesﬁ'(TPT; Reitan & Davison, 1974). This test

snvolves tactile— and kinesthetic-perceptual abilities to a cqﬁsiderable
degree, in addition to psychomoior skills. The.TPT is Reitan's modification
for children of the test developed by.Halstead (1947). Halstead's test was
based, ié turn, upon a modification of the Sequin~Goddard formboard. The
child was bplindfolded and not permitted to see the formboard or biocks at

any time, The formboard was placed in a vertical disposition at an angle of

13
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70° on a stand situated on a table immediétely in front of the child. He
was to fit six blocks into the proper spaces with the dominant hand, then
;;;h the nondominant hand, and a third iime using both hands. The scores
obtained were the aébunts of time taken to fit fhe six blocks into their
~proper spaces-for.each of these fhree conditions. (There-are also teotal
time, memory, and location components of the TPT as commonly ﬁsed for
cliﬁical‘purposes. However, thasg measures  were not appreopriate for this
study ). .

The following is-a description of thd tests for tactile-perceptual

disturbances that were employed.

Tactile Perception (Reitan & Davison, 1974). ;§5e child was r;quired ‘J’ _
to identify correctly (without the . aid of wvision) the hand or face {left or
right) which received tactile stimulatior. The stimulus was produced by a
light touch. Pollowing this determination of the cBild's ability to perceive
unilateral stimulation, simultanecus bilatéisl hand stimulation and contra—
lateral hand-face stimuldifon were intersperseé with the unilateral stimu-
lation. There were four trials for eég;—;;ndition, and the score obta%ggé
was the number of errors for each hand and each side of the face under all
éonditions.

-

Finger Agmosia (Reitan & Davison, 1974)_. The child was required to

identify (without‘the aid of vision) the finger which had been touched. Each
of the five fingers was stimulated four times in z random order. First the
right hand aqp then the lefit hand was stimulated. The score obtained was the

number of errors made with each finger for each hand.

Finger-Tip Number—iriting Perception (Reitan & Davison, 1974). The

child was retuired to verbalize {without the aid of vision) which of the
_ numbers—g, 4, 5y or 6 had been written on his fingertips, A different finger

!
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of the right hand was used for each trial until four trials had been given

for each finger, The procedure was then repeated for the left hand. The

score was the number of errors made with each finger for each hand,

Coin Recognition. @tan & Davisor, 1974). The child was required to
identify (without the 2id of visicn) through tactile perception, 1-, 5-, and

10~cent pieces placed in rancdom order: separately in each hand for three

‘trials; then, simultaneously in both hands for three trials. The score was

the number of errors made with each hand under each condition.
A summary score that included all errors on these testis for tactile—

perceptual disturdances for each hand was considered to be most meaningful

for the purposes of this study.

15
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CHAPTER III

RESULTS -

-

The Statistical Analysis System deaigned by Barr, Goodnight, 3all, and
Helwig {1976) was utilized for data analyses, employing the IBM-360-55 Com— :
puter (Model IH wiik LCS). The means and standard deviations for each of the
control and dependent variables‘are presented in Table }.

Two-{actor analyses of variance, with repeated measures on the last «
factor (right=and left-hand performance on each dependeﬁt measure, except fora.
TPT in which performance with both hands was included a.‘sra.'-i‘epeate'd mea.sure), -
were utilized to analyze (1) differences between groups and, (2) differences
between right— and left~hand performances within groups. The cell entrieé
for these analyses were the raw scores on the individual variabies for sub-
jects in each of the three groups.

Tt should be.noted that: (a) the groups did not differ significantly in
age or WISC Full Scale IQ; (b) the mean WRAT Reading and Spelling gradé-equiva—
lent scores for Grquﬁs 1 and 2 dia not differ significantly; (c) the mean
Arithmetic grade—equivalent scores in Groups 1 and 2 were significantly differ—
ent; and (d) Groups 2 and 3 did not dif’fer in this respect; (e) an analysis was
carried out with just 11 boys in each group .and there were no deviations from
the overall pattern of results in e;idence.

