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ABSTIRACT

Conjugate lateral eye movements (CLEM) have been propo%ed

. “_
as a measure of hemisphericity. 1Individuals demonstrating
consistent movements to the right, "right movers", . tend to

dépendu on a left hemisphere node of processing. In pontrast,
£hosé demonstrating consistert aoovements . to the lef;,' "}éft
movers", prefer a right hemisphere processing mode. "Bi—movefs"
are not directiocnaily consistent in the lateral éyé - movement
response.;

A review of the literature indicﬁtes that .individual

differences in hemisphericity are associated with differences in

=

iérbdl and vis§§Spatial task perf0{mance. The - use of valid
clinicél measures of neuropsychoiogical furnctioning wouldubé/
helpful in clarifying performance differences and 1in assessing ,
 the performance of bi-movers. In addition, the evaluation of %ex
as a modefétingdﬁariable in the relationship between CLEM aad
cognitive ability is necessary.

The perfbrmance. of 80 male apd female left movers, .
bi-movers and right mo&eré was assessed on measures of verﬁél
comprehension and perceptual organization performance derived
from the Wechsler Adult Intelligence Scale -Revised. (HAiS-R)-
Analysis of variance techniques ﬁroduced several sex by CLENM
group interaction‘ effects. As predicted, male right movers
achieved significantly higher Verbal Comprehensicn scores than
male left movers. However the verbai periormance of female left

‘and right movers was not found to vary significantly. Two-way

iii



7

T

ana;ysis.of variance comparing gale and fesale left npovers and.
right moveré on measures of Perceptual Orgjanization failed to
reyeal significant main or interaction effecté. Analysis of
pepformapce. on the Block Design test did iﬁdicate that feunale
left movers performed significantly , better thanr f;maie right
movers. _ This is cousisternt Vuith the CLEM . model of
beiisphericity. The performanée of bi-movers on verbai and
visuyospatial tasks suggests that the relationship between
direction of CLEM response and cognitive akility is not <clearly
linear. ‘

These reéults provide support for the CLEA model and point
to the importance of examining se{ as a moderating var;able in .
future CLEM research. The need for Ciarification and validation
of measures of left and right henigphere functiohing is_aléo

indicated.

iv
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A. Introduction

The functiomal asyumetry of the left and right céfebgal .
'hemisphefeg has teen ‘traditionallf addressed a; a
ve;bal/nonverbal/capacity distinction. Indeed, the sufperiority
of the left hemisphé%e for limguistic functions remairns the most
clearly demonstrated'inétance of hemispheric spécializafion. The
description of the right‘hemisphere as nonverboal reﬁers.hot only
to its limited limnguistic capacitiés, but more importantly. to
its superior ability to process visuo-spatial -and .other
nonverpgi materials jKimura;.1961; Milner, 1971 .

Ho&e recent vinvestigations have generated additional
dichotomies differentiating the functional qualities of the twc
hemispheresf The left hemisphere h;s been assoCig{ed with
analytic and sequential processing capacities as noted  in
sequential component analyses on problem solving -tasks. in’
contrasi, holistic and synthetic functional gualities have been
ascribed to the right hemisphere as evidenced by'its superiority
for the perceptidn of . ccmponent relationships, andr lwhdle
configuration§ (Nebes, 1978). These dichotomies have been uséful
iﬁ understandiny the wmore fundamental px;,oqessi;x&l_"g —di’ﬁere‘nce§

i - - w) N % . -
between the hemispheres which underlie their specialization for

7

verbal and visuospa®kal functions. S
i

Recent studies have indicated that the model of herispheric

specialization provides a basis for the underétanding of



individual differerces in cognitive abilities. It has been

sug gested ‘that individuals differ in the degree to which they
‘rely on ieft hemisphere (propbsitiondl) or right hemisphere
(appbéitioﬁala précessing strategies KBogen, V1969). These
q;ffereqces in “hemisphericity" appear to be reflectedﬁlifw
‘dif ferences 1in performance omn taéks defined as measures of left.
or right hemisphere activity. '

Bakan (1969) was the first to identify conjugate laﬁeral
eye wmovements (CLEM) as a measure of - hemisphericity. - TJZ
direétion of the CLEH ‘response‘ has been associated with the
activ;tion of the contral;teral hemisphere (Bakan, 1969%; Gur §&
Reivich, 1980). CLEM direction is typically assessed as a
behavioural Egsponse following the presentatibﬁ of a guestion
requiriﬁg reflective thought. ﬁost individuals have been found
to demonstrate directional conéistengy -that is, théy
consistently' avert their gaze to the left ("left movers“), or
ﬁhéy consistently vavert theif gaze to the right ("right
movers“).v ' l‘ k . '

The CLEM Bodel predicts that left mover;}r typically
characterized Ly 1increased riyht hepisphere activity, should
demonstrate processing .strategies consistent with the functional
characteristics of the right hemisphere. 1In contrast, right
movers, cﬁaracferized by increaseduvleft hemisphere éctivityﬁ§

would be expected to employ processing strategies consistert

with the functional qualities of the left hemisphere.



Evaluation of the hemispheric specialization of function
model and the CLEﬂ model of individual differences in -
hemisphericity suggegts that tésk performance may, represent an
i erface between these two factors. As a 'result of these
differences in processing strategies-it is predicted that left
movers should perfoﬁm differently than right movers on tasks
assessing left and right hem;sphere,functioning. The following
sections present a review of the evidence pertaining ;o the
functional asynmmetry of the two cerebral hemispheres. In
addition, research findings regarding individual differences in

. - ) %
hemisphericity will be presented. In thais respect, the wvalidity

i id
of the CLEN model will be reviewed in detail as this measure has

been selected for use 1n the fpresent study.

The Cerebral Specialization Model

Evidence for tle hemispheric specialization model can be
drawn from observations of both clinical and normal populations. .
Documentation of functional deficits in patients with unilateral
brain damage due to cerebrovascular accidents, tumors, or
penetrating uér ud%hds, has provided considerable information
for understanding functional asymmetries. Research w%th. this
clinical population typically involves the comparison of
épecific task performénce by patients with ;ﬂklateral damage to

either the left or right cerebral hemisphere. Alternatively, th

perforazance of these two patient groups may be compared to that



of a normal, intact ccntrol groug. iu addition, individual case
studies are useful 1in providing informatior pertaining to £he
effaﬂ:;?of specitic localized lesions or hemispherectony
(removal of the entire cerebral cortex of one hemiSphere). Tuese

latter cases tend to occur sc¢ infrequently as +to 1limit . the

application of more experimental evaluative methods.

Investigation of left and right Lemisphere <capacities 1in
patients with  sectionirg of the corpus collosum (split train
patients) has provided a second data source. This ope:atidn

A . .
effectively, stops the direct communication between the

S

hemispheres which occurs in the normal intact brain. Lateralized

presentaticn of visual and somesthetic stimuli are theretore

successful in assessing of tue functiomal <capacities. of each

.

hemisphere.

Finally, a significant source of information has been
derived from the assessment of funticnal asymmetries in normalsa.
Techniques develoged for this purpose include - both
neurophysiological evaluation and performance on tasks of
lateralized stisulus ~‘presentation.. Blectrophysiological
techniqdes typicélly seek to identity asymﬁetries» in EEG
measurements, mosi-f:equently alpha asymmetries or asymmetries
in evoked potential responses as a function of task type. More
recently, the measurement of regional cerebral blood flow has
provided a more direct assessment of hemispheric activatioﬁ’in

response to differemntial task. activity. Lateralized auditory

presentations wusing dichotic techniques, and lateralized visual

A
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"presentation using tachistoscopic techniyues ar€ used for the
pre§entatioh of stirulus paterials to individual hemispheres.
! The combined observitions‘from these differegt'samples and

diverse assessment procedures provide a convergent data base for

the evaluation cf the hemispheric specialization model.

Research Findings with Clipical Samples

Clinical observations indicate that while unilateral damage
}o' the left hemisphere tyﬁicairy results in t;; i;?airment of
language functipné, unilatéral damage to the right hemisphere s
rarely associated with damage of thgé nature. This‘reLatithhip
has been gbserved since the work of Dax in 1836 (Giannitrapani,
1965) ;ﬁd' supp&rted' Dy the identifiéation of Broca's;afe5 and
Werhicke's area in the left cerebrum. Damage to these two
regions has been well documented as central to the occurence of
expressive and receptive aphasias (Luria,~1973).

These observations are in marked contrast to tindings
indicatin§ that femoval of the rightvh&mispbere does not usually
;esult in aphasia cr gross linguistic deficits (Smith, 1969).

| The right hemisphere appears ﬁo be able to withstand

greater damage withcut manifesting severe perforrance impairment

perhaps because of its more diffuse organization of function

. 1
(Senmes, 1968). when impairament does _ occur, clinical



L
observations 1indicate that. fpatients demonstrafe a variety ot
visuospatial disorders, distyrkance ’in | topographiéal
orientation, and neglect of - the let t visual field
(hemi-inattention syndrome)(Dehenii, 1578) - : ‘

‘e

3

Results of Research using the

Wechsler Adult Intelligepce Scale (KAIS)

Performance on the WAIS is frequently used in clinicéi and
experimental ascsesszents cof impdirmgnt foilowing brain damage.
Studies 1ncorporating this measure Jenerally report-deticits in
Veropoal IQ following unilateral lesions of'the‘ left ,hemisphere?
and deficits 1in Performance I following lesions of the right
-hem;spheré (Reitan, 19€2; Geurtin, Rabin, Frank and Ladd, 19@2).
natar3225 {1972)  reached similar conclusions aftér a reyiew'of
relevant literature, rnotiny that Wwithin-group comparisons ot
subtest scdres are more likely to clearly demonstrate relative
mVerbai deficits following left hemisphere “damage and relative
Pefformance deficits following ;ight hemisphere daéage than are
bgtueen-group cpmparisons. |

Pailure to report ditferential effects of lateralized
lesions has been attributed to a verbal component [resent on
some performance subtests (Benton, 1962). Performance on these
tests by léft,hemisphere injured patients would obviously tLe
lowered to‘ the extent that these tests demand verbal-sywmbolic

processes in their completicn. Pailure  to detect cbmparatiVe



Verbal I) deficits.would therefore be a function of lowered

Performancew“éubtést55cores. In comparison to the performance of

3

et

a normal controIfSample, left hemisphere 1injured patients nmay

2

‘appear to ,a%gj"lgﬁered Vertal and Performance I(¢'s, while only
EXE
the Performé@@gkrgébf the right hemisphere injured patiénts
wou 1d appeagi?%wered. |

This pattern of results is iQQntical to that tépcrted by
Woods (1930).v Lesions of the left hemisphere, regardiess of .
patient age at the time = of occurrence, significantly lbéered
-both Verbal and Pertormance IQs relative to mean scores expected
for a normal population. In contrast, right hémisphere lesions
incurred atfter age one resul;ed in signifi;}Q{ decrements on
Per formance IQ but not Verbgi IQ"scores. These‘ results Here.
found to be consistent with WAIS score patterns-reported by
several studies reviewed py woods (eg. Meier, 1970; Satz, 1966
Vega & Parsons, 1969; Hdrringtgn & James, 1967)a.

The ﬁethodological‘approach or éarsons,‘ Vega, and Burn
_(1969) illustrates an attempt to improve £he specificity of tue
ver bai andvnoﬁverbalvassessmenfs using the WAIS. Results of
previoué faé;or analytic iﬂvestigation of the HAIS scales were
reviewed to identify those subtests which best reflécted verbél
and "perceptu;l organization’ abilities. fhe Vocabulary and‘
Block Design subtesgs were found to have the highest - loadings,
on the verbal and perceptual.organization factors respectively,

and thus vere selected fcr perfcrmance comparisons of unilateral

lesion groups. Results supported the hypothesis that lesions of
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the lett rheﬁiSPtere dre assocliated with impairedz vétbal
performance, while right hemis?here lesions " resulted  in
impaircment of percethdl organization‘abilities. MogeOQer, bothr
within-group ana between-group petiqrmance comparisons were
found to be significant 1in supporting differential 1lesicn
éffects.

These findingys are consistent with the observations ot both
Smith (1969) and Gott 7?973) whe report severe impairment of
performance on the Block Desijgn subtest followirg right
hemispherectomy. The frequency of impairmert on this task has
also been‘reported as higher, althoughrnot csignificantly so, 1n
patients with right hemisphere‘ rather than 1eft‘ hemisphere
'injuries (Arrigoni & DeRenzi,19b4; Taylor & Hafcingtdn, 1973).

In gemneral, stud;es . 1lnccrporating the WAIS reporf
performance pattermns éOnsistent with ‘a _nmodel of hemispheric
specialfzation predicting 1left hemisrhere Superiocity fer
linguistic ‘functicﬁs and right hé&isphere superiority vfor
visuospatial functions. Although differen;es in performance of

unilateral damage“groups are not always significant, patterns of

deficit in the opposite direction have ne2ver bteen reported.

tatner, these petforménce trends appear to beAa function of the
verbal :*overlar 1in the Verbal an@ fecformance IQ) scales.
Selection of subtests whicu test reflect verbal énd perceptual
organization performance appears to result in inéreased

difterentiation between the groups in the predicted direction.



Eesults of Assessments using other gggnitiveAueasures

LA

As préviously stated, 1left hemisphere - . dominance for
lingu¥stic functioné‘is well suyported#%y clinical'obserQations
of aphasia (Luria; 1973). ReSeafch with split brain patienfé and
left hemispherectcamy patients“ consistently indicafeg ‘léft=
hemisphere superiority foghrlinguistic _funétions {Gazzaniga ¢&
Sperry, 1967; Smith, 1965); “hile the right hemisphere appears
-to be capable <¢f <compreheading and responding to \§imple

linguistic forms (Zaidel, 1976; 19?8), its’ faciiit§ fof
expressive linguistic functions and its abili;y to reépond» to
complex iinguistic forms is indeed limited (Teng & Séerry, 1973;
zailel, 1973 . ;

Extensive ,evaluations of the riqht hemisphere using a
variety of cogritive measures have.lead to a more sophisticated
understanding of itsl.grocesses, Specifiéallf, injury.to tné
right hemisphere has _ been associated'with deficits in perceptual
closure and 1in the pe:ception And° ménipulation‘ of spatial
relationships (Benton, 1579). The gpgciélization ‘of the right
hemisphereq gas also beenliﬁplicatpd in‘the fecognition of,faces
and the processing ct eﬁotional information. ‘

Tests "Aga per&eptual closuréi usually regquire - the
‘orgahizétion orisyqthesis ot>limi£ed perceptual information into
a feaningful e;fity. DeRenzi and Spinnler (1966) found the

per formance of right hemisphere-injured patients to be 1impaired

relative to 1eftlinjuted. patients on the Street Gestalt

% ‘\>_
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Cormpletion Test (Street, . 1931)- This test reqguires the
-iden;f&ication of"ffagmeitedv perceptual information. These.
results are consistent‘Qith pétforménce patfebgs of unilateral
lesicn groups on the Sooney's;féces fest (M-ooney, 1957) which
also requires pefcepfuai synthesis of inforﬁ;tion‘(Newcombé~8
Russell, 1969; Lansdell, "1968) . Similarlj, Hartington and Jgﬁes
(1967) found impairment in the recognition of in;omplete
pictures of objects to be wore severe in subjects with  right
hemisphere lesions than in subjecég with left hemisphere damégef

The assessment of gplit4braih'patients has lead to 'simiiar
results substantiating the rcle of the right hemisphere 1n the
pe.rformanc% of closure tasks. Nebes_.' (1971) had - qu‘tient.s
haptically examiie an awc¢ . with their left or right hands ana
select a circle size from a visual display which bdst matcﬁed
the size.of -the arc. Perﬁorgance with the left hand-Was found to
..be superior to tha£’otkthe right, demonstrating the speciaiized
capacity of the right hehisphere:on this “par£—whole" matching
task. These results iere‘feplicated by Nebes (19?2)_on a similar
task. Again, Hhilé the riqht hand performed at chance level, the
'}left hand demon'strated superior abpilities tor tactile
. discrimination 6f part-uholé rg%stions;

Disorders 1in theuperception<‘and manipulation of spatiql
relationships, ar; . commonly referred to as constructional
apraxias. In general, right hemisfhere.lesion patientsrare éore

.frequently and severely impaired on these Dneasures which

include: building norizontal or vertical dimémsions with blocks,
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three di&ensional block construction, and copying line Adrauiﬁgs
(Benton, = 1979). arrigoni and DeRenzi (1964) repbri that
impairmeﬁt in_ Copying designs and ° block construction \i;
significantly .more frequent 1in right than .left-heqisphere
injured pafients- -Similarly, copies of geometric figures
produced Ly patients with righf hewisphere damaée have been
'noted " to frequently Qisplay 7disfortions of shape and
oriepntation, loss of spatial relqtions»and neélect of the left
side (Warrington, James & Kiﬂsboutne, 1966 ; éainotti 8\ Tiacci,

1970).  Smith  (1966) and Gott (1973) report consistent

x

observaticng‘regarding the perfcrmance of right hemispherectomy
patients on these tasks.