In order to provide meaningful compari;;ns, all data for all of the de~
pendent_measuﬁes were converted into T scores. Figure 1 is a graphic represen-—
tation of tkhe T score\means fof/;ach test for each of the three groups. The T
Scores have been adjusted so that good performance is represented in one di-
rection (above 50) and poor performance is represented in %Le opposite direction
(below 50).

In view of the fact that specific hypotheses were entertained prior to

data analyses, the apriori "planned comparisons®" technique (Winer, 1962) was

16
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TARLE I ' 17
Means and Standard Deviations for Control and Dependent Variabdles,
and the Xnights Norms
Group
(n = 15 for each)
Variable , . 1 2 3 Norms
Age (in months)
N ' 140420 140.93
sD " I 15.42 18453
WRAT Reading (grade-equivéient score)
Mo 3.22 8.47
SD Co- i 1.18 1.9C

WRAT Spelling ( grade—equivalent score)

¥ 2,97

3D . 1.05
WRAT Arithmetic ( grade—equivalent score)

k| 3445

SD , 1.01
wISC Full Scale Ik

M : - 97.73

SD | 7,52
R Dynamometer (kgs.)’gh A

¥ . 19.72

SD ' Ge54
L¥ Dynamometer (kgs.)

M ' ' 17.53

%D E . 430

17.21
6.74



TABLE I

el i " 18
T (cont'd) :

RY Finger Tapping (number of taps)

¥ 37.55 34.77 36489 39.60

SD o 6400 6,67 8.27 4.50
LE Finger Tapping (number of taps) ’

M : ' 34.62 32,27 33.30 35.49

SD | 4,80 5.18 6.31 5e4T
RE Grooved Pegboard Test (time in secs.)

X ) 68.00 68.06 8C.CO 68.59
LY. Grooved Pegboard Test (time in secs.)

X 75420 76.80 84.40  TheS

SD 9.08 11,52 22,51 T.95
RE Maze Test (time in secs.) '

X - m\\\ ‘ 1.60 1.58 - 3.79 1.76

SD 1.23 1.25 1 3.84 1.36
LE Maze Test (time in secs.)

M - 5.52 4.07 6.85 3.96

SD . 3,10 2,24 5.06 2.16
RHE Tactual Performance Test (time in secs.)

¥ 3.03 3.79 3.24 3.63

SD C.95 2.12 1.84 1.95
LE Tactual Performance Test (time in secs.)

S3 2.31 0.81 2.15 l.}é
BH Tactual Performance Test (time in secs.)

1 1,07 .89 1.95 0.80

3D 0.38 Oeds 2.26



TABLE I

13
(cont'd)
RH Tacti®e—Perception Measures (no. errors)
X ;9486 9.06 4409
SD . 5.81 6.40 3.72
LY Tactile-Perception Measures (no. errors)
M - 5.86 10.20 4425
5D ‘ . 3.81 £.15 2.96

Abbreviations: RE = Right Hand; LE = Lefti Hand;

4

1 = Both Hands
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employed to-compa.re mean scores between and within tke Groups for each
analysis. . (In the case of comparisons between right-hand and left—hénd
performances on the Dynamopeter, Finger Tapping, and Macze measures, it was
necessary to carry out three comparisons rather than two. ‘Due to the very
robust F ratios fcﬁ' the main effect for right- vs, left—hanfi performance.

in all three of these instances, this procedure was deemed to introduce no
appreciable degree of distortion. The following isr a summary of the results

of these comparisons.

Motor Measures

Strength of Grip (dynamometer) Comparisons, favouring right~hand
performance over lefi-hard performance yielded the following: (a) P (1,42) =
19.25, p€.01 for Group 1; (%) F (1,42) = 15.44, p{.01 for Group 2; and
(e} F (1,42) = B.26, p_&'@l for Group 3.

Finger Tapping Test Comparisons favouring right-hand performance

over left-hand performance yielded tke following: (a) F (1,42) = 9.66,

P<€.01 for Group 1; (b) F (1,42) = 6.83, p.05 for Group 2; and (¢) F {1,42)=

14.55, 2 ¢ .01 for Group 3.

Psychomotor Measures

Crooved Pegboard Test - Comparisons favouring the combined performance

of Groups 1 and 2 over tﬁ‘:a_t of Group 3 yielded the following: (a) F (1,42) =
5.95, 2(.05‘ for the right hand, and (b) F (1,42) = 2.93, 2&.10 for the
left hand. Comparisons favouring rig‘nt—h.ags performance over left-hand per-
formance yielded the following: (2) F (1,42) = 4.96, p (.05 for CGroup 1,

and (b) F (1,42) = 7.30, 'p<{.01 for Group 2.

Haze Test Comparisons favouring the combined performance of Groups

1 and 2 over that of Group 3 yielded the following: (a) P (1,42) = 5.00,

21
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p¢ .05 for the right hand, and (b) F (1,42) = 6.40, p .05 for the left
hand, Comparisons favouring-right-hand performance over left-hand per—
formance yieldéd the following: (a} F (1,42) = 32,71, p .01 for Group 1;

(b) F (1,42) = 13,22, . p¢.01 for Group 2, and {c) F (1,42) = 21,24, p¢.01

I

for Group 3.

Tactual Performance Test Comparisons favouriné the left-hand per-
formance of Group L yielded the following: (a) F (1,36) = 7.35, 3¢.01,
over that of Group 3, and (b) F (1,38) = 5.59, 2 &-C5 over that of Gro\ilp 1.
Comparisons favouring left-hand serformance over right-hand performance
yielded the fonowing:g (1,72) = 27.71, 2<.01, for Group 2, Comparisons

favouring the both-hands performance of Groups 1 and 2 owver that of Group 3

yieldgd the following: F (2,36) = 2.92, p{.10.
///

Tactile-Perceptual Measures ( composite score from the tests for tactile-

percep‘tua'.l dristurba:zce) * Comparisons favouring the combined performance of
Groups 1 ané 2 over tha:c of Group 3 yielded the following: (a) F (1,42) =
5.85, p&.035, for the left hand, and (b) F (1,42) = 3.25, »{.l10 for the
right hand, Comparison favouring right-hanc p_erfbma.nce over lefti-hand per-

formance yielded the following: F (1,42) = 3.51, 2 {.1C for Group 3.



CHAPTER IV

DISCUSSION

In this section, the résulté which have bearing upon each of the five
hypotheses will be discussed within the context of four interpretive sira-"
- tegies, Vviz.: (é) the level‘of performance ‘approach; (%) the pathégnomic
sign approach;’(c) the differential score or configurational analysis appreach;
and (d) comparisons of performance of the two sides of the body. The level
of performénce comparisons for group mean scores were made with XKnights' {1966)
norm scores for children of this age. The Knights scores inciude combined
mean scores for groups of boys and girls for each of the dependent measures
wsed in this study. These children were functioring in an age-appropriate
fasbion in the (mtaric schools systenm.

L]

Hypothesis 1. The expected superiority of performance of Groups 1 ané 2 was

in evidence on the Grooveﬁ Peghoard Test, the.Ma:e Test, the composite taciile-
perceptual measure and,.cn the "both hands" component of-the éactual Perfor=
mance Test, It was not in evidence on the Sfrength of Grip or Finger Tapping
tests, For thé most part, these findings are in line with the results of the
Rourke and Telegdly (1971) study in which no significant differeﬁces in favour
of a WISC Bigh Performance IQ — Low Verbal IQ Group were found on the rela-
iively simple Strength of‘GrIp and Finger Tapping tests, while such»differences
were in evidence on the more complex Maze and Grooved Pegboard Tests.