Research findings with split brain patients are consistent

-

in indicatihy spécialization of the right hémisphere for tbh |
pércepbibn and ccns‘ructicn cL 0isubspatial arraﬁgemenbg?
Levyfﬁéfesti.and Sperry (1968{ noted superiorrpexformancejof the
left harnd on a task reguiring"patéegté“ to " match é"visually
displayed t;b dimensicnal reérésentgtiop cf an object with a
solid ohject\form. Left hand performance hasv also been found
superior to right hand performance in copying designs (Bogen,
1969) ﬁndr;n block‘de;ign constrgction {Gazzaniga, 1970).;
Finally, Qamage'to the right’hemiéphere has been associated
wita igpairment in the ability"to recognize familiar and
unfamiliarl faceé ‘(éenton, 1980).hHecaen and Angelergques (1963)
/n¥e¢ort that of 22 cases of facial ,agnoéia i(inabi}ity to
recognize familia; faces), 72% had right hémisphere damage, 18% .
’\Jj

1M1



suf fered bilateral injuries, and only 9% sustained daﬁage to the

-~

S

left. hem}sphere. Siwilarly, impairment in the ability~ ‘té
re; i;e unfamiliar faces occurs twice as frequently in riéht
hggfz:;erg in jured ;atients than in those with left hemisphere
'damage (Warrington & James, 1967; DeRenzi, Faglioni & Spinonler,
1968) .

It ‘has Dbeen suggested that the superiority of the right
hemisphere in facial recognition tasks.is a function o¢f right
hemisphere specializétion - for the mediation -of emotional
ihfornatidn (Braéshaw & Nettleton, 1981). The 'significance of
the right heﬁispnere in emotional processing is evidenced in the
dif ferentral affective changes associafed with right and left
hemisphere lesions (Gainotti, 1972) and in the affective
responses of splii,brain patients'upop presentation of emotionai
stimﬁli"to the right -hemisphere (Gazzaniga, 19;5%j3perry 3
JGazzaniga, 1967); BEelated évidendéiindicates that . catastrqphié“.
reactions and feelings of guilt and depression are céhmon
following anesthetization of the left hemisthere due to a,r;ackf
~of right ﬁemisphere inhibiticn. In contrast, euphoric and
excited stétes typically follow agesthetiiation oﬁ the right

hemisphere (Perria, Rosadini & Rossi, 1961; Terzian, 196@).
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g_gﬁlbodo;gg_ica_}; Considerations apd Conclusions

Evaluation of the relevance cf findings based on clinical
samples must 1include an assessament of methodolqgicél problems
which frequently <cccur in these studies. With respect to
research on unilaterailbrain injured patients, it is important
to note the infrequency with waica pétieﬁts are maté;ed ch
variables of age, - sex, and handedness. Usually assessments of
premorbid intelligence are not available making it dffficulf to
determine imdividual changes in functioning level. Perhaps more-
significant is the failure to match subjects on the tirme elapéed
since 4dinjury. This seems especially pertinent because of the
lack of understanding regarding mechanisms of recovery following'
damage. Some researchers have interpreted superior left ear
performance on dichotic 1listering demonstrated by recovered
aphasics as 1indicating a shift in hemisgheric dominance for
language functions (Pettit & Noll, 1979). Others, houéver,
sugjest language processes in the éphasic4are reérganized iu the
undazaged areas of the left hemisphere (Penfield, 1971). It must
also be noted that because lesions tend to be diffuse and have
widespread effects, it is difficult to determine the precise
relationship ‘between specific areas of damageland differen£
types of deficit. -

Methodoliogical criticisms are also warranted in studies
using 'split-brain patients. Levy and Trevarthen ‘(1977) have
rointed out that pre-operative ccnditicns in these patients may

[

13



have caused reorganization of cerebral functions, such that they
do not reflect no;ﬁal functional capacities. It has also 'been
noted that theser pa tients vary considerably with regard to
post-operative imrairment {Nebes, 1978) . Finally, the
possibility of information transfer through midkrain structures
or through the development  of compensatory éross-cueing
behaviours must be acknowvledged. |

Methodolgical problems in addition to those-associated uith
clinical populations include the selection of tasks as measures
of left or right hemisphere rfunctioning primarly on the'basis,of
face validity. This procedure has resulted in the use of‘a
diverse group of assessment wraterials, some which are of
questionable validity.

Clearly, these‘shortcomings render the interpretation of
results based on clinical samples prob%ematic, especially with
respect to 1implications for functionmal asymmetries 1in the
normal, -intact brain. Despite these considerations, it is clear
‘that the general pattern of research results does support the
distinctive nmnature of 'functioning in the two hemispheres, and
that basic conclusions can be drawn in this regardg
1. Résearch findings consistently support " the linguisiic

superiority -of the 1left hemisphere. It aprears that while

the right hemisrhere has limited verbal abilities,

P
-

téipotal—seguentigl processes which underlie linguistic
- - .

functioningy are specialized in the left hemisphere (Bradshaw

& Nettleton, 1981).
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"Right hemisphere superiority for the synthesis of perceptual

-

ihformation (closure) appears clearly -’ éemons&rated,
suégestipg a holistic, synthetic quality in right hemisphere
processing. | w |

The fight hemisphere appears to be associated  with
performance on tas%svof constructional épraxia, although not

J
all studies have reported differential impairment\ of

\

e

unilateral groups on measdUres of this ability (eg. DeRenzi &
Faglioni, 1967). 1t is important. to note that inconsistent
research findings may be a function of differing éttentioual

and Qotor skill demands and varying levels of difficulty in

.

the many tasks used for the assessment of constructional.

apraxia. : : -

The signiticance of these task variatles is iLlustratéd
by DeRenzi's (1978) obserigtion that the superiority of the
right hemisphere on spatial tasks " subsides as the taék
becomes mdfe }complex and demands space abilities that gc
teyond the 'perceptual level" (p. 82)« In addition, the

importance of aphasia, agrraxia (inability to perforn

/-

practiced motor abilities) and visual field defects has been

acknowledged as significaut in task performance, although
the specificAeffects of these factors on performaance has yet
to be detérmined. i \

These discrders are .of less significance in the
performance of split-brain patients, and research findings
vith tﬁis clinical'group support the specialized role ‘'of the

LY
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right hemisphere in the perception and construction of
visuospatial arrangewents. Thus, while it appears that the
right hemisphere is associated _uith pérforﬁance on these
tasks, the exteni to which the synmptoms classified as
‘Constructional apraxia fepresent a upitary, basic disordef

remains doubtfuls

4., There 1is convincing evidence that the right hemisghere is
specialized tor the recognition of races, ‘and for the
processing of emofional stimuli. As previdusly nqted;
superior ﬁacial recognition by the right hemisphere may bé a
function of 1its specialization for emotional processing,
and/or the synthesis of perceptual information which occurs
in the right hemisphere (Carey & Diamond, 1977).

In summary, despite inconsistencies 1in the literature,
there can be‘littlé doubt that these results indicate'that the

ceretral hemispheres aré functionally distinct.

—— e s e o e

Research Findings with Normal Samples

—

Electrophysiological Measures
t

Research‘ inccrporating EEG and evoked potential measures
has indicated asymmetrical patterns of activity are associated
vith verbal and nonverbal task engagement. Task derendent alpha
(8-12 hz.j asymmetries haveQ)beeh demcnstrated by Galin and

ornstein (1972) and more receutly by Moore and Haynes (1980). In
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this latter study, alpha asymmetries were obsérved such that
alpha suppressicn occurred 1in the left hesisphere during a
verpal stimulus tape, and in the right hemisphere ddriug a
nonvérg;l stimulus tape. Sigilar resaults have been reported Lty
Horghn, McDonald and McDonald (1971) and by Ddylé, Ornstein and
Galin (1974). |

These results.support the specializatiocn model of cerebral
functibning»éince alpha suppfession typically occurs over ‘the
hemisphere that is emgaged in aqtiveﬂprocessing (Galin 5 Ellis,
1975; Roobins £ ¥cAdas, 1974).

| With regard to the comparison of average'evoked potentials
(AEP) in the two hemispké}es, Buchsbhaunm and Fedio (1970)
reported that vertal stimuli elicited relatively stronger AEP's
in the left hemisphere and spatial stimuli. Siwmilarly, McAdar
and Whitaker (1971)'re;02ted greater negative potential over tte
left hemisphere immediately pricr to and following a verbal
response, again supporting the role of thg left hemisphere in
lingyuistic processing.

Not all research findings however, report differential
activation of the right and left hemispheres during verbal and
ncnverbal activities (eg. Mayes & Beaumont,> 1977). It is
iaportart to note that some variabilify in research findings is
attriktutatle to the inconsistert r[placement of electrodes and
variable recording conditions (eg. eyes closed vs. eyes open). A

more significant criticism of this research has been the clainm

~that differences exist in mctoric demands 1in these verbal and
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nonverbal stimulus conditions (Gevins, Zeitlin, Doyle, Shaffen,
Yingling, cCallavay, . & Yeager, 1979). When these variables are

controlled tor, EEG asymﬁgtries are still present. Ehrlichman

E]
b

and Weiner (1980) examined asymmetries in subijects instructed to
covertly engage in verbal tasks (multiplication, composing a
letter of speech etc.) and nonverbal tasksr(production cf music
without Qords, visual imagery etc.) under eyes closed, resting
conditions. Results indicated telatively,gﬂg;ter activity of the
left hemisphere during verbal tasks, and greater activity of the
right 'Themisphere during nonverbal tasks. Studie; of this pature
clarify the‘validity ct eléctréphysiologicalr re%garch findings
in supporting the specialigaiion nodel of hemispheric

functioning.

Cerebral Blood Flow

. -

Changes in regional"mﬁbral blood flow (rCBF) have been
established as a reli;ble indicator of the amount of "work!
carried out by amn area of tissué. Since 5raiu tissue regulates
1ts own Lblood supply in accordance with its mepabolic demands,
increases 1in blocd flow ére interpreted as reflectihg increased
corticals activity (Blauenstein, Halsey, Wilson, Wills and
Risberg, 1977; Ingvar & Risberg, 1967). Risberg and Imngvar
(1973) established a relaticnship between cognitive éctivity and
increased cerebral blood flow and several studies have reported

hemispheric asymmetries in rCBF during verbal and nonverbal
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tasks.

Risberg, Halsey, Willis and Wilson (1975) noted relatively
greater 1left " hemisphere ' Plood flo; during a verbal ‘analoygies
task, and relatively greater right hemisphere blood flow duripg
a picture coxpietién ‘task. A similai pattern of activity was
reported by Carmon, Lavy, Gordon and Pértnoy (1975) Lbased on
three separate injections of Xenon 133, the radioactive isotoge
commonly used in blcod flow studies. The first injection served
as a baseline wmeasurement from which subsegquent changes in
hemispheric blocd flow during a verbal auditory task (listening
to a verbal passage) and a ponverbal auditory t;sk (iistening to
melodic music). were evaluated. This silent listening procedure
is trequentl} adopted to avcid the 1influences of speaking or any
other motor activity on results, since focal increases in bload
fiow have bLeen demcustrated to aCchpany such activities
(Olesen, 1971; Ingvar & Schwartz, 1973). Results of the Carmon
et al. study indicated that listening to verbai material was
accompanied by incréases in left hemisphe;e blood flow of 4.4 -
20.3% and slight decreases iﬁ right hesisphere blcod flow.
Listening to music was accompanied by an 1increase lin rCBF in
both hemispheres, however iuncreases in the right hemisphere were
much more evident. !

Similarly, Gur and Reivich (1980) found significantly more
left to right cerektral blood flow during covert solutions to the
Miller's Analogies Test, although predicted ditferences. were not

observed for a test of perceptual closure.
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These Fesgltsv rrovide . convincin97  support  for thé»
‘specialization model of hemispheric functidning. Deépite
criticisms of this rethoed thatAsuggest that it does not reflect
rapid ‘viriations ‘in cerebral activities, and that it tails to~
assess blood fléu in deeper regiomns (Springer & Deutsch, 1§81),
it clearly ap?ears to be the most direct methoa of assessing

asymmetries in ceretral activation.

Lateralized Stimulus Presentation

——

Two rtasic techniques have been developed to channel sensory
inputs separately to the twvoc cerebral hemisphereQL In visual
perception, brief tachistoscopic stimulus presentatioﬁs directed
to the left or right visual half fields are channeiled"prlmarily
to the contralateral hemisphere. Similarly, auditory\flformation
presented to the right orAleft ear is channelled. primarly to tgé
contralateral hemisphere. The basis for the létter téchnique is
that; although each ear has both ipsilateral and contrélateral
connections with the <cereoral hemispheres, when both ears
receive 1input simualtaneously, -the ipsilateral pathvays are
inhibited and the contralateral pathways predominate (Kimura,
1967) - L

'In general, studies using these techniques provide sonme
support for the specidlizafion model. For example, McKeever and

Huling (1970) report that subjects démonstrate a right visual

field (left hemisphere) superiority for processing verbal
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materiais, and a | left visual fiéld (right hemisphere)
superiority for processing ncnverbal materials. Left visual
field superiérity has been demonstrated om tasks such as dot
enumeration and localizatién (Kimura, 1966; Kimura, 1%69) and
the identitficaticn of block design patterns (Schell S'Satz,
1970) . ’

Several 1issues haie been raised regarding the validity of
theée’measures. White (1972; 1973) has criticized lateralized
visual presentation methods, poianting out that visual fiel@
effects‘are confoundedvby subject preferénce for a left-to-rigkht
attentional scan which 1s established by reading habits. This
directional scan préference favours material in the right visual
field‘since scanning proceeds directly fror the central tixaticn
point in this ccondition, while the focus of attention  amust be
shifted to the left-most element of a display presented in the
left visual field in order for scanning to proceed. In addition,
he has 1indicated the importance of effectively maintaining
subjécts' fixation on - a | central point during sticulus
presentation and of placing stimuli at the correct degree fronm
the fixation point to ensure non-toveai visiona |

Methodological problens associated with lateralized
auditory presentations are illustrated by the reseafch of Teng
{1979) . First, while left hemisphere dominance for lanquage has
been estimated to occur in over 95% of right handed individuals

(Wada & Rasmussen, 1960), studies 'using dichotic techniques

report only 65 - 80% of normal subjects show a right ear (left
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hemisphere) advaptage for processing verﬁai -materials. Despife
met hodological impro’éments to iucrease thé validiiy of dichgtic
_assessﬁ%nt, Tedg (1979f ﬁound only 71% of normal =subjects
deménstrated the iéxéectéd righi ear advantage for verbal
materiais.,ﬂofe importantiy, test-retest reliabilities tor ear
différence scores vwere found to range from .11 to .77. Tuese
findings indicate that such measures do not appear to be a
reliable indicator of lateralized processing advantages.
Finally, it is important to note that actual visual field
or auwditory channel peffdrmance differences are guite small. 1In
view of these problems it seenms reasonable to conclude that,
while tﬂis body of research generally supports fhe hemispheric

specialization model, at present these results can be seen only

as tentative support.

Met hodological Considerations and Conclusigons

Methodological problems in the examination of hewmispueric
asymmetries 1in ncrmals are typically related to the validity of
assessmenf techniques rather than to sample charact;}kstics as
is the <case 1in research with climnical populations. For this
reason, specific technique-related problems have already been
addressed’ wvitain the context of thé ‘tesearch review. It is
apparent from this review that each method of assessament
presents a unique set of rprobleams for evaluation. In this
respect, electrophysiological findings and cerebral blood flow

.
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evidence of hewmisgheric asymmetriegrin the normal brain appear
to . bel somguhat_ more conclusive than findings based orn
lateralized stimuolus presentations. fhese latter .studies do,
Lowever, reveal a pattern of results consistent with those
observed 1in neurophysiologiéal research.

Common to all methods of 1nvestigation is the use of a
diverse set of tasks which are cﬁosen primarily on the basis of
their face validity. Inconsistent resea;ch findings in several
areas have beeﬁ partially attributed to this fproblem. For
example; Pirozzolc (1977) <concludes that disparate research
findings in tachistoscogpic stﬁdiés are primarily due to the
variety of tasks used, most'of‘uhich lack validation. The use of
such tasks not only reduces the validity of ctesearch 'findings
but also precludes the comparison of results across.studies. in
addition, it is noted that although' most studies controi for
handedness, not all studies controi fbr se 3. These two vagiables
-have been found to significantly modify cerebpral organiéation of
function (Hannay, 1976; McGlone & Davidson, 1973; Piazza, 1579{
Witelson, 1976). ’

Nonetheless, this research does provide substantial support
for the hemispheric specialization model. Functional capacities
identified for tpe ieft and fight hemlsphere are comnsistent with
those fcund in research with clinical '~ populations - the left
hemlsphere 1s superior for lhe processing of verbal analytic
materials, and the right rfor the processing of acnverbai,

perceptual-spatial stimuli. Conclusions reached wita regard to
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the study of hemispheric—asyﬁmetries in clinical populations are
equélly applicable here}¥ there can be little doubt that - these
findings indicate the Cerebral hemispheres are functionally

distinct.

Su marv.QQ Evidence for the Cerebral Specialization dodel

It is clear from this review that .Syidence from\hoth
.clinical and normal ©populations consisténtly supports the
hemispheric specialization model. Especialiy apparent is the
role of the left hemisphere in 1linguistic Fprocessing. Almost
invariatly, the left‘,hemispherq is .found to process verbal
materials more efficiently than the right hemisphere, regardless
of the method or stimulus presentétion dr the tjpe of task used
to assess performance.

SpeCializafion of .the right »hemisphere is somewhat more
difficult to summarize succinctly.,Evidénce has indicated that
it is of substantial importahce in the ability to orgjanize
stimuli into a meaningful gestalt, and 1in thé perception and
manipulation of spatial relationships. In addition, the right
hemisphere appears to be specialized for facial recogrition and
for processing cof emotional stimuli.

While research may indicate that tasks are performed more
efficiently w#hen fpresented to cne or the other hemisphere, it
may be misleading to define the {&unctional specialization of

each hemisphere simply in terms of these tasks per se. Rather,
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each hewmigphere may be specialized  for certain processing
strategies which are regquired for ‘the égqurmanée ~of tanese
seemingly different tasks. ‘

This<approach of addreésihg pheAfuncfional a;ymmetries in

7

terms iof, underiying»processing,strategies has been .proposed by
se;Z£a§; authors (Bogeﬁ, -1969; Nebes, 1978; Semmes, 1568).
Bradsﬁgw and Nettleton (1981) suggest that the left.ﬁemispnere
is speciélized for analyti&, time dependent énd sequential
functioning, and that this underlies left hémisphere
specialization for lanéuage.' In» contr;st, they suyyest that
right hemisphere superiority for nonverktal tasks occurs not as a
function of the distinct specialization of this hemispheré for
processing this wmaterial, but because specializationrof this
hemisphere does not occur. These conclusions ianfer that rthe
hemispheres differ oﬁ?y cn one dimension, the extent to uhich
each is specialized for anal}tich sequential analysis. Moreover,
the tvwo extremes of this continuum are not seen as different
types of processing. Thg processing of the vbemisphéres are
considered to be quantitatively, but @not gqualitativedy,
diftferent.

While the specialization of the leff hemisphere may be more
pronounced and more easily defined, this hardly seems to be an
adequate basis ébr couclﬁding the right hemisphére‘is Nless
evolved™ and that it lacks specialiiation for qualitatively
different proééésing strat;gies. A5 1s aprarent in this review,

evidence strongly suggests that gualitative differemces in
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functioning mode do exist between the hemispheres and as dyke
(1981) concludes, i; ‘is unlikely that the procesées of the
hemispheres can be distinguished purely on quantitative grounds-
The specializaticn of the right and left hemisphere for for
temporal, analytic and seyuential processing strategies .and of
tgéf right  hemishpere for holistic, gestalt and synthetic.
processing strategies seems aore consistent with currént

research findings.

Conjugate Lateral Eye Movements

‘\ ‘
Presestation of a reflective duestion to a subject

pypically elicits an initial <conjugate lateral eye movemenf
(CLE¥) to the left of right. Thkis behavioural respdnse was first
,7reportedv by Day (196“) uhb observed tha{ﬁthe directicn of the
CLEM response ias a consistent individual haracteristic, and
cossegﬁently that subjects could be claséif?§g as either "right
aovers?" or "left movers".rTheﬂreliability cf CLEM direction has
been subsequently _established and test-retest values are
’typicaily reported 1in fBe .7Qs (Duke, 1968; Bakan & Strayer,
1973) . “ , ;
Bakan (1969) was . the first to'propose tpat ‘CiEM directicﬁ'"
¥vas associated with increased acfivafion of the contralateral

hemisphere. This position is supported by the observation taat

direct electrical stiwmulation of o0

g hemisphere triggers eye
i 1 ‘{v“ E A
sovements in the contralateral dire®tion (Pentield & Roberts,

-~
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1959) and similarly that increased cerebral blcod flow in one
hemisphere is associated with eye movements in the”oontralateral
direétion (delamed, 1977).

The findings of Wada and Rasaussen (1960) provide
additional support for the association of CLEM direction 4and'
hemispheric aq&ivatiop. They noted that sodium amx;gl
inactivation of one herisphere resulted in the exf?ﬁme reduction
of eye movenenté_‘in the direction contralateral to the
anesthetiz®d hemisphere, and consequently +to neglect of the
contralateral visual field. Similar clinical disorders have Lbeen
>reported in patients with unilateral brain injury. Typically
these patients exhibit heglect of the visual field contralateral
to the dadaged hémisphete, althsééﬁ this syédrome .is moré
frequently observed ia mpagiéhté with right ﬁeiisphere damage
(Luria, 1973)- ) |

Two distinct areas of reséarch héve developed incorporating
CLEi as a measure of hemispheric activation. One area of
investigation focuses on the identification of individual
differences in preferehce fér the use of omne hemisphere over the
other (hemisphericity) and associated differences in personality
characteristics and cognitive wbilities. a4 second mf}éld of
research examines the effe;;s‘of different types of questions
{i.e. verbal vs. nonverbal) im eliciting right or 1left CLEM
responses. Thése latter 1investigations are not necessarily .in

conflict with studies investigating individual differences in

hemisphericity. Rather, it is likely that both factors -~



individualr differences in hemisphericity and task demands -
affect CLEM reépbnses. Theoreticallf, vhen task ‘demands are
ambiguous, or ablé ’to be met by aiternative processing
strategies, individual differences 1in hemisphericity should
determine the CLEM response. Ir contré;tfipé tasi démands become
more salient, individual differences ghould be suppressed and
CLEM direction should be 1largely déterm}ned by task dem;;ds.
Unfortunately, research to date has not investigated the
interaction Dbetween hemisphericity and gquesticn type (task
demand) . This type cf research desiyn would help to clarify this
issue. The results of research exanininé gJuestion type effecté;'
are not of primary importance to tais reviéw;“and'therefore they
are not discuséed here. The foliouing section presents a summary

of rgiearch studies which have examined the personality and

.cognitive correlatgs of hemisphericity.

Individual Differences in Hemisphericity

The yalidity of CLEM as a Measure of Hepisphericity

The characteristic directicn of an 1individual's  CLEHM
responses has beeh interpreted as a measure of hemisphericity.
Accardingly, subjects who consistently move their eyes to the
right have been described as deronstrating relatively greater
activitf of the left hemisphere, and those ﬁhc consistently look

to the left.-as demcnstrating relatively greater activity of the
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right Lemisphere.

The validity of this distinction in hemispheric activity
between 1left wmovers and right movers. is sﬁpported by several
so;rces 6f evidence. Bakan ~and Svorad (1969) obsérvations
indicated that 1left movers produce"*signiﬁicantly more alpha
activity than did right movers. Since alphla- 1is typically more
abundant over the right hemipshere (ﬁiske, Hughes & Stove, 1967)
this indirectly suggests that lett movers are chatacxerizéd by
increased right hemisphere activity.

’ Similarly, Meyer (1977) assessed-EEG asymmetriéé in right
and 1left movers while they engéged in probiem splving tasks.

o

Left movers'wegg found to exhikit greater activity in the right
hemisphere than were right govers.

Shevrin, Emokler and Kool (1980) (presenf more direct
support for the valihity of CLEM as a measure qf Lemispheric
activation. They found right movers demornstrated greater event
related potentials in the left hemisphere when presented with a
standard checkerboard reversal stiﬁulus, u@iiéi f%%t movers
showed greater right hemisphere responses in'these conditions.
These authofs ccncluded: "thatbindividuals may be characterized
by a certain disposition such that lateralization of brain
response 1s correlated with a preferred directicn of lookingﬁ
(Shevrin, Smokle; & Kooi, 1980, p. 695). Finally, Gur‘and
Reivich (1980) provide convincing evidence of this relationship

with regard to <cerebral blood flow patterns. Eleven male left

movers were ccapared to 10 pmale right movers on three
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measurements of  cerebral blood flowf baseline; 'vertal task
perfogmance condition; and spatial task pertormance conditior.
Subjects were irpstructed to solve problems covertly in order ta
control for movemenf associated artifacts, and performance was
assessed immediately following blood flow measuremenés. Results
indicated that left movers democnstrated Siguificantly more right
,than left hemisphere bloog\\ﬁlow. Ir contrast, right aovers
tended to show nmore left th;@ right hemisphere blcod flou;
although this trend was not significant. These results suggest
v"tbat a dimension of individual ditfergnces ih hemisphéric
activation not only wexists, but may also exert significant
inf luence on cognitive performance” (Gur & Reivich, 1980, .p.
88-89)

Cunulatively, these stﬁdieé frovide substantial support for

the validity or CLEM as a measure of hemispheric activity, and

»

moreover, for the notion cf 1individual differences 1in
\

hemisphericity. The identification of an unobtrusive behavioural

Beasure of hemisphericity has generated - comsiderable

investigation of the personality and cognitive variaovles which

dif ferentiate "right brained" from wleft prained" people.

Personality Correlates o

kight movers and left movers have been found to differ on a
number of personality variables. Smokler and Shevrin (1979)

noted that right wmcvers presented with an ambiguous stimulus

30



(Rorschach cards) were @more likely to demonstrate responses
indicative of an obsessive-coépulsive personality type. 1In
contrast, left movers gave responses vhich vere judged as more .
consistent with hySterical personality type. These resultém are
copsistent With previous findings which suggest that left
hemisphericity is associatéd /kith , ~defense mechanisms
characterized by externalization and intellectualiz?tion, vwhile
right hemisphericity is associated with denial,®* tepressiou and
reaction formation (Gur & Gur, 1975).

Crouch (1976) demonstrated ' .that right movers vere more
responsive to verbal cues and left movers more responsive to
facial cues. SiPilarly, left movers haie been found t? .display
nore facia;‘ expressivity (ﬁeulin} 1981). Right hem{;pnericity
has also been found to be related to greater hypnotic
susceptibility (Bakan, 1969; DeWitt 8f Averill, 197¢; Gur &
"Reyher, 1973) and créativity as measured by the Remote
Assogiations Test (Harnaé; "1972) . In addition, differences in
hemisphericity have been associated with Jungian personality
variables (prifitera, 1981) and witn suscertibility tc
subliminal perception (Sackeim, Packer & Gur, 1977).

ihile such findings are _interesting, the vrelationship
between personality éﬁaractgfistics and bemispheric activity 1is

nct clearly understood. However, it may very well be that these

personality characteristics reflect wunderlying differences 1in

2

the use of cognitive processing strategies associated with the

‘two cerebral hemispheres.
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Cogpitive Correlates of Hemisphericity

u

In general, the cognitive differen;es found between right
and 1left movers have been . consistent with the functional
properties of each bemisphere. That 1is, >right movers are
typically found to excel on meésures of léft hemisphere
tunctioning, and left movers are superior on measures of right
hemisphere functioning.

Tucker and Suib (1978) compared the performance of ieft
movers and righat movers on the Irformation, Vocabulérf; Block
Desig; and Object Assembly subtests of the WAIS. As predicted,
right wmovers bhad significantly' higher verbal relative to
nonverbal test performance scores than did left movers. 1n a
related study, Weiten and Etaugh (1973) compared right movers
and left movers on a concept identification task which required
sub jects to identify a single concept relating a set of nouns,
and on -an inverted alphabet printinpg  task. Again, the
performance of right movers was significantly superior to that
4of. left mnmovers on the concept identification task which
empnasized verbal and analytic skills. Left movers were found to
print more letters on the printing task, but this trend was not
significant.

Hore_ reCently, Packer and Gur (feported in Gur ¢ Reivich,
1980) found left movers demcnstrated significanély superiot7

performance on a gestalt completion task, although uno
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significant differences were fcound in theif vertal abilities as
measured by the Miller Analogies Test. The superior performance
of left &movers on perceptﬁal closure tasks .has also been
reported by Bilsker (1980).

A  number of studies have investigated differences in
reading speed between the tvo yroups and findings indicate that
right movers demcnstrate faster reading skiil in both oral and
silent reading conditions (Bakan & Shotland, 1969; Qgle, 1972).
Somewhat related are lfindings which indicate right and left
TOV ET ﬁerformance differences on the Scholastic Aptitude Test
(SAT). Weiten and Etaugh (1973) found right and left movers ,
performed at sinilar-léVels on tﬁe verbal sectiomn. TJlowever, on
the Quantitative section right movers scored an average 25%
higher relative to their verbal scores whereas left movers score
only 3% higher on fhls section., These findings are cpnsistent
with previous results reported by Bakan (1969).

Finally, some support ftfor cognitive differences between
right and left amovers naé been provided by findings which
indicate that right movers are more likely to major‘ in
science/quantitative areas of study, while léft povers tend to
major in classicaly/humanist areas (Bakan, 1969; Welten & Etaugh,
1973{'Gur, Gur & Marshalek, 1975; Katz & Salt, 1981). .

Some studies have failed to find significant différences
tetween the performance of right and left movers. Cfoghan (j975)
and Ehrlichman {1972) were unable to find significant

pertormance differences on verbal and spatial tests selected
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froa the Reference Kit for Cogmnitive Factors (Frencﬁ; Zkstrem &
Price, 1963).‘ In the latter study, right and left movers were
assessed on several of these measureslby calculating ipsatizéd
data scores for each subject which reflected performance én 5ny
one jiven task relative to the baseline perforsance across . éll

tasks. This method of data analysis, however, has been

" criticized as inappropriate for between-subject comparisons of

ability. Bilsker (1980) concluded that due to this problem, the-
results of Ehriichman (1972) were uninterprétable.

Fisher (1976) also failed io find performance differences
between right- and left ' . movers cn Bogen's (1369)
appositional/propositiénal ratio measured by the siﬁiiarities
subtest of the WAIS and the Stréet Gestalt Completion Tést: Hi&h

regard to these findings, it must be noted that the validity cf _

‘the original Stieet test, which was used, has been questioned

because of 1its insufficient number of stimuli and its reliance
on verbal respcnses for stigmulus i1dentification (Bogenm, DeZure,
Tenhouten & - Marsh, 1972). Finally, Hiscock (1977) examined the
performance of male subjects on two verbal measures {(Quick Word
Test, Verbal scale of Paivio's Individual Differences
Questionnaire) and two spatial measures (Spatiél Relations Test,
and the‘ Imagery scale éf Paivio's 1Individual Differences
Questiénnaire). Multiple linear regression analyses failed to
yield sigpnificant relationships between percentage of rightward
eye rovemerts aprd test performance. Subsequently, subjects were

divided 1into right and left mover groups; nowever, performance
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comparisons between these groups were also not significant.
Hiscock, bowever, dces not report the number of right and lett

movers in each of thes? groups, and therefore it is difficult to
assess these reSul;s iq this respect. Alsé, the ﬁse of the Quick
hord Test, briginally desigred as a measure of general
intelligence, may not havg been an appropriate verbal measure.

s

This test reguires subjects to identify pictuges which best
. i . ’ ) o

£
s

describe wordé, and picture-word matches <can be made on the
basis o©of a variety of factcrs. Thus, test performance may
reflect several atilities in addition to verbal skills:.
Similarly, the vertal and imaginal scales of Paivio's
" Questionnaire are best described as a umeasure of the extent té
‘which an individual prefers verbal as opposed to imaginal
thinkingf The validity éf these scales as 1ndependent measures

ot verbal ability and capacity to use imagery is questionable.