In comparing levels of performance for each of the three groups with
Xnightst {1968) norm scores, it was found that Group 3 exhibited right=- and
left-hand performances on the Grooved Pegboard and Maze Tests that were,.in all
cases, at least one standard deviation above the expected mean, (In this in-
stance, these tiﬁg scores indicate poor performance for Grbup 3.) Right— and
left—hand "performances for Groups 1 and 2 on these same measures yielded mean

gcores that were within one standard deviation of tke Xnights' norm mean

23
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score, iﬁdicating that these performances were "within normal limits", This
-"levei of performance" strategy of comparison further establishes the super—
iority of Groups 1 and 2 over thaﬁ of Group 3 on complex psychomotor tasks.

| Additional evidence of the superiority of Groups 1 and 2 over that of
Group 3 was in evidence on the "botﬁ handsﬁ comporent of the Tactual Per-
formance Test,. It was found ithat there was a trend towards a difference in
favour of Groups 1 and 2 over that of Group 3 in the statistical analysis,
furthermore, the leﬁel of éegformance for each of tkhe groups on this task
shows that the score for Group 3 was in excess of three siandard deviations
above.the mean of the Xnights' norms, while scores for Groups 1 and 2 were
within normal limits (i.e., within one standard deviation of the mean). This
comparison irndicates a significant degree of impairment for Grou§ 3 on this
task,

The tesis for tactile impercepiion, finger agnosia, ancé other deficits
which are includé& in the composite factile—perceptual‘measure are commonly
carried cut as §art of a physical neurological examination, These ané other
"signs" of btrain pathology form the basis of the neurological diagnosis. That
there were (a) significent differences in favour of Group 1 and 2 over that
of Group 3 on this measure and, (b) scores in excess of one standaré devia—
'tion above the mean for Knighis' norms with both right and left hands for
Group 3 as conirasied with scores ihat were within normal limits for Group 1
and 2, would be consistent with the view that cerebral dysfunction plays a
role in the adaptive deficits exhibited by children in Group 3., From an
-academic performance point of view, the deficit seems to be confined ex-
clusively to arithmetic calculation. Considered in the light of neuropsycho=
logical measures,'there is fairly clear evidence of visual-spatial complex

psychomotor, and tactile-perceptual deficiencies, all of which may be attri-
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butable to a relatively dysfunctional right cerebral hemisphere in Group 3
children.

Hypothesis 2, The expsttation of a relatively deficient perfi?ggnce with

lthe left hand as compared with right hand for Group 3 was in evidence, to
some exient, on the Tactual Performance Test and on the composite tactilék
perceptual measure, I1 was not iﬁ evidence oﬁ the Finger Tapping, Grooved
Pegboard, or Maze Tests, _ “-—.?

On the Tactusl Performance Test Group 3 exhibited a left-hand perfor
mance that was one standard deviation above the mean of the Xnights! norms,
while the right-hand score was within one standard dsviation of ;he mean,
This indicates a poor lefi~hand performance and essentially a "normal" right-

hand pgrfbrmance for Group 3. The same paitiern of results was found on the
composite tactile-perceptual measure, On these tests, there was a ireand to-
wards a statistical difference in fawoﬁr of the right-hand performance over
the left-hand performance for Group 3. In addition, the lefi—hand score for
Group 3 was almost two standard deviations above the mean of Knights' norms,
while the right—pand score was closer to one standard deviation above the mean,
On the other hand, the right- and left-hand performances for Groups 1 and 2
were within one standard deviation of the mean of Knights™ norms. This com-
parison indicates that Group 3 children were relatively more impa;red with
their left hand than with their right hand, The pattern of performance for
CGroup 3 on the composite taciile—perceptual measure, in particular, is con-
sistent with Black's (1976) findings concerning the pattern of academic
abilities in children with documented and suspected right-sided brain impair-—