Summary of Hemisphericity Research

— |
\‘ “Although some research has failed to identify expected

performance differences -between right and left movers, several
of these studies were quite 1limited in their methodological
sophistication. It should also be noted that significant
pgrformance differences 1in the opposite direction to those
‘predicted have never been reported. As in several other areas of
investigation, the selection of right and left hemisphere tasks

1s primarly based on the face validity of these measures. Tucker
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and Suib (1978) represent an, attempt to incorporaté measures

which . have been ~extensively ) validatéd as' sensitive
neuropsycholoqgical toéls. Further research of this nature is
required. P

Nevertheless, the general pattern of results found inf
sfudies which incorporate CLEN as a measure of hemisfhericity‘
nave been consistent gith the hemispheric specializa;icn%ﬁodel,
and moreover'they have 1ndicated that individuais differ -uith'

respect to their reliance c¢n one or the other hemisphere.

Several conclusions are suggested from this research:

1. CLEM is a wvalid, wunobtrusive behavioural measure - of
hemispheric activity. More épecifically, activation of the
right hemisphere 1s reflected 1in leftwvard visual scans, and
activation of thke left hemisphere in rightward visual scaas. .

2. The direction which <characterizes an individual's CLEM
responses 1s indicative of their preference for the use of
one rather than the other hemisphere. Right movers are "left
brained” and left movers are "right brained®.

3. Individual differences in hemisphericity are refl;;tgd 1n
differences in cognitive ability. Righ£ mOVers are typically'
superior on tasks which require lett bemisphere procéssing,
and 1left @pmovers are superior on tasks involving right
bemisphé:e processing strategies. vAlthough personality
correlates have also peen established in conjunction with

differences in hemisphericity, the relationship of these

variables to hemispheric functioning 1is not clearly
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established.

Relatively little is known with regafd to the performance of
indivisﬁals whe do nct demcnstrate diréctional consistency
in-CLEM responses. weiten and Etaughk (1974)‘exaﬁined the SAT
performance of these subjects and found them to score
Significantlyr lower ‘than subjects demonstrating directional
consistency. This was regarded as evidence for the'
hypothesis that incompiete lateralization 1is felated to
intellectual deficit. Bakan (19795) hduever, was unable to
replicate these findings and his results indicated thaf
iﬁconsistent subjects, bil-movers, demonstrated slightly
higher performance on the SAT. Katz and Salt (1981) did nct
find the perforrance of consistent qnd inconsistent movers
signit%tantly ditferent. It is apparent that further
researéh is necessary to clarif& the nature of cognitivé
agilities in this groug.

Few studies' have inveétigated the 1interaction between
hehisphericity and sex-uith regard to performance on verbal
and nonverkbal tasks. This interaétion-has been found to be
significant 1in studies 1investigating the relatidnsbip
between hemisfheficity and personality variables (Gur & Gur,
1974; wWoods, 1977). Investigation of this interaction would

be helpful 1in. understanding sex differences in functional

organization and cognitive abilities.
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Handedness and Sex : Hoderating JVariables in (Cerebral
Organization of Function
There 1s sutbstantial evidence to sugygest that the

organizatfon of hemispheric functions 1is different in left.
hahders and females. Representation of speech  a1most always
occurs in the left hemisphere for right handers, while this is
less predictable for left handets.'By using sodium amytal to
temporarily anaesthetize eacﬁ hemisphere, Rasmussen and Hilher
(1975) found that im 96% of 140 right hapders,. spgech ‘?s
specialized 1in the lett hemisphere. In_contrast( speech was
specialized in the ieft'hemisphere for only 70% of left handers.
Following a review or the literature regarding handedness and
hemispheric orgarization, Hicks apnd Kinsbourne (1978) concluded
"virtually any lateralized dimension in right handers appears
more symmetrf%al ;n left handers; the mean relative asymmetry
score is closer ta zero im left handers" {p. 539).

Hemispheric organization of function Bay alsy vary
according to sex (Lansdell, 1961; McGlone & Kertesz, A973).
Males and females have been found tor differ with respect to
cognitive abilities. Generaliy, males are found to demonstrate
superior performance on visuospatial tasks, while females show
superior performance on certailrn linguistic tasks such as speed
of articulation, verbal fluency and yrammar (McGlone, 1980).
Almost every conceivable hypothesis has been posited to expléin

sex differences i1n these abilities and their relationship to
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dirfferences in the fqnétional orggpizatidn of +he brain. The
female brain pas been hypothesized asléore lateralized for both
verbal and spatial functions than the male brain f&uffrey &
Gray, 1972); as less lateralized organized for verbal functions
only (McGlone, 1977); as less lateraiized organized for spatial
functions only (Harris, i978; Hitélson, 1977; Kail & Siegel,
1978) ; and as less,laterélized organized for both verbail and
nonverbal functions (Bryden, 1979; McGlone, 1978; Trotman &
Fammond, 1979). . -

While 1little support has accrued for the tirst hypothesis

of more lateralized organizaticn of function 1in females,

e :
substam&ﬁal evidence supports the less lateralized organization

‘of verbal functions in females. Left hemisphere damage almost

invariably 1leads to more severe linguilstic defiéits in males
fhan in females (McGlome & Kertesz, 1973; McGlone, 1978).
Relatively less 1s known with —regard to differences in the
representation cf ncnverbal, spatial prcoccesses, however ﬁcGlone\
(1980) concludes froﬁﬁ a review of the lite;ature that these

processes @may also De less asymmetrically represented in

females.

» al

The ihplications of these organizatiocnal diftferences for
task performance have yet to be resolved. Witelson (1978)
sug jests that bilateral representation of function results in
the activation of both hemiéphefes during task performance and
that conseguently there will be conﬁlict hetvween the r[rocesses

of the +two hemispheres and lowered task performance. In
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cont;aét,, ﬁchinne%s and\Pfibrép (1977) Poiut out that females
are >s;perior ,on  tasks of both right and left hemisphere
fhnctioning {i.e. verbal abiiities, faciallfecogﬁition, imagery,
drawing)'and that g:odessing conflicts 1o not: appear to be

evident.

Needless té say, sex differences in - hemispgeric
laféralization of functioh are not clearly\understood, nor are
th; implications of such differences. While there'ean be - 1little
doubt that they dc occur, how they develop and how they affect
cogﬁitive abilities stiil remains tb_be“addﬁeséed.

P

kationale for the Present Study

This .rebieu bas presented evidence which sutstantiates the
hemispheric specializatiorn model. Each hemisphere is
ch&racterized by a distinct processing aode which unde;lies its
superior pertormance 'for | different functions. Hore&%er;
:individuals differ with respect tc the extent to which they rely
on the pfoéesses of one or the other gemisphére.

Methodological problems have‘ been identified specitic tc
eaéh area of research which ‘has investigated hemispheric
asysaetries, and it 1s noted that almost all methods of
investigation wita both clinicél Jnd normal populations have
féiled to consistently._éelect validated measures of right and

left herisphere functioning. As previously mentioned, this

problem 1is also evident in research studies examining the
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cognitive correlates of hemisphericity-- Further fesearch is
required not oply to validate earlier findings, but‘ to define,
more precisely, thé' cognitive correlateé of 1individual
differences in hemispheticity.r . B

The Wechsler Adult Intelligence Scale is commonly utilized
as a clinica14and_res{;rch instrument’ for the assessment of
deficits Vtesulting from &train injury. Cohsiderable réSearCh
eﬁidence has accrued supporting the valiéity éf this test as a
mea sure df .left and right hemisghere functioning. The research
of Parsons et al. (1969), presented earlier, suggésts that the
ability of the WAIS to discriminate between brain injured groups
iaproveswuhen'performance‘is'compared dn selected subtests which
best reflect yerbal and nonverbal functioning.

This approach in using the W®WAIS is incofporated in the
present study for the investigation of.cogniiive correlates of
hemisphericity. Nct only will it serve‘ to validate previous

M
research findings by Tucker and Suib (1978), but the interaction
between sex and hemisphericity will also be examinéd, as will
the performance of sSubjects with inconsistent CLEM responses.
These latter 1ssues have largely been 1ignored by previous
investigations in this area. Tﬁe WAIS-R (Wechsler Adult
Intelligence Scale-Revised) rather than the WAIS will be used
since the former test will be\qg:f frequently used in future
research. This will also provide an opportunity to exanmine .the'

factor structure of the WAIS-R which has yet to be invéstigated,

in order to determine the similarity of this test to its

41



predecessér.

Specifically, the following hypotheses vill be addressed.
It is predicted that: P
1. Right movefs (left hemisphericity) will achieve

significantly bigher test scores than left movers on WAIS—-R
tests identified as the best measures of ver%al ability.

2. Left BOVErS )(rightl hemisphericity) will achieve
significantly higher test scores than right movers on WAIS-R
tests 1dentified as the ibeét meésures of visuospatial
ability.

In addition, this study will explore possible sex
differences 1in the relationship between CLEM and cognitive
ability. Pinally, thg performance of individuals who fail to
demonstrate directional cdnsistency in CLEM respones will be

A

evaluated.
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I. Nethod

Subjects

Forty tvo male and 43 female Simon Fraser University
students participated in the study. Subjects were informed when
recruitéd that test reSults uerevstrictly confideptial and that
individual IQ scores would not Le made available to
participants. Initial subject selection criteria inclgded seif
reported right handedness, and minimum residency in Canada or
United States of 10 years.

Data for 40 males and 40 females met criteria for inclusion
in the study based on ‘CLEM assessenmnent résults as described 1in
the measures section. This final pool consisted of 55 arts
studenis, 17 science students and 8 business administration
students. A1l subjects were citizens of Canada or United States-
Subject ages ranged from 18 to 43 years, with a mean age of 24.8
for‘tﬁe total group. The mean age fo£ males ;hd females was 24.7
and 25.3 respectively. Degree of right hapnd preference was

assessed on a modified version of Annett's (1967) handedness

questionnaire as described below.
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Measures

Handedness Questiocnnaire

A -modified versionv of Annett's (1967) handedness
qheétionnaireDHas used to assess degree of right hand preference
(Briggs § Nebes, 1975). This scale consists of twelve iterns
scored for strength of preference on a 5-point scalé as follows:
"always = right", 2 ©points; "ﬁsudlly right"®, 1 point; "Yno
preference”, 0 points; "usually left", -1 point; "always leff",
-2 pointg. This =coring system yields a range of scores fronm
-24, indicative of extreme left hanaedness, to 24, indicative of
extreme right handedness. This modification 5f Annett's (1§b7)'
questionnaire has been found to be a reliable and valid test ?i\'
handedness ({Loo & Schneider, 1979).

In the present study "subjects Wwere <classified as right
handed on the basis 4of right hand preference for writing and
strength of rigut handedness was verified by gquestionnaire
responses. Familial bhandedness was also assessed on this scale
with specific test items evaluating handedness of father,

P

mother, and siblings.

O
o
(1
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A set of 20 reflecti&e gﬁestions were used to “aséeés CLEHM
(Appendix A). Previous ;esearch suggested that these neuttal
questions maximize individual CLEM responses rather than
question fype induced eftects (Bakan, Couplahd, Glackman &
Putnam, 1974). — |

Direction of CLEM was scored on the basis of the subject's
initialleye govepenrt Trespcnse tcllouing» each question. CLEH
responses vere defined with reference to a «clock ftace
(ex perimenter facing clock) such that responses within the 1
‘o'clock to 5 o'clock positiops were scqréd as left wmovements,
and responses within the 7 c'clock to 11 o'clock positions range
were scored as right w®movements. MNovements to the 6 or 12
positions were considered invalid trials as were no movement
stares, <closed eyes ‘or looking away before the end.of the
guestion.

In order to meet the criterion qu inclusion in the study,
subjects were required to demonstrate valid responses on 75% or
15 of  the 20 questién trials. Left-movers were defined as
subjects demonstrating 0-30% valid CLEM responses to the right,
and right-movers wére defiped as subjects demonstrating 70-100%
valid CLEN responses to the right. Subjects with wvalid right

CLEM responses in the 31-69% range were considered bi-mcvers. =~

Wechsler Adult Intelligence Scale-Revised .
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The Wechsler Adult Intelliyence Scale-Revised (HAIS—R)» is
similar in content and organizaticn to its predecessor. Like the
1955 Wecnsler Adult Intelligence Scéle (WALIS), it ccnsists or 6
verbal tests - Information, Digit Span, Vocagﬁiafy, Arithmetic,
Comprehension and Similarities, and 5.nonverbal tests - Picture
Completion, Picture Arrangenment, Block Design, Object Aséembly
and Digit Symbcl. A Verbal IQ 1s calculated on the basis of
performanée ocn the 6 verbal tests and a Pefformance IQ is
calculated on the basis of performande on the 5 nonverbal tests.
411 11 tests together yield a Full Scale IQ.

General revisions on the WAIS-R entail updating of and
modificaticn of test items to enshre more equal representation
of both sexes and different racial groupg. The significant
alteration with referénce tc the verbal tests appears to be a
modified séoring prccedure on the Digit Span test. On the 1955
edition, total score was the sum of the longest forward series
repeated plus the lcngest backward series repeated. Thé revised
scoring system allots 2 points if the series 1is repeated
correctly on the first trial, 1 point if the series 1s repeated
correctly on the seccnd trial, and 0 points if both trials are
failed. This procedure effectively increaseg the range of test
scores.

On the perforrmance tests, significant modifications appear
in the ﬂscoring systea for botﬁ Picture Arrangement and Block
Design. On the 1955 séale, bonus points were givea for gquick

perfect performance on the last tvo Picture Arrangement items,

~
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while no bonus fpoints are alloted in the revised test. Bonus’
points on the Block Desiyn test have " been ﬁodified from the
addition of -up to 2 time bonus points on the WAIS to the
addition cf up to 3 tige bonus poiants on the WAIS-R. Additionai
changés to the test are specified 1in the WAIS-E nmanual

{Wwechsler, 1981).

Reliability coeffients <for the eleven tests and IQ scales
;f the HAiS-R are quite similar tc those obtained’for the WAIS,
with the exception of generally higher coefficients obtained on
the WAIS-R Digits Span test. This was considered to reflect the
‘revised scoring systen for the test and the increased rawv score
range.

Correlation coefficients of test scores and IQ scale scores,
on the WAIS~R ;ith test scores and IQ scale séores dn the WAIS
range form .39 to .B9 for a 16 yr. group, and from .50 to .91
for a 35-44 yr. group. These values are somewhat 1lover, but -
similar to test-retest <coefficients of the FAIS-R suggesting
that the WAIS aﬁd the NAIS-R measure the same abilities.‘

The validity of the WAIS is supported‘by extensive rational
and empirical evidenceh:;:ET{;;, Ladd, Frank, Rabin & Hiester,
1977; Guertin, Ladd, Frank, Rabin ¢ Hiester, 1971; Guertin,
Rabin, Frank & Ladd, 1962; Zipmerman & Woo—-Sam, 1973). To the
extent that the WAIS-R measures the save abilities as the WAIS,
it can also be considered a valid instrument.

Factor analytic research examining the WAIS has generated
results which are generally consistent with Cohen's (1957)

N
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findings (Guertin, et al., 1962, 1966, 1971; Zimmerman &
Hoa-Sam, 1973). Cohen's analysis yielded three majcr factcrs
which were consistent over an age range from 18-~75+ years—'
verbal fcomprehension, perceptual-spatial and freedon 'froﬁ
distractability of. memory. A similar factor) stfucture 1s

expected to emerge in analysis of the WAIS-R.

— . i b

Subjects were informed that the purpose of tﬁe study was to
aid 1n the validation of a revised edition pf the WAIS and tbét
it was important that they direct the;r full attention to the
experimenter tbroughouta the testing session. Subjects‘ were
tested individually 1inp a 4 x 6 ft. experimental room wherev they
sat directly opposite the experimenter at a small tvo and
one~half foot wide table. Witk the exception of the
experimenter, the subject faced a homogenecus field of vision-

Subjects were directed to °éomplete the handedness
Questiognaire and following this a  conrplete ﬁAIS—R was
administered according to directions specified rin the manual.
CLEA assessment questions were administered impediately
following completion of the last WAIS-R test in a @anner which
suggested that they were also a test on the WAIS-R.

An attempt was made to establish rapport uith the subiject

in order to ease anxiety associated with taking an IQ test, and

thus, to increase the validity of the assesspent. Eye contact
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;as established early during the testing session so that
observation of eye movements on the CLEM guestions would not ke
suspect. Few sultjects tepo:fed susgicion of the experimehier
watching eye movements, and- of these, no subjects could
correctly identifty the questions on which CLEM wvas assessed. All

sub jects were debtriefed following completion of the tests, and

thanﬁgﬁ for their ccoperation.

2.4 Apalysis of Results

Factor analysis of the WAIS-R was necessary to identify‘
those tests which were the post reliable 1indicators of verbal
and nonverbal perfcrmance. These results were used to generate a
verbal composite scere, calculated for e;ch subject by ‘summing
the scores for those tests which were considered verbal measures
and dividing this sum by the number of contributing tests. &
visuospatial <composite score was caiculated in the same manner;
A difference score was calculated by subtractipg the
spatial-perceptual composite score from the verbal-comprehension
score. Thus, in addition to WAIS-R test and scale Scores,
verbal, viswospatial and difference scores were avaialable for
eaca subject.

Analysis of variance techniques were appropriate to test
research hypotheses. Since research predictions ‘dre specified
for - left~movers and right-movers only, tuo—iay analjges of

variance were calculated comparing males and females in these
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two CLE® groups. In addition, two-way analyses of variance were
calculated comparing left-movers, bi-movers, and right-movers of

each sex. These analyses were performed initially for verbal and

visuospatial ccmposite measures, and subsequently for each

WAIS-R test and IQ scale. Appropriate calculation of simple main

effects and plamned comparisons were then completed,
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.II. Results o - .

‘Spbject Variables

&

Conjugate Lateral Eye Movements

-

Forty "male and 40 -female subjects with 75% valid CLEM
résponses were‘ divided 1into 6 CLEM groups according tc
percentaye of. right CLEnyteséonses as deééribed in the method
section. This procedure identifie& the following groups: 18 male
left-movers, 16 fewmale left-movers; 12 ﬁale bi-movers, 15 female
" bi-movers; 10 male right-movers,ﬁanq 9 female right-movers.
These resglts‘suggest a éréponderénce of left movers which
would be expected gi&en the‘_cdhsiderdbLe proportion of Arts
students present in thas samfle- Pre%ious researéh indicates

that left-movers are mofTe prevalent in, Arts faculties (Bakan,

1969; Weiten & Etaugh, 1973).

e . S . it <

All subjects +were classified as right-handed on the basis
of self-reported hand preference for writing. Degree of right

hand preference scores ranged from +6 to +24, with a mean score
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of  15.44 tor all .subjeéts. Mean handedneés‘ scores were
calculated tor left-movers, bi-movers and right-movers ot each
sex (Table i). Two-way analysis of variaqce (Table 2) pf@dué d a
sigpificant main eftect for sex, §(1,74)=5.31,»§5.02, ind{::iing
males were more ;inistral than temales. This is consistent with
previous research evaluating sex differences in the distribution
of Vhandedness scores (Loo & Schneider, 1979; Annett, 1972).

Neither the main effect for CLEM groug, nor the sex by CLEHA

group ‘interaction effect were found to be significant.

Wechsler Adult Intelligence Scale-Revised

The @wmean Full Scale I¢ for all subjects was 115.04, with a

mean Verbal IQ of 114.64 and a Performance IQ0 of 111.68. These

measures will be discussed in detail bélou.

Factor Analysis QZ/:;2 Wechsl
4

1
N

L

In order to identify those tests which were the @most
reliable and consistent wneasures of verbal and nonverbal
functioning, an analysis of the <correlation matrices of the
WAIS-R tests reported in the manual (Hechsler! 1981) was
conducted. This data was subjected to principal factor aAalysié,
maximum likelihood factor analysis, &nd prigcipal components
analysis comparing oblique and varimax rotations in each case.

Factors were extracted sequentially until maximum separation and

o
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~clarity of the first tvwo factors was achieved. Results indicated

- ,

‘that a 5 factor solution using prinicipal components analysis

yielded the @most interpretdble and consistent results for the

first two factors. These results are strikingly similar to those
. . L3

observed by Cohen v(1957) for the WAIS.. Factor loadings for

WAIS-R tests on Factor 1 and Factor 2 are presented in Table 3

and Table 4 resp;ctiveiy.

Factor

1

Information, Vocabulary, Comprebension and Similarities
load on Factor 1 for all age groups and this facgor‘“appears
identical to Cohen's (1957) Verbal-Comprehensicn factor of the
WAIS. Faétor loadings for Vocabulary, Comprehension andv
similarities te3ts are generally strong and consistent across
all age groups, however factor loadings for the Information test
gradually decline with increasing age. Although féctor loadings
are observed for the Arithmetic test on Factor 1 im the 18-19
year age group and the 25-34 year age group, Arithmetic does not
load on Factor 1 1in the remaining two age groups. It 1is
therefore not considered a consistent measure of Factor 1 or

verbal-comprehension abilities.
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Block Desigﬁ and Object Assenbly consiétently load on this
factor in all four age groups. This factor is cleatly the sare
factor identified as ferceptual Organization on the WAIS (Cohen,
1957) . Hhilé loadings on this factor are noted for Digit Symbol
in the 18-19 year age group, for Picture Coﬁpletion in the 20-24
year ahd 25-34 year age groups and for Arithmetic in the 3S¥uu
year age ' group, these loadings are. relatively weak and
inconsistent across all age groups. Thus, 'these tests are not
considered valid measures of Factor 2 or Perceptual Organizaticn
abilities.

The Eﬂnsistency of Information, Vocabulary, Comprehension
and Similarities test loadings cﬁ Factor.1, and of Block Design
and Object Assembly test loadings on Factor 2, indicated th&t a

'composite test score could efticiently assess subject
'V/perﬁormance on these. tuo. varigbles. A Verbal-Comprehension
composite score w&s calculated for each subject by summing
Info;mation,‘ Vocabulary, Comprehension and Similarities test
scores and dividing this sum by 4. Similarly, a Perceptual
Organization <composite score was calculated by suaming Block

Design and Object Assembly test scores for each subject and

dividing this sua by 2.



Yerbal Comprehensicn

=

-

Mean Verbal Conﬁrehension'scores are . gigplayed separately
for left movers,(bi-movers and right mo;érs of each sex in Table
5. ualé rignt movers appear to demonstrate higher Verbal
Cozprehension scores than do male left movers.  This is
consistent with the predicted tendency of*right moveré to excel
"on verbal tasks. Mean Verbal Comprehension scores for females,
however, suggest that female left movers perform somewhat better

than female right mcvers. -~
: s

Two-way anélysis'of variance comparing the perfcrrmance of
left and right mqovers of each sex (Table 6) failed to yield
significant main effects for both sex and CLEM group, however a
significant sex by ELEH group interaction effect was, _found,
P(1,49)=4.77, p<.03. Siaple main effect apalysis confirmed the
predictéd superiority of verbal abilities in méle right movers
.relative to male left movers, 2(1,4§)=5-68, p<.05, although the
performansce of female léft and right movers was not found to
vary significantly. In addition, the performance of male and
female left nmovers was not significéntly»different. However,
there vas a trend for male right govers to achieve higher scores
than female right =zmcvers, 3(1,u9)=3.32, p<.10. g

To investigate the performance of bi-movers, a tvwo—-way
analysis of variance éonparing left movers, Qi-movers and right
ndvers of both sexes (Table 7) +was coapleted. ‘Although main
effects for sex and CLEM group vwere not significant, a

/
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siguificaht sex by CLEM groug binterqction effect vas found, -
F(2,74)=3.22, p<.05. Analysis of simple main effeéts_-indicated
that male CLEM groups were significantiy Qifferent at a marginal
level, F(2,74)=3.00, ’pS.OG. ‘Male bi-movers performed at an
intefmediate level compared to male right movers and left
movérs; bﬁt'piaﬁhed tomparisonl anaiyses revealed that their
‘performance was .not significantly different from ei}her gJLOUf.
Femalg/“CLEH groups were not found to vary significantly.
Finally, there was a trend for male bi-movers to demonstrate
better verbal abilities than female bi-movers, F(1,74)=3.04,

p<. 10.

Perceptual Organization

Table 8 displays mean Perceptual Organization scores for
left movers , bi-movers and right movers. Two-way analysis of
'varianee comparing the performance of male and female left and
right vmovers (Table 9) failed to [froduce significant main
effects for both sex and CLEM groOuUEs The sex by CLEH group
interaction effect was also not significant.

To investigate the performance of bi-movers, anm additional
tuo?uay analysis of variance coamparing male and female left
movers, bi-movers and right movers (Table 10) was computed. This
analysis also failed to showv significant main effects for sex

and CLEM group. The sex by CLEM group interaction effect was

alsc not significant.
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These results indicate the imporfance of sex as a
moderating variable in‘ the relationship between CLEH and
cognitive ability. The -predicted ~superiority of right mover
verbal abilities was supported for males only. Nonverbal
visuospatial ;biiities ‘did ‘not éppear to differentiate left
noiebs from right mcvers for both males and females.

As previously noted, Tucker and Suib (1978) found CLEM
direction to be associated with the ratio of verbal to ﬁonverbal
test perfcrmance as wmeasured by the WAIS. Right movers
démonstrated‘}élatively higher scores on verbal tests, +hile
left movers performed relatively: betfer o ncnverbal, -
visuospatial tests. In order. tc compare the results of the
present study with those of Tucker and Suib (1978), a ditference
score was calculated by subtracting the Perceptual Organization
score from the Vérbal Cogptehension score for each subject.

Table 11 presents méan difference sccres Jgér male and
ferale left ﬁovers, bi-movers and right movers. Two-way analysis
of variance comparing diffetence{ scores for 1left movers and
right movers of each sex (Table 12) failed to produce.
significant main effects for sex and CLEM group, nor was the
interaction effect significant. Two-way analysis of variance
(Table 13) comparing male and female left movers, bi~-movers and
right movers also failed to show significant main or interaction
effects..

Trkese results are not consistent with those of Tucker and

Suib (1978). Unfortunately, Tucker and Suib dc not present test
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score information in their report and therefore it is difficult

to evaluate these discrepant findings.

Other Findings

WAIS-R Verbal Tests

Information Test

Mean Inforﬁation test scores were computed separately for
male and female left movers, bi-movers and right movers (Table™
. 14) . Two-way analysis of variance comparing left anpd right
movers .0of each sex (Table 15) revealed a significant main etfect
for sex, F(1,49)= 6.41, p €.01, indicating males scored hiéher'
on this test than did females. The main effect for CLEM groug
was not significant, however the sex by CLEM group interaction
effect was significant, F(1,49)=7.54, p<.01. Analysis of simple
main effects indicated a trend for male righf movers to achieve
higher test scores than maie left movers, F(1,49)=3.18, p<.10.
In contrast} female left movers gzored significantiy higher thar
female right wmovers om this test, F(1,49)=4.38, pS.OS.ITest
performance vas not significantly different for zale and - female
left movefs, hovever male right wmovers scored significantly

higher than female right movers, EF(1,49)=10.85, p<.01.
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To investigate the performance of bi-movers, a two-way
analysis of variance comparing male and fewmale left movers,
bi-movers and right wmovers (Table 16) was coaputed. This
anaiysis also yielded a éignificant main effect for sex,
F(1,74)=12.12, pS.OOl,‘and a sighificant sex by CLEH group
inéeraction effect, F(2,74)=4.30, p<.02. .Tbe main effect for
CLEM group was not significadt. &nalysié of simple main effects
indicated that male CLEA groups did not vary significantly in
their test performance. Similarly, the peéformanbe of female
CLEM groups was not significantly different. Finally, male
bi- movers scored significantly higher than female bi-movers on

this test, F(1,74)=5.78, p<.03.

Yocabulary Test

Table 17 displays mean Vocakulary test scores for male and
female left movers, bi-movers and right movers. Two-way analysis
of wvariance comparing left and right movers of each sex (Table
18)'proéuced a marginally significant @®main effect for CLEM
group, F(1,49)=3.09, p<£.09, indicating a trend for right movers
to achieve kigher Vocabulary test scores than left movers. These
results are consistent with predictious generated from the CLEM
model of hemisphericity. The main effect for sex was not
significant, nor vas the sex by CLEM group interaction effect.

An additiomal two-way (sex by CLEM group) analysis of

variance (Table 19) Was calculated to investigate the
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per formance of bi-movers. This analysis failed to yield
significant main effects for sex and CLEM group. The sex by CLEHM
group interaction effect was also pot significant.

#

Comprehension Test

Mean Comprehension test scores for male and female léft
movers, bi-movers and right movers are summerized in Table 20.
'Tuo-uay analysis of variance comparing the scores of male and
female left and right novérs (Table 21) produced a margihally
significant main effect for CLEM group, P(1,49)=3.2C, p$.08,
indicating superior performance of right Qovers on this verbal
task. These results are consistent Hith,ﬁredicfions generated
from the CLEM model of hemisphericity. The main effect for sex
¥vas not found to be signifLCant, nor was the sex by CLEMN group
interaction effect.

To investigate‘ the perfprgancé of 'bi—movérs, a two;uay
analysis of variance coamparing the scores of male and female
left movers, bi-movers and righf movers (Table 22) was computed.
This analysis did nct produce significant main effects for sex
and CLEM group, nor was the sex by CLEM group interaction effect

significant.

60



Similarities Test

Mean Similarities test scores for rale a;d ferale left
movers, bi;movers and right movers ate presenfed in Table 23.
Neither main effect for sex nor CLEM group was found to be
significant iﬁ a two-way analysis of varianéeagqmparing left and
right movers of each sex (Table 24). fle sex by CLEN gfoup
interaction effect was also not significani.

Similar results were found in a two-way (sex by CLEM group)
analysis of variance (Table 25) computed to 1investigate the
performance of bi-movers. qbth main effects for sex and CLEM
group were not significant, nor was the sex Lty CLEM groug

'int eraction effect.

Digit Span

¥ean Digit Span test scores were calculated separately for
left movers, bi-movers dhd right movers of each sex (TabIe‘ 26) .
Two-vay apnalysis of variance ccmparing left apd right movers of
each sex (Table 27) did not produce significant main effecfé tor
sex and CLEﬁe droup. However, a marginally significant sex by

CLEN group interac;jﬁgyeffect was found, F(1,49)=3.02, p=<.05.

To 1investigate 'the: [performance of bi-movers, a two-way

1
v

analysis ot variance cqnparing wale and, female left nwmovers,
bi-sovers. and right @movers’ (Tabie 28) das computed. This
analysis also failed to yield significant main effects for sex

~
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and'CLEa group; nor was the sex by CLEM group‘interaction‘effect
sigoificant.

Previous research has indicated that different skills are
required for the digits fcrward and digits backward components
of the Digit Span test. Rudel and Denckla (1974) suggested that
the digits forward task requires the retrieval of a temporalﬁ
sequence while tﬁe digits backward task reguires the .translation
of a given seguence in space. Crehonini, DeRenzi and Faglioni
(1930) reporteds£hat patients with damage to the left hemisphere
perform poorly on the digits foruard‘ task while those with
damage to the right hemisphere perform poorly on “the digﬂts
backward task. Thus, visualization or use of spatial imdg%ry
appears to be a necessary component of performance on theAdigits'
backward task, although it 1s. not .a significant aspect in
performance on the digits forvard task.

Ravw mean digits forwvard and digits backward scores for male:
and female left m;vets, bi-movers and right wovers are presented ’
in Tables 29 and 30, respectively. Two-way analjsis’of vériance
comparing digits forward scores fér right movers of each sex
{Table 31) produced a significant main effect for sex,
g(1,49)=6.28; p<.02, indicating females achieve higher scores on
this task. Neither the main effect for CLEM group nor the sex Ly
CLEM group interaction effect vwere significant. Two-way analysis
of variance comparing digits backward scores for left movers and
right movers of each sex (Table 32) yielded a marginally

significant =main effect for CLEM group, F(1,49)=3.68, p<.06,
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task.

indicating a trend for left movers to perforam better on this

i E3

EicY 4

IS o ! .
In ©order to investigate the performance of bi-povers,

two-way analysis of variance comparing digits forward scores for

male and female left movers, ti-movers and right movers (Table

' 33) was computed. This analysis also yielded a significant main

effect for séx, F(1,74) =6.11, p<.02, indicating females achie;e>
higher fest scoies. The main effect for sex and the sex by CLEM
group interaction effect were not sighificant. Tvo-way analysis ,
of variance cosmparing digits backward scores; for males ‘and
females in all CLEﬁ groups (Table 34) yielded a sigpificant main
effect for CLEM group, g(2,7“)=3.9b, p<.02. Both the main effect
for sex and the se; 5y CLEM gECUE infgiaction effect vere not
found to be significant. ‘

These . results are consistent with Rudel and Denckla's

{1974) observations that the digits forward and digits backward

" components of this test are distinct. More importantly, they

suggest that performance differences may be related .tc
individval differences in hemisphericity. Individuals uith a
preference for right hemisphere processing strategies‘;ppear to
e at an advanmtage foé performance on such tasks which require
the usé of visualizaticn or spatial ihagery techniques.’

S

Arithmetic Test
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Table 35 ~pré;sents mean Arithmetic test scores separately
for left movers, bi-movers and right movers of each sex. Two-way
analysis of variance comparing left and rightrmovers.of'each sex
(fable 36) did not groduce signiiicént main efteéts for sex and
CLEM group, however a éignificant sex by CLEM group interaction
effeq;/;as found, E(1,49)=6.66, p<.01. Anafysis of simple wmain

6ffects indicated the scores cf male left and right movers were
4 . N -

\:not-siqnificantly different, while female left movers scored

T e
.