ment,

Taken as a whole, these findings would suggest that the right cerebral

hemisphere rather than the left cerebral hemisphere is maximally involwved
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in the hypothesized brain dysfuﬁction that is contributing to the diffi-
culty in calculation psriormance forrchildfen in Qroup 3 At the very
least, it would appear that funciions thought to be subserved by the right
cerebral hemisphere (ee8e, visual-spatial organization and integration),

when impaired; may e limiting features with respect to adequate performance

in arithmetic calculation,

Eypothesis 3. The expectation of relatively deficient performance with the

right hand as compared to the lefi hand for Group 2 was in evidence on the
Tactual Performance Test and the Finger Tapping Test. It was not in evi-
dence on the Strength of Grip, Grooved Pegboard og Maze Tests, or the com-—
bined tactile—perceptual measure.

The significant difference in favour af left over right-hancé perfor-
mance on the Tactual Performance Tesi might be construéd as evidence in v
support of the view that the left hemisphere is relatively compromised for
children in Group 2 (Rourké & Finlayson, 1978). However, this was the only
test in which significant statistical differences were found in favour of
the left-hand over the right-hand performance for Group 2. This makes it
difficuit <o draw any definite conclusioﬁs concerning the functional in-
tegrity of the lefi cereliral heyisphefes for chiléren in Group 2 although
the Finger Tapping Test result; are consistent with the Tactual Performapce
Test findings. The right—hand performance of Group 2 was one standard de-
viation below Xnights' norm score, while the left-hand performance was withk-
in one standard deviation of Knightis® norm - score indicating a poor righte .
hand pérformance for Group 2 in this case. On the ba;is of these arnd the
Rourke and Finlayson (1978) results, it mignt be suggested that the areas =

of maximal involvemj3::§or the hypothesized left cerebral hemisphere dys-—



27
function is more anterior than posterior in terms of brain localization.
Studies of adults with documenfqd cerebral lesions have shown that patients
with impaired Finger Tappiné abilities usually have lesions confined to the

anterior quadrants of the brain (Reitan & Davison, 1974).

Hypothesis 4. The expectation of ro dlfferences between rlght— and left—-r

hand performances on all dependent measures for Group 1 was supported in
all cases, both in terms of pattern of performance for right and left hands
and in terms of level of performance. | v
In this connectiocn, it should Be moted that the groups with no later-
alized motor deficits in the Reed & Reitan (1963) and Rourke, Yamni,
MacDonala, andlvoung (1973) studies displayed a patiern of Low Verbal IQ -
High Performance IQ on the wechsler scales. rFrom +the neurOPSychologlcal
standpoint, the hypothesized cerebral dysfunction in this instance is diffi-
cult to localize to onme hemisphere oT the other solely on the evidence pro-—
vided by performance on motor, psychomotor, or tactile—perceptual testis,
It might be the case ithat Group 1 cqntains a number of subgroups. In any.
event it is clear that this- overall pattern of performance for Group 1
differs from that of Group 2. A discussion of hypothesis 5 will shed fur—

ther llght upon this issue,

~

Eypothesis 5. The expected superiority of left-hand performance for Group

2 over that 5f Group 1 was in evidence on the Tactual Perfcrmance Tegt., It
was not in ev1dence on the Strength of Grip, Finger Tapping, Grooved Peg-—
board or Maze Tests or on the composite measure for tactlle-perceptual dis-
turbances.

" This significant difference in favour of the left—hand .performance of

Group 2 over that of Group 1 on the Tactual Performance Tesi was the only
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one iﬁ evidence on any of the dependent measures. It may be of importance,
in this connection, to note that the subject is blindfolded during the
Y-

Tactusl Performance Test, thus preventing visual input. The way in which
this task requirement might contribute to the inferior performance of Group
1 relative to that of Group 2 is not understood at ﬁhis point, although it
may be the case that the added degree of ccmélexity is crucial. In any
event, the Tactual Performance Test resulis are suggestlve of more lntact
functioning of the rlght cerebral hemisphere for children in GrOup 2 than
for those in Group 1 on the basis of results obltained by Reitan (1958) on
adults with documented cerebral lesioms., It follows, thét relatively good
WRAT Arithmetic performance (as compared té very deficient WRAT Reading.and
Spelling performanée) is dependent upon an intact reight cerebral hemisphere.