,significantly higher than female right mover§, §(1,u9)=6;f3,
p<. 025. In addition, male and female left wmovers did not
demonstrate significantly different performance, although male
right movers performed significautly better than female right
mOVers, §k1,39)=b.09, p<.03.

To investigate the performance of bi-movers, a two-way
analysis of variance comparing right movers, bi-movers and left
wovers ot each sex (Table 37) was compu{ed. This analysis
produced a significant m;in effect for sex, F(1,74)= 5.78,
p<.02, 1indicating males achieved significantly higher Arithmetic
test scores. A significant sex by CLEM group interaction efog}
vas also found, F (2,74)=4.43, pS.OZ; Analysis of simple main
effects revealed that gale CLEM groups were rsignificantly
diﬁferent at a marginal level, F(2,74)=2.60, p<.09. Planned
comparisons lindlcated that male bi-movers scored significantly
higher than wmale left wmovers, F(1,74)=5.16, p<.05. Male .
bi-movers were not significantly different from male right

movers in their test performance.
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FemaleﬁgLEH groups were also found to vary significantly, E

(2,7&f§§:ﬁ&1,”p <.04, and planned comparisons indicated a trend
3.1, p | P

X?“

for femal® bi-movers to achieve higher test scores than female
rigat moveré, £(1'7Q):2f85' p<.10. Female bi-movers were act
significantly Qifférent from female left ﬁqvers in . their test
performance. Finally, test ;cores for maie and'femalg bi-movers

P

vere pot significantly different.

WAIS-R Performance ITests L
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~ Mean Block Design test scores ior left movers,‘bi-ﬁovers
and right movers of each sex areydisplayed in Table 38. Two-way
‘analysis of variance comparing male and female left and right
movergk(Tapie 39) producedsa significant main effect for sex, F
(1,#9)=7-29, pS;Ol. This 1is consistent with previous research
indicatiﬂg males demonstfate superior performance on this test
(Shaw, 1965) . The main effect for CLEM group Was not
significant, however a significant sex by CLEM group interacticn
effect as found, 3(1;Q9)=6.03, p<.02. Analysis of simple main -
effects indicated that perfofmance of male left and righf-movers‘
was not significantly different, however female left moveré
achleved significantly higher *fzst scores " than female right
movers, F (1,49)=5.14, p<.05. In addition, the performance of

male and female left povers does not vary significantly, while
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male right movers score significantly higher than female right
movers,  F(1,49)=10.37, p<.0*%.
To investigate the pérﬁormance of bi-movers, a two-way

analysis of variance coaparing right aovers, bi-movers and left

e

movers (Tabl - 40) was cphputed; This analysis yielded a
siguif;;;nt_ main effect for sex, F(1,74)= 10.42, p<.002, and a-
significant main effect for CLEM groug, F (2,iu)=3.3u, p<.04. A
marginally significant sex by CLEM yroup interaction effect was
also{foﬂnd, §(2,54)=2.85, p<.06.

Planned compariscns between CLEXd groups indicated that
bi-moveré achieved significantly highe;rBlock Design scores thaﬁ
tightk movéfs, E(1,74)= u.74, p<.05, and that there wés also a
trend for bi-mov;rs to achieve higher test scores than left
mover;f/iil,74i=3.12, p£.10. Sigple main effects analysis f;ilea
to reveal significant differences bebuéen zrale CLEN groups,
hovever female CLEM groups were found _tc differ in their
performance at a marginal level of significance, PF(2,74)=3.45,
p<.10. Planned comparisons indicated thét female bi-movers and
left movers were not  significantly différent ‘in their
performance, however female bi-movers achieved significantly
higher scores than fehéle right movers, F (1,74)=6.37, p<.02.

Finally, the perfcrmance of male and female bi-movers was not

found to vary significantly.
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Object Assembly

Mean Object Assembly sccres forl sale “and female” left
movers, bi-movers and right movers are presented in ‘Table 41.
Two-way analysis ofivariance ccmparing left arpd right movers of
each sex (Table 42) did notzbroduce significant main effects for
sex and CLEM 4group, nor ;;s the sex by CLEM group interactio;
effect significant.

To investiggte the pertormance of bi-rovers, a two-way
analysis of variance comfaring test sc&é@s for male and female
left movers, bi-movers and right m@fers was computed (Table 43).
This analysis also failed to yield significant main effects fcr

sex and CLEM group, nor was the sex Ly CLEH droup.interaction

effect significant.

" picture Arrangement and Picture Compiletion

Mean Picture Arrangement and Picture Corpletion scores for
male and female left movers, bi-movers and right movers are
presented in Tables 44 and 45, respectively. Two—way anélyéis'of
variance comparing Picture Arrangement scores for left and right
aovers of each sex (Table 46) failed to produce main effects for
sex and CLEM group, and the sex by CLEu-group interaction effeét
¥as also not significant. Similar résults were found in a
tvo-vay analysis' of va;ianée comparing Picture Arrangément

scores for male and female left @movers, bi-movers and rTight
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movers (Table 47).

Two-way analysis of variance comparing Pictﬁre Completion
scores for ;eft-and right movers of each sex (Table 48) also
failed +to produce ‘signifiCant' rain effects for sex ard CLEN
group, - nor was the sex by CLEM group interaction effect
signifiCant.~simila[ results were found in a two-way analysis of
iariance comparing Picture Completion test scores for —tale aﬁd

female left movers, bi-movers and right movers (Table.QQ).

Digit Syambol

Mean Digit Symbol test scofes calculiated for nale ;nd
ferale left'movers, bi-movers and right movers are presented 1in
Table 50. Two-way analysis of variance comparing left and rigﬁt
movers of each sex {Table 51) yielded a significant main effect
for sex, F(1,49)=7.68, p<.01, indicating females achieved higher
scores on this test. Left mcvers tended to demonstrate better
performance than right movers on this test,F(1,49)=2.79, p<.10;
howevér the sex Ly CLEM group interaction effect was not
siguificént.

To investigate the performance of bi-movers, a th—way
analysis of variance comparing left movers, hi;mqvers and right
aovers of each sex was computed (Table 52). This amalysis alsc
produced a significant main effect for sex, E{1,74) =9%.71,
p<£.003, hovever neither the main effect for CLEM group, nor the

sex by CLEM group interaction effect were significant.
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WAIS-R Scales

Verbal IQ ' N

Mean Verbal IQs for male and female left movers, ti-movers
and right povers are présented in Table 53. Two-way analysis of
variance comparing left and right movers of each sex (Table 54)
failed to produce significant main effects for ’sex' and CLEM
group. A iarginally significant sex by CLEM group intefaction
effect wvas found, F(1,49)=3.79, 'p<.06, hovever analysis of
simple main effects failed to reveal any significant group
dif ferences.

To investigate. the performance of ‘bi-no;ers, a two-way
analysis of vapiance"coaparing “male and feamale left mbvers,
bi-movers and right movers was computed (Table 55). This
analysis also failed to produce significant main effects for sex

and CLEM group, although a ®margipally significant interaction

effect was found, F{2,74)=2.52, p<.09.

Performance 1IQ

Table 56 displays mean Performance IQs for male-and female
left aovers, bi-scvers apnd right movers. Two-way analysis cf

variance comparing left and right movers of each sex {(Table 57)



did not produce significant main effects for sex and CLEM group,
and the interaction effect was also not siynificant. A two-wéy
analysis of variance comparing male and female left movers,:
bi-povers and right movéts vas also computed (Table 58). This
analysis also failed to yield significant main or interaction

effects.

Full Scale IQ

'Hean Full Scale 1IQs of male and fepale left movers,
bi-zovers and right movers are presented‘in Table 59. Tvo-way
analysis of variance comparing left amd right movers of each sex
(Tabie 60) did not rroduce significant main effects for sex or
CLEY group, although a sarginally sigpificant interaction effect
was found, P (1,49)=3.65, ps.06- Analysis of simple main effects
indicated that male left and right @wpovers achieved similar
scores,‘however there was a trend fot female left mo?ersl to
achieve higher Pull Scale I(Qs than female right movers, F(1,49)=
3.15, ps.10. } '

To 1investigate the perftrmance of‘ bi-movers, a tw¥o-way
analysis of variance comparing the scores for sale and female
left =movers, bi-novers and right movers Has'computed (Table 51).
This analysis failed to produce significant main effects for sex

and CLEHM grodp, nor was the interaction effect significant.
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Table -1

Bean Handedness Scorés for Male and Female

Left Movers, Bi—uoverﬁk?nd Right Movers

ggmalés

SD

"Left Movers
=2iL HOVers

17.83

Table 2

Bi-Movers
17.50
5.05

- 20.867

5.45

Right Movers

18.60

kNOVA of Handedness Scores for Male and Fezale

Left Movers, Bi-Movers

Clea Group
Interaction

Error

33

132.55
20.55.

5.01

1845.87

71
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and Right Movers

b
n

132.55
10.28
2.51

24,94



Test
Information
Digit Span

Vocabulary

Arithmaetic

Comprehension’

Similarities

Picture
Comphketion
Pictyre
Arrangement
Block =
Design
Object
Assembly
Digit

Syabol

for Four Age Groups

.89
.02
.91
.u?
.88
.84
S14
.03
.01
.05

-10

Table 3
Factor 1 Loadings on WAIS-R Tests

- 10
.83
.12

.82

«83

.07

~-. 15

S 11

- 00

12

-79
.03
-83
.48
-80
.80

-18

35-44

-60
-~ 12
.81
«29
.93
-89
-29
.03
- 04
~.05

~.03



Test

Information
Digit Span
Vocabulary
Arithneiic
Comprehension
Similarities

Picture
Completion
Picture
Arrangement
Block
Design

Ob ject
Assenmbly
Digit
Syabol

for Four Age Groups

-.03
-37
-.01
.06
.05
.09
-89
.72

<44

Table 4§
Factor 2 Loadings on WAIS-R Tests

73

&

20-

- -.03

-13
.05
.08
.52
-.01
.77
-90

-03

--09
- 18

- 50

.68
.98

~.02

-.02
-49
-01
.05
.22
.06
-85
.95

--03



Table 5

Mean Verbal Comprehension Scores for Hale—an@ Fenmale

- Left Movers, Bi-Movers and Right Movers

Left Movers Bi-Movers Right Movers
Males , 11.78 12.73 . :" 13.30
SD 1. 44 1. 80 : 2.30
Females 12,45 © 1162 . 1194
SD _ 1.03 1,62 1.94
‘Table 6 r

ANOVA of Verbal Cosprehension Scores fof

Male and Female Left and Right Movers

source . f.S.: DF 88 P Prob.

Sex 141 1 1.41 .54 n.s.

CLEM Group 3.12 1. 312 1.19 .S

Interaction 12.53 B 12.53° 4.77 p<.03
Error 128.59 49 2.62
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ANGVA of Verbal Cdmprehension Scores for Male

Left Hévers,;Bi-ﬂovers and Right Movers

%ource
Sex

CLEM Group

Interaction:

Error

17.50

200.88

Table 7_

DF uS

1 ?.71

2 1.70

2 8.75

14 2.71
Table 8

9

.63

3.22

¢

and Female -

Mean Perceptual Organization Scores for Male and Female

Left Movers, Bi-Movers and Right Movers

. Rales
5b
Females

SD

Left Movers
11.33
1. 50

11.31

1.58

Bi-Movers

12,13

75

"Right Movers

11.95



~y

Table 9

ANOVA of Perceptual Organization Scores for

Male and Female Left and Right Movers

Source

Sex

CLESN Group

Interaction

Error

ANOVA of Perceptual Organizaticn Scores for Male and

ss DE
8.15 1
.40 1
7.7&A 1
156.66 49
Table 10

Left Movers, Bi-Movers and Right Movers

Source
| Sex
CLEY Group
Interaction

Error

227.16

76

74

4.39

3.99°

3.07

{3

Female

L\\££QE;

laSe.



Table 11
Mean Difference Scores for Male and Female

Left Movers, Bi-Movers and Right Movers

Left Movers Bi-Movers Right Movers
Hales : .44 : .éo ‘ 1.35
- SD 1.90 221 3.06
Females 1.4 -. 15 1.61
SDh 1.61 1.060 2.21
P
> /
S
Table 12.

‘ANCVA qf Difference Scores for,

. dale and Female Left and Right Movers

-'SOQrcé ;o i;§§ﬁ; DE . 45 E Prob.

| ‘Sex - 2.78 1 2,78 .61 D.s.

CLEN Group 5.75 1 5.75  1.26 N.S.
-interacfion .57 1 - -57‘ | -13 NeSae-

Errcor 223.48 49 4.56

17



~ Table 13
- -
ANOVA of Difference Scores fog Male and Fesmale

Left Movers, Bi-Movers an* Right Movers

&)
(o}
e
H
0
I
t
tn
o
Im -
=
w
(1]
fro
)
Io
o

Sex .09 1 .09 .02 n.s.
CLEM Group 17.44 2 8.72 2.06. ' N.Sa
Interaction © 8.00 2 . 4.00 . .95 ) D.S.
Error 312.64 74 4.22
Table 14

Mean Informaticn Test Scores for Male and Female

Left Hovers; Bi-Movers and Right Movers

Left Movers & Bi-Movers Right Movers
Sales : 12. 61 13.67 - 1420
SD 2.03 " 2.19 2.86
Females 12.75 11.6 10.78
SD 1.8; M2.10 - 2. 64

-
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Table 15 —
ANOVA of Information Test Scores for

" Male and Female Left and ﬁight,ﬂoveré*

Source ss DF . 88 E
Sex = 32.75 1 - 32,75 6.41
| cLEM Group 45 .45 .09
‘Iﬂtecacgion: 38553\ 1 38.53 7.54
‘Error 250.43 .49 _ - 5.11
Table ‘16 -

ANOVA of Information Test Scores for Male and Ferale

Left Movers, Bi-Movers and Right Movers

;

. Source 'ss DE 3s F

Sex . 59.73 1 59073 12.12

+ CLEM=Group ’ 45 2 .23 .05

Inté:actiOn 32.34 2 21.17 4.30
Ecror - 364.70 . 74 4,93

/.; < - /.\\/

79 ‘ .



Table 17
Mean Vocabulary Test Scores for Male and Female

Left Movers, Bi-Movers and Right Movers

| Left Movers Bi-Movers Right Movers
Males 11.83 2.9z | 13.80
5D 1.89 . 1.68 2.82
Females 12.13 11.80 12.33
SD 1.67 2.21 2.60
- Table 18

‘

ANOVA of Vocabulary Test Scores for

Male and Female Left and Right Moyers
. -

S~
~ . :
Source ~ ss DF 4s E Prob.
sex Y Y w19 .90 n.s.
CLEM Group 14.37 1 . 14.37  3.09 pSe09
Interaction 9.39 1 =9.39 2.02 ‘ D.Sa
Error - 227.85 49 T W4.65 |
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Table 19

i

'ANOVA ot Vocabulary Test Scores for Male and Female

Left Movers, B

Source

Sex

CLEM Group

Interaction

Error

SS
10.96
14.37
12.07

327.17

o
ir

Table 20

i-Movers and Right Movers , ’

E _E.éz
2.48 u.;.
1.63 s

: " N S

Mean Coumprehension Test Scores for Male and Fermale

Left HMovers,

Yales
SD
Females

SD

Left Movers

81

Bi-Movers and Right Movers

Right Movers

13.10
<=51
13.33

2.50



Table 21
ANOVA of Conprehe@sioaneSt Scores for

Male and Female Left and Right Nowers

source ss  DE #s E  Prob.
 sex 7.86 1 7.86  1.95 ‘DaSe -
CLE4 Group 12.87 1 12.87  3.20 . p%.08
Interaction 3.96 1 - 3.96‘ .98 ' n.s.
Error  197.15 - 49 4.02°
- {
Table 22

ANOVA of Comprehension Test Scores for Male and Fenmale '

+

Left, Bi-Movers and Right Movers

sourcce 33 gﬁr NS
Sex 2712 1 2.72 . .63 n.s.
CLES Group 16.57 - 2 8.28  1.92 nes.
Interaction 13.05 2 v6.52 1.5 "NeSa °
Error 319.55 74 4,32 -
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Table 23

Mean Similarities Test Scores .for Male and Female

Left Movers, Bi-Movers and Right Movers

Left Movers Bi-Movers Right Movers
Males 11.17 12.00 12.10
SD 2.01 1.91 2.89
Females 12.06 11. 20 11.33
SD 1. 39 ’ 2.11 1.23
p | | A
rTable 24

ANOVA of Similarities Test Scores for

Male and Female“Left and Right Movers

4

soyrce S5 DF MS F Prob.

sex .05 1 .05 -01 n.s.

CLEM Group .13 1 13 .03 n.é,

Interaction + 8.40 1 8.40  2.23 n-S.
Error 184.34 49 3.76



Table 25

e

AHCVA/;f Similarities Test Scores for Male and ?emalg

- Left Novers, Bi-Movers and Right Movers

CLEM Group
Interaction

Error

»

S5 DE
-94 1
.17 27
13.75. - 2 |
286.74 ‘iu
Table 26

(L]

.2“-

1.77

Mean Digit Span Test Scores of Male and Fermale

Left ﬂo§ers, Bi-Movers and Right Movers

84

Leit Movers - Bi-Movers
11.67 12.92
2. 47 2.88
12. 414 12-503
2.19 . 2.20

Right Movers

1020
3.74-
12.00

'1.73



Table 27

ANOVA of Digit Span Test Scores for

Male and Female Left and Right Movers

CLEM Group

’

Interaction

Error

ANQVA of Digit Sparm Test Scores for Male and Female

™,
N

Sourc

I

Se

»

CLEM Group
Interaction

Error

ss  DE

20.08 1

11.01 1

3.22 1

325.54 49
Table 28

ss
10.60 -
30.47
12.62

484.05

85

=
i

-t

74

{[eo]

3.02

1.66

-~ .48

Left Movers, Bi-Movers and Right Movers-

2.33

-96

lw
L]
O

pPL.09
n- S-

Na Sa



Takle 29

Mean Digit Forvard Test Scores for Male and Female

Left Movers, Bi-Movers and Right Movers

K

Left Movers Bi-Movers  Right Movers

Males 9.78 10. 08 6-60

5D 2.07 2.91 2.88

Females 10.44 10.87 | 11. 11

SD 2.28 2.13 1.27
Table 30 T

Mean Digit Backward Test Scores for Male and Female

Left Hovers, Bi-Movers and Right Movers

Left Movers Bi-Movers Right Movers
Males 8.78 10.08 710
SD 2.39 1.88 3.25
Females 8.88 8.93 7.78
SD 2. 31 2.66 2.22

B . X

o

86
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Table 31

ANOVA of [Cigit Fcrvard Test Scores for

Male and Female Left and Right HMovers

source

Sex

CLENM Group
Interaction

Error

o

Table 32

Iz
wn
I

30.54 6.28

-17 -16

10. 41 2.4

ANOVA of Digit Backward Test Scores for

Male and Female Left and Right Hovers

Source

Sex
CLEN Group
Interaction

Error

w P}
[\ W

1.
23.39
1.02

311,31

87

49

s F
1.82 <29

23.39 3.68

» 1,02 - 16

6.35



Table 33
ANOVA of Digit Forvward Test Scores for Male and Female

Left Movers, Bi—ﬁovers and ‘Right Movers

Source - ss DF oEs F - Prob.
Sex 32.63 . 1 32.63 6.11 p<.02
CLEN Gréﬁp 4.49 2 2.24 .42 " N.S.
Interaction 11.711 2 5.85 1.10 u NeSa.
Error 394.99 74 5.34
Table 34

ANOVA of Digit Backward Test Scores for Male and Female

-Left Movers, Bi-Movers and Right Movers

Source SS DE NS E Prob.

S5ex 29 1 -29 .65 NeSa

CLEM Group 48.05 2 24.03  3.96 p<.02

Interaction 10.41 P 5.20 .86 n. s.
Error 449.176 74 6.07

88



Table 35
Mean Arithsetic Test Scores for Male and Fenmale

Left Movers, Bi-Movers and Right Movers

Lgff;;gxgti_nnﬁwn ngﬂggggg Right Movers

sales | 11.67 13.83 - 12.70

SD 2.83 | 1.85 3.37

Females 12.56 11. 60 .78

sp 1.75° 2.95 ’ 2.28
Table 36

ANOVA of Arithmetic Test Scores for

Male and Female Left and Right Movers

Source ~ ss of Bs B Prob.

‘. Sex 12.47 1 12.47  1.88 n.s.

CLEH\Group' 9.32 1 9.32 1.40 R.Se

Interaééigp- 44.29 1 44.29  6.66 ps.01
Errog\ 325.59 49 6.64

89



Table 37

¥,

ANOVA of Arithmetic Test Scores for Male and Pemale

Left Movers, Bi-Movers and Righkt Movers

source 33 DE s E Prob.
Sex 37-87 1 37.87 5.78 p<.02
CLEX Group 24.19 2 12.09 1.85 N.Sa
Interaction 58.01 2 29.00 . 4.43 p<.02
Error | 484.86 74 6.55
Table 38

Mean Block Design Test Scores for Male and Female

Left Movers, Bi-Movers and Right Hovefs

Left Movers Bi-Movers Right Movers

Males ' 12.33 14.17 © 13.30

SD 1.88 2. 44 | , 241

EFemales 12.19 12.53 10.22
5D - 2. 34 2. 26 1.48

30



Takle 39

ANUVA of Block Design Test Scores for

Male and Pemale Lert and Right Movers

CLEM Group
Interaction

Error

ss  DE 1s F
31.60 1 31.60  7.29
3.03 1 3.03 70
.11 1 26.11  6.03
212.09 49 4.33
7
. Fl
Table 490

ANOVA of Block Design Test Scores for Kale and

Left Movers, '‘Bi~Movers and Right Movers

Source

Sex

CLEM Group
Interaction

Error

349.49

91

DF us F
1 49,23 10.42
2 15.78 3.34
2 13.48 ' 2.85
74 4.72

Female



Table 41

dean Object Assembly Test Scores for Male and Female

Left Movers,

Left Movers

10.33

1.94

10. 44

Tablew42

Bi-Movers and Right Movers

Right Movers

ANCVA of Object Assembly Test Scores for

Male and Female Left and Right Movers

CLEM Group
Interaction

Error

.23

210.56

92

49

10.60



Table 43

ANOVA of Cbject Assembly Test Scores for Male and Female

Left Movers, Bi-Movers and Right Movers

Source

Sex
CLEM Group
Interaction

Error

ss DF 4s

1.56 1 . 1.56
.43 2 .22
3:84 2 1.92
295.48 74 3.99

Table 44

i

-39

.05

.48

Mean Picture Arrangement Test Scores for Male and Female

Left Movers,

Left Movers

13.00
2.91
12. 44

2.71

93

Bi~-Movers and Right Movers

Right Movers

13.80

3.4
(/32.2
3

U2

6
2



_Table 45

A

5

- Mean Picture Conpletibn Test Scores for Malée and ééh@le

Left Movers, Bi-Movers and Right Movers

Left Movers

10. 50

-Table 46

Bi-Movers.

12.58
2.28
10.80

2.60

ANOVA of Picture Arrangement .Test Scores for

Male and Female Left and Right HMovers

0
O
=
r
o

Sex
CLEX Group
Interaction

Error

13.91

94

49

Ir

1.50

-11

<.

o
L]
O

|
;

$ DNaSe
. DeS.

e S



Table 47

3

ANOVA of Picture Arraﬁg&nept Test Scores for Male and Female

Left Movers, Bi-Movers and Right Movers

Source ss DE 1s E Prok.

Sex 18. 25 1 1825 2.0 n.s.

CLEN Group 1.43 2 .72 .08 " n.s.

Interaction 3,19 2. 1.59 .18 n.s.

Error 660.94 T4 893 L '
Table 48

ANOVA of Picture Completion Test Scores for

Male and Female Left and Right Hovers‘

- Souarce Ss ) S 4s E Prob.

Sex ﬂ\ <31 | 1 «31 -04 DaS.

CLEX Group 1.30 1 1. 30 -15 " D.s.

Interaction . 12.82 1 12.82 1.46 ’ N.S.
Error 431.54 49 881

95



ANOVA of Picture Completion Test Scores for Male and

Table 49

Left Movers, Bi-Movers and Right Movers

. Source

Sex

CLEM Group
Interaction

Exrror

4.46
10.37

34.93

582.85 .

.DE 4s

1 4.46

2 5.18

2 17.47

74 7.88
Table 50

|rd

«57

-66

2.22

Female

Mean Digit Symbcl Test Scores for Male and Fenmale

Left Movers, Bi-Novers and Right Movers

Males
5D
Females

SD

Left Movers
11.39
2.20
12.586

1.67

96

Bi-Movers
10. 50
2243
11.93

2.31

Right Movers

10.10
1.29
12.00

2+ 35



Table 51

ANOVA of Digit Symbol Test Scores for

Male and Female Left and Right Movers

Source

Sex

CLEA Groap
Interaction

Error

ss DF
28.70 1
10. 41 1
1.60 1
183.12 45
Table 52

28.70
10.41
1.60

3.73

ANOVA of Digit Symbol Test Scores for Male and

Left Movers, Bi-Movers and Right Movers

Sourge

Sex

CLEM Group
Interaction

Error

323.05°

97

=]
lias]

74

.18

U
la)
o

pP<L-01
p<. 10

Female



Table 53.

Mean Verbal IQs for Male and Female

Left Movers, Bi-Movers and Right Movers

Left Movers ~ Bi-Movers Right Hoveré
Males 112.83 119.75 | 117.50
" sp 9.40 11.28 1655
Females 117.13 114.20 110. 00
SD 8.45 9.82 10.01
- >
- Table 54
ANOVA of Verbal IQs for
Male and Female Left and Right Movers

) source ss DF y._s_g‘ F Prob.
Séx 39.55 1 39.55 .33 n.s.
CLEN Group 12.87 1 12.87 - - 11 D.5Sa
Interaction -~ 451.55 1 451.55 3.79 p<.06

Error 5839.15 49 119.17

' o~ T 2t
o

98



" -Source SS DE
Sex '155.04 \:
CLEM Group 111.98 2
Interaction 584.07 2
Error 8589.79 74
(
Table 56

LA

i 7

Table 55

v

ANOVA of Verbal 1IQs for Male and Ferale

Left Movers, Bi-Movers and Right Movers

s -

175.04
55.99
©292.04
116. 08

e

1.51

Hean Performance IQs for Male and Female

Left Movers, Bi-Movers and Right Movers

Left Movers
11117 -

9.31

114, 31

8. 81

99

Bi-Movers

1&5.92
11. 36
113.33

14.89

a-

Right Movers

s
112.40.

12.45
107.22

15. 34



Table 57
ANOVA of Performance IQs for

Male and Fesale Left Movers and Right Movers

Source ss DF ¥s  E
Sex 12.54 1 12.54 10
CLEM.Group 104. 21 1 104,21 .86
Interaction 210.48 1 210. 48 1.74
Error 5931.89 49 120.65
-
Table 58

“ ~ : ~
ANOVA of Performance I(Qs for Male and Female

£

Left HMovers, Bi-Movers and Right Movers

.
=

Source ss  DE us F

Sex Gy 45 '1 44.45 .32

CLEM Group 256.94 2 128.47 .91

Interaction 243.83 2 121.92 .86
Error 10436.13 74 141,03

100

N



Table 59

Mean Full Scale IQs for Male and Fepale

Left Movers, Bi-Movers and Right Movers

Left Moyvers

Males i 113. 61
SD | _ 8.74
Females - 117.94
~ sD 8.19

- Table 60

Bi-Movers

120.08

11.42

116.00

11.79

ANOVA of Full Scalé IQ0s for

Right

Moyers

Male and Female Left and Right Movers

Source - S8

. ‘Sex 26.66
CLEM Group S 49.52
Interaction u69.87
Error 5496.50

o
it

49

101

1]
ith

26a

o
o

409.87

112.17

Irg

24

.44

-3.65

117. 40
14.67
110-11

12.52



ANOVA of Pull Scale IQs for Male and Female

Table 61

Left Hovers, Bi-Movers and Right. Movers

CLEM Group
Interaction

Error

SS

103,60

- 208.10

489.66

8877.41

10

T4

MS
.
103.60
104.05

244,83

119,97

-86
.87

2.04



iII. Discussion

The results of this study indicate the impdrtance of sex as
‘a moderating variable in the relationéhip between CLEM and
cognitive ,ability. Several CLEM by sex interaction effects wefe
identified. With reference to CLEM and verbal ability, the
predicteq; superiority of right novers = on tests selected as
measures of verbal comprehension (Information, Vocabulary,
Comprehensioh; Similarities) was found only for males. Male
right movers achieved significantly higher scoré§ than male left
BOvVers and this clearly supports the CLEM model of
hemisphericity. For female subjects, right and left movers were
not significantly differentiated by their performaﬁé; on these
tests.

Similarly, with referepce' to CLEM- and nonverbal ability,
the predicted Superiorit} of left movers bn tests selected aé
peasures of =~ perceptual orgamization (Block Design, Object
Asse;bly) wvas found only for females on the Block Design
spbtest; Female left movers écored significantly higher than
temale right movers an this test gnd this is consistent with the

£

findings of Galin and Ornstein (1972). T@eseeresults'indicating
female left movers excel on ~tests of visuospatial apility
provide support for the CLEM model.JNonvetbal test perfofmancg

failed to significantly differentiate male left movers frog

right movers.
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These sex differences in the relationship between CLEM and

cognitive abilj;g?,gypplicate the CLEM model. Bakan (196?)
, W s 1T :
progposed tbatﬁg§%§meq§s of the eyes to the right are indicative
- r:, l$_'-- -

of increased left‘ﬁaeeéghere activity * while movements to the
left 'indicate incréased right hemisphere activity. The sex
differences observed 1in this study suégest that lbecausé
hemispheric organization of fuéction is different in males and
females, the relationship between CLEM and cogpnitive abiliiy is
alsc different for males and females.

A substantial amount ot evidence has accrued indicating
that sex differences -in, cognitive abi;ity are related to
underlying differences in lateralized brain organization. Side
of lesiop by sex interaction eff::>§ are frequentliy found in
clinical studies investigating the results of unilateral brain
injury (Lansdell & Urbach, 1965; Lansdell, 1968; McGlone, 1978).
As McGlone (1980)_n6tes, this literature consiétently 'éupports“
the noticn of greater left hemisphere lateralizatidn of verbal
functions in.males thap 1n femalésf Similar results have been
found 1in ustudies using dichotic lisfeninq and tachistoscopic
iechniques (ﬂcGlone, 198D);7 Co;clusions regarding sex
differences in hemispheric specialization for visuospatial
functions are more tentative, although soae 'resgarChers have
suggested - that males deuonstratépfincteaged right hemispherg

‘specializdtion for these functions as well (Lansdell, 1968;

McGee, 1979{ Harris, 1978).

Py
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The results of this study' are consistent with sex
dif ference modeli which describe the maie brain as more
lateralized for verbal functiobs. Such theories would predict
that male Tight @movers should depéﬁstrate better ' vertktal
abilities thhan male left’,movers. In contrast, beéause of
bilateral representaticn of verbal fu;ctions in females, . left
and right moéers should not show ‘sighificantly different
performance of such measures. This is precisely the jpattern cf
‘results noted in this study.