It should be noted that the clearest separation of groups and particu-
larly of right— and left-hand performances within groups came on more complex
psychomotor tests. Generally, in the presen¥-study, +he more simple the
motor skills, the less likely it was tkhat performance of the three groups
could be differentiated. Im childrer with recently imposed and/or actively
debilitating cerebral lesions differences zay occur on the relative:g; simple
motor tasks. But, even in the examination of older ‘children and adults
'suspected of having sustained damage o the brain, rela£ively heterogenecus,

complex tests are valuable, even preferable (ReItan, 1966).
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SUMMARY AND CONCLUSIONS

As early as 1938, Strauss & Yernmer became interested in the relation-

ship between arithmetic disability and finger localization difficulties in

‘children., Their conclusion at that time was that there was an obvious re-

lationship between the ability to appreciate the finger schema and arithmetic
disability in childfeﬁ. Although the methodology of this early study was
later criticized by 3enton, Hutcheon, & Scymour (1951), the association be~
tween ariihmetic disability;and neurclogical dysfunction could net be dis-
nissed, |

The results of fﬂe present study offer some support for the relation—
ship between what might hte termed *“specific arithmetic disabiliiy" and tactile-
perceptual deficits in that Group 3 exhibited a significant number of siéns of'
such deficits. In addition, the performance of Group 3 was particularly
deficient on ;zggﬁies of psychomotor abilities. These‘findings carry sone
implications for a2t least two very important and current issues within the
field of learning disabilities: (1) referral priorities, and kZ) differ—
entiation be%ween specific arithmetic disability and difficultzgs in reading
aﬁd-spelling for remediation and/or interveniion purposes.

3otk of these latter issues were addressed in a recent factor analy sis

study by Goodstein & Xahn (1974), in which they found that an arithmetic

. Gisability can exisi independently of a reading or spelling disability. How-

ever, they note that, in géneral, schools are not prepared to recoénize this
issue, ’ Therefore, they describe the school situation as being oﬁe in
which referral.to diagnostic and intervention services for arithmetic dis—
ability is given very low.priority in relation to thé more commonly recog—
nized readiné and spelling disabilities, fhis is of particular concern, in

view of the fact %hat the results of the current stu@y would seem to indicate
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that a specific arithmetic disability ma& be reflective'of more serious brain-
related difficulties than are disabilities in.reading and sﬁelling.

| From an etiological-point of view, children who exhibit outstanding
difficulties in arithmetic and intact reading and spelling skills would
'certainly seem to exhibit many characteristics which would Se expected were
they to have a relatively_dysfunctibnal right cerebral hemisphere.

The differences between Groups 1 and 2 that emerged in fawvour of the

left-hand performance of Group 2 over that of Group 1 are consistent with
the Lypothesis of Rourke & Finlaysen (1978) that subjects in Group 2lmay
have a2 relatively intact right cerebral ﬁemisphere. However, the issue in

this regard is far from clear because of the large number of similaritigs”in

e
\‘-f§€§iormance between Groups 1 and 2,

. It may be the case that the limitations in arithmetic experienced by
subjects in Group 2 are almost exclusively irn those skills thought o be
subserved principally by the left cerebral hemisphere. ‘But there is still
not sufficient evidence to state.with a great deal 6f‘confidence that the
subjects in Group 1 have, in addition to problems associated with a relatively
dysfunctional left cerebral hemisphere, deficits arising from dysfunction of

the right cerebral hemisphere.

N
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