It is some;hat more difficult to interpret the present
results regarding the relationship betwveen CLEM and nonverbal
abilify. Sex difference models postulating greater right
hemisphere spécialization of spatial functions .in males
(McGlone, 1§78; Bryden, 1979) would predigf sugperior spatialb
abilities 1in 1nale léft BOVers relatije to male right movers
while female left and right ©Gwmovers should not vary in the
performance on these task5. As previéusly stated, this study
found no significant differenceé in spatial ability betwveen male
left and right pgovers uhilé female left , movers acﬂieved
significantly higher Block Lesign scores than did female right
movers. .These results sgggest thatyfemales, éather thao males,
demonstrate more right hemisphere spécialization for nonverbal
functions. As noted in McGlone's (1980) reﬁiew_ of the sex
difference research, ;1itt1e support 1s available for this

interpretation.
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An alternative explanmation for these resqlts may bé,that
female right @movers, demonstratin§ g preferehce for left
hemiéphere functicning, tend to employ verbal médiation in
solving spatial problems. In contrast, female left movers,
utilizing right hemisphere problen sdlving stratégies, are more
successful on these taskKs. This interpretation basﬁ also - been
suggested by»Hannéy (1976) vhp noted that females deﬁonstfating
left visuad-field superiority fof recognitior of spatial

’information scored sigpificantly higher‘on thé WAIS BléckuDesign
subtest than females shouing' right—{isuél field superioritx.
Visual field superiority ¥as not ieléted to Block Design test
<gg££ormancelin males. Simi;ar explanations have been proposed py

-

Kimball . (5982), however empiricél support for vthesé
interpgetafions is guestiouable.y For example, McGlone * (1982)
repbrted that fermale subjects in both braih-%njured.and coantrol
samples failed"po report the use' of verbal étrategies’rmore
frequently than male‘.subjects. She concluded that her results
indicating sex differences in° lateralization for. visuospatial
functions <could not be aft;ibﬁted to seﬁkdiftbrgnces in the use
of verbal strafegies on such tasks. "It .aprears that the’
i;terpretation of the current re#ults awaits - 'a more
sophisticated understanding of sex differences in hemispheric 
lateralization of spatial functions. | )
TheSé results stress_£he imporfance of examining sex éé‘la

moderating variable in future CLEM -research. Several studies

incorporating CLEM as a measure of hemispheric activation have
\’i
_ \
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failed to report sex of subjects (0Ogle, 1971), or havel selected
onlyq rigﬁf handed males for their samples (Gur & Rehyer, 1973;
Gur & Keivich, 1980) . Others have coﬁtrolled for sex by
including _goth males and females in the subject pool, yet have
~failed to examine CLEM by s3sex igte;actibn effectsﬁ (Bakan &
Shotland, 1969; Tucker & Suib, 1969). The few studies uﬁich nabé
evaluated CLEM Ly sex inte;acticn, effects report a different
pattern of results for male and female subjects.' For exaﬁple,

2

Strayer (1968) found rightward eye movements vere associated
' - )

with increased alphgr é;oguction ter haies although this
rglationsﬁip va’s not signiﬁidant for females. Similarly, Gur and
Gur? (1974) observed that ﬁypnotic‘suscep;ibilitiﬁuas negatively
‘related to the numhér‘of eye éoveﬁenté:to the tight for males,
~ while the * correlation between these variables was not

significant for females. These results, in conjunction with tke

,findings of ‘the vpresent study, emphasize the importance of

evaluaiing-éex by CLEM interaction effects in future research.

-

The curreats ‘research. alsoc provides some interesting

observations regarding the performance of individuals who fail

" »

"to demonstrate directional ‘gonsistency in the CLEM respounse.

This group comprised apgrdximately —3Q% of the )study sample
suggeéting bi-movers represent a substantial portion of ‘the
general population. A simple pzedictiﬁn of the‘CLEM nodel would
be that, compared to left and right'novers, these individugls

should show an intermediate level of performance on verbal and

nonverbal tasks. This pattern of results would be consistent
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with the greater. development of verbal skills by right'mbvers
because of their preference for left hemi sphere 'processing and
the greater dévelopment of visuospatial skills Sy left movers
‘because of their preference for right hemisphere ptocessing. In
contgast, bi-movers should demonstrate more equally developed-
verbal and v1suospat1al skills due to their lack of preference
for left or txght hemisphere functioning.

Scanning performancg<means for left movers,  bi-movers aud
right movers acrossﬂail WAIS-R subtests selected as measures of
vertal and nonverbal ability =suggests thgt the relationship
bétween _direction of CLEM response and cognitive ability is not
c;eﬁri} lipear. The resdlps of this study indicated that _ieff
-BOVers, bi4movers"and _riéht ﬁovers did nét differ in verbal
ability although bi-movers achieved higher Block Uesign\ subtést
'scores  than  Dpoth left and right mover; indicating that
individuals who rall to demcnsttate dlrectlonal consistency may
excel on tasks of v1suo§bat1al ability. These findings are not
consistent with the research cf Hoffman and Kagan (1977) vho
rgborted bi-movers prerformed significantly §oorer than béth léft
and right movers on the Block Design ’test. However, Loth the;
cﬁrrent resuigs and the findingé\of Hoffmanfand Kaéan (1977)
suggeét bi-movefé ao\lnot“ consistentiy demonstrate levels of
performance which .are intermediate to those noted for 1eft and
right movers. Perhaps the performance of bi-novefs is ot

cbmpletély attributable to their\lack of preférence for left or .

rigat hemisphere fFrocessing. It may be that both verbal and
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lnonverbal fﬁnctigns are more bilagerally represented in
bi-novers.' These‘spéculati?ns auait further research evaluating
the cognitive abilities a;d‘ neurophysiological rééponses of
bi~movers. At present, it is cLear that theSe individuals
B represent a éubstaﬁtial population‘abqut which little is known.
Two additional conclusicns were nbted from this :eseafch.
First, available tasks for evaluatiny spatial ability tend to Lke
more {aried and less well validated than those assessing verbal
abilities. As McGlcne and Kertesiﬁk(1973) have pointed out,
spatial 'prbcessing» may be 1influenced by both verbal and
nonverbal systems and consequently it is difficult to identify
\ mea sures which assess only spatial'skills. There can be littie
~ \_‘doubt;téét research in tals area ioulg b%dﬁclarifiedv by the
ref inement and validation of tasks for assessing right
hemisphere functionirng. seécond, in a hormal population, 1it. is
apparent that differences in cognitive abiii£y~as§5ciated with
individual differences in hemisphericity or =+ sex-related
dif ferences are typicaliy small.x For this reason, ‘these
aifferenées may only become apparent in - studies uéing '1a;gé
samples. More importantly, while such investigations ccntriktute
to a more SOphiStiC?ted understandigg of ‘ hemispheric ’
specialization ofryfunction, generalizaéioﬁs vwith reference to
individual differences - in co;nitive abilities are clearly
limited.
In suamary, this research fprovides support for Bakan's

(1969) CLEM nodel of 'Eeaisphericity and emphasizes the
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ipportance of sex as a moderating variable in this research.
Further research is necessary tc establish an understanding of
sex-related differences in hemisphericity, as are investigations
evaluating the cogpitive abilities of individuwuals who fail tc
demonstrate directicnal consistency in the CLEM response.

A

<

el
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10.

11.

12.

13.

Appendices

What 1is the nmeaning of the proverb: a watched pot never
boils.

What is the meaning of the proverb: it is an ill wind that
blows no one“good fortune.

Make ur a sentence using tvwo forms of the same verb.

Tell me two verks begimning with "N".

%hat is the meaning of the provetb: a poor worker blames his
tools. \

Spell "therapéutic“.

¥hat is the meaning of the proverb: Call no man happy 'til
he's dead.

List two édverbs.

¥hat is the meaning of the proverb: iend your money and lose
your friends. : -
What is the meaning cf the proverb: more than enough is ~ too
much.

List tvofprepositions-
what is the n;;ning of the proverb: words should te weighed,

not counted.

What is the mearning of tae proverb: he 1s rich who has few



14.

15.

17.

18.

19.

20.

vants.
Define inflation. ‘

&

What is the meaning of the proﬁerb: a rolling stone gathers

RO BOSS.
Make up a sentence using tvo adverbs.

Tell me two verts beginning with "“R%.

#hat is the meaning of the proverb: the hardest wvork is to
go idle; | |

¥hat is the meaning of the froverb: what saddens a wise man,
B i

gladdens a fool.

Define the word "econonmics'.
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Information
Digit Span
Vocabulary
“Arithmetic
Comprehension
Similarities

Picture
Coapletion
Picture
_Arrangement
Block
Design

Ob ject
Asseably
Digit
Symbol

18-19
.05
<91
+02
«22

- 11
.08
«13
.06
<04

--12

113

2£0=2

&

.10

« 87

-.21
-01
-18
-02

e

.02
-- 17
--05
~-.03

«23
~-.03

-05

-.08
.10
.26
-03

-.03
.01

1.01



Test

Information
Digit Span
Vocabulary
Arithmetic
CSH?@ehension
Similarities

Picture
Completion
‘Picture
Arrangeaent
Block '
Design

Ob ject
Asseably
Digit

Symbol

«12

.06

28

«-01

R B

<17

-88

.11
0703'

-.23

2

24
-.04

-03
--.03

-1

.01
.06
-.01

.07

=.01

1.01

- 04
-.01
" .06
- 14
- 18
.04
-09
-.08

-98

.17
-.09
.00
-.12
.36
.87
.04
.04

-.01



actor 5 Loadings
the WAIS-R Tests for

Inforemation
Digit Span
Vocabulary
Arithﬁetic
Comprehension
Similarities

Picture
Completion
Block
Design
Object
Assembly
Digit
Symbol

-1
-.13
.33

<11

-. 04
.93
.18

-.15

~.03

25-34
-12
.03
.13

--.08
.10
- 12
«90
- 11
.02

.02

- 07

.08

-16

--15



Coding Key :

Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columas
Columns
Columns
Columgs
Colﬁmns
Colunrns
Columns

Columns

8-9:

11-12:
14-15:
17-18:
20-21:
23-24:
26=-27:
29-30:
32-33:
35-36:
38-39:
u%-uz:
44-45:
47-49:
51-53:
55-57:

59-61:

Subject identification

Sex (01 Male; 02 Fenmale)

Age

BHandedness Score

Information Test score

Digit Span Test score
Vocabulary Test score
Arithmetic Test score
Comprehension Test score
Similarities Test score 5
Pictur§'Completion Test score
Picture Arrangement Test score
Block Design TeSt.score
Object Assembly Test sco;e\
Digit Symbcl Test score
Verbal 1IQ |

;¥tfornance IQ

Full Scale IQ

Percentage of rightward CLEM
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101
102
103
104
105
106
107
108
109
110
111
201
202
203
204
205
206
207
208
209
210
21N
212
213
214
2.15

216

217
218
219
220
221
222

223

224
225
226
227
228
229
230
231
232
233
301
302
303
304
305
3006
307
308
309

01
01
01
01
01
01
02
02
02
02
02
01
01
01
01
01
01
01

01.

01
01
01

01

01
01
01
02
02
02
02
02
02
02
02

02

02
02
02
02
02
02
02
02
92
01
01
01
01
01
01
01
01
01

18
19
18
19
19
18
19
18
13
18
18
22
21
22
21
23
24

23
22
22
24
22
290
22
22
22
23
24
22
23
21
20
24
21

22.

22

21

23
21
22
22
21
23
26
26
27
25
33
25
30
33
32

24
13
07
24
17
18
18
23

18,

21
24
21
10
24
14
24
21
23
22
14
21
21
06
24
22
16
23
14
1o
22
24
23
24
15
16
23
23
20
14
13
24
23

20.
(24

18
20
16
18
10
18
07
22

13

09
16
11

09
13
15
07
10
13
11
12
10

‘13

13
15
11
12
13
1t
10
16
15
15
13
13
15
10
13
1
10
09
12
10
11

12

15
16
12
10
12
13
12
14
07
11

11

12
15
16
12
18
18
15

13
15
10
10
08
12
10
11
13
1
12
10
15
10
14
08
13
10
08
08
13
14
11
14
14
14
14
14
13
12
13
09
14
10
14

14°

10
12
17
10
13
10
14
15
16
06
10
07
09
14
19
08
11

09
13
11
1
12
14
C9
10
16
09
12
12
14
12
13
09
13
15
16
11
15
14
10
10
13
15
10
13
10
09
10
12
10
12
12
12
17
12
12
09
12
12
14
08
16
10
12
12
13
1
16
18
14

10
17
11
14
14
15
10
11
17
1
11
07
15
15
1
1M
11
12
13
11
1
13
07
11
17
15
1
1
07
12
06
10
10
10
1
17
n
11
14
08
13
1
13
09
13
08

13.

1
17
1
17
14
15

09
15
10
14
11
12
13
1
14
1
15
14
11
12
14
g9
12
13
14
39
16
12
09
10
1
1
13
12
13
14
10
1
11
12
12
13
1
11
12
1
15
14
1
07
12
12
13
10
14
10
18
15
17

06
12
09
1
10
14
1M
10
13
10
1
14
15
13
10
08
12
08
12
09
12
10
12
10
13
14
12
14
11
10
10
12
11
10
12

12

11
16
10
10
14
12
14
06
13
39
12
11
13
13
16
12
14

08
1
07
14
12
17
06
11
10
09
11
10
11
14
10
08
11
10
10
12

12

08
06
11
10
14
08
10
08
14
11
14
06
1
12
11
12
09
11
10
11
09
11
10
10
09
14
09
14
10
14
12
17

09
13
13
15
10

£

11
10
11
17
11
11
10
17
13
17
08
13
17
17
11
11
11
11
11
15
10
11
13
13
12
12
13
1
08
17
12
12
11
13
11
07
12
15
17
17
17
13
10
15
13

12
19
10
14
08
14
10
14
16
14

12

1
1
10
12
12
12
12
1"
12
14
15
12
15
13
19
14
12
10
11
08
09
10
11
12

15

14
14
14
10
17
1
12
07
10
12
10
13
14
13
15
14
15

13
09
12
10
10
10
09
1
12
1
11
09
09
10
10
10
038
12
06
12
12
15
08
10
11
18
09
1
10
10
10
10
10
13
12
09
13
13
12
07
10
08
10
09
10
09
10
10
11
Q7
11
10
13

15
1
1
12
13
11
13
15
15
13
12
08
06
10
12
10
15
10

10

08
12
10
09
1
11
1
1
13
08
12
10
12
08
14
12
15
10
13
15
10
11
1M
12
13
10
10
10
15
05
12
13
10
16

.

102
129
110
119
118
133
107
111
139
111
124
109
128
119
121
96 1
116
113
122 .
98 1
128

122

105
110
126
129
112
121
106
109
98 1
107

107

10€
124
128
124
118
119
101
125
113
125
92 9
122
93 1
110
103
123
109
150
126
128

114 108 06
124 132 490
106 109 26
128 126 00
106 114 00
124 134 37
96 103 79
132 123 53
126 136 06
114 113 00
114 122 56
106 107 81
94 115 65
106 114 39
104 115 10
09 101 75
112 116 06
115 116 93
89 108 100
09 102 &7
125 131 490
123 128 13
90 99 06
111 111 25
108 121 18
136 135 72
102 108 47
115 122 29.
30 100 39
111 110 18
00 99 89
111 109 19
90 101 76
115 111 73
322 126-32
115 128 47
109 120 53
123 124 41
120 123 47
96 99 61
114 124 10
100. 108 00
108 120 29
0 91 uy
102 114 29
06 98 100
116 114 11
121 111 00
122 127 71
106 108 22
119 142 89
116 126 88
133 135 53



310
3N
312

313
314
315
316
317
318
319
320
321

322

323
324
325

326

327
328
329
330
331
332
333
334
4901

402

01
01
01
01
01
01

01

01
01
01
02

02.

02
02
02

02

02
02
02
02
02
02
02

02
02

02
02

25
26
28
31
25
26
28
26
3
30
30
30
25
28
34
28

26
32.
32

30

26

27

28

N
33
37
43

14
21
24
22

18

09
24
24
18
09
22

16
24

24
24
23
22
16

23
219

24
24

20

24
24
23

21

16
15
1M
13
12
10
15
13
16
12
12
18
1
12

11

10
16

13

15
12
12
09
13
12
13
12

12

12
10
09
10
14
18
16
10
13
11
12
12

15.

15
12

12

12
15
12
18
10
1
13
11
11
10
10

13
14
08
1
12
10
14
12

15

13
14
12
13

13

"
12
17
15
12
13
13
14
12
12
12
12
13

1M
13
07
15
13
12
14
08
13
17
1M
13
15
13
11
10
1
14
14
14
10
10
14
07
13
11

17

14
11
10
11
09
11
14
11
1
15
1
13
11
11
14
12
18
14
13
14
14
16

4

UL

3

14 14

15 1
09 07

10 12
10 1"
10 10
13 12
1310
12 12
13 17
13 1
13 14
10 19
13 1
12 18
12 09
12 17
13 17
11 09

A1 14
12 10

13 08
12 1
10 08
12 14
10. 08

2 09

118

17
1
11
1
10
13
17
17
17
10
12
08
15
15
15
17
13
17
17
17
17
L)
1
07

12,

095
11

15
15

14

13
12

16
13

13

16
14
14
14
15
12
11

13

11
11
09
12

1

09
14
0S8
12
09
12

"
10
08
10
10
10
07
11
09
12

11

09
15
11
1M
13
12
09
08
1
1

.08

14
10
09
12
12

08
10

13
10

12

10
09

10

11
08
12
13
14
13
15
16
13
12
08
13
1
11
14
LR
13
13
08

121 121 124 11
118 106 114 87

91 101 95 00

10€
108
109

128

104
121
122
LR
122
113
116
109
105
128
125
116

123

109
11
118
103
110
110
121

112
112
13
112

116

122
116
114
112
145
118
132
128
124
124
101
126
114

109
109
111
124
109
125
123
114
120
131
120
122
117
130
129
109
129
112

47
33
47
35
06
33
00
40
05
44
20
06
82
100
94
20
00
50

95 103 73
121 123 18

93.98 82

1714 113 00
106 109 06
114 119 50
